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Formerly pcaSlab and ADOSS, spSlab is a computer program for the analysis and design of
reinforced concrete beams and slab floor systems. Two-way slab systems are analyzed using the
Equivalent Frame Method. Beams and frames of up to 22 spans can be analyzed and designed. In
addition to the design option spSlab has the capability of investigating existing beams and slab
systems. spSlab includes provisions for slab band systems as well as punching shear check and
deflection calculations using cracked or gross sections. For beams, moment redistribution as well
as combined shear and torsion design are available. Material quantity take-offs are computed. In
addition to the required area of reinforcing steel at the critical sections, spSlab provides a complete
bar schedule that includes number of bars and bar sizes and lengths. spSlab checks the applicable
provisions of the relevant code.

Formerly pcaBeam, spBeam is a limited version of spSlab. It includes all elements that apply to
beams and one-way slab systems. Topics describing these elements are denoted with - =fsl-Eeam icon
because they are included in both spSlab and spBeam. Two-way slab systems are available in
spSlab only and topics related to two-way slab systems are denoted with -=izs icon.

« ACI 318-14, ACI 318-11, ACT 318-08, ACI 318-05, ACI 318-02, ACI 318-99, CSA
A23.3-14, CSA A23.3-04, and CSA A23.3-94

* English and Metric (SI) units

» Design and investigation of beams, one and two-way slabs including one-way joist sys-
tems (standard and wide module) and two-way joist systems (waffle slabs)

» Slab band system design and investigation for CSA A23.3-14/04
» Flexure and shear design and investigation with live load reduction and patterning
» Torsion design and investigation for beams/one-way slab systems

* Longitudinal reinforcement for combined flexure, shear, and torsion per CSA A23.3-14/
04

* Automatic or manual moment distribution factors and strip widths
*  Moment redistribution for beams/one-way slab systems

» Calculation of instantaneous deflections at three load levels; dead load, dead load plus sus-
tained live load, and dead load plus live load

* Calculation of incremental long-term deflections
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Instantaneous and long-term design strip deflections for two-way systems

Analytical modeling of variable support stiffness in systems with rectangular, and circular
supports

One and two-way (punching) shear investigation considering the effects of drop panels,
column capitals, longitudinal beams, transverse beams, and slab bands.

Boundary conditions including vertical and rotational springs
Top and bottom bar details including development lengths and material quantities

Specialty design requirements including crack control, integrity reinforcing, and corner
column checking

Frame solution results including tabulated column axial forces and moments
Mixed span types within one-way or two-way systems

Auto-input wizard with instantaneous data checking

Graphical display of geometry, loads, and results

Advanced view, print, display settings and options

Customizable detailed results report

Import input data from ADOSS v6.0x/7.0x, PCA-Beam, and pcaSlab

Detailed manual and online help

21 supports (22 spans including left and right cantilevers)
6 load cases

50 load combinations

999 partial dead loads per case

999 partial live loads per case

2 top bar layers (Design mode)

2 bottom bar layers (Design mode)

15 bar sets per span
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Any computer running Microsoft Windows XP, Windows Vista, Windows 7, Windows 8 or
Windows 10 operating system is sufficient to run the spSlab and spBeam programs. For
instructions on how to troubleshoot system specific installation and licensing issues, please refer

to support pages on StructurePoint website at www.StructurePoint.org.

The following terms are used throughout this manual. A brief explanation is given to help

familiarize you with them.

Windows

[]

Click on

Double-click on

Marquee select

refers to the Microsoft Windows environment as listed in System

Requirements.
indicates equivalent value expressed in metric unit or CSA code

requirement corresponding ACI code requirement
means to position the cursor on top of a designated item or location

and press and release the left-mouse button (unless instructed to use

the right-mouse button).
means to position the cursor on top of a designated item or location

and press and release the left-mouse button twice in quick

succession.
means to depress the mouse button and continue to hold it down

while moving the mouse. As you drag the mouse, a rectangle
(known as a marquee) follows the cursor. Release the mouse button
and the area inside the marquee is selected.
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Various styles of text and layout have been used in this manual to help differentiate between
different kinds of information. The styles and layout are explained below...

slabl:Beam placed in a topic header means that the topic applies to both spSlab
and spBeam
slab placed in a topic header means that the topic applies to spSlab only
Italic indicates a glossary item, or emphasizes a given word or phrase.
Bold All bold typeface makes reference to either a menu or a menu item

command such as File or Save, or a tab such as General

Information or Columns
Mono-space indicates something you should enter with the keyboard. For

example type “c:\*.txt”.
KEY + KEY indicates a key combination. The plus sign indicates that you should

press and hold the first key while pressing the second key, then
release both keys. For example, “ALT + F” indicates that you
should press the “ALT” key and hold it while you press the “F” key.

Then release both keys.
SMALL CAPS Indicates the name of an object such as a dialog box or a dialog box

component. For example, the OPEN dialog box or the CANCEL or
MODIFY buttons.

To purchase StructurePoint software please visit StructurePoint.org/buy.asp

To download and install a trial version of StructurePoint software please visit StructurePoint.org/
download-trial.asp

For setup, installation, and licensing please use the StructurePoint Setup & Licensing Guide
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The user should be aware of the assumptions made by the program during the design stage. These
include details regarding loading, strip widths, reinforcement selection, deflection computations,
material quantities, etc.

spSlab and spBeam provide various geometric checks to avoid an analysis with an inconsistent
system. Dimensions of slabs, beams, drops, bands and column capitals are checked and modified
to produce a code compliant system.

If a slab cantilever length is less than one-half the column dimension in the direction of analysis,
¢y, or less than the lateral extension of the transverse beam into the cantilever, the cantilever length

will be increased to the larger of these two lengths. If the slab width is less than one-half the
column dimension transverse to the direction of analysis, ¢,, or less than one-half the longitudinal

beam width, the slab width will be increased to the larger of these two widths.

If a drop panel extends beyond the end of a slab cantilever, the drop panel dimensions will be
reduced so that it extends only to the cantilever tip.

Guidance is absent from all standards and reference documents regarding continuous extension of
drop panels between supports. If a slab band is discontinuous, to model this condition, it must be
completed with a user-defined drop panel of corresponding width and thickness on a
discontinuous end, as a minimum, in order to complete the analysis.

When a column capital is defined, the program checks if capital side slope (depth/extension ratio)

is more than 1, i.e. the angle between capital side and column axis is no greater than 45 degreesl.

The upper limit for the side slope is 50. If a column with capital frames into a drop panel (or a
beam), extension of the capital will be automatically adjusted — if necessary — so that projected
sides of the capital do not fall outside of the drop panel (or the beam) edges before reaching slab
soffit (see Figure 2-1). The modified column capital extension will be used when computing
column stiffness and in punching shear calculations.

1. ACI 318-14 (Ref. [1]), 8.4.1.4; ACI 318-11 (Ref. [1]), 13.1.2; ACI 318-08 (Ref. [3]),13.1.2; ACI 318-05
(Ref. [4]), 13.1.2; ACI 318-02 (Ref. [5]), 13.1.2; ACI 318-99 (Ref. [6]), 13.1.2; CSA A23.3-04, 2.2; CSA
A23.3-94, 13.1
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\ Maximum /
\\ Capital Width /
\\I<—>|//

Figure 2.1 Maximum Capital Width

The program checks beam or one-way slab thickness based on minimum requirement for ACI-

3182 code as specified in Table 9.5(a) or for CSA code® according to Table 9.2. For lightweight
concrete with density

90 Ib/ft> < w, < 115 Ib/ft® [1440 kg/m® < w,, < 1840 kg/m’] for ACI 318-14, ACI 318-11, and ACI
318-08

90 Ib/ft> < w, < 120 Ib/ft® [1440 kg/m> < w,, < 1920 kg/m°] for ACI 318-05

90 Ib/ft? < we <120 Ib/ft3 [1500 kg/m? < w, <2000 kg/m?®] for ACI 318-02, and ACI 318-99,

the minimum slab thickness is additionally increased by adjustment factor (1.65 — 0.005w_,), but
not less than 1.09. For CSA standards, the adjustment is calculated as (1.65 — 0.0003w,,), but not
less than 1.0, for structural low density (w, < 1850 kg/m3 ) and structural semi-low density (1850

kg/rn3 <w.<2150 kg/m3) concrete®.

2. ACI318-14,7.3.1.1.,9.3.1.1; ACI 318-11, 9.5.2.1; ACI 318-08, 9.5.2.1; ACI 318-05, 9.5.2.1; ACI 318-
02,9.5.2.1; ACI 318-99, 9.5.2.1;

3. CSA A23.3-14,9.8.2.1; CSA A23.3-04, 9.8.2.1 (Ref. [10]);

4. CSAA23.3-04,2.2; CSA A23.3-94 (Ref. [13]), 2.1
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The program checks slab thickness against minimum slab thickness defined by design standards

for two-way systems with long to short span ratio not greater than 2.0°. Slabs with thickness below

the minimum value will be flagged by the program, however, they are allowed provided that

calculated deflections do not exceed maximum permissible computed deflections®.

For two-way system with a long to short span ratio greater than 2.0, the program will calculate
minimum thickness requirements based on the provisions of one-way construction including any
cantilevered spans.

Minimum thickness of slabs with beams spanning between supports on all sides is calculated for

ACI 318 codes in US customary units from’

1[08+ y J
200,000 ) )
> 5., if0.2<a,<2.0

3645 (am—0.2)

h = ‘ Eq. 2-1

5
1 [0 8+ J
200, 000

36+9

>3.5in.,  ifa,>2.0

in metric unit system for ACI 318-14, ACI 318-11, ACI 318-08, and ACI 318-05 from®

1[08+LJ
1400
>125mm, if0.2<a,, <2.0
3645 (am—0.2)
h= . Eq. 2-2
1[08+f—J
A ) 9 ifa, >2.0
%105 = 0mm ifa,,>2.

and in metric unit system for ACI 318-02 and ACI 318-99 from’

5. ACI318-14,8.3.1.1; ACI 318-11,9.5.3.1, 13.6.1.2; ACI 318-08, 9.5.3.1, 13.6.1.2; ACI 318-05, 9.5.3.1,
13.6.1.2; ACI 318-02,9.5.3.1, 13.6.1.2; ACI 318-99, 9.5.3.1, 13.6.1.2; CSA A23.3-14, 13.2.2,2.2; CSA
A23.3-04,13.2.2,2.2; CSAA23.3-94,13.3.2, 13.1

6. ACI318-14,8.3.2.1; ACI 318-11, 9.5.3.4; ACI 318-08, 9.5.3.4; ACI 318-05, 9.5.3.4; ACI 318-02,
9.5.3.4; ACI 318-99, 9.5.3.4; CSA A23.3-14, 13.2.7; CSA A23.3-04, 13.2.7; CSA A23.3-94, 13.3.6

7. ACI318-14,8.3.1.2; ACI 318-11, 9.5.3.3; ACI 318-08, 9.5.3.3; ACI 318-05, 9.5.3.3; ACI 318-02,
9.5.3.3; ACI 318-99, 9.5.3.3

8. ACI318M-11, 9.5.3.3; ACI 318M-08, 9.5.3.3; ACI 318M-05, 9.5.3.3

9. ACI 318M-02,9.5.3.3; ACI 318M-99, 9.5.3.3
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;
5@3+—1J
1500

36+5 8 (a —0.2)

>120mm, if0.2<a,, <2.0

h = Eq. 2-3
1,/ 0.8 + ——
22 5 90 if g, > 2.0

%05 ° mm, ifa, >2.
where
¢, = longer clear span measured face-to-face of beams,
/] = ratio of the clear spans in long to short direction,
Iy = yield stress of reinforcing steel,
a,, = average value of a, the ratio of flexural stiffness of a beam section to the

flexural stiffness of a width of slab bounded laterally by centerlines of adjacent
panels on either side of the beam, for all beams supporting the edges of a slab
panel.

The program assumes that beams are present on all sides of a panel if the span under consideration
includes a longitudinal beam and there are transverse beams defined at both ends of the span. If
this assumption is satisfied but in reality beams are not present on all sides (e.g. design strip next
to the one under consideration has no longitudinal beam) then the user is advised to check
deflections even if slab thickness is larger than the minimum slab thickness reported by the
program.

For the design of ACI slabs without beams (a,, < 0.2) spanning between interior supports the

minimum thickness shall conform to ACI 318 Table 9.5(c) and will not be less than 5.0 in.
[125 mm for ACI 318M-11/08/05 or 120 mm for ACI 318M-02/99] for flat plates (slabs without
drop panel) and not less than 4.0 in. [100 mm] for two-way flat slab systems (slab with drop

panels)lo. For flat slabs that contain valid drop panels (see Figure 2-2), Table 9.5(c) reduces the
minimum thickness by approximately 10%. For values of f, between the ones given in the table,

minimum thickness is determined by linear interpolation.

For design strips that have neither beams between all supports nor beams between interior
supports (e.g. exterior strips with beams on the outside edges only), the program reports maximum
value of minimum slab thickness resulting from both Table 9-5(c) and Equations. However, since
this case is not explicitly covered by the ACI code, the user is advised to check deflections even if
slab thickness is larger than the minimum slab thickness reported by the program.

10.ACI 318-14, 8.3.1.1; ACI 318-11, 9.5.3.2; ACI 318-08, 9.5.3.2; ACI 318-05, 9.5.3.2; ACI 318-02,
9.5.3.2; ACI 318-99, 9.5.3.2; ACI 318M-08, 9.5.3.2; ACI 318M-05, 9.5.3.2; ACI 318M-02, 9.5.3.2; ACI
318M-99,9.5.3.2
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For CSA A23.3 standard!!, the minimum thickness of slab with beams spanning between all

supports is

Jy

hy>2 ——= , a,,taken < 2.0
30+48a,

Eq. 2-4

with the value of a,, evaluated for CSA A23.3-04 using the following beam moment of inertia

b, i’ h
L=-"-251--= Eq. 2-5
T ( hj a
For flat plates and slabs with column capitalslz, the minimum slab thickness is
7y
. n (0.6 + Wj e
> 0.
s 30 q
For slabs with drop pzmels13 , the minimum slab thickness satisfies the conditions
/y
n (0.6 + %]
hg > , (CSA A23.3-94) Eq. 2-7
30[1+(§ﬂjeﬁiﬁﬂ}
n hS
n (0.6 + ij
1000 ) 2x,
hy > - 4, (CSA A23.3-14/04) Eq. 2-8
30 "
where (h;— hy) shall not be greater than &g and
Xy = dimension from face of column to edge of drop panel, but not more than €,/4
2x,/t, = the smaller of the values determined in the two directions
4y, = additional thickness of the drop panel below the soffit of the slab and shall not

be taken more than hg.

11.CSA A23.3-14, 13.2.5; CSA A23.3-04, 13.2.5; CSA A23.3-94, 13.3.5
12.CSA A23.3-14, 13.2.3; CSA A23.3-04, 13.2.3; CSA A23.3-94, 13.3.3
13.CSA A23.3-14, 13.2.4; CSA A23.3-04, 13.2.4; CSA A23.3-94, 13.3.4
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The minimum thickness in a span that contains a discontinuous edge will be increased by 10%, if

the edge beam provided has a stiffness ratio, a, of less than 0.80'%. The first and last spans are
considered to contain a discontinuous edge as well as a span that contains an exterior edge.

The minimum thickness of slab bands follows the requirements for the beams .

Per ACI'S, a valid drop must extend in each direction at least one-sixth the center-to-center span
length in that direction (Figure 2-2). The depth of an invalid drop will not be used in the
calculation of the depth used to reduce the amount of negative reinforcement required over a

column'”. If the valid drop depth is greater than one-quarter the distance from the edge of the drop
panel to the face of the column (x) the excess depth exceeding Yax will not be considered in the
calculation of the effective depth used to reduce the amount of negative reinforcement required at
a column (Figure 2-3)18. Slabs that contain valid drops are allowed a 10% decrease in minimum

slab depthlg.

14.ACI 318-14, 8.3.1.2; ACI 318-11, 9.5.3.3 (d); ACI 318-08, 9.5.3.3 (d); ACI 318-05, 9.5.3.3 (d); ACI 318-
02,9.5.3.3 (d); ACI 318-99, 9.5.3.3 (d), CSA A23.3-14, 13.2.3, 13.2.4; CSA A23.3-04, 13.2.3, 13.2.4;
CSA A23.3-94,13.3.3

15.CSA A23.3-04, 13.2.6

16.ACI 318-14, 8.2.4; ACI 318-11, 13.2.5; ACI 318-08, 13.2.5; ACI 318-05, 13.2.5; ACI 318-02, 13.3.7.1,
13.3.7.2; ACI1 318-99, 13.3.7.1, 13.3.7.2

17.ACI 318-14, 8.2.4; ACI 318-11, 13.2.5; ACI 318-08, 13.2.5; ACI 318-05, 13.2.5, 13.3.7; ACI 318-02,
13.3.7; AC1318-99, 13.3.7

18.ACI 318-14, 8.5.2.2; ACI 318-11, 13.3.7; ACI 318-08, 13.3.7; ACI 318-05, 13.3.7; ACI 318-02,
13.3.7.3; ACI 318-99, 13.3.7.3; CSA A23.3-14, 13.10.7; CSA A23.3-04, 13.10.7; CSA A23.3-94,
13.11.6

19.ACI 318-14, 8.3.1.1; ACI 318-11, 9.5.3.2; ACI 318-08, 9.5.3.2; ACI 318-05, 9.5.3.2; ACI 318-02,
9.5.3.2,ACI318-99,9.5.3.2
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Figure 2.2 Valid Drop Dimensions

The input drop dimensions will be used for self-weight computations, when computing slab

stiffness to determine deflections, moments, shears, and when computing punching shear around a

column??.

- _ >1/4x

\

Figure 2.3 Excess Drop Depth

20.ACI 318-14, 8.2.4; ACI 318-11, R13.2.5; ACI 318-08, R13.2.5; ACI 318-05, R13.2.5
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The program follows linear distribution of strain (plain section) assumption21 for flexure design
which is applicable to shallow flexural members. In case of deep beams??, design standards
recommend using non-linear distribution of strain or strut-and-tie method. The program checks
beam dimensions and if a beam with the following clear span, ¢,,, to overall depth, A, ratio is found

n < 4h, ACI 318-11, ACI 318-08, ACI 318-05 and ACI 318-02
n < 2.5h, ACI 318-99, continuous spans

o < 1.25h, ACI 318-99, simple spans

n < 2h, CSA A23.3-14,CSA A23.3-04 and CSA A23.3-94

Eq. 2-9

a warning is issued alerting the user that additional deep beam design and detailing is required. For
cantilevers, the warning is issued only if their clear span is larger than overall depth.

Rib dimensions will be considered valid if the rib width is at least 4 in. [100 mm], the depth is no
more than 3-1/2 times the rib width, and the clear spacing between ribs does not exceed 30 in. [800
mm]%3. If rib dimensions do not meet these requirements (e.g. wide module joist systems) the code

requires such ribs to be designed as beams>*. The program treats the design of wide-spaced joists
the same way as for valid slabs, regardless of code limitation. If the code limits are exceeded, the
condition is flagged and the 10% increase of rib shear capacity is not used. The user is then
responsible to validate the resulting design and reconcile the code requirements.

The minimum slab thickness allowed for joist slabs is one-twelfth the clear rib spacing, or 1.5 in
[40 mm] for ACI code?® and 50mm for CSA code?®.

21. ACI 318-14,22.2.1.2; ACI 318-11, 10.2.2; ACI 318-08, 10.2.2; ACI 318-05, 10.2.2; ACI 318-02,
10.2.2; ACI 318-99, 10.2.2; CSA A23.3-14, 10.1.2; CSA A23.3-04, 10.1.2; CSA A23.3-94, 10.1.2

22.ACI 318-14,9.9.1.2; ACI1 318-11, 10.7.1; ACI 318-08, 10.7.1; ACI 318-05, 10.7.1; ACI 318-02, 10.7.1;
ACI318-99,10.7.1; CSA A23.3-14; 10.7.1; CSA A23.3-04; 10.7.1; CSA A23.3-94, 10.7.1

23.ACI 318-14,8.8.1.2,8.8.1.4,9.8.1.2,9.8.1.4; ACI 318-11, 8.13.2, 8.13.3; ACI 318-08, 8.13.2, 8.13.3;
ACI318-05,8.11.2,8.11.3; ACI 318-02, 8.11.2, 8.11.3; ACI 318-99, 8.11.2, 8.11.3; CSA A23.3-14,
10.4.1; CSA A23.3-04, 10.4.1; CSA A23.3-94, 10.4.1

24 ACI 318-14, 8.8.1.8,9.8.1.8; ACI 318-11, 8.13.4; ACI 318-08, 8.13.4; ACI 318-05, 8.11.4; ACI 318-02,
8.11.4; ACI 318-99, 8.11.4; CSA A23.3-14, 10.4.2; CSA A23.3-04, 10.4.2; CSA A23.3-94, 10.4.2
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For the purposes of analysis and design, the program replaces the ribbed slab with solid slabs of
equivalent moment of inertia, weight, punching shear capacity, and one-way shear capacity.

The equivalent thickness based on system weight is used to compute the system self-weight. This
thickness, h,,, is given by

h,, =—mod Eq. 2-10
Anod
where
Vinod = the volume of one joist module,
Apod = the plan area of one joist module.

| ‘ |

| —=30in—] |-

b=4in.

Figure 2.4 Valid Rib Dimensions

The equivalent thickness based on moment of inertia is used to compute slab stiffness. The ribs
spanning in the transverse direction are not considered in the stiffness computations. This
thickness, Ay, is given by

1
121, | 3
hMIZ( rlbj Eq. 2‘11
brib
where
I; = moment of inertia of one joist section between centerlines of ribs.
b.ip = the center-to-center distance of two ribs (clear rib spacing plus rib width).

The drop panel depth for two-way joist (waftle) slab systems is set equal to the rib depth. The
equivalent drop depth based on moment of inertia, dy,y, is given by

25.ACI318-14,8.8.2.1.1,9.8.2.1.1; ACI 318-11, 8.13.5.2; ACI 318-08, 8.13.5.2; ACI 318-05, 8.11.5.2; ACI
318-02, 8.11.5.2; ACI 318-99, 8.11.5.2
26.CSA A23.3-14,10.4.1; CSA A23.3-04, 10.4.1; CSA A23.3-94, 10.4.1
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dyr = hyr + By Eq.2-12
where
h,ip = rib depth below slab,
hyy = equivalent slab thickness based on moment of inertia.

A drop depth entered for a waffle slab system other than 0 will be added to dyy;, thus extending
below the ribs.

One—-way shear capacity, V. (increased by 10% for ACI codez7), is calculated assuming the shear

cross-section area consisting of ribs and the portion of slab above, decreased by concrete cover.
For such section the equivalent shear width of single rib is calculated from the formula

b= b+l Eq.2-13
12
where
b = rib width,
d = distance from extreme compression fiber to tension reinforcement centroid.

The equivalent thickness based on shear area is used to compute the area of concrete section
resisting punching shear transfer, 4. around drop panels in two-way joist (waffle) systems. The

equivalent slab thickness, Ay, used to compute A4, is given by

Arib

hv = + dreinf Eq. 2-14
brib
where
A,ip = the entire rib area below the slab plus the slab thickness minus the distance to
the reinforcement centroid, d,;,s within the rib width, i.e., the slab depth
between the ribs is not considered as contributing to shear capacity,
b.ip = the center-to-center distance of two ribs (clear rib spacing plus rib width),
Ayeinf = the distance to reinforcement centroid from the slab top at the support

When calculating flexural capacity for negative bending moments, the distance between center of
top reinforcement to the soffit of the rib is used as an effective depth, d, while assuming the width
of compression zone as equal to the center-to-center distance of two ribs (b,;3). This assumption

results in higher estimates of negative moment capacity since the space between ribs is void. The

user may switch to a single rib design or investigation as a beam in order to consider rib width
only in the compression zone.

27.ACI 318-14, 8.8.1.5,9.8.1.5; ACI 318-11, 8.13.8; ACI 318-08, 8.13.8; ACI 318-05, 8.11.8; ACI 318-02,
8.11.8; ACI 318-99, 8.11.8
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By entering the concrete density and compressive strength of the members, default values for the
other concrete properties are determined. The slabs/beams and columns may have different
concrete properties.

The density of concrete is used to determine the type of concrete, modulus of elasticity, and self-
weight.

The concrete type is determined in accordance with Table 2-1.

ACI 318-14 ACI 318-05
ACI 318-11 ACI 318-02
Type ACI 318-08 ACI 318-99
WC WC
pef kg/m’ pef kg/m?
Normal 135 <w, 2155 <w, 130 <w, 2000 <w,
- 1840<w,<21 1700<w,<2
Sand- Hs<we<i3s | SA0We=215 o0 130 | 17005Wes200
Lightweight 5 0
A,H_ ) w, <115 w <1840 w, <105 w, <1700
Lightweight
CSA A23.3-14
CSA A23.3-94
Type CSA A23.3-04
Ye Ye
kg/m® pef kg/m® pef
Normal 2150 <y, 1342 <7, 2000 <y, 124.8 <7,
Low 1850< 115.5< 1700< 106.1<
Density Y.<2150 Y.<134.2 Y.<2000 v.<124.8
Semi-
low Yo < 1850 Y. <1155 Y. <1700 Y. £ 106.1
Density

Table 2.1 Concrete Weight Classification

Once the compressive strength of concrete f, is input, various parameters are set to their default

values.
The modulus of elasticity is computed as?®

E, =33w"f. Eq. 2-15

28.ACI 318-14,19.2.2.1 (a); ACI 318-11, 8.5.1; ACI 318-08, 8.5.1; ACI 318-05, 8.5.1; ACI 318-02, 8.5.1;
ACI318-99, 8.5.1; CSA A23.3-14, 8.6.2.2; CSA CSA A23.3-04, 8.6.2.2; CSA A23.3-94, 8.6.2.2
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where

w the unit weight of concrete.

c

For CSA A23.3 standard?®

1.5
, y
E. = (3300 +6900) ( c j Eq. 2-16
c ( Je 2300 q

where

e = the density of concrete.

The square root of f c' is limited to 100 psi for the computation of shear strength provided by

concrete, V., and development lengths.30

For CSA A23.3-14/04 standard the value of square root of f c' used to calculate factored shear

resistance v, shall not exceed 8MPa.!

The modulus of rupture is used to determine the cracking moment when computing the effective
moment of inertia in deflection calculations. For ACI 318 code, the default value of modulus of

rupture, f,, is set equal to>2

£=150\f Eq. 2-17

and for the CSA A23.3 standard, the default value of modulus of rupture f, is*>

£ =062 f Eq. 2-18
For two-way slabs analyzed in accordance with CSA A23.3-94 as well as for beams, one-way, and
two-way slabs analyzed in accordance with CSA A23.3-14/04, the default value is reduced to its

half Value34, 1.e.

/. Eq. 2-19

062 Jf
- Ve

29. CSA A23.3-14, 8.6.2.2; CSA A23.3-04, 8.6.2.2; CSA A23.3-94, 8.6.2.2

30.ACI318-14,22.5.3.1,22.6.3.1; ACI 318-11, 11.1.2; AC1 318-08, 11.1.2; ACI 318-05, 11.1.2; ACI 318-
05,11.1.2; ACI 318-99, 11.1.2

31.CSA A23.3-14,13.3.4.2; CSA A23.3-04, 13.3.4.2

32.ACI318-14,19.2.3.1; ACI1 318-11, 9.5.2.3; ACI 318-08, 9.5.2.3; ACI 318-05, 9.5.2.3; ACI 318-02,
9.5.2.3; ACI 318-99, 9.5.2.3;

33.CSA A23.3-14, 8.6.4; CSA A23.3-04, 8.6.4; CSA A23.3-94, 8.6.4

34.CSA A23.3-14,9.8.2.3; CSA A23.3-04, 9.8.2.3; CSA A23.3-94, 13.3.6
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Factor 4 reflecting the reduced mechanical properties of lightweight concrete is equal t0>> 1.00 for
normal density concrete, 0.85 for sand-lightweight (structural semi-low-density) concrete, and
0.75 for all-lightweight (structural low-density) concrete. Refer to Table 2-1 for determination of
concrete type.

There is no limit imposed on f,.. Entering a large value of £, will produce deflections based on gross

properties (i.e. uncracked sections).

The default values for the longitudinal reinforcement yield strength, f,, and shear reinforcement
yield strength, f,,,, if applicable, are set equal to 60 ksi [413 MPa] for ACI and 400 MPa for CSA.

The equivalent frame method, as described in the code®®, is used by spSlab for both analysis and
design. The code specifies procedures for the analysis and design of slab systems reinforced for

flexure in more than one direction, with or without beams between the supports. A two-way slab’’
system, including the slab and its supporting beams, columns, and walls may be designed by either
of the following procedures

» The Direct Design Method
* The Equivalent Frame Method

spSlab uses the Equivalent Frame Method of analysis which is based on extensive analytical and
experimental studies conducted at the University of Illinois. Note also that there are no restrictions
on the number of slab spans or on dead-to-live load ratios in this method of analysis.

The first step in the frame analysis is to divide the three-dimensional building into a series of two-
dimensional frames extending to the full height of the building. Horizontal members for each
frame are formed by slab strips as shown in Fig. 2-5. For vertical loads, each story (floor and/or
roof) may be analyzed separately with the supporting columns being considered fixed at their
remote ends (Figure 2-6).

The required reinforcing and resulting deflections for an interior or exterior panel in a floor system
shall be combined from the analysis of two equivalent frames in orthogonal directions in order to
arrive at the final design.

35.ACI318-14, 19.2.4; ACI 318-11, 8.6; ACI1 318-08, 8.6; ACI 318-05, 11.2.1.2; ACI 318-02, 11.2.1.2;
ACI 318-99, 11.2.1.2; CSA A23.3-14, 8.6.5; CSA A23.3-04, 8.6.5; CSA A23.3-94, 8.6.5

36. ACI1318-14, 8.11; ACI1 318-11, 13.7; ACI1 318-08, 13.7; ACI 318-05, 13.7; ACI 318-02, 13.7; ACI 318-
99, 13.7; CSA A23.3-14, 13.8; CSA A23.3-04, 13.8; CSA A23.3-94, 13.9

37. Implies a slab supported by isolated supports which permits the slab to bend in two orthogonal direc-
tions.
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The stiffness factors for the horizontal members (the slab beams) and the vertical members (the
equivalent columns) are determined using segmental approach.

Column Strip #2/2 or
£4/2, Whichever is Smaller

One-Half
Middle Strip — —

Exterior Equivalent Frame

Edge
L

l\_
k\_/

U
4
1

o

7

&/
2

Length of Spans in
£ Direction Moments
are Being Determined

—— - — — —
< L1
. I U NN\ 1/2 Col. Size ¢ 2
/2~l:7_’H::/Width L input:
-2 _ , Left = £9/2; Right = co/2
Slab Beam Strip (/2 —F— Width L input:

Left = 4 /2; Right = (/2

[T Interior Equivalent Frame

€ of Panel by ——T—

12 123 12 !

Figure 2.5 Design strips

The moment of inertia of the slab beam elements between the faces of the columns (or column
capitals) is based on the uncracked section of the concrete including beams or drop panels. The
moment of inertia from the face of the column (or capital) to the centerline of the column (or
capital) is considered finite and is dependent on the transverse dimensions of the panel and
support. This reduced stiftness (as compared to the infinite stiffness assumed in previous codes) is
intended to soften the slab at the joint to account for the flexibility of the slab away from the
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support. This is consistent with provisions of the code.38 Figure 2-7 shows the changes in stiffness
between a slab, and a drop panel, and a column (or capital).

yr74 L/ 4L/

777 777 777

Figure 2.6 Analytical model for vertical loads for a typical story

The computation of the column stiffness is more complicated as it utilizes the concept of an
equivalent column. Theoretical slab studies have shown that the positive moment in a slab may
increase under pattern loads, even if rigid columns are used, because of the flexibility of the slab
away from the column. However, if a two-dimensional frame analysis is applied to a structure
with rigid columns, pattern loads will have little effect.

38. ACI 318-14, 8.11.3; ACI 318-11, 13.7.3; ACI 318-08, 13.7.3; ACI 318-05, 13.7.3; ACI 318-02, 13.7.3;
ACI 318-99, 13.7.3; CSA A23.3-14, 13.8.2.3; CSA A23.3-04, 13.8.2.3; CSA A23.3-94, 13.9.2.3
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Figure 2.7 Sections for calculating slab-beam stiffness, Ky,

To account for this difference in behavior between slab structures and frames, the equivalent
column torsional member, as shown in Figure 2-8, runs transverse to the direction in which the
moments are being determined. The transverse slab beam can rotate even though the column may
be infinitely stiff, thus permitting moment distribution between adjacent panels. It is seen that the
stiffness of the equivalent column is affected by both the flexural stiffness of the columns and the
torsional stiffness of the slabs or beams framing into the columns. Note that the method of
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computation of column stiffness is in accordance with the requirements of the code®’. Figure 2-10
shows a schematic representation of the stiffness of typical columns.
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Figure 2.8 continued

The column stiftness is based on the column height, €., measured from mid-depth of the slab

above, to the mid-depth of the slab below. spSlab calculates the stiffness of the column below the
design slab, taking into account the design slab system at its top end. spSlab calculates the
stiffness of the column above the design slab taking only the slab depth into account at its bottom
end; column capitals, beams, or drops are ignored.

The computation of the torsional stiffness of the member requires several simplifying
assumptions. The first step is to assume dimensions of the transverse torsional slab-beam
members. Assumptions for dimensions of typical torsional members are shown in Figure 2-9.

39.ACI 318-14, 8.11.4; ACI 318-11, 13.7.4; ACI 318-08, 13.7.4; ACI 318-05, 13.7.4; AC1 318-02, 13.7.4;
ACI 318-99, 13.7.4; CSA A23.3-14, 13.8; CSA A23.3-04, 13.8; CSA A23.3-94, 13.9
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The stiffness, K, of the torsional member is given by the following expression

40

9 Ecg C
. 3
u(1-3)

denotes summation over left and right side torsional member,
modulus of elasticity for slab concrete,

Eq. 2-20

cross-sectional constant defined in Eq. 2-21
size of rectangular column or capital measured transverse to the direction in

which moments are being determined,
6, and &y, lengths of span transverse to ¢;, measured on each side of the

column for ACI 318; for CSA A23.3 value of ¢, is taken as the smaller of ¢,
and ¢,, where {,, is the average ¢; and ¢,, is the average ¢, on each side of an
interior column. In case of an exterior columns, ¢;, and ¢,, are taken
respectively as ¢; (if the column is exterior with respect to the direction of
analysis) and ¢, (if column is exterior in the transverse direction) of the
adjacent span, i.e. cantilevers, if any, are neglected.

40. ACI 318-14, 8.11.5; ACI 318-11, 13.7.5; ACI 318-08, 13.7.5; ACI 318-05, 13.7.5; ACI 318-02, 13.7.5;
ACI 318-99, 13.7.5; CSA A23.3-14, 13.8.2.8; CSA A23.3-04, 13.8.2.8; CSA A23.3-94,13.9.2.8
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Figure 2.9 Equivalent column

The constant C is evaluated for the cross section by dividing it into separate rectangular parts and

by carrying out the following summation®*!

3
C= Z(l —0.63fjﬂ Eq. 2-21
v)3
where
x = short overall dimension of the rectangular part of a cross section,
y = long overall dimension of the rectangular part of a cross section.

The program divides the section into rectangles in such a way that the value of constant C is
maximum (see Figure 2-9).

Walls perpendicular to the direction analysis can be modeled as wide columns. If a column/wall

runs full length of the total design strip42, the program modifies moment distribution factors to

41. ACI 318-14, 8.10.5.2; ACI 318-11, 13.6.4.2; ACI 318-08, 13.6.4.2; ACI 318-05, 13.6.4.2; ACI 318-02,
13.0; ACI 318-99, 13.0; CSA A23.3-14, 13.8.2.9; CSA A23.3-04, 13.8.2.9; CSA A23.3-94,13.9.2.9
42. For walls running full width of the slab (¢, = ¢,), the program slightly adjusts the width of the wall to

avoid singularity in the denominator of Eq. 2-20
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achieve uniform distribution of moments along the column and middle strips. If the width of the
wall is less than 75% of the total design strip then no modification of distribution factors is
applied. For column/wall widths between 75% and 100% of total strip widths, moment
distribution factors are linearly interpolated between regular values and uniformly distributed
values.

When beams frame into the column in the direction of analysis, the value of K, as computed in Eq.
2-20 1s multiplied by the ratio of the moment of inertia of the slab with the beam (1) to the

moment of inertia of the slab without the beam (I;), as shown

K —Kﬁ Eq. 2-22
ta = 7y q. -

S

With reference to Figure 2-8, I is computed from part A (slab without beam), whereas I, is

computed from both parts A and B (slab with beam).
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Figure 2.10 Section of the attached torsional members
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Figure 2.11 Sections for calculating the stiffness (K.) of the column below the design floor
(€.-input, €.*-computed)

Having the column stiffness, K., and the stiffness of the attached torsional member, K;, the

stiffness of the equivalent column, K., is computed from the equation

Ket + Kep
Kec = W Eq 2-23
K+ K,
where
K, = top column stiffness,
K., = bottom column stiffness,
| (O = torsional stiffness of the left (Kti,) and the right (K,,) member.

All applied loads are input as unfactored loads. There are no limitations imposed on the ratio of
dead to live loads in the Equivalent Frame Method. Results of gravity load and lateral load
analyses may be combined, however, the effects of cracking and reinforcement on stiffness must
be accounted for in the lateral load analysis.
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The self weight of the system is automatically calculated and assigned to the reserved load
selfweight load case, SELF, which is by default defined in all new data files. The weights of the
slabs, drops, and longitudinal and transverse beams are considered in the selfweight computations.
Only the concrete weight is considered, the reinforcement weight is ignored. The weight of
longitudinal beams is ignored starting at the column centerline, for a length equal to one-half ¢,

the column dimension in the direction of analysis. This will produce slightly less self-weight than
actually present for beams wider than c,, the column’s transverse dimension.

If load case SELF is removed then the program will ignore self weight in all ultimate load
combinations as well as in internally defined service load combination used to calculate
displacements.

All superimposed vertical loading is considered to act over the entire transverse width of the slab.
For slab systems with beams, loads supported directly by the beam (such as the weight of the

beam stem or a wall supported directly by the beams) are also assumed to be distributed over the
entire transverse width of the strip. An additional analysis may be required, with the beam section
designed to carry these loads in addition to the portion of the slab moments assigned to the beam.

For lateral loads, each frame should be analyzed as a unit for the entire height of the building
(Figure 2-11). Computer programs, such as spFrame, are available for performing such analyses.
It should be realized that, for lateral load analysis, slab-beam elements may have a reduced
stiffness due to cracking as well as other assumptions made for the effective slab width used for
the lateral analysis. The moments obtained from such an analysis may then be input into the
equivalent frame model using the program to determine the appropriate design moments under
combined vertical and lateral loads.
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Figure 2.12 Analytical model for lateral loads

The program distributes the effect of the superimposed lateral load moments to the column strip
and middle strip according to the moment distribution factors computed for gravity loads (see
Table 2-2 through Table 2-4 later in this chapter).

The analysis of floor systems requires the consideration of several loading configurations. For
example, the two adjacent spans loaded may produce the maximum shear stress around a column,
while the alternate spans loaded may produce the maximum flexural moments. To cover different
loading scenarios the program generates live load case based on the following load patterns
(Figure 2-12)

» Pattern No. 1 (All): All spans loaded with live load,

» Pattern No. 2 (Odd): Starting at span 1, alternate spans loaded with live load,

» Pattern No. 3 (Even): Starting at span 2, alternate spans loaded with live load,

» Pattern No. 3+N (SN): Two spans adjacent to support No. N loaded with live load.
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Figure 2.13 Live load patterns

The program reduces the magnitude of live load patterns No. 2 through No. (3+n) by a predefined
ratio. For two-way systems, the default live load pattern ratio selected by the program equals 75%

as permitted by the code™®. The user has the ability to select different value for the pattern ratio
within the range 0-100%. If 0% is selected then load patterning effects will be neglected.
However, the pattern No. 1 with all spans loaded (as specified by the user) is always considered
with full unreduced magnitude.

The program allows defining up to 50 load combinations. The user has full control over the
combinations. The program contains predefined (built into the program) default primary load

43. ACI 318-14, 6.4.3.3; AC1 318-11, 13.7.6.3; ACI 318-08, 13.7.6.3; ACI 318-05, 13.7.6.3; ACI 318-02,
13.7.6.3; ACI1 318-99, 13.7.6.3; CSA A23.3-14, 13.8.4; CSA A23.3-04, 13.8.4; CSA A23.3-94,13.94
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combinations for the supported codes. These default combinations are created when starting a new
project.

For the ACI 318-14, ACI 318-11, ACI 318-08, ACI 318-05, and ACI 318-02 codes, the default
combinations of the Self-weight (SW), Dead (D), Live (L), Snow (S), Wind (W) and Earthquake

(E) loads considered by the program are™

U, = 1.4SW + 1.4D

U, = 1.2SW +1.2D + 1.6L + 0.5S

U; = 1.2SW +1.2D + 1.0L + 1.6S

U, = 1.2SW +1.2D + 1.6S + 0.8W

Us = 1.2SW +1.2D + 1.6S — 0.8W

Ug = 1.2SW+ 12D+ 1.0L+ 0.5S + 1.6W
U, = 1.2SW +1.2D + 1.0L + 0.5S — 1.6W
Ug = 09SW+0.9D+1.6W

Ug = 09SW+09D-1.6W

Uy = 1.2SW +1.2D + 1.0L+ 0.2S + 1E
U = 1.2SW+ 12D+ 1.0L+0.2S - 1E
U, = 09SW+09D+ 1.0E

Uz =  09SW+0.9D-1.0E

For the ACI 318-99 code, the default combinations of the Self-weight (SW), Dead (D), Live (L),

Wind (W) and Earthquake (E) loads considered by the program are®
U, = 1.4SW + 1.4D + 1.7L

U, = 0.75(1.4SW + 1.4D + 1.7L + 1.7W)

U; = 0.75(1.4SW + 1.4D + 1.7L - 1.7W)

U, = 0.75(1.4SW + 1.4D + 1.7W)

Us = 0.75(1.4SW + 1.4D — 1.7W)

Ug = 0.9 SW+0.9D + 1.3W

U, = 0.9 SW+0.9D - 1.3W

Ug = 0.75(1.4SW + 1.4D + 1.7L + 1.7*1.1E)
Uy = 0.75(1.4SW + 1.4D + 1.7L — 1.7*1.1E)
Uy = 0.75(1.4SW + 1.4D + 1.7*1.1E)

Uy = 0.75(1.4SW + 1.4D — 1.7*1.1E)

U, = 0.9 SW+0.9D + 1.43E

Uz = 0.9 SW+0.9D — 1.43E

44. ACI318-14,5.3.1; ACI 318-11, 9.2; ACI 318-08, 9.2; ACI 318-05, 9.2; ACI 318-02, 9.2; (assuming W
based on service-level wind load and E based on ultimate-level forces)
45. ACI1318-99,9.2
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For the CSA A23.3-14 code load combinations are compliant with 2015 NBCC. The default

combinations of the Self-weight (SW), Dead (D), Live (L), Snow (S), Wind (W) and Earthquake

(E) loads considered by the program are’0

U, = 14SW+14D

U, = 1258W+125D+1.5L

U; = 09SW+09D+1.5L

U, = 1.25SW+1.25D+ 1.5L+ 1.0S
Us = 09SW+009D+ 1.5L+ 1.0S

Us = 1.258W+1.25D+ 1.5L+0.4W
U; = 1.258W+1.25D+ 1.5L-04W
Ug = 09SW+09D+ 1.5L +0.4W
Ug = 09SW+0.9D+ 1.5L-04W
Uy = 1255W+ 125D+ 1.58

U; = 09SW+09D +1.58

U, = 1.258W+1.25D+ 1.0L + 1.5S
U;z = 09SW+09D+ 1.0L+ 1.5S
Uy = 1.258W+1.25D + 04W + 1.5S
Ujs =  125SW+1.25D-0.4W + 1.5S
U = 09SW+0.9D +0.4W + 1.5S
Up; =  09SW+09D-04W + 1.5S
U;g = 1.255W+1.25D+ 1.4W

Ug = 125SW+1.25D-14W

Uyy = 09SW+0.9D + 1.4W

Uy = 09SW+09D-1.4W

U,, =  1.25SW+1.25D +0.5L + 1.4W
Uy,; =  1.25SW+1.25D+0.5L - 1.4W
Uy =  09SW+0.9D +0.5L + 1.4W
Uy,s =  09SW+0.9D +0.5L - 1.4W
Uy =  1.25SW+1.25D + 1.4W +0.5S
Uy; = 125SW+1.25D—-1.4W +0.5S
Uy = 09SW+0.9D + 1.4W +0.5S
Uy = 09SW+0.9D-14W +0.5S
Uz = 1.0SW+1.0D + 1.0E

U;; =  1.0SW+1.0D-1.0E

Uz, = 1.0SW+1.0D+0.5L+ 1.0E +0.25S
Uz =  1.0SW+1.0D+0.5L—-1.0E +0.25S

46. CSA A23.3-14, 8.3.2; CSA A23.3-04, 8.3.2; CSA A23.3-04, Annex C, Table C1; NBCC 2005 (Ref. [8]),
Table 4.1.3.2
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For the CSA A23.3-04 code load combinations are compliant with 2005 NBCC. The default
combinations of the Self-weight (SW), Dead (D), Live (L), Snow (S), Wind (W) and Earthquake

(E) loads considered by the program are?’
U, = 1.4D

U, = 1.25D + 1.5L

U; = 09D+1.5L

U, = 1.25D + 1.5L+0.5S

Us = 09D+ 1.5L+0.5S

Ug = 1.25D + 1.5L + 0.4W

U, = 1.25D + 1.5L - 0.4W

Ug = 09D+ 1.5L+04W

Uy = 09D+ 1.5L-04W

Uy = 1.25D +1.5S

U;; = 09D+1.58

U, = 1.25D + 0.5L+ 1.5S

U;; = 09D+0.5L+1.58

Uy = 1.25D + 0.4W + 1.5S

Ujs = 1.25D - 0.4W + 1.5S

U = 09D+0.4W+1.58

Up; =  09D-04W +1.5S

Ujg = 1.25D + 1.4W

U = 1.25D - 1.4W

Uyy = 09SW+0.9D + 1.4W

Uy = 09D-14W

Uy = 1.25D + 0.5L + 1.4W

Uy = 1.25D + 0.5L—1.4W + 0.5S
Uyy = 09D+0.5L+ 1.4W

Uys = 09D +0.5L-1.4W

Uy = 1.25D + 1.4W + 0.5S

Uy; = 1.25D — 1.4W +0.5S

Uyg = 09D+ 1.4W+0.58

Uy = 09D-14W+0.5S

Uzg = 1.0D + 1.0E

Uz = 1.0D - 1.0E

Uz, = 1.0D + 0.5L + 1.0E + 0.25S
Uzy = 1.0D + 0.5L — 1.0E + 0.25S

47. CSA A23.3-14, 8.3.2; CSA A23.3-04, 8.3.2; CSA A23.3-04, Annex C, Table C1; NBCC 2005 (Ref. [8]),
Table 4.1.3.2
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For the CSA A23.3-94 code, the default combinations of the Self-weight (SW), Dead (D), Live
(L), Wind (W), Earthquake (E), and Snow (S) loads considered by the program are™®

U, = 125SW+1.25D+1.5L

U, = 125SW+ 125D+ 1.5L+1.58

U; = 1.258W+1.25D +0.7(1.5L + 1.5W)

U, = 125SW+ 125D +0.7(1.5L— 1.5W)

Us = 1.25SW+125D+0.7(1.5L+ 1.5W+ 1.5S)
Us = 1.25SW+1.25D+0.7(1.5L— 1.5W+ 1.5S)
U; = 1.25SW+1.25D + 1.5W

Ug = 125SW+125D—1.5W

Uy = 0.85SW+0.85D + 1.5W

Upp = 0.85SW+0.85D—1.5W

U, = 1.0SW+1.0D+0.5L+ 1.0E

Uy, = 10SW+1.0D+0.5L—1.0E

Uj; =  1.0SW+1.0D+0.5L+ 1.0E + 0.5S

Uy =  1.0SW+1.0D+0.5L— 1.0E + 0.5S

Ujs = 1.0SW+1.0D+ 1.0E

Uyg = 1.0SW+1.0D- 1.0E

The code*” defines the width of the column strip on each side of the column centerline as being
one-fourth of the smaller of either the transverse or the longitudinal span. These widths are printed
as part of the design results.

The strip widths at a support are computed by (see Figure 2-13)

. Ly - 2,r
min < —- +min<{ ==
4 l 4 l

W, = min >

. Ly .l
mms-<s — +mins —
4 4
i+1 i+1

* column strip

-|>|:
—
N

[a—

-bl:
4>|:

Eq. 2-24
* middle strip

48. CSA A23.3-14, 8.3.2; CSA A23.3-94, 8.3.2 (assuming occupancies other than storage and assembly)
49. ACI 318-14, 8.4.1.5; AC1 318-11, 13.2.1; ACI 318-08, 13.2.1; ACI 318-05, 13.2.1; ACI 318-02, 13.2.1;
ACI 318-99, 13.2.1; CSA A23.3-14,2.2; CSA A23.3-04, 2.2; CSA A23.3-94, 13.1
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Wins = mm{ 12,1'9 12,i+1} W Eq. 2-25
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Figure 2.14 Strips widths at support

The strip widths in the span are defined as (see Figure 2-14)

L, 1 L, 1
W.e = min 2—’1,—1 +min ﬂ,—l Eq. 2-26
4 4 4 4

* column strip
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* middle strip

Wins = b — W Eq. 2-27
where
¢ = span length in the direction of analysis,
6 = the input transverse strip widths on the left of column centerline,
6, = the input transverse strip widths on the right of column centerline,
(23 = 6 /2 + &, /2, the total input transverse strip width.
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Figure 2.15 Strip widths in span

If a longitudinal slab band is defined (CSA A23.3-14/04 standard only) then the column strip
width is automatically adjusted to be equal to the band width

Wes = Whand Eq. 2-28

If a longitudinal beam exists then the adjusted column strip width, ., is calculated by subtracting

the beam width, wy, ), from the width of the column strip
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Weg = Weg — Wheam Eq. 2-29
If the user selects the BEAM T-SECTION DESIGN option in Solve Options, the beam width, Wy ogm,
used by the program will include portion of the slab on each side of the beam equal to projection

of the beam below the slab, but not greater than slab thickness . Otherwise, only web width is
then the adjusted

column strip width is set to zero and moment distribution factors are adjusted to apply all column

used. If the beam width, wye,,,, 1S greater than the column strip width, w,
strip moment to the beam. This may occur when modeling a slab band with a wide longitudinal
beam for codes other than CSA A23.3-14/04. In case of CSA A23.3-14/04 standard, the dedicated
LONGITUDINAL SLAB BAND option in General Information dialog window is available to model
slab band systems explicitly.

By selecting USER SLAB STRIP WIDTH and USER DISTRIBUTION FACTORS options in Solve
Options dialog window, the user has the ability to manually override strip widths and moment
distribution factors calculated automatically by the program and requires engineering judgment.

Note: For exterior frames, the edge width should be specified to the edge of the slab from the
column centerline. Entering edge width greater than 1;/4 involves engineering judgment regarding

two-way behavior of the system and the applicability of the equivalent frame method.

For design purposes5 L spSlab considers negative moments as those producing tension at the top
of the slab and positive moments as those producing tension at the bottom of the slab. The
negative design moment is taken at the face of the column below the slab, or at the face of the
column capital, but in no case is it considered at a location greater than 0.175 of the longitudinal

span length, ¢,, away from the center of the column.>? This imposes a limit on long narrow
supports, in order to prevent undue reduction in the design moment. For slab systems with
transverse beams, the face of a beam is not considered as the face of support. For end columns

with capitals, the negative moments are taken at the midpoint of the capital extension.” 31f
a positive moment occurs at a support then its value at the face of the column above the slab is
considered (or at the support centerline if there is no column above the slab).

50.ACI 318-14, 8.4.1.8; ACI 318-11, 13.2.4; ACI 318-08, 13.2.4; ACI 318-05, 13.2.4; ACI 318-02, 13.2.4;
ACI 318-99, 13.2.4; CSA A23.3-04 Figure N13.1.2.(a) in Ref. [12], CSA A23.3-94, 13.1

51. ACI and CSA provisions for the location of critical section for flexure referred to in this paragraph apply
to two-way systems. Due to lack of similar provisions for one-way systems and beams in ACI and CSA
standards, the program consistently applies the same rules (with the exception of 0.175¢; limitation) to
one-way systems and beams.

52.ACI 318-14, 8.11.6.1; ACI 318-11, 13.7.7.1; ACI 318-08, 13.7.7.1; ACI 318-05, 13.7.7.1; ACI 318-02,
13.7.7.1; AC1 318-99, 13.7.7.1; CSA A23.3-14, 13.8.5.1; CSA A23.3-04, 13.8.5.1; CSA A23.3-94,
13.9.5.1
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spSlab computes the amount of reinforcement for the moments on the left and the right side of the
support. The negative design moment is the moment which requires the most area of
reinforcement to be resisted. The location, left or right of the support, of the maximum moment
may vary when systems differ on each side of the support (for example, a system with beams on
one side only).

spSlab automatically calculates the values of strip moment distribution factors for column strips
and longitudinal beams (if present). Portion of the total factor moment not assigned to a column
strip or a beam is then proportionally assigned to the remaining middle strip.

Note: By checking USER DISTRIBUTION FACTORS option in Solve Options dialog window, the
user has the ability to manually adjust strip moment distribution factors calculated automatically
by the program.

The column strips are proportioned to resist the portions in percent of interior negative factored

moments according to Table2-2.%°
b/, 0.5 1.0 2.0
(ocfl 82/81) =0 75 75 75
(aigy &/87) > 1.0 90 75 45

Table 2.2 Column Strip Percent of Interior Negative Factored Moments at Supports

The column strips are proportioned to resist the portions in percent of exterior negative factored

moments according to Table 23,56
244 0.5 1.0 20
(@n &) =0 B[?;?S 17050 1705O 17050
(o &)= 1.0 ijtz - 100 109 1o

Table 2.3 Column Strip Percent of Exterior Negative Factored Moments at Supports

53.ACI318-14, 8.11.6.2,8.11.6.3; ACI 318-11, 13.7.7.2; ACI 318-08, 13.7.7.2; ACI 318-05, 13.7.7.2; ACI
318-02, 13.7.7.2; ACI 318-99, 13.7.7.2; CSA A23.3-14, 13.8.5.2; CSA A23.3-04, 13.8.5.2; CSA A23.3-
94,13.9.5.2

54.For CSA A23.3-94 standard, the program assumes by default values given by ACI code which fall within
the ranges specified in CSA A23.3-94, 13.12.2

55.ACI318-14, 8.10.5.1; ACI 318-11, 13.6.4.1; ACI 318-08, 13.6.4.1; ACI 318-05, 13.6.4.1; ACI 318-02,
13.6.4.1; ACI1 318-99, 13.6.4.1; CSA A23.3-14, 13.9.5; CSA A23.3-04, 13.9.5; CSA A23.3-94, 13.9.5.1;
CSA A23.3-94,13.8.5.1

56.ACI318-14, 8.10.5.2, 8.10.5.3; ACI1 318-11, 13.6.4.2; ACI 318-08, 13.6.4.2; ACI 318-05, 13.6.4.2; ACI
318-02, 13.6.4.2; ACI 318-99, 13.6.4.2;
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The values o, in Table 2-2 and Table 2-3 and B in Table 2-3 are defined as

o = ratio of flexural stiffness of the beam section to flexural stiffness of a width of

slab bounded by centerlines of adjacent panels (if any) on each side of the
beam in the direction of analysis. For flat plates, flat slabs, and waffle (o €/

81) =0

By = ratio of torsional stiffness of an edge beam section to flexural stiffness of a
width of slab equal to the span length of the beam, center-to-center of
supports.5 7 When no transverse beams are present, B, = 0, otherwise

E4C
B = —2— Eq. 2-30
2E [
where
Ep = modulus of elasticity of beam concrete,
Eq modulus of elasticity of slab concrete,
C = cross-sectional constant, see Eq. 2-21
I moment of inertia of the gross section of the slab about its centroidal axis.

For intermediate values of (£,/¢,), (aq1€,/¢;) and B, the values in Table 2-2 and Table 2-3 are
interpolated using equations Eq. 2-31 and Eq. 2-32.

Percentage of negative factored moment at interior support to be resisted by column strip

I I
75+30| 22|12 Eq. 2-31
b b

Percentage of negative factored moment at exterior support to be resisted by column strip

apl |

100~ 10 B, + 12[3{%] {1 - 1—2] Eq. 2-32
1 1

When a column width, c,, is equal to or greater than 75 percent of the tributary strip width 1,, the

distribution factor for negative column strip moment is linearly interpolated between the factor for

regular support, and the factor equal 0.50 (moment uniformly distributed across 1,). This extends

the requirement of the design code’s, by providing continuous linear transition between standard
and uniform moment distributions, depending on the relative dimension of the support with
respect to strip width. User may override software assumptions by selecting user defined
distribution factors.

57.ACI 318-14, 8.10.5.2, 8.10.5.3; ACI 318-11, 13.6.4.2; ACI 318-08, 13.6.4.2; ACI 318-05, 13.6.4.2; ACI
318-02, 13.0; ACI 318-99, 13.0; CSA A23.3-94, 13.0

58. ACI 318-14, 8.10.5.4; ACI 318-11, 13.6.4.3; ACI 318-08, 13.6.4.3; ACI 318-05, 13.6.4.3; ACI 318-02,
13.6.4.3; ACI1 318-99, 13.6.4.3
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When designing by the CSA A23.3-94 code, a portion of the total positive or interior negative

moment equivalent to’ ?

—afll . Eq. 2-33
2
1+ (11)

is resisted by the beam. For exterior supports, the beam is proportioned to resist 100% of the
negative moment.

That portion of the moment not resisted by the beam is resisted by the slab. The reinforcement
required to resist this moment is distributed evenly across the slab.

For ACI designs the longitudinal beams are proportioned to resist 85 percent of the column strip
moments if gy €y/¢; is equal to or greater than 1.0. For values of o €,/¢; between 0 and 1.0, the

beam is designed to resist a proportionate percentage of the column strip moment between 0 and
85.%0

The middle strips are proportioned to resist the portion of the total factored moments that is not
resisted by the column strips.

The column strips are proportioned to resist the portions in percent of positive factored moments

according to Table 2-4.61

Lt 0.5 1.0 2.0
(o) = 0 60 60 60
((Xflez/el) >1.0 90 75 45

For intermediate values of (£,/¢;) and (o €,/€;) the values in Table 2-4 are interpolated using Eq.

2-34 follows
gih b
60+ 30 1— 1.5—- 1— Eq. 2-34
1 1

Note: For flat plates, flat slabs, and waffle slabs, o¢€,/€; = 0.

For slabs without drop panels (with or without transverse beams) the following moment factors

are used®?

59. CSA A23.3-94, 13.13.2.1

60. ACI 318-14, 8.10.5.7; ACI 318-11, 13.6.5; ACI 318-08, 13.6.5; ACI 318-05, 13.6.5; ACI 318-02,
13.6.5; ACI 318-99, 13.6.5

61.ACI318-14, 8.10.5.5; ACI 318-11, 13.6.4.4; ACI 318-08, 13.6.4.4; ACI 318-05, 13.6.4.4; ACI 318-02,
13.6.4.4; AC1318-99, 13.6.4.4
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» Negative moment at interior column, factor = 0.80
* Negative moment at exterior column, factor = 1.00

» Positive moment at all spans, factor = 0.60

For slabs with drop panels (with or without transverse beams) the following moment factors are

used®?

» Negative moment at interior column, factor = 0.825
» Negative moment at exterior column, factor = 1.00

» Positive moment at all spans, factor = 0.60

For slabs with longitudinal slab bands®*

» Negative moment at interior column, factor = 0.90
* Negative moment at exterior column, factor = 1.00

» Positive moment at all spans, factor = 0.90

For slabs with transverse slab bands®’

* Negative moment at interior column in width by, factor from 0.05 to 0.15 range is selected
so that the remaining moment is distributed evenly over the entire frame width (including
by, width) and at least one-third of the total factored moment®® is applied to the band width
by,

* Negative moment at exterior column, factor = 1.00

+ Positive moment at all spans where (¢;/¢,) > 1.0, factor = 0.55

+ Positive moment at all spans where (¢,/¢,) < 1.0, factor = 0.55 (£,/¢,)

For slabs with beams between all the supports67, the positive and interior negative factored
moments are distributed as follows

!
_% 2 Eq. 2-35
0.3 +0.1 311

Factored negative moments at exterior supports are assigned in 100% proportion to beams.

62. CSAA23.3-14,13.11.2.2; CSA A23.3-04, 13.11.2.2
63. CSA A23.3-14, 13.11.2.3; CSA A23.3-04, 13.11.2.3
64. CSA A23.3-14, 13.11.2.4; CSA A23.3-04, 13.11.2.4
65. CSA A23.3-14, 13.11.2.5; CSA A23.3-04, 13.11.2.5
66. CSA A23.3-14, 13.11.2.7; CSA A23.3-04, 13.11.2.7
67. CSA A23.3-14, 13.12.2; CSA A23.3-04, 13.12.2
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CSA A23.3-14/04 does not stipulate requirement for distributing moments in slab systems with
beams between some (but not all) supports. For estimation of the moment resisted by the beams in
this case, the program applies the ACI approach described in the previous section where
longitudinal beams are proportioned to resist 85 percent of the column strip moments if o €,/¢; is

equal to or greater than 1.0. For values of a1 6,/¢; between 0 and 1.0, the beam is designed to resist

a proportionate percentage of the column strip moment between 0 and 85%.

Redistribution of negative moments applies to one-way and beam systems only. It can be engaged
using the Input Redistribution option on the Solve Options tab in the General Information
dialog box.

The program allows for redistribution of negative moments at supports. Only reduction in
negative moments is considered. Increase of negative moments at the support is not taken into

account even though it is allowed by the code®®. Static equilibrium is maintained meaning that
bending moments and shear forces along the span are adjusted in accordance with the reduction of
moments applied at the supports. The following procedure is followed to obtain moment
redistribution factors at the supports.

From elastic static analysis, the largest moments from all load combinations and load patterns are
determined at support faces on both ends of each span except cantilevers. These moments are used
to calculate the maximum percentage adjustment of moments, g, allowed by the codes.

For ACI 318-14, ACI 318-11, ACI 318-08, ACI 318-05, and ACI 318-02%°

5 0, ife; <0.0075, Ea 2.36
1000 - £, ife, > 0.0075, 4=
where ¢, is net tensile strain in extreme tension steel at nominal strength.
For ACI 318-997°
0, if(p—p")>0.5p,,
Eq. 2-37

0= PP’ -
201 - ) if(p—p") <0.5py,
b

68. ACI 318-14, 6.6.5.1; ACI 318-11, 8.4.1; ACI 318-08, 8.4.1; ACI 318-05, 8.4.1; ACI1 318-02, 8.4.1; ACI
318-99, 8.4.1; CSA A23.3-14,9.2.4; CSA A23.3-04,9.2.4; CSA A23.3-94,9.2.4

69. ACI 318-14, 6.6.5.3; ACI 318-11, 8.4.1 and 8.4.3; ACI 318-08, 8.4.1 and 8.4.3; ACI 318-05, 8.4.1 and
8.4.3;ACI318-02, 8.4.1 and 8.4.3

70. ACI 318-99, 8.4.1 and 8.4.3
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where
p = tension reinforcement ratio,
p' = compression reinforcement ratio,
Pb = balanced reinforcement ratio.
For CSA A23.37!
C
d=30—-50— Eq. 2-38
d
where
C = distance from extreme compression fiber to neutral axis,
d = distance from extreme compression fiber to centroid of tension reinforcement.

In the investigation mode, program uses the area of provided reinforcement to obtain

redistribution factors. In the design mode the required reinforcement area is used. Additionally, 3
is limited to 20% and not to exceed the maximum values specified by the user. Negative moments
at span ends are reduced by the amount of redistribution factors and new moment values are
iteratively used to obtain new redistribution factors. This iterative procedure is repeated until the
change in distribution factor is negligible (does not exceed 0.01%), but no more than 10 times.

Shear analysis in spSlab takes into account one way shear and two-way shear. For two-way shear,

the program considers contributions of factored shear force’?, V., and fraction of unbalanced

moment transferred by shear”>, y, M- SpSlab does not consider torsional stresses in the slab. If

in the engineer’s judgment this may control, it must be computed manually.

spSlab checks one-way shear at a critical section located at a distance not less than the effective

I't74

depth away from the face of the support’”. If a concentrated load is applied closer than the

effective depth away from the face of the support then critical section is located at the face of the

71. CSA A23.3-14,9.2.4; CSA A23.3-04, 9.2.4; CSA A23.3-94,9.2.4

72.ACI1 318-14, 8.4.4.2.3; ACI1 318-11, 11.11.7.2; ACI 318-08, 11.11.7.2; ACI 318-05, 11.12.6.2; ACI 318-
02,11.12.6.2; ACI 318-99, 11.12.6.2; CSA A23.3-14, 13.3.5.2; CSA A23.3-04, 13.3.5.2; CSA A23.3-94,
13.45.2

73.ACI 318-14,8.4.4.2.1; ACI1 318-11, 11.11.7.1; ACI 318-08, 11.11.7.1; ACI 318-05, 11.12.6.1; ACI 318-
02,11.12.6.1; ACI 318-99, 11.12.6.1; CSA A23.3-14, 13.4.5.3; CSA A23.3-04, 13.4.5.3; CSA A23.3-94,
13.453

74.ACI1318-14,7.4.3.2,84.3.2,9.4.3.2; ACI 318-11, 13.5.4, 11.1.3; ACI 318-08, 13.5.4, 11.1.3; ACI 318-
05,13.5.4,11.1.3; ACI 318-02, 13.5.4, 11.1.3; ACI 318-99, 13.5.4, 11.1.3; CSA A23.3-14, 13.3.6.1,
11.3.2; CSA A23.3-04, 13.3.6.1, 11.3.2; CSA A23.3-94, 13.4.6.1; CSA A23.3-94, 13.4.6.1; 11.3.2
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support. Factored shear force at the critical section is obtained from the analysis of the equivalent

frame’°.

Direction of
Analysis

*Not considered by program
Figure 2.16 Critical section for two-way shear

Figure 2-15 shows the general two-way shear area’® used by spSlab. Note that the shaded area
represents the general case and is modified for special considerations as explained below.

Beams are considered in the two-way shear as indicated in Figure 2-15 by areas B, B,, B3, By,
Bs, and Bg. Ordinarily, transverse beams transfer unbalanced moment to the column through

torsion along the beam and not through shear between the slab and column. However, the code
leaves the transfer method to the engineer’s judgment concerning the point at which punching
shear is no longer applicable and beam shear becomes the dominate element in shear transfer to
the column. spSlab makes no such distinction and computes unbalanced moment transfer stress
without regard to any beams framing into the column. When a beam is present, the depth of the
beam increases the depth of the critical section where it intersects with the beam. The distances
from the face of the support to the critical section will also be increased, i.e. effective depth of the
beam will be used to calculate the distance instead of effective depth of the slab, if it results in a
critical section that is still within the beam. Otherwise, distances to the critical section are not
increased.

75.ACI1318-14,8.11.1.1; ACI 318-11, 13.7.1; ACI 318-08, 13.7.1; ACI 318-05, 13.7.1; ACI 318-02, 13.7.1;
ACI 318-99, 13.7.1; CSA A23.3-04, 13.8.1.1; CSA A23.3-94,13.9.1.1

76.AC1318-14,22.6.4.1; ACI1 318-11, 11.11.1.2; ACI 318-08, 11.11.1.2; ACI 318-05, 11.12.1.2; ACI 318-
02,11.12.1.2; ACI 318-99, 11.12.1.2; CSA A23.3-14, 13.3.3; CSA A23.3-04, 13.3.3; CSA A23.3-94,
13.4.3
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For circular supports (column or column capital), ACI code and CSA standard differ in their
treatment and do not provide clear guidance towards the applicability of an equivalent rectangular
section for checking punching shear around circular supports. Therefore, spSlab provides as a
default option the calculation of properties of the critical section for punching shear based on
circular critical shear perimeter. This option is possible given that both the soffit around the
perimeter of circular support and the soffit around the perimeter of circular critical shear perimeter
are flat & critical shear perimeter stays circular.

If circular critical shear perimeter is not achievable or possible, then, the program calculates
properties of the critical section for punching shear based on an equivalent rectangular support
with the same centroid and equal perimeter 1ength77. The equivalent rectangular support is a

square with side length equal to © D/4 = 0.785 D where D is the diameter of the circular support as
shown in Figure 2-15.

d/2 D d2| nD/4

y :'__ ______ ““:_r

[ o

/ I | +
| | (2
| B

\ | : <
N o __ Y

Par=nD = Psq

Figure 2.17 Critical section for circular column

While this approach is widely used, it produces an equivalent section but not an equivalent shear
perimeter. It is, therefore, left to the end-user discretion to judge the use of the circular shear
perimeter as it produces more conservative results compared with the traditional equivalent square
option.

The critical section is considered closed if the concrete slab around a column extends to a distance
greater than or equal to the specified threshold value. In spSlab, the user may define the distance
extended beyond the column face in order to consider the section closed. If the critical section
does not meet the distance requirement, it is considered open.

77. See Fig.13-38(b) and Fig. 13-57 in Ref. [16], and Fig. 10.5(f) in Ref. [25]
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ACI 318-08 code introduced the definition of the shear catp78 which, alternatively to column
capital, can be used to increase the critical section around the column. spSlab users can use the
capital geometry to model a shear cap and calculate the punching shear through the thickness of
the slab itself (shear cap acting as capital). Other failure modes, such as punching within the
perimeter of the shear cap, need to be verified by the user manually. The dimensions of the
substitute capital have to be selected such that the resulting critical section is equivalent to critical

section for a column with a shear cap. ACI code’® requires shear caps to extend beyond the face of
the column by at least the distance equal to cap depth, and so depth/extension ratio should not
exceed 1.0. For column capitals depth/extension ratio should not be less than 1.0. Therefore to
model shear cap acting as capital, the substituted capital should have depth/extension ratio equal
to 1.0.

The critical section (Figure 2-17) consists of four vertical surfaces through the slab, located at
distances of d/2 beyond the support faces.

The critical section for interior supports of interior frames is always closed. A closed section will
have all its faces defined in Figure 2-15 resisting shear as indicated by Eq. 2-39

8
Ac= ) A Eq. 2-39
i=1
If beams frame®? into the column, then the critical section includes the dimensions of the beams
(B, through By in Figure 2-15).

78. ACI1318-14, 2.3; ACI 318-11,2.2; ACI 318-08, 2.2
79. ACI318-14, 8.2.5; ACI1 318-11, 13.2.6; ACI 318-08, 13.2.6
80. A beam is considered as framing into the column if the beam is within a face of the column.
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Critical Section

Figure 2.18 Interior supports of interior frames

The critical section for exterior supports of interior frames (Figure 2-18) will be either closed (full
A5 and Ag for the first column or A and A, for the last column in Figure 2-15) or open, depending

upon the length of the cantilever in relation to slab thickness. The critical section will be
considered closed when the clear cantilever span, €, is greater than or equal to the distance defined

by the user beyond the column face. The default value of the distance is 4 h when an ACI code is
selected®! and 5 d for the CSA standard®2. The user can modify the default value to accommodate

scenarios when larger distances are required, e.g. 10 h for slabs with openings83. If beams frame
into the column then the critical section includes the contributions from the beam dimensions (B

through Bg in Figure 2-16).

81.Critical Sections near Holes and at Edges in Ref.[15], pp.672, Fig 13-59 (b) and (c)

82.CSA A23.3-04 Figure N13.3.3.4 (b) in Ref. [12]; CSA A23.3-94 Figure N13.4.3.4 (b) in Ref. [14]

83. ACI 318-14,22.6.4.3; ACI 318-11, 11.11.6; ACI 318-08, 11.11.6; ACI 318-05, 11.12.5; ACI 318-05,
11.12.5; ACI 318-05, 11.12.5; CSA A23.3-14, 13.3.3.4; CSA A23.3-04, 13.3.3.4; CSA A23.3-94,
13.4.3.4
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Figure 2.19 Exterior supports of interior frames

Figure 2-19 shows the critical section for shear for an interior support of an exterior frame. Note
that the section is considered as U-shaped (A5 =0, Ag =0, B3 =0, B4 = 0 in Figure 2-15) and it
extends up to the edge of the exterior face of the support. If beams frame into the column, then the
critical section includes the contribution from the beam dimensions (B; through By in Figure 2-

15). If the exterior cantilever span, £, is greater than or equal to the distance defined by the user

beyond the column face (the default value is 4 A when an ACI code is selected®! and 5 d for the

CSA standardgz), the section is treated as closed, that is, the support is treated as an interior
support of an interior frame.

The critical section for an exterior support of an exterior frame will typically be L-shaped (A5 =0,
A6 = 0, A7 = O, A8 = 0, Bl = 0, B3 = 0, and B4 =01n Figure 2-15)

If the cantilever span, £, (in the direction of analysis) is greater than or equal to the distance
defined by the user beyond the column face (the default value is 4 2 when an ACI code is
selected®! and 5 d for the CSA standard®?), then the section is treated as a U-shaped interior

support. If, in addition, the cantilever span in transverse direction is greater than or equal to the
distance defined by the user beyond the column face, the section is treated as closed. If beams
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frame into the column, then the critical section includes the contributions from the beam
dimensions.

45°

Vu
02‘4- d l /i\‘MU

Critica

| V,
Section i AB

Nl
i____________

Figure 2.20 Interior supports of exterior frames

One-way shear strength of slabs is limited®* to 2 4 \/Z . Two-way shear strength of slabs is

affected by concrete strength, relationship between size of loaded area and slab thickness, loaded

area aspect ratio, and shear-to-moment ratio at slab-column connections.

These variables are taken into account in the allowable shear stress, v., computed at distances of d/

2 around the columns and drops (if applicable). For the ACI 318 code, v, is taken as the smallest

of the 3 quantities85

4 ;
vo=|2+ 7 z\/fc Eq. 2-40
C
d 7
v = {z + ‘%}A A Eq. 2-41
0
v.=40\f, Eq. 2-42

84. ACI 318-14,22.5.5.1; ACI 318-11, 11.2.1.1;ACI 318-08, 11.2.1.1; ACI 318-05, 11.3.1.1; ACI 318-02,
11.3.1.1; ACI 318-99, 11.3.1.1

85.ACI 318-14,22.6.5.2,22.6.5.3; ACI 318-11, 11.11.2.1; ACI 318-08, 11.11.2.1; ACI 318-05, 11.12.2.1;
ACI318-02, 11.12.2.1; ACI 318-99, 11.12.2.1
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the ratio of the long to the short side of the column.
a constant dependent on the column location, (40 for an interior 4-sided

effective critical area, 30 for an exterior 3-sided critical area, 20 for a corner 2-
sided effective critical area.)

distance from the slab bottom to centroid of the slab tension reinforcement at
support (average value is used if d changes along critical section perimeter)
the perimeter of the critical section

factor®® reflecting the reduced mechanical properties of lightweight concrete
equal to 0.75 for all-lightweight concrete, 0.85 for sand-lightweight concrete
and 1.0 for normal weight concrete. Refer to Table 2-1 for determination of
concrete type.

For the CSA A23.3%7, the allowable shear stresses are calculated as the minimum of the following

metric equations

where

AN

Pc

2 ;
=1+ F Uz Eq. 2-43
c
a ;
V.= b—Sd + 77}(156 /. Eq. 2-44
o
Ve =2nAg.\f, Eq. 2-45

0.19 for CSA A23.3-14/04 and 0.20 for CSA A23.3-94
a constant dependent on the column location, (4 for an interior 4-sided

effective critical area, 3 for an edge column, 2 for a corner column)

distance from the slab bottom to centroid of the slab tension reinforcement at
support (average value is used if d changes along critical section perimeter)
resistance factor for concrete®® equal to 0.60 for CSA A23.3-94 and for CSA
A23.3-14/04 it is equal to 0.65 for regular and 0.70 for precast concrete

factor®” reflecting the reduced mechanical properties of lightweight concrete
equal to 0.75 for structural low-density concrete, 0.85 structural semi-low-

86. ACI 318-14,22.6.5.2,22.6.5.3; ACI1 318-11, 11.11.2.1; ACI 318-08, 11.11.2.1; ACI 318-05, 11.2.1.2;
ACI318-02, 11.2.1.2; ACI 318-99, 11.2.1.2

87. CSA A23.3-14, 13.3.4; CSA A23.3-04, 13.3.4; CSA A23.3-94, 13.4.4

88. CSA A23.3-14 8.4.2,16.1.3; CSA A23.3-04 8.4.2, 16.1.3; CSA A23.3-94 8.4.2

89. CSA A23.3-14, 8.6.5; CSA A23.3-04, 8.6.5; CSA A23.3-94, 8.6.5
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density concrete and 1.0 for normal density concrete. Refer to Table 2-1 for
determination of concrete type.

’

f < 8 MPa.

When the value of d is greater than 300mm, allowable stress v, obtained from the above three

equations shall be multiplied by 1300/(1000+d) as required by CSA A23.3-14/04 code”’.

The allowable shear stress around drops when waffle slabs are used is computed as

2X\/f_'c for ACI,
Ve =1 0.20 ¢ A f'C for CSA A23.3-94, Eq. 2-46

0.19 g 0y/f, for CSA A23.3-04.

For waffle slab systems with valid ribs defined earlier in this chapter, the allowable shear stress is
increased by 10% for ACI designs.91

The factored shear force V,, in the critical section, is computed as the reaction at the centroid of the

critical section (e.g., column centerline for interior columns) minus the self-weight and any
superimposed surface dead and live load acting within the critical section. If the section is
considered open, two 45 degree lines are drawn from the column corners to the nearest slab edge
(lines AF and DE in Figure 2-19) and the self-weight and superimposed surface dead and live
loads acting on the area ADEF are omitted from V,.

The factored unbalanced moment used for shear transfer, M5, 1S computed as the sum of the

joint moments to the left and right. Moment of the vertical reaction with respect to the centroid of
the critical section is also taken into account by

Mypar = (Mu,left _Mu,right) - Vucg Eq. 2-47

90. CSA A23.3-14, 13.3.4.3; CSA A23.3-04, 13.3.4.3
91.ACI1318-14, 8.8.1.5, 9.8.1.5; ACI 318-11, 8.13.8; ACI 318-08, 8.13.8; ACI 318-05, 8.11.8; ACI 318-02,
8.11.8; ACI 318-99, 8.11.8
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where

M, jofi = factored bending moment at the joint on the left hand side of the joint,
M, igne = factored bending moment at the joint on the right hand side of the joint,
V, = factored shear force in the critical section described above,

Cq = location of the centroid of the critical section with respect to the column

centerline (positive if the centroid is to the right in longitudinal direction with
respect to the column centerline).

The punching shear stress computed by the program is based on the following92

Vi
v,= = Eq. 2-48
AC
where
V, = factored shear force in the critical section described above,
A, = area of concrete, including beam if any, resisting shear transfer.

Under conditions of combined shear, V,,, and unbalanced moment, M, 5.1, 7»Mynpar 15 assumed to
be transferred by eccentricity of shear about the centroidal axis of the critical section. The shear

stresses computed by the program for this condition correspond to”?

4 M unbal 4B

vp= 4+ L2 Eq. 2-49
'AB A 7, q
vV M c
VCD — Tu yv unbal®*CD Eq_ 2_50
A Je

92.ACI318-14, 8.4.4.2.3; ACI1 318-11, 11.11.7.2; ACI 318-08; 11.11.7.2; ACI 318-05, 11.12.6.2; ACI 318-
02,11.12.6.2; ACI 318-99, 11.12.6.2; CSA A23.3-14, 13.3.5; CSA A23.3-04, 13.3.5; CSA A23.3-94,
13.4.5

93.ACI318-14,R8.4.4.2.3; ACI 318-11,R11.11.7.2; ACI 318-08, R11.11.7.2; ACI 318-05, R11.12.6.2;
ACI318-02,R11.12.6.2; ACI 318-99, R11.12.6.2; CSA A23.3-14, 13.3.5.5; CSA A23.3-04, 13.3.5.5;
CSA A23.3-94, 13.4.5.5; Ref. [24]
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where

M, pal factored unbalanced moment transferred directly from slab to column, as
described above,

Py = a-yp Eq2-51
is a fraction of unbalanced moment considered transferred by the eccentricity
of shear about the centroid of the assumed critical section,’*

c = distance from centroid of critical section to the face of section where stress is
being computed,

J. = property of the assumed critical section analogous to polar moment of inertia.

Factor yin Eq. 2-51 is calculated as”?

1
)} = Eq. 2'52
S 14+(2/3)b, /by
where
b, = width of critical section in the direction of analysis,
b, = width of the critical section in the transverse direction.

If an ACI 318 standard is selected then the program provides an option to use an increased value”®
of y. For edge and corner columns with unbalanced moment about an axis parallel to the edge, the

value can be increased to 1.0 if the factored shear force at the support doesn’t exceed 0.75¢V . for
edge columns and 0.5¢V . for corner columns. For ACI 318-99, ACI 318-02, and ACI 318-05,
condition that reinforcement ratio in the effective slab width doesn’t exceed 0.375, must also be

satisfied to apply the increase. For interior columns and for edge columns with unbalanced
moment perpendicular to the edge, yrcan be increased 25% but the final value of ycannot exceed

1.0. The increase can be applied if the shear doesn’t exceed 0.4¢V .. Also, the net tensile strain in

the effective slab has to exceed 0.010 for the ACI 318-08, ACI 318-11, and ACI 318-14. For
earlier ACI 318 editions, the condition that reinforcement ratio does not exceed 0.375, applies.

spSlab calculates v,, as the absolute maximum of v 4 and vp. Local effects of concentrated loads

are not computed by spSlab and must be calculated manually.

94. ACI318-14,8.4.4.2.1,84.4.2.2; ACI 318-11, 11.11.7.1; ACI 318-08, 11.11.7.1; ACI 318-05, 11.12.6.1;
ACI318-02, 11.12.6.1; ACI 318-99, 11.12.6.1; CSA A23.3-04, Eq. 13-8; CSA A23.3-94, Eq. 13-8

95.ACI1318-14, 8.4.2.3.2; ACI 318-11, 13.5.3.2; ACI 318-08, 13.5.3.2; ACI 318-05, 13.5.3.2; ACI 318-02,
13.5.3.2; ACI 318-99, 13.5.3.2; CSA A23.3-04, Eq. 13-8; CSA A23.3-94, Eq. 13-7

96. ACI 318-14, 8.4.2.3.4; ACI1 318-11, 13.5.3.3; ACI 318-08, 13.5.3.3; ACI 318-05, 13.5.3.3; ACI 318-02,
13.5.3.3; ACI 318-99, 13.5.3.3;
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For the CSA A23.3 code in design mode, the program performs one-way shear resistance check in
the vicinity of corner columns. A corner column is determined in spSlab as the exterior support
along an exterior left or exterior right equivalent frame. For slabs with edge beams or drop panels
a supplementary check including the contribution of these components should be performed
manually.

For the CSA A23.3-94 edition, a critical shear section is located d/2 from the column corner. The
minimum length section is selected using an optimization algorithm which analyzes sections at
different angles. The extension to the cantilevered portion is considered by a length not to exceed
effective slab thickness d.

For the CSA A23.3-14/04 edition, a critical shear section is located not further than d/2 from the
edge of the column or column capital. The extension to the cantilevered portion is considered by a
length not to exceed effective slab thickness d. The factored shear resistance is calculated as

follows®’

V.= ,B/l(pc\/z Eq. 2-53
where
p = factor accounting for shear resistance of cracked concrete”®

When performing two-way shear analysis for models with non-continuous longitudinal slab bands
a non-standard partial drop panel is anticipated to close the slab band and the calculations are
performed as follows. Punching shear around the column is checked using effective depth of the
slab band on one side of the column and the depth of the extension drop panel on the other side of
the column. On each four sides of the column the critical section is located 2 of the respective
depth from the face of the column. Punching shear calculation around the drop panel/slab band
assumes that the plane of critical section, which cuts perpendicularly through slab band, is located
Y4d of the slab band from the face of column. For three remaining column faces critical section is
located Y2d of the slab measured from the respective edges of drop panel or slab band.

97. CSA A23.3-14, 13.3.6.2; CSA A23.3-04, 13.3.6.2
98. CSA A23.3-14,11.3.6.2 and 11.3.6.3; CSA A23.3-04, 11.3.6.2 and 11.3.6.3
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When longitudinal beams are present in a span, the program computes the shear reinforcement
requirements for the beams. Table “Longitudinal Beam Shear Reinforcement Required” in the
program output provides values of V,,, V., and Av/s for selected segment locations of each span.
Segment lengths are chosen not to exceed the beam section depth. The beginning of first segment
and the end of last segment correspond to the locations of critical sections on the left and right
support respectively. The critical sections are located at a distance d, the effective beam depth,
away from the column face at both the left and the right ends of the beam. However, if
concentrated loads are present within distance d from the column face, critical section is selected
at the column face.

V, is computed from the load acting over the entire width of the design strip. The program makes

no distinction between shallow beams (o.s€,/€; < 1) and deeper beams (o 6y/€; > 1).

Shear strength provided by concrete, V., is computed by99

2fibyd  for ACI3I1S,
y 0.174\/f. byd  for ACT318M-11/08/05,
©afbdre for ACI318M-02/99,
020 4\[f. byd for CSA A23.3-94.
where
&, = resistance factor for concrete!' % equal to 0.60.

In CSA A23.3-94 design, for beams without minimum stirrup reinforcement and greater than

300 mm deep, V.. is calculated from the following equation!!

99. ACI 318-14, 22.5.5.1; ACI 318-11, 11.2.1.1; ACI 318-08, 11.2.1.1; ACI 318-05, 11.3.1.1; ACI 318-02,
11.3.1.1; ACI 318-99, 11.3.1.1; ACI 318M-08, 11.2.1.1; ACI 318M-05, 11.3.1.1; ACI 318M-02,
11.3.1.1; ACI 318M-99, 11.3.1.1; CSA A23.3-94, 11.3.5.1

100. CSA A23.3-94, 8.4.2

101. CSA A23.3-94,11.3.5.2
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260
V.= Wobyd > 0.1049.\f.b,d Eq. 2-55
¢ (1000 d) % % a

When ¥, > gV, /2, the beam must be provided with at least a minimum shear reinforcement of'%?

max(0.75 fcl, 50) for ACI318-11/08/05/02,

50 for ACI 318-99,
b max(0.062 fCI, 0.35) for ACI 318M-11/08/05,
Av,min = fl X ,
yr max(\/fc /16, 0.33) for ACI 318M-02,
1/3 for ACI 318M-99,
0.6, for CSA A233-94, Eq2-56
where
A, = area of all stirrup legs,
S = stirrups spacing,
b, = longitudinal beam width,
Syt = yield strength of the shear reinforcement.

In the investigation mode, if the ACI-318 spacing requirement for shear reinforcement! %3 or
minimum shear reinforcement requirement are not met, the shear strength of the section is taken as
one-half of the shear strength provided by concrete.

When ¥V, > ¢V, shear reinforcement must be provided so that

v.-¢v.
B d¥e - Vs for ACI318-11/08/05/02,
A, | o "
Ay | Wt Eq. 2-57
s (;f _dc = ¢fsd for CSA A23.3-94,

syt syt

102. ACI 318-14,9.6.3.3; ACI 318-11, 11.4.6.3; ACI 318-08, 11.4.6.3; ACI 318-05, 11.5.6.3; ACI 318-02,
11.5.5.2; ACI 318-99, 11.5.5.2; ACI 318M-08, 11.4.6.3; ACI 318M-05, 11.5.6.3; ACI 318M-02,
11.5.5.2; ACI 318M-99, 11.5.5.2; CSA A23.3-94, 11.2.8.4

103. ACI318-14,9.7.6.2.2,9.7.6.2.3; ACI1 318-11, 11.4.5; ACI 318-08, 11.4.5; ACI 318-05, 11.5.5; ACI
318-02, 11.5.4; ACI 318-99, 11.5.4
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where

V, = factored shear force at the section being considered

Vs = shear strength provided by shear reinforcement

d = effective depth of the beam at the same location

@ = strength reduction factor for shear calculations' %4 equal to 0.85 for ACI 318-
99 and equal to 0.75 for ACI 318-14, ACI 318-11, ACI 318-08, ACI 318-05,
and ACI 318-02

Py = resistance factor for reinforcement!?> equal to 0.85

The capacity of shear reinforcement V is limited to ¥ ,,, 4 = 8\/2 by d(Vy max = 0.844, \/Z b,d
for CSA A23.3-94). When V), exceeds @V, + @V g Vot Vg for CSA A23.3-94), the beam

L Iax
section dimensions must be increased or a higher concrete strength must be provided. 106

WhenV, < ¢l 0\/2 b,.d, the spacing is computed as

1
s = A—V(n Agp) Eq. 2-58
s
where
Agp = stirrup bar area (one leg)
n = number of stirrup legs

The maximum stirrup spacing for ACI codes'®” must not exceed d/2 or 24 in when Vs < 4\/Z b,d.
[Vs <0.33 \/Z b,d } When ¥V, > 4\/Z b, d, the maximum stirrup spacing must be reduced by half,

to d/4 or 12 in. For the CSA A23.3-94 standard!*®, maximum spacing must not exceed the smaller
of 0.7 d and 600 mm when V,, < 0.14¢ ef; b,d or the smaller of 0.35 d and 300 mm when

V,20.12¢.f.b,d.

104. AC1318-14,21.2.1; ACI 318-11, 9.3.2.3; ACI 318-08, 9.3.2.3; ACI 318-05, 9.3.2.3; ACI 318-02,
9.3.2.3; ACI 318-99, 9.3.2.3

105. CSA A23.3-94,8.4.3

106. ACI 318-14,22.5.1.2; ACI 318-11, 11.4.7.9; ACI 318-08, 11.4.7.9; ACI 318-05, 11.5.7.9; ACI 318-02,
11.5.6.9; ACI 318-99, 11.5.6.9; CSA A23.3-94, 11.3.4

107. ACI1 318-14,9.7.6.2.2,9.7.6.2.3; ACI1 318-11, 11.4.5; ACI 318-08, 11.4.5; ACI 318-05, 11.5.5; ACI
318-02, 11.5.4; ACI 318-99, 11.5.4; CSA A23.3-94, 11.2.11

108. CSA A23-3-94, 11.2.11
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When V; > 8\/wa¢1 [Vs < 0.66\/wad} for ACI codes and V; > 0.84 ¢c\/wad for CSA A23.3-

94 code, the beam section dimensions must be increased or a higher concrete strength must be

provided109.

The minimum shear reinforcement requirement is waived''? for joist construction and for beams
satisfying the following criteria

For ACI 318-14, ACI 318-11 and ACI 318-08

* Beams with depth not exceeding 10 in. [250 mm].

* Beams integral with slabs (assumed by the program for all beams in two-way systems and
beams within one-way slabs with overall width larger than effective beam flange width),
with beam depth not exceeding 24 in. [600 mm] and not greater than the larger of 2.5
times flange thickness and 0.5 times web width.

For ACI 318-05/02/99

* Beams with depth not exceeding the largest of 10 in. [250 mm)], 2.5 times flange thick-
ness, and half of web width (rectangular beams are assumed by the program to have flange
thickness equal to zero and web width equal to beam width).

For CSA A23.3-94

* Beams with depth not exceeding 250 mm.

* Beams integral with slabs (assumed by the program for all beams in two-way systems and
beams within one-way slabs with overall width larger than effective beam flange width),
with beam depth not exceeding the larger of 600 mm and 0.5 times web width.

For CSA A23.3-04 code, the program calculates shear strength V. provided by concrete from the

following equation111

V.= giB\f.b,d, Eq. 2-59

109. ACI318-14,22.5.1.2; ACI 318-11, 11.4.7.9; ACI 318-08, 11.4.7.9; ACI 318-08, ACI 318-05, 11.5.7.9;
ACI318-02, 11.5.6.9; ACI 318-99, 11.5.6.9, CSA A23.3-94,11.3.4

110. ACI 318-14, 7.6.3.1,9.6.3.1; ACI 318-11, 11.4.6.1; ACI 318-08, 11.4.6.1; ACI 318-05, 11.5.6.1; ACI
318-02, 11.5.5.1; ACI 318-99, 11.5.5.1; ACI 318M-08, 11.4.6.1; ACI 318M-05, 11.5.6.1; ACI 318M-02,
11.5.5.1; ACI 318M-99, 11.5.5.1; CSA A23.3-94, 11.2.8.1

111. CSA A23.3-14,11.3.4; CSA A23.3-04, 11.3.4
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where

P, = resistance factor for concrete equal to 0.65 for regular and 0.70 for precast
concrete

A = factor to account for low-density concrete

b, = beam web width

d, = effective shear depth equal to greater of 0.9d or 0.72h

p = factor accounting for shear resistance of cracked concrete

8 MPa.

%

When V,, > V,, the beam must be provided with at least minimum shear reinforcement

IA

112

Additionally minimum shear reinforcement is required for beam sections with overall thickness

exceeding 750mm. Minimum area of shear reinforcement is calculated from the following
113

formula
7 b,s
4, =0.06,/f, —— Eq. 2-60
Iy
Shear strength provided by shear reinforcement, Vj, is calculated from the following equation114
goSAny d cot(0)
V= Eq. 2-61
s
where
/8 = resistance factor for reinforcement steel'!> equal to 0.85
A, = area of shear reinforcement within distance s
Iy = yield strength of reinforcement
d, = effective shear depth equal greater of 0.9d or 0.72h
s = spacing of transverse reinforcement
0 = the angle of inclination of diagonal compressive stresses.

Spacing of transverse reinforcement, s, must not exceed the smaller' 16 of 0.7 d and 600 mm when

V, <0.12504,f, b,,d or the smaller''” of 0.35 d and 300 mm when ¥}, > 0.1252¢,f, b, d.

112. CSA A23.3-14,11.2.8.1; CSA A23.3-04, 11.2.8.1
113. CSA A23.3-14,11.2.8.2; CSA A23.3-04, 11.2.8.2
114. CSA A23.3-14,11.3.5.1; CSA A23.3-04, 11.3.5.1
115. CSA A23.3-14, 8.4.3(a); CSA A23.3-04, 8.4.3(a)
116. CSA A23.3-14,11.3.8.1; CSA A23.3-04, 11.3.8.1
117. CSA A23.3-14,11.3.8.3; CSA A23.3-04, 11.3.8.3
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WhenV,, > 0.25.8 \/Z b,.d,, the beam section dimensions must be increased or a higher concrete

strength must be provided1 18

The program recognizes special member types and assumes values of #=0.21 and # = 42deg in

the following cases!!?

» Slabs (including slab bands for CSA code) having thickness not exceeding 350 mm.
» Beams having thickness not exceeding 250 mm.
» Concrete joist construction.

* Beams cast monolithically with the slab and having the depth below the slab not exceed-
ing one-half of the width or 350mm.

For other general cases the program utilizes the so called simplified method. The value of @ is
assumed as 35deg. For sections having or requiring at least minimum transverse reinforcement

f = 0.18 is assumed. For sections with no transverse reinforcement the value of £ is calculated as

follows!20

230

P 1000 +4,

Eq. 2-62

When no ribs are present, one way shear is proportioned to the slab and beam according to the
following ratios

(Xﬂlz / 11, 1- (Xﬂlz / 11 Eq 2-63

When ribs are present (joist systems), one way shear is proportioned to the slab and beam
according to the following ratios of cross-section areas

Aribs Abeam
b
Aribs + Abeam Aribs + Abeam

Eq. 2-64

Per requiremen‘[121

of CSA A23.3-14/04, the program allows distributing one-way shear in the
slab between column and middle strips using the distribution factors which are proportional to the
factors used for negative moment distribution. The fraction of the shear transferred to the beam
remains unchanged irrespective of the use of this feature. This functionality is also provided for

other design codes, to be selected at engineer’s discretion.

118. CSA A23.3-94,11.3.3

119. CSA A23.3-14,11.3.6.2; CSA A23.3-04, 11.3.6.2

120. CSA A23.3-14, 11.3.6.3(b); CSA A23.3-04, 11.3.6.3(b)
121. CSA A23.3-14, 13.3.6.1; CSA A23.3-04, 13.3.6.1
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One-way shear calculations in slab bands are done similar to shear in two-way slabs, except the
column strip is substituted by the band strip. Shear forces are distributed between the band and the
middle strip proportionally to negative moment distribution factors. Transverse reinforcement is
not considered.

When calculating one-way shear capacity for two-way solid and waffle slabs, the contribution of
the drop panel cross-section can be optionally selected. For such slabs, the shear capacity is
calculated in three regions, with increased V values in support (drop panel) locations. In case

shear is distributed into column and middle strips, drop panel contribution is divided according to
the share of drop panel cross-section area in each strip.

Torsion analysis can be engaged for beam and one way systems using the Torsion Analysis and
Design check box located on the Solve Options tab in the Input | General Information dialog
box.

As far as torsional analysis is concerned, it is assumed that columns provide perfectly rigid
supports so there is no transfer of torsional moments between spans. Within a span, torsional
moments are considered only if a longitudinal beam is present. Torsion can be induced by
concentrated and redistributed torsional loads and also, in the case of a beam with unsymmetrical
cross sections, by self weight and area loads. A T-section with different flange widths is an
example of a cross section which is not symmetrical. It can be obtained if a beam and a slab with
different left and right widths are combined in the same span. However, in order for a flange to be
considered in the torsional analysis its thickness has to be greater than twice the cover. If a flange
is wider than the effective width then only the effective width is taken into account.

The design for torsion is based on a thin-walled tube, space truss analogy. For the Canadian code
the simplified method is used. The program allows both equilibrium and compatibility torsion
conditions. In the equilibrium mode, which is assumed by default, unreduced total value of the

torsional design moment is used in the design. In the compatibility mode'?2, factored torsional
moments that exceed cracking moment 7, (0.67 T, for CSA) are reduced to the value of 7, (0.67

122. AC1318-14,22.7.5.1; ACI 318-11, 11.5.2.2; ACI 318-08, 11.6.2.2; ACI 318-05, 11.6.2.2; ACI 318-02,
11.6.2.2; ACI 318-99, 11.6.2.2; CSA A23.3-14, 11.2.9.2; CSA A23.3-04, 11.2.9.2; CSA A23.3-94,
11.2.9.2
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T, for CSA). However, it is user’s responsibility to determine which mode is appropriate and the

program does not perform any redistribution of internal forces if compatibility torsion is selected.

If torsion analysis is engaged then both torsion and shear actions contribute to the amount of
required transverse (stirrup) reinforcement. However, additional longitudinal bars distributed
along the perimeter of a cross-section are also required to provide torsional capacity.

For torsion design a span is divided into segments in the same way as for shear design. Governing
values within a segment are used to design the whole segment. For stirrups, the governing values
of torsional moment and shear force (acting simultaneously) will be these that produce the highest
intensity of required stirrup area. On the other hand, the required area of longitudinal bars depends
only on the torsional moment so the highest absolute value of torsional moment will govern. Since
stirrup area depends both on shear and torsion whereas longitudinal bar area depends only on
torsion, the governing values for stirrups and longitudinal bars can occur at different locations
within a segment and for different load combinations. Governing values along with their location
and associated load combination are provided in the design results report.

Effect of torsion within a segment will be neglected if the factored torsional moment, 7, at every

segment location is less than one fourth of the torsion cracking moment, 7,,, which equals

for ACI code!?3
A 2
T,=4¢f =2 Eq. 2-65
By
for CSA A23.3-94 code!'?*
A 2
T, =040 \/Z - Eq. 2-66
Ly
for CSA A23.3-14/04 code!?’
y 2
T.,=0.38¢, . \/Zﬂ Eq. 2-67
By

Ay, denotes the area enclosed by outside perimeter of concrete section and p, is equal to the

outside perimeter of concrete section.

123. ACI1 318-08, R11.5.1; ACI 318-05, R11.6.1; ACI 318-02, R11.6.1; ACI 318-99, R11.6.1;
124. CSA A23.3-94,11.2.9.1
125. CSA A23.3-04,11.2.9.1
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To be adequate for torsion design, a section has to be proportioned in such a way that combined
shear stress due to shear and torsion does not exceed the limit value specified by the code. In ACI
26

2 2
vV T vV ;
[ ”] + “p”z Sgo[ € 438 fc] Eq. 2-68
b,d 1.74, b,d

The simplified method of CSA A23.3-94 standard defines this relation as'?’

code this condition reads as!

v, T, :
Loy iz” <0259/, Eq. 2-69
byd 4

Similar requirement for CSA A23.3-04 reads as follows!?8

2 2
v T, ,
[ u ) + “p”z <0.25¢f, Eq. 2-70
bd 1.74,,

In above relations, 4, is the area enclosed by centerline of the outermost closed transverse
reinforcement and py, is the perimeter of that area. By default, flanges do not contribute to 4, and
Py For sections with flanges, flanges will only be taken into account for 4, and p,, if the option

to include stirrups in flanges is engaged in the torsion design. In the program output, the combined
stress (left hand side of the above inequalities) is denoted as vyand the limit value as ¢s,,.

The required intensity of stirrup area to provide required torsional capacity is calculated from the

following formula'?’
T
u for ACI-318,
24 4,f,,
A, Ty for CSA A23.3-94
T 3-94, Eq. 2-71
< 24, 4f,, 1
T for CSA A23.3-14/04,
2¢SAafyt cotd

126. AC1318-14,22.7.7.1; ACI 318-11, 11.5.3.1; ACI 318-08, 11.5.3.1; ACI 318-05, 11.6.3.1; ACI 318-02,
11.6.3.1; ACI 318-99, 11.6.3.1;

127. CSA A23.3-94,11.3.9.8

128. CSA A23.3-14, 11.3.10.4(b); CSA A23.3-04, 11.3.10.4(b)

129. ACI1318-14,22.7.6.1; ACI 318-11, 11.5.3.6; ACI 318-08, 11.5.3.6; ACI 318-05, 11.6.3.6; ACI 318-02,
11.6.3.6; ACI 318-99, 11.6.3.6; CSA A23.3-14, 11.3.10.3; CSA A23.3-04, 11.3.10.3; CSA A23.3-94,
11.3.94
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where the gross area enclosed by the shear path130, A,, 1s taken as 0.854,,,. A, /s is the quantity per

stirrup leg. Concrete shear and torsion strength reduction factor!3!, @, for ACI-318 codes is equal
to 0.75 for the 99 edition and 0.75 for later editions.

The total requirement for stirrup intensity combining shear and torsion equals132

Ay _ Ay 4,
S S S

Eq. 2-72

This value cannot be taken less than minimum stirrup area required by the codes. The minimum

code requirements can be written in the following form'33

max(0.75 fc’, 50) for ACI 318-11/08/05/02,

50 for ACI318-99,
o b max(0.062 fc',o.ss) for ACI 318M-11/08/05,
A max(\/fc' /16, 0.33) for ACI 318M-02,
033 for ACI 318M-99,
0.06,f’ for CSA A23.3-04/94. Eq. 273

In addition to stirrup spacing requirement defined for shear, program imposes one more torsion

specific requirement for all ACI codes!34

which limits the spacing to the smallest of p, /8, and
12 in [300 mm]. Based on the total required stirrup area intensity and spacing requirements, the
program attempts to select stirrups taking also into account that if stirrups with more than two legs

have to be used then the area of an outer leg must not be less than A.

The area of additional longitudinal reinforcement, A, is calculated from!3>

130. CSA A23.3-14, 11.3.10.3; CSA A23.3-04, 11.3.10.3; CSA A23.3-94, 11.3.9.7

131. ACI318-14,21.2.1; ACI 318-11, 9.3.2.3; ACI 318-08, 9.3.2.3; ACI 318-05, 9.3.2.3; ACI 318-02,
9.3.2.3; ACI 318-99, 9.3.2.3

132. ACI 318-14,R9.5.4.3; ACI 318-11, R11.5.2.8; ACI 318-08, R11.5.3.8; ACI 318-05, R11.6.3.8; ACI
318-02,R11.6.3.8; ACI1 318-99, R11.6.3.8

133. ACI318-14,9.6.4.2; ACI 318-11, 11.5.5.2; ACI 318-08, 11.5.5.2; ACI 318-05, 11.6.5.2; ACI 318-02,
11.6.5.2; ACI 318-99, 11.6.5.2; ACI 318M-11, 11.5.5.2; ACI 318M-08, 11.5.5.2; ACI 318M-05, 11.6.5.2;
ACI318M-02, 11.6.5.2; ACI 318M-99, 11.6.5.2; CSA A23.3-14, 11.2.8.2; CSA A23.3-04, 11.2.8.2; CSA
A23.3-94,11.2.8.4

134. ACI 318-14,9.7.6.3.3; ACI1 318-11, 11.5.6.1; ACI 318-08, 11.5.6.1; ACI1 318-05, 11.6.6.1; ACI 318-02,
11.6.6.1; ACI 318-99, 11.6.6.1
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T
Ay = —1Pn Eq. 2-74
204,71,
For ACI code it is also checked against the following minimum value!3°
5\/]TCACP 4, fyf
l,min = |\ — P Eq. 2-75
Sy ST,

where A/ s is calculated from Eq. 2-56 but is not taken less than 25b,, / f;;. Longitudinal bars are
selected in such a way that their area is not less than Ay > A i, and that number of longitudinal
bars in a section is enough to provide a bar in every corner of a stirrup and preserve spacing

between bars not higher than 12 in [300 mm]. Also, bar sizes are selected not to have diameter less

than No. 3 bar and not less than 1/24 of stirrup spacing for ACI codes'37 and 1/16 for CSA

standard!38.

The additional longitudinal reinforcement, 4,, will only be calculated for CSA A23.3-14/04 if

option COMBINED M-V-T REINF. DESIGN is unchecked in the Solve Options dialog window. If
this option is checked (default setting) then no additional longitudinal reinforcement is calculated
because the regular top and bottom reinforcement will automatically be proportioned to resist
combined action of flexure, shear and torsion.

Proportioning of longitudinal reinforcement for sections subjected to combined shear and torsion
in flexural regions is based on the requirement that the resistance of the longitudinal reinforcement

has to be greater or equal to the axial force that can be developed in this reinforcement. In sections

with no axial action (Nf= 0 and ¥, = 0) that force is equal to!3?

o flexural tension side

F== Fitﬂexure + Fit,shear

My 2 (0459, T, )
P}tﬂexure =7 and Fit,shear = cotf (Vf -0.5 Vs) + i

135. ACI1318-14,22.7.6.1; ACI 318-11, 11.5.3.7; ACI 318-08, 11.5.3.7; ACI 318-05, 11.6.3.7; ACI 318-02,
11.6.3.7; ACI 318-99, 11.6.3.7; CSA A23.3-94,11.3.9.5

136. AC1318-14,9.6.4.3,9.7.5.1; ACI 318-11, 11.5.5.3; AC1 318-08, 11.5.5.3; ACI 318-05, 11.6.5.3; ACI
318-02, 11.6.5.3; ACI 318-99, 11.6.5.3

137. ACI1318-14,9.7.5.1,9.7.5.2; ACI 318-11, 11.5.6.2; AC1 318-08, 11.5.6.2; ACI 318-05, 11.6.6.2; ACI
318-02, 11.6.6.2; ACI 318-99, 11.6.6.2

138. CSA A23.3-14, 11.2.7; CSA A23.3-04, 11.2.7; CSA A23.3-94, 11.2.7

139. CSA A23.3-14,11.3.9.2,11.3.9.3, 11.3.10.6; CSA A23.3-04, 11.3.9.2,11.3.9.3, 11.3.10.6
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2
M 2 (0.45p, T
F,= d—f+cot0 (v-0.5%) {#j Eq. 2-76
v

o

» flexural compression side

F.== F}cﬂexure + F}c,shear

0.45p, Tsz

o

]Wf 2
F}c,ﬂexure: _d_v and Fic,shear: cotd/ (Vf - O'SV;) +

Eq. 2-77

v o

2
M 2 (0.45p, T
F, = —d—f + cot,|(V;—0.5%) +(—th

These forces can be decomposed140 into flexure and shear components. The flexure components,
Fit frexure @04 Fie f1oxure, account for the action of the bending moment, M, whereas the shear

components, Fy, ;eqrand Fye gp0q,, account for the action of the shear force, V5 and the torsional
moment, T The amounts of reinforcement needed to resist the flexure components are calculated

separately in the flexure design procedure. The total amount of the additional longitudinal
reinforcement, 4,, needed to resist shear and torsion will be determined as follows

2
2 (045p, T
o 2cot¢9\/ (;-05%) + (ﬂ)
A[ _ It,shear lc,shear _ ° Eq. 2-78

#y Wy

If only torsion is present (Vy=0 and V= 0), then (assumingl41 0 =35°) A, would reduce to

(0.45ph T/j

24, p,T

A S
¢/, 24,9/,

which is comparable (and conservative) to the additional amount of longitudinal reinforcement

A; =2cot35° Eq. 2-79

due to torsion required in accordance with the previous edition of the CSA A23.3 standard!#2.

In the investigation mode when transverse and longitudinal reinforcement is input by the user, the
program checks the combined shear and torsional capacity of the system in terms of required and
provided reinforcement area. In other words, the provided area of reinforcement is compared to

140. See Eq. 7-42, pp 294 in Ref. [7]
141. CSA A23.3-14, 11.3.6.3; CSA A23.3-04, 11.3.6.3
142. CSA A23.3-94,11.3.9.5
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the area of reinforcement required to resist applied loads. This is a different approach than for
flexure and shear actions without coupling where design forces are directly compared to capacity.
In the case where torsion and shear stirrup requirements are combined, the approach of comparing
total reinforcement area is more convenient since it does not require dividing stirrup area into a
part that resists torsion only and a part that resists shear only. For consistency, additional
longitudinal reinforcement required for torsion and shear is also checked in terms of provided and
required area. Other requirements, e.g. bar or stirrup spacing, number of longitudinal bars, area of
stirrup outer leg, and combined stresses in concrete due to shear and torsion are checked also.
Exceeded capacity and other conditions are flagged in the Design Results section of the report.

The program calculates the required area of reinforcement (top and bottom) based on the values of
bending moment envelope within the clear span. For rectangular sections with no compression
reinforcement, the design flexural strength of the column strip, middle strip and beam must equal
the factored design moment

A,
M,=o¢f 4|d—————F— Eq. 2-80
7 2(0.85f,)b

The reinforcement can therefore be computed from

0.85( b 2M
= Jebl dr- ——u Eq. 2-81
/y ¢ 0.85f.b
For CSA A23.3
M, =gf Ald Ay Eq. 2-82
r =@ s| % ’ q. 4-
7 2000.f.b

The effective depth of the section is taken as the overall section depth minus the distance from the
extreme tension fiber to the tension reinforcement centroid. The column strip depth may include
all or part of the drop panel depth. The drop depth will not be included in the effective depth of the
column strip when the drop does not extend at least one-sixth the center-to-center span length in
all directions, or when the drop depth below the slab is less than one-quarter the slab depth. If the
drop extends at least one-sixth the center-to-center span length and the drop depth is greater than
one-quarter the distance from the edge of the drop panel to the face of the column or column
capital, the excess depth will not be included in the column strip effective depth. If the drop width
is less than the column strip width, the drop width will be used in the computation of the required
reinforcement.
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When computing negative slab reinforcement and additional reinforcement for negative
unbalanced moments over the supports, the contribution of the depth of transverse beam can be
optionally selected. The contribution of transverse beam will be considered, if it extends beyond
the critical section and if its depth exceeds the depth of the drop panel. The increase of the slab
thickness is limited to % of the extent of the transverse beam beyond the face of support, identical
to design depth limitations for drop panels. If transverse beam depth exceeds the limit, excess
depth is disregarded in the reinforcement calculations.

For two-way slabs with beams, an option exists when designing reinforcement for positive

bending moments, to include a portion of slab as beam ﬂangesm3

(T-Section). The width of the column strip is then decreased accordingly. The extent of the flanges
on each side is limited to four times slab thickness and not more that the projection of the beam
under the slab. When this option is not selected, beam geometry is treated as rectangular. When
calculating required reinforcement for negative bending moments the geometry of the beam is
treated as rectangular, having beam width equal to web width. However, when a T-Section is
selected, reinforcing bar design is performed assuming that they are distributed across the beam
width including the flanges.

For the ACI 318-99 code the strength reduction factor for flexure calculations is specified as

¢=0.90.'44 For the ACT 318-14, ACI 318-11, ACI 318-08, ACI 318-05, and ACI 318-02 codes the
strength reduction factor for tension-controlled sections (&z > 0.005) is equal ¢=0.90. For
transition sections (f,, / Eg <&, < 0.005) the strength reduction factor can be linearly interpolated by

the formula!#’

0.90 - 0.65
=065+ ———(¢,—f /E Eq. 2-83
$ 00057 /£, I B 1
y
ACI 318-14, ACI 318-11, ACI 318-08, ACI 318-05, and ACI 318-02 codes specify the strength
reduction factor for compression controlled sections (& <f,, E) as equal ¢=0.65. The reduction

factors for transition or compression controlled sections have application primarily in
investigation mode of the program. In design mode the program performs the calculations
assuming a tension controlled section (& > 0.005) or a section with compressive reinforcement (if

enabled).

The ACI 318-99 code !4 requires keeping the steel ratio below the maximum value, p,,,.. €qual to

75% of steel ratio producing balanced strain condition, pp, where!4’

143. See footnote 50

144. ACI1 318-99,9.3.2

145. ACI1318-14,21.2.1; ACI 318-11,9.3.2; ACI 318-08, 9.3.2; ACI 318-05,9.3.2; ACI 318-02, 9.3.2
146. ACI 318-99, 10.3.3

147. ACI1 318-99, 8.4.3



slablsbeam

’

Py = 0.85ﬁ1é 8787 Eq. 2-84
1y 87+,
with
0.85 forf, <4ksi,
B = 0.65 forf, > 8 ksi,
1.05-0.05f, for4ksi<f, <8ksi.
For CSA code the value of p,,,, equals p, and is calculated as follows'*®
4.1, 700
Poax =Pp =0 ————— Eq. 2-85
max 4. f, 700+,
where
ay = 0.85-0.0015/, 20.67,
2 = 0.97-0.0025f, >0.67

The ACI 318-14, ACI 318-11, ACI 318-08, ACI 318-05, and ACI 318-02 codes control the
amount of reinforcement by limiting the value of net tensile strain (g, > 0.004)149. The program
satisfies this condition by assuming a tensioned controlled section with g > 0.005. From this

assumption the equivalent maximum reinforcement ratio for rectangular section can be written as

0003 0858/ e 86
Pmax = 5003 1 0.005 , 4

If the calculated reinforcement exceeds the maximum allowed, a message will appear in the
output. In such cases, it is recommended that the engineer review the slab thickness to ensure a
more satisfactory design. If compression reinforcement calculations are enabled, the program will
attempt to add compression reinforcement to the section. The program is capable to design
compressive reinforcement for any design strip (column, middle, and beam) including also

unbalanced moment strip15 0,

148. CSA A23.3-14, 10.5.2; CSA A23.3-04, 10.5.2; CSA A23.3-94, 10.5.2; Eq. 4-24, pp 110 in Ref. [16]

149. ACI1318-14,7.3.3.1,8.3.3.1,9.3.3.1; ACI 318-11, 10.3.5; ACI 318-08, 10.3.5; ACI 318-05, 10.3.5;
ACI318-02,10.3.5

150. ACI1318-14,8.4.2.3.2,8.4.2.3.3; ACI1 318-11, 13.5.3.2; ACI 318-08, 13.5.3.2; ACI 318-05, 13.5.3.2;
ACI318-02, 13.5.3.2; ACI 318-99, 13.5.3.2; CSA A23.3-14, 13.3.5.3; CSA A23.3-04, 13.3.5.3; CSA
A23.3-94,13.11.2
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The amount of reinforcement provided will not be less than the code prescribed minimum. For the
ACI 318 code, the minimum ratio of reinforcement area to the gross sectional area of the slab strip
using Grade 60 reinforcement is taken as 0.0018. When reinforcement yield strength exceeds 60

ksi, the minimum ratio is set to 0.0015x60 / f,. For reinforcement with yield strength less than 60
ksi, the minimum ratio is set to 0.0020. In no case will this ratio be less than 0.0014 (See Table 2-

5)15 ! The CSA Standard requires a minimum ratio of slab reinforcement area to gross sectional

area of the slab strip equal to 0.002 for all grades of reinforcement!>2.
£, (ksi) AJA,
<60 0.0020
- 60 0.0018 x 60 > 0.0014
Jy

Table 2.4 Minimum Ratios of Reinforcement to Gross Concrete Area

According to ACI code for beams and positive moment regions of joist slabs, minimum

reinforcement provided will not be less than'>>

s,min —

Eq. 2-87
y
and not less than 200b,,d/f;, where b, is the web width of the section. For statically determinate

sections with flange in tension, by, is replaced by the smaller of 2b,, and the width of the flange.

Similar equation prescribed by CSA A23.3 code has the form!>*

027

Ag min = ———bsh Eq. 2-88
/y

where b, is the width of the tension zone of the section. Additionally, for T-sections having flange

in tension the CSA code limits value of b, to 1.5b,, for single sided flanges and to 2.5b,,, for double

sided flanges.

When designing reinforcement for longitudinal slab bands according to CSA code, program
assumes identical minimum steel requirements as for beams.

151.ACI318-14,7.6.1.1, 8.6.1.1; ACI 318-11, 7.12.2.1; ACI 318-08, 7.12.2.1; ACI 318-05, 7.12.2.1; ACI
318-02,7.12.2.1; AC1 318-99, 7.12.2.1

152.CSA A23.3-14, 7.8.1; CSA A23.3-04, 7.8.1; CSA A23.3-94, 7.8.1

153. ACI318-14,9.6.1.1,9.6.1.2; ACI 318-11, 10.5.1; ACI 318-08, 10.5.1; ACI 318-05, 10.5.1; ACI 318-
02, 10.5.1; ACI 318-99, 10.5.1

154. CSA A23.3-14, 10.5.1.2(b); CSA A23.3-04, 10.5.1.2(b); CSA A23.3-94, 10.5.1.2(b)
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CSA A23.3-14/04 requires, in proportioning of longitudinal reinforcement, to include additional

tension forces caused by shear and torsion'>>. To achieve this, the program calculates forces
developed in the longitudinal reinforcement due to flexure, shear, and torsion.

On the flexural tension side the force in longitudinal reinforcement is equal to!6
M, > (045p, TpY
Fiy = —— +cot®, |(|Ve = 0.5V)) +| —2— Eq. 2-89
dy 0
On the flexural compression side the force in longitudinal reinforcement is equal to!>’
2 (0459, T,V |My]
Fe=cot@, (|7, -0.5%) + Ay Eq. 2-90
: 24, d,

but not less than zero.

For these forces, longitudinal reinforcement area is calculated from the following equations!®
F
Ay =1 Eq. 2-91
It ¢cfy q
F
A, =% Eq. 2-92
lc ¢gfy q

Taking into account both positive and negative bending moments (resulting from all load
combinations and load patterns) and checking against area of steel required for flexure only, the
final areas of top and bottom reinforcement can be calculated from

max {A;, 4. | ifM>0
max{As,Al,} lfo <0

op = Eq. 2-93
maX{AS,Ah } lfo >0

Apyy = , Eq. 2-94
Pt ™\ max{4;. 4.} ifMg<0 a

155. CSA A23.3-14, 11.3.9; CSA A23.3-04, 11.3.9

156. CSA A23.3-14, 11.3.9.2 and 11.3.10.6; CSA A23.3-04, 11.3.9.2 and 11.3.10.6
157. CSA A23.3-14, 11.3.9.3 and 11.3.10.6; CSA A23.3-04, 11.3.9.3 and 11.3.10.6
158. CSA A23.3-14, 11.3.9.1; CSA A23.3-04, 11.3.9.1
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According to ACI-318 code!?, the default minimum clear spacing of reinforcement for both slabs
and beams is taken as the larger of the two prescribed minima of one bar diameter, dj, or 1 in.

According to CSA code!%?, the default minimum clear spacing of reinforcement for both slabs and
beams is taken as the larger of the two prescribed minima of 1.4 times the bar diameter, dj, or 1.2

in (30mm). The user may select a clear spacing greater than the default value to take into account

161

tolerances for reinforcement placement °" and other project specific considerations.

For two-way systems, the maximum spacing of reinforcement is kept at two times the slab

thickness for the ACI code!®? and three times the slab thickness for the CSA codel63, but no more

than 18 in. or 500 mm respectively. For joist systems the limit is increased to 5 times the slab

165

thickness'®*. When calculating negative support reinforcement for the CSA code -, the program

assumes that banded reinforcement over supports is spaced at a maximum of 1.5 A and no more
than 250 mm.

166 the smaller of three times the slab

thickness and 18 in. [S00 mm]. Additionally, the maximum spacing of reinforcement, s, in beams
and one-way slabs is selected so that the following crack control requirements of the ACI and the

CSA codes!®” are met

For one-way slabs, the maximum spacing is limited to

159. ACI 318-14, 25.2.1; ACI 318-11, 7.6.1; ACI 318-08, 7.6.1; ACI 318-05, 7.6.1; ACI 318-02, 7.6.1; ACI
318-99, 7.6.1

160. CSA A23.3-14, Annex A, 6.6.5.2; CSA A23.3-04, Annex A, 6.6.5.2; CSA A23.3-94, Annex A,
Al252

161. See ACI 317-06 (Ref. [7])

162. ACI 318-14, 8.7.2.2; ACI 318-11, 13.3.2; ACI 318-08, 13.3.2; ACI 318-05, 13.3.2; ACI 318-02,
13.3.2; ACI 318-99, 13.3.2

163. CSA A23.3-14, 13.10.4; CSA A23.3-04, 13.10.4; CSA A23.3-94, 13.11.3(b)

164. ACI 318-14,7.7.6.2.1,8.7.2.2; ACI 318-11, 7.12.2.2; ACI 318-08, 7.12.2.2; ACI 318-05, 7.12.2.2; ACI
318-02, 7.12.2.2; ACI 318-99, 7.12.2.2; CSA A23.3-14, 7.8.3; CSA A23.3-04, 7.8.3; CSA A23.3-94,
783

165. CSA A23.3-14, 13.10.4; CSA A23.3-04, 13.10.4; CSA A23.3-94, 13.11.3(a)

166. ACI 318-14, 7.7.2.3, 8.7.2.2; ACI 318-11, 7.6.5; ACI 318-08, 7.6.5; ACI 318-05, 7.6.5; ACI 318-02,
7.6.5, ACI 318-99, 7.6.5; CSA A23.3-14, 7.4.1.2; CSA A23.3-04, 7.4.1.2; CSA A23.3-94, 7.4.1.2

167. ACI 318-14, 24.3.2, 24.3.3; ACI 318-11, 10.6.4; ACI 318-08, 10.6.4; ACI 318-05, 10.6.4; ACI 318-02,
10.6.4; ACI 318-99, 10.6.4; CSA A23.3-14, 10.6.1; CSA A23.3-04, 10.6.1; CSA A23.3-94, 10.6.1
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s <min| 2200 55, BE00 ) (ACT318-11/08/05)
7y 7y
s <min| X _25¢, 22 (ACI 318-02/99) Eq. 2-95
7 7
1
O.6fy (d.A)3 < zax (CSA A23.3-14/04/94)
where
[ = least distance from the surface of bar to the tension face,
d. = distance from extreme tension fiber to center of the closest longitudinal bar
A = effective tension area of concrete surrounding the flexural tension

reinforcement and extending from the extreme tension fiber to the centroid of
the flexural tension reinforcement and an equal distance past that centroid,
divided by the number of bars or wires

Tmax = 30 000 N/mm for interior exposure or 25 000 N/mm for exterior exposure,

multiplied by a factor of 1.2 for epoxy-coated reinforcement
An iterative process is performed to determine the number of bars and bar size. The initial number
of bars is determined by dividing the total reinforcement area required, A, by the area of one bar,
Agp, of the input minimum bar size. Next, the spacing is determined. If the minimum spacing

limitations are violated, the bar size is increased and the iterative process is repeated until all bars
sizes have been checked. If the maximum spacing limitations are not met, the number of bars
required to satisfy these limitations is computed and the iteration process terminates.

\

— — Side Cover

— Whend -

loel dpp |e—
@+ Longitudinal Bar

Stirrup

Figure 2.21 Width due to stirrup bend

For beams, layered reinforcement is provided if sufficient beam width is not available. The clear
distance between layers is assumed 1.0 in [30 mm] but the user can change this value. By default,
the program assumes a 1.5 in [40 mm)] side cover to stirrup for width calculations and this value

can also be changed by the user. The program also assumes that the longitudinal bar makes contact



slablsbeam

at the middle of the stirrup bend where the minimum inside diameter of the bend is four times

stirrup diameter!%®. Therefore, an additional width is added to the cover for longitudinal bars less

than size #14 (#45 for CAN/CSA-G30.18) (Figure 2-21). This additional width due to the bend,
Wpend> 15 €qual to

Eyla)
Wpond =| 1 —— || r—— Eq. 2-96
bend ( 9 9 q

where
dy = diameter of the longitudinal bar
r = inside radius of bend for stirrup

Top Slab

Thickness

ip‘_:_‘\ =g

Beam Depth

—{ [«—— Stirrup +

q Y Llayer

i Spacing

— “—— Face Dist.

Bar Spacing

Width

Figure 2.22 Detail reinforcement in longitudinal beams
Bar-length computations are performed for two-way slabs and longitudinal beams. For top
reinforcement at the supports, the length for long bars is given by
max(lsgo,) + 14 1ong>
long = max max(lpi) + max{d, 12d,, 1,,/ 16}, Eq. 2-97
Los + 1er jong>

and the length for short bars is given by

168. ACI 318-14,25.3.2; ACI 318-11, 7.2.2; ACI 318-08, 7.2.2; ACI 318-05, 7.2.2; ACI 318-02, 7.2.2; ACI

318-99, 7.2.2; CSA A23.3-04, 7.1.1 and Table 16 in Annex A; CSA A23.3-94, 7.1.1 and Table 16 in
Annex A
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max(lsgo,) + max{d, 12d,},

Lij,0r = Max Eq. 2-98
o 1 fos + max{ld,shortﬁ lcr,short}ﬁ
where
max(lsgyo,) = maximum distance to the points of 50% demand,
max(t,) = maximum distance to the points of inflection (P.1.),
( = bar development length!6°,
d = effective depth,
dp = bar diameter,
¢, = clear span length,
Eros = distance to the face of support (column),
., = minimum code prescribed extension.

These bar lengths are then compared and adjusted if necessary to meet the minimum extension

requirements for reinforcement specified by the code. 170 Additionally the program may select
continuous top bars in those spans where steel is required by calculation in mid-span at top.

If the computed bar lengths overlap, it is recommended that such reinforcement be run
continuously. The printed bar lengths do not include hooks or portions of bars bent down into
spandrel beams or other bar-bend configurations. If a bar starts (or ends) at a column support the
length of the bar is measured from (or to) the center line of the column. The selection of bar
lengths for positive reinforcement for flat plates, flat slabs, and beam-supported slabs, is based
strictly on the minimum values of the code.

The development length depends on the following factors: concrete cover, minimum transverse
reinforcement, special transverse reinforcement, layer location bar size and bar clear spacing. The

development length is calculated from the general expression171 below, but not less '7? than 12 in
[300 mm]

169. Chapter 25 in ACI 318-14; Chapter 12 in ACI 318-11, ACI 318-08, ACI 318-05, ACI 318-02, and ACI
318-99; CSA A23.3-14, Clause 12.2; CSA A23.3-04, Clause 12.2; CSA A23.3-94, Clause 12.2

170. Figure 8.7.4.3a in ACI 318-14; Figure 13.3.8 in ACI 318-11, ACI 318-08, ACI 318-05, ACI 318-02,
and ACI 318-99; CSA A23.3-14, Figure 13.1; CSA A23.3-04, Figure 13.1; CSA A23.3-94, Figure 13.1

171. ACI1318-14,25.4.2.3; ACI 318-11, 12.2.3; ACI 318-08, 12.2.3; ACI 318-05, 12.2.3; ACI 318-02,
12.2.3; ACI1 318-99, 12.2.3; ACI 318M-11,12.2.3; ACI 318M-08, 12.2.3; ACI1 318M-05, 12.2.3; ACI
318M-02, 12.2.3; ACI 318M-99, 12.2.3; CSA A23.3-14, 12.2.2; CSA A23.3-04, 12.2.2; CSA A23.3-94,
12.2.2

172. ACI1318-14,25.4.2.1; ACI 318-11, 12.2.1; ACI 318-08, 12.2.1; ACI 318-05, 12.2.1; ACI 318-02,
12.2.1; ACI1 318-99, 12.2.1; CSA A23.3-14, 12.2.1; CSA A23.3-04, 12.2.1; CSA A23.3-94, 12.2.1



slablsbeam

3 for ACI 318-11/08,
400\
ﬁ for ACI 318M-11/08,
. .
Iy = dy—te e I3 ACT 318-05/02/99, Eq. 2-99

40
C( dy j 2 for ACI 318M-05/02/99,

LT for CSA A23.3-14/04/94,

where
7 = reinforcement location factor equal to 1.3 if more than 12 in [300 mm)] of fresh

concrete is cast in the member below the development length or splice, or
equal to 1.0 otherwise,
Ve = coating factor equal to 1.0 for uncoated reinforcement; for epoxy coated

reinforcement with covers less than 3dy, or clear spacing less than 6d,, the

factor is equal to 1.5 and for all other epoxy coated bars it equals 1.2,
7 = reinforcement size factor equal to 1.0 for bars #7 [22] and larger or equal to 0.8

for bars #6 [19] and smaller if ACI 318 [ACI 318M] is selected; for CSA
A23.3 the factor is equal to 1.0 for bars 25M and larger or equal to 0.8 for bars
20M and smaller,

A = lightweight aggregate concrete factor equal to 1.0 for normal concrete and:
0.75 for lightweight concrete per ACI 318-14, ACI 318-11 and ACI 318-08
1.3 for lightweight concrete per ACI 318-05/02/99
1.3 for low density concrete per CSA A23.3-14/04/94
1.2 for semi low density concrete per CSA A23.3-14/04/94

K, = transverse reinforcement index conservatively assumed zero,

cp = smaller of the distance form bar surface to the closest concrete surface and

one-half (two thirds for CSA173) center-to-center bar spacing.174
Additionally, the product of y;y, is not taken greater than 1.7 and the development length, €4, is

reduced!”? by the factor of Ay yoq 10 Ag proy Where the provided area of flexural reinforcement,

Ag proy» €xceeds the area required by analysis, Ag ...

The final calculated or minimum development length for each bar is tabulated in the design results
section of the program results report. In two-way slab systems without beams, the development
length presented is often controlled by the minimum development length.

Where flexural reinforcement is terminated in a tension zone, spSlab and spBeam provide a
warning to require an extension of the bar beyond what is required for flexure. For ACI code, the

173. Denoted as d. in CSA A23.3-14, 3.2; CSA A23.3-04, 2.3 and CSA A23.3-94,12.0

174. ACI 318-05, 2.1; AC1 318-02, 12.2.4; ACI1 318-99, 12.2.4

175. ACI 318-14, 25.4.10.1; ACI 318-11, 12.2.5; ACI 318-08, 12.2.5; ACI 318-05, 12.2.5; ACI 318-02,
12.2.5; ACI1 318-99, 12.2.5; CSA A23.3-14, 12.2.5; CSA A23.3-04, 12.2.5; CSA A23.3-94, 12.2.5
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shear capacity at the cutoff point for each bar is evaluated for satisfying the shear demand does not
exceed permissible shear limit in 12.10.5.1. Final bar length shall be extended beyond the
minimum reported to meet one of the three conditions outlined in 12.10.5

spSlab computes the fraction of the unbalanced moment, yM,,, that must be transferred by flexure
within an effective slab width (a band) equal to the column width plus one and one-half the slab or

drop panel depth (1.5k) on either side of the column where!7®
- 1
a 2
1+ ?/bl / by

The amount of reinforcement required to resist this moment is computed. The amount of
reinforcement already provided for flexure is then computed from the bar schedule (i.e. the

Eq. 2-100

number of bars that fall within the effective slab width multiplied by the area of each bar).
Depending on load conditions, additional negative or positive reinforcement may be required. If
the reinforcement area provided for flexure is greater than or equal to the reinforcement
requirements to resist moment transfer by flexure, no additional reinforcement is provided, and
the number of additional bars will be set to 0. If the amount of reinforcement provided for flexure
is less than that required for moment transfer by flexure, additional reinforcement is required. The
additional reinforcement is the difference between that required for unbalanced moment transfer
by flexure and that provided for design bending moment in the slab, and it is selected based on the
bar size already provided at the support.

For ACI codes the value of yron selected supports can be automatically adjusted to the maximum
permitted value. The corresponding value of y, = 1 — yis adjusted accordingly. This option allows

relaxing stress levels for two-way shear around the columns by transferring increased part of the
unbalanced moment through flexure. The adjustment is performed independently for each load
case and pattern. If for given load case the corresponding two-way shear V), exceeds the

appropriate limits 0.75¢V . at an edge support, 0.5¢4V . at a corner support, or 0.44V . at an interior
support, adjustment of both factors is not performed. When the adjustment of yrand y, factors is
selected, the reinforcement calculated within the transfer width should be limited according to the

code to reinforcement ratio p < 0.375, as stipulated in ACI 318-99/02/05 177 or limitation of net

176. AC1318-14,8.4.2.3.2,8.4.2.3.3; ACI1 318-11, 13.5.3.2; ACI 318-08, 13.5.3.2; ACI 318-05, 13.5.3.2;
ACI318-02, 13.5.3.2; ACI 318-99, 13.5.3.2; CSA A23.3-14, 13.3.5.3; CSA A23.3-04, 13.3.5.3; CSA
A23.3-94,13.11.2 and 13.4.5.3

177. ACI1 318-14, 8.4.2.3.4; ACI 318-11, 13.5.3.3; ACI 318-05, 13.5.3.3; ACI 318-02, 13.5.3.3; ACI 318-
99,13.53.3
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tensile strain &> 0.010, as required by ACI 318-14, ACI 318-11 and ACI 318-08'78, Violation of

this requirement is reported by the software as exceeding maximum allowable reinforcement
indicating that the option to adjust the factor yrshould be turned off by the user at the support

where the violation occurs.

It should be noted that the ACI code!”’ requires either concentration of reinforcement over the
column by closer spacing, or additional reinforcement, to resist the transfer moment within the
effective slab width. spSlab satisfies this requirement by providing additional reinforcement
without concentrating existing reinforcement.

When computing additional reinforcement for the transfer of negative and positive unbalanced
moments over the supports through flexure in systems with longitudinal beams, the contribution
of the longitudinal beam cross-section can be optionally selected. If selected, this contribution will
be considered. For CSA designs this functionality extends also to design of banded reinforcement
in by, strip.

The CSA A23.3 code requires at least one-third of the total negative reinforcement for the entire
design strip at interior supports to be concentrated in the band width, by, extending 1.5 kg from the

sides of the columns'®°. The program fulfills this requirement by concentrating a portion of
reinforcement assigned to the design strip that includes width by. This strip will typically be the
column strip. However, if longitudinal slab bands or slab-band-like beams wider than band width
b, are present, then reinforcement assigned to these elements is concentrated. At exterior supports,
the total negative reinforcement is placed in the b, band width!3! or if a beam narrower than by is
present, then the total reinforcement is placed within the beam width!32. The reinforcement in the
by, and the remaining portions of the design strip is also checked for compliance with spacing and

minimum reinforcement requirements.

Enhancing redundancy and ductility is necessary in the event of damage to a major supporting
element resulting from an abnormal shock or blast loading event.

178. ACI 318-14, 8.4.2.3.4; ACI 318-11, 13.5.3.3; ACI 318-08, 13.5.3.3

179. ACI 318-14, 8.4.2.3.5; ACI 318-11, 13.5.3.4; ACI 318-08, 13.5.3.4; ACI 318-05, 13.5.3.4; ACI 318-
02, 13.5.3.4; ACI 318-99, 13.5.3.4

180. CSA A23.3-14, 13.11.2.7; CSA A23.3-04, 13.11.2.7; CSA A23.3-94, 13.12.2.1

181. CSA A23.3-14, 13.10.3; CSA A23.3-04, 13.10.3; CSA A23.3-94, 13.12.2.2, 13.13.4.2

182. CSA A23.3-04, 13.12.2.2; CSA A23.3-04, 13.12.2.2; CSA A23.3-94, 13.13.2.2
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Minor changes in reinforcement detailing typically result in substantial enhancement in the overall
integrity of a structure by confining the resulting damage to a small area and improving the
resistance to progressive collapse.

The ACI code requires all bottom bars in the column strip to extend continuously (or with splices)
in the entire span and at least two of these bars to pass within the column core and to be anchored

at exterior supportslg3. In continuous beams, including longitudinal beams in two-way slab
systems, spSlab and spBeam produce, in design mode, reinforcement that satisfies ACI
requirements for structural integrity. In perimeter (exterior) beams, at least one sixth of the

negative tension reinforcement and not less that two bars are continuous!®*. Also, at least one

fourth of the positive tension reinforcement and not less than two bars are continuous in all

beams!®.

For the CSA code, the program performs calculation of the amount of integrity reinforcement at

slab column connections in design mode. The integrity reinforcement is required for slabs without
beams. Integrity reinforcement is not required if there are beams containing shear reinforcement in
all spans framing into the column. Otherwise, the sum of all bottom reinforcement connecting the

slab to the column on all faces of the periphery should consist of at least two bars and meet the

condition!8®

2Vse
DAL Eq. 2-101
fy

where Vj, is the larger of shear force transmitted to column or column capital due to specified

(unfactored) loads and shear force corresponding to twice the self-weight of the slab.

The program performs calculation of the amount of reinforcement in exterior corners of slabs with

stiff edge beams (& greater than 1.0)'®7. This reinforcement is required within a region equal to 1/
5 of the shorter span. The amount of corner reinforcement is calculated from the moment per unit

183.ACI 318-14,8.7.4.2.1,8.7.4.2.2; ACI1 318-11, 13.3.8.5; ACI 318-08, 13.3.8.5; ACI 318-05, 13.3.8.5;
ACI318-02, 13.3.8.5; ACI 318-99, 13.3.8.5

184.ACI318-14,9.7.7.1(a); ACI 318-11, 7.13.2.2(a); ACI 318-08, 7.13.2.2(a); ACI 318-05, 7.13.2.2(a);
ACI 318-02,7.13.2.2(a); ACI 318-99, 7.13.2.2

185.ACI 318-14,9.7.7.1(b); ACI 318-11, 7.13.2.2(b) and 7.13.2.4; ACI 318-08, 7.13.2.2(b) and 7.13.2.4;
ACI 318-05,7.13.2.2(b) and 7.13.2.4; ACI 318-02, 7.13.2.2(b) and 7.13.2.4; ACI 318-99, 7.13.2.2 and
7.13.2.3

186.CSA A23.3-14, 13.10.6.1 and 13.10.6.2; CSA A23.3-04, 13.10.6.1 and 13.10.6.2; CSA A23.3-94,
13.11.5.1 and 13.11.5.2

187. ACI1 318-14, 8.7.3.1; ACI 318-11, 13.3.6; ACI 318-08, 13.3.6; ACI 318-05, 13.3.6; ACI 318-02,
13.3.6; ACI1 318-99, 13.3.6; CSA A23.3-14, 13.12.5; CSA A23.3-04, 13.12.5; CSA A23.3-94, 13.13.5



slablsbeam

width intensity corresponding to the maximum positive moment in span. The code allows the
corner reinforcement to be placed at top and bottom of the slab in bands parallel to the sides of the
slab edges.

Instantaneous deflections are obtained directly by the program from elastic analysis of the defined
system for three load levels. The first corresponds to dead load only, the second corresponds to
dead load plus sustained part of live load only, and the third corresponds to dead load plus live
load on all spans (total deflection). The deflection occurring when the live load is applied can be
computed as the total load deflection (due to the dead and the live load ) minus the dead load only

deflection'®3. Depending on the option selected by the user, the program will calculate flexural
stiffness of the members based on either gross moment of inertia or the effective moment of inertia
which takes cracking into account.

ALive = ATotal — ADead

The program results section provides detailed summary of the frame section properties, frame
effective section properties, column and middle strip properties at midpsan, and a summary of
extreme deflection values for each load level along the span.

When calculating the deflections for effective (cracked) section properties, the frame solution is
obtained for three load levels: dead load, dead load plus sustained part of live load, and dead load
plus full live load on all spans. Flexural stiffness is assumed corresponding to the load level.

A reduction in the flexural stiffness caused by cracking leads to an increase in deflections. Several

methods of deflection analyses taking cracking into account are reviewed in Ref. [22]. The

program uses the approach based on the effective moment of inertia as permitted by the code.'®

The effective moment of inertia, /,, developed by Branson (Ref. [17]) and incorporated into the

code equals

188. Example 9-5 Calculation of Immediate Deflections in Ref. [15], pp. 443, Step 5

189.ACI 318-14, 19.2.3.1, 24.2.3.5; ACI 318-11, 9.5.2.3; ACI 318-08, 9.5.2.3; ACI 318-05, 9.5.2.3; ACI
318-02,9.5.2.3; ACI1 318-99, 9.5.2.3; CSA A23.3-14, 9.8.2.3; CSA A23.3-04, 9.8.2.3; CSA A23.3-94,
9.8.2.3
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3 3
MCI" MCI"
Ie=[ jIng 1—{ L, Eq. 2-102
max max
where
1, = moment of inertia of the gross uncracked concrete section,
1., = moment of inertia of the cracked transformed concrete section'?°
M., = cracking moment
M, ux = maximum bending moment at the load level for which the deflection is

computed.

To calculate I, for two-way slabs, the values of all terms for the full width of the equivalent frame

are used in Eq. 2-102. This approach averages the effects of cracking in the column and middle
strips.

The value of I, at midspan for a simple span and at support for a cantilever is taken!®! to calculate

flexural stiffness of a member. For other conditions, an averaged effective moment of inertia,

1, 4y 1s used. For spans with both ends continuous, If4, is given by!%?

Io avg = 0.70L" +0.15 (Ie_’, +Ie_’r) Eq. 2-103
where
I: = effective moment of inertia for the positive moment region,
Iej 1 = effective moment of inertia for the negative moment region at the left support,
I,, = effective moment of inertia for the negative moment region at the right

support.
For spans with one end continuous the value of I, is given by193
+ —
Lo avg =0.851, +0.151, Eq. 2-104

190.See formulas for various cross sections in Table 10-2 in Ref. [18]

191. ACI1 318-14, 24.2.3.6, 24.2.3.7, ACI 318-11, 9.5.2.4; ACI 318-08, 9.5.2.4; ACI 318-05, 9.5.2.4; ACI
318-02,9.5.2.4; AC1318-99,9.5.2.4

192. ACI 435R-95 (Ref. [19]), 2.5.1, Eq. (2.15a); CSA A23.3-14, 9.8.2.4(a); CSA A23.3-04, 9.8.2.4(a);
CSA A23.3-94,9.8.2.4, Eq. 9.3

193. ACI 435R-95 (Ref. [19]), 2.5.1, Eq. (2.15b); CSA A23.3-14, 9.8.2.4(b); CSA A23.3-04, 9.8.2.4(b);
CSA A23.3-94,9.8.2.4, Eq. 9.4
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where
1 e+ = effective moment of inertia for the positive moment region,
I, = effective moment of inertia for the negative moment region at the continuous

end.

The program estimates additional long-term deflection resulting from creep and shrinkage, 4., by

multiplying the immediate deflection due to sustained load, A, by the factor, 1, equal to'**
G- — Eq. 2-105
1+50p'
where
13 = time dependent factor with the maximum value of 2.0 (the actual value is

interpolated from the values and the chart given in the code!?’ based on the
load duration specified by the user in the input)

o’ = ratio of compressive reinforcement at midspan for simple and continuous
spans and at support for cantilevers.

Deflection due to the sustained load, 4, is the deflection induced by the dead load (including

self weight), plus sustained portion of the live load.

And long-term deflection resulting from creep and shrinkage equals

Apg = Aiyiidg Eq. 2-106

The program calculates incremental deflection which occurs after partitions are installed in two

ways. In the first approach, it is assumed that the live load has been applied before installing the
partitions and the incremental deflection equals!®®

Acs+lu = Acs + (Atotal _Asust) Eq. 2-107

In the second approach, the assumption is that the full live load, including the sustained portion of

the live load, has been applied after the partitions are installed which results in the incremental

deflection equal to!?7

194. AC1318-14,24.2.4.1.1,24.2.4.1.2,24.2.4.1.3; ACI 318-11, 9.5.2.5; ACI 318-08, 9.5.2.5; ACI 318-05,
9.5.2.5; ACI 318-02, 9.5.2.5; ACI 318-99, 9.5.2.5; CSA A23.3-14,9.8.2.5; CSA A23.3-04, 9.8.2.5; CSA
A23.3-94,9.8.2.5A23.3

195. Fig. R24.2.4.1; Fig. R9.5.2.5 in ACI 318-11, ACI 318-08; ACI 318-05; ACI 318-02, and ACI 318-99;
Fig. N9.8.2.6 in CSA A23.3-04 and CSA A23.3-94

196. CSA A23.3-04 N9.8.2.5, CSA A23.3-94 N9.8.2.5

197. See Example 10.1 in Ref. [18]
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Acs+l = Acs +Alive Eq. 2-108

The total long-term deflection (4,,,,p), is also calculated as'*®

(Atotal)[, = A5t (1 +A9) + (D101 — Aguist) Eq. 2-109

Calculation of deflections of reinforced concrete two-way slabs is complicated by a large number
of significant parameters such as: the aspect ratio of the panels, the vertical and torsional
deflection of supporting beams, the stiffening effect of drop panels and column capitals, cracking,
and the time-dependent nature of the material response. Based on studies (Ref. [20]-[22]), an
approximate method consistent with the equivalent frame method was developed (Ref. [23]) to
estimate the column and middle strip deflections.

Under vertical loads, Reference 20 indicates that the midspan deflection of an equivalent frame
can be considered as the sum of three parts: that of the panel assumed to be fixed at both ends of

its span, 4g,..r and those due to the known rotation at the two support lines, 45 ; and Aa,r'

Calculation of midspan deflection of the column strip or the middle strip under fixed-end
conditions is based on M/EI ratio of the strip to that of the full-width panel

Alstrip Eclframe
A strip = Ay.ref 37

Egq. 2-110
rame Eclstrip

The ratio (Mg.j/Mf;4me) can be considered as a lateral distribution factor, LDF.

For ACI and CSA A23.3-94 codes the lateral distribution factor, LDF, at an exterior negative
moment region is

1 I
LDFpy ory = 100— 108, + 12 ﬁt(aﬂl—z] ( - 1—2] Eq. 211
1 1

The LDF at an interior negative moment region is

! 1
LDF,pg i =75 =30 (afll—zj( - 1—2j Eq. 2-112
1 1

The LDF at a positive moment region is

1 1
LDF,p =60 + 30(0711—2}(1.5 - 1—2J Eq. 2-113
1 1

198. CSA A23.3-04 N9.8.2.5; CSA A23.3-94 N9.8.2.5
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where

o = the ratio of flexure stiffness of a beam section to the flexural stiffness of a
width of slab bounded laterally by centerlines of adjacent panels on either side
of the beam,

By = ratio of torsional stiffness of an edge beam section to the flexural stiffness of a

width of slab equal to the span length of the beam, center-to-center of the
supports (see Eq. 2-30).

For CSA A23.3-14/04 code lateral distribution factors are based on tabulated values presented
earlier in the chapter.

When apb,/t; is greater than 1.0, az€y/€; will be set equal to 1.0.

The column and middle strip LDF’s can be computed by

LDEzeg 1t LDEzeg.r
LDF}?OS : 2
LDF, = 5 Eq. 2-114
LDE, =100 - LDF, Eq. 2-115
where
LDF,,, LDF for the negative moment region at the left end of the span
LDF, ., = LDF for the negative moment region at the right end of the span
The total midspan deflection for the column or middle strip is the sum of three parts
Aspyip = Ay girip +460 1+46 . Eq. 2-116

where

40 1, 40 . = midspan deflection due to rotation of left and right supports, respectively.

The above procedure was implemented starting in v5.00 to follow the reference recommendations
exactly and eliminate overestimation of the column strip deflection and underestimation of the
middle strip deflection especially for the exterior span.

The deflections should be used in conjunction with the deflections obtained from an analysis in the
transverse direction. For square panels (¢; = {,), the mid-panel deflection is obtained from the

following equation as shown in Figure 2-22
A=A+ Ay = Aoy + Ay, Eq. 2-117

For rectangular panels, (¢; # ¢,), the mid panel deflection is obtained from
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A= (e Mm")z(d’"y ) Eq. 2-118

Direction

Assumed of Analysis

Assumed
Support Line

. Assumed
.~ Support Line

Assumed
Support Line

(b) Y Direction Bending

ly /4re:tion

of Analysis

(¢) Combined Bending

Figure 2.23 Deflection computation for a square panel

The program computes concrete and reinforcing steel quantities. The quantity of concrete is based
on an average of the slab, drop, and beam sizes. The total quantity of reinforcing steel computed
by the program corresponds to the actual bar sizes and lengths required by design. No allowance
is made for bar hooks, anchorage embedment, and so forth. It should be noted that the quantity of
reinforcement printed by the program pertains to bending in one direction only. In practice, the
total amount of reinforcement for the structure should also include the quantities obtained for the
appropriate transverse equivalent frames.
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The spSlab/spBeam Interface will appear after the program is started as shown below. The
spSlab/spBeam Interface consists of a Control Menu, Title Bar, Menu Bar, Toolbar, and a
Status Bar. The program name and current data file name is shown in the Title Bar. All the
menu commands can be accessed from the Menu Bar and some frequently used commands
also can be accessed from the buttons in the Toolbar. The four view windows show the
geometry of a floor system and the loads on it. Plan view, side view, elevated view and
isometric view are available. The Status Bar shows the current state of the program.

Control Menu / Title Bar Menu Bar

File bagul Sohes View Opfioni Wiedis  Help

Dl BEH <~ DB =& = o B DDA e E-maac s+ D

7) - Plan View /

Toolbar

Main Window

e Status Bar

J

ety Geceratry A0 11814

Control Menu

The Control menu is located in the upper-left corner of the window and includes commands
for sizing, moving, enlarging, restoring, and closing the window, as well as switching to other
applications. To access the Control menu using the mouse, click the left mouse button on the
spSlab/spBeam logo; using the keyboard, press ALT+* ‘(space).

Title Bar

The Title Bar displays the program name, and following the hyphen, displays the name of the
current data file you are using. If the data you are currently working on has not been saved into
a file, the word spSlabl (spBeam1 for spBeam) is displayed in the Title Bar. If you start a new
data file by clicking the New button on the most left of the Toolbar, the next data file is named
as spSlab2 (spBeam?2 for spBeam), and so on.
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Menu Bar

Located directly below the Title Bar is the menu line. spSlab commands are listed in the pop-
up menus located in the Menu Bar. These menu commands allow you to perform functions
that create, view, and ultimately design the floor system.

In the spSlab program there are seven main pull-down menus: File, Input, Solve, View,
Options, Windows, and Help. To access a menu item using the mouse, place the arrow cursor
on the menu item you want and click the left mouse button. Each menu item can also be
selected with the keyboard keys by simultaneously pressing the ALT key and the underlined
letter of the menu you want to open. For example, to open the File menu, press ALT + F. To
close a menu without selecting a command, move the cursor to any blank area on the screen
and click the left mouse button. Press ESC key to close a menu using the keyboard keys.

To select a command from a menu with the mouse, place the arrow on the item you want, and
click the left mouse button. In some cases, you will be told to double click on a selection, that
is, press the mouse button twice, quickly. Anytime you have to wait, for example, when
loading the program or designing the system, the mouse cursor becomes an hourglass cursor.
It will return to its original state when the task is completed.

To select a command from a menu using the keyboard, use the down arrow key to highlight
your choice and press ENTER key or press the keyboard key of the command’s underlined
letter. The space bar is also equivalent to pressing the left mouse button.

Special instructions for inputting with the keyboard keys are given wherever necessary.
Toolbar

Located directly below the Menu Bar is the tool bar. Some frequently used buttons can be
found in the Toolbar. A description of the corresponding button is shown in the status bar (on
the bottom of the window) when the mouse cursor is moving over this button. In addition to
the description in the Status Bar, a brief tip is shown in a light yellow colored pop-up window
close to the corresponding button when a mouse cursor is hanging over the button for a short
period of time. Exactly the same functions or features can be accessed from either the menu
items or Toolbar buttons.

The Toolbar can be changed from docking status to floating status by single clicking the left
mouse button on the tool bar and dragging it away from the docking position to any other
positions on the screen. A floating tool bar can be resized by clicking and dragging its borders.

To restore the Toolbar to the docking status, single click the left mouse button on the tool bar
and drag it to the location that is directly below the menu line and release the mouse button.



slablsbeam

View Windows

A total of 10 view windows can be used to show Plan, Elevated, Side and Isometric views of
the geometry, as well as Loads, Shear and Moment, Moment Capacity, Shear Capacity,
Deflection, and Reinforcement.

Status Bar

Status Bar is always on the bottom of the main window. The Status Bar shows the current
status of the data file and the coordinate values of the mouse cursor position. Depending on the
active view window, different information of the mouse cursor will appear in the Status Bar.

The File menu is used for saving or retrieving data, printing, and exiting. The File menu contains the
following commands: New, Open, Close, Save, Save As, Classic Results, Print Preview, Print
Setup, Recent Files and Exit.

New Ctrl+N
Open... Ctrl+0
Close Ctrl+Q
Save Ctrl+§
Save As...

Classic Results...
Print Preview...

Print Setup...

1C5A14-TwoWay-Investigation-NoBand.slb
2 Torsion Example Point A.5b-1994.slb

3 CRSI-Torsion-Ex-B-2:slb

4 C:\Users\,.\FI_test_02.slb

Exit

New

The New command clears any data input and returns to
the default values. Thus, you are able to create a new

data file. However, before you can begin a new data %

_:' Save changes to sp5labl *7

file, spSlab will ask whether you want to save the

current data. Answering Yes will save the old data and — = =

begin a new data file. Answering No will discard any

changes to the data and begin a new data file.
Answering Cancel will return you to spSlab so that you can continue to work with the current
data.

Open

The Open command allows you to load an existing spSlab data file. The dialog box that
appears shows you a listing of all the files with the extension contained in the default data
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directory or in the current directory (if a default data directory was not specified). This box
also enables you to change the current drive and directory. If you are currently working on a
data file and select the Open command, spSlab will ask whether you want to save the current
data. Answering Yes will save the old data and display the Open dialog box. Answering No
will discard any changes to the data and display the Open dialog box. Answering Cancel will
return you to spSlab so that you can continue to work with the current data.

Close

The Close command allows you to close the current spSlab data file. If you are currently
working on a data file and select the Open command, spSlab will ask whether you want to
save the current data. Answering Yes will save the old data and display the Open dialog box.
Answering No will discard any changes to the data and display the Open dialog box.
Answering Cancel will return you to spSlab so that you can continue to work with the current
data.

Save

The Save command saves the changes you’ve made to the current data under that same
filename. The new data overwrites the old data, and you cannot retrieve the old data. It is a
good practice to periodically save while inputting data. If a data file is untitled, the Save As
dialog box will appear.

Save As

The Save As command allows you to name or rename a data file. Use Save As when you want
to save both the original data and any changes you’ve currently made to the data. The original
data remains under the old filename. If a file of the same name exists, the program will ask if
you would like to overwrite the file.
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€0 Save As
&« “ 4 = » ThisPC » Documents v O Search Documents 2
Organize « Mew folder == - o
~ Mame Date modified Type Size
3 Quick access
[ Desktop
; Downloads

%= Documents
spCelumn
spSlab
spMats

¢@ OneDrive
[ This PC
_J 3D Objects
v
File name: | spSlabl.slb -
Save as type: | spSlab Files (*.slb) ~
» Hide Folders Cancel
.
Classic Results

The Classic Results command allows you to execute the classical Results Report module to
view and print the input and output data after a successful run has been performed.

Print Preview

The Print Preview command allows you to preview and print the current view window (floor
system geometry in the plan, elevated, and isometric views, prints the shear and moment
diagrams, and prints the deflected shapes). To obtain a view window you must first perform
the design, then select what you want to view from the View menu. You may have more than
one view windows opened. The current view window is the one activated and on top of the
others on your screen. Selecting this command closes the spSlab main window and opens the
print preview window as shown below. On the print preview window, press the Zoom In or
Zoom Out buttons or simply click the left mouse button on the preview window to magnify or
reduce the size of the preview paper. Press the Next Page button if more than one page needs
to be printed. Press the Print button to print the view. The printer could be a local printer,
which is connected to your computer directly, or a network printer. Press the Close button to
close the preview window and go back to spSlab.
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Print Setup...

The Print Setup command brings up the Windows print setup box which allows the user to
select the printer to send the output to, and to change the settings of the printer.

Recent Files

This list contains the data files that are used recently and can be accessed quickly from the
menu by a single click. The most recently used one is on the top of the list. Up to four files can
be listed.

Exit

The Exit command ends the spSlab session and returns you to Windows. If you have made any
changes to your data and have not saved them, spSlab will first ask whether you want to save
or abandon any changes you’ve made before you exit.

| 102 |
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The Input Menu allows you to enter and modify data for the floor system. The Input Menu
contains the following commands: Data Input Wizard, General Information, Material
Properties, Spans, Supports, Reinforcement Criteria, Reinforcing Bars, Load Cases,
Load Combinations, Span Loads, Support Loads and Displacements, and Lateral

Effects.

Data Input Wizard

The Data Input Wizard command is designed to make the inputting process easier. By
selecting Data Input Wizard, a logical sequence of dialog boxes will automatically be
displayed allowing you to enter data for your floor system.

General Information

The General Information consists of three tabs: General Information, Solve Options, and

Span Control.

The General Information tab will allow you to enter the project name, frame name, engineer
name, design code, reinforcement database, run mode, and number of supports. You must
always use the General Information tab before doing any further inputting since it affects the

availability of other commands in this menu.

General Information

General Information lSpan Control ] Solve Options ]

Labels
Project: |

Frame: |

General Information

Support Selection
{* Left Support

" Right Support

Span Control List

General Information ~ Span Control | Solve Options ]

State

Restore

Reset Al

il

) . New# |0 [SupL/R[Copy |

Engineer: |StrudureP0|nt CL NE
1 1 1/2

QOptions Run mode 2 1 241 N Insert

) - 3 1 141 -
Design code: ACI318-14 - {+ Design

XLR 1/7- Before
Reinforcement:  [ASTM AG15 - " Investigation <
Frame Floor System Copy
Mo. of Supports: 4 * Two-Way Befo After
'S >
™ Left cantilever [ Right cantilever " One-Way/Beam
Other Move
™ Distance location as ratio of span
OK | Cancel | OK | Cancel |

The Span Control tab provides commands for span manipulation such as inserting new spans,

copying spans, moving spans, and deleting spans.




slablsbeam

The Solve Options command allows you to specify design options, punching shear options,
and deflection calculations options. Please note that design options for two-way systems are
different from beams/one-way slab systems. To take effect, this command must be used prior
to Execute.

Material Properties

The Material Properties command enables you to input material property requirements for
concrete and reinforcement. Concrete density, compressive strength, Young’s modulus,
rapture modulus, as well as the longitudinal and shear reinforcement yield levels, are required.

Spans

The Spans menu allows you to input geometric dimensions for slabs, longitudinal beams, and
ribs.

Supports

The Supports menu allows you to input geometric dimensions for columns, drop panels,
column capitals, and transverse beams. The percentage of the actual column joint stiffness to
be used in the analysis to determine the joint moments and shears can be modified on the
Columns tab. The Drop Panels tab is available if two-way system is selected and the
Moment Redistribution tab is available only for beams/one-way slab systems if moment
redistribution is engaged in the General Information window.

Reinforcement Criteria

The Reinforcement Criteria menu allows you to specify the distance to reinforcement,
reinforcement bar sizes, bar spacing, and reinforcing ratio for both slabs and beams. For beams
it also allows you to specify criteria for stirrups, side cover and distance between layers of
reinforcement if more than one layer is needed.

Reinforcement Bars

For two-way floor systems, the Reinforcement Bars menu allows you to specify the
longitudinal reinforcement arrangement information for column strip, middle strip, and beam,
as well as shear reinforcing information for beams.

For beams/one-way slab systems, flexural bars, stirrups, and torsional longitudinal
reinforcement can be specified. The Reinforcement Bars menu is disabled if Run Mode of
Design is selected from the General Information dialog box. Select the Run Mode of
Investigation from the General Information dialog box to enable it.

Load Cases

The Load Cases menu allows you to specify load cases. Up to six load cases can be added and
only one live load case is allowed.
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Load Cases

Label: Type: I DEAD LI
Sefweight | sod | Moy Deletz |
Label | Tupe |

SELF DEAD

Dead DEAD

Live LIVE

Srow DEAD

Wind LATERAL

EQ LATERAL

ok I Cancel

Load Combinations

The Load Combinations menu allows you to specify load combinations as shown.Up to fifty
load combinations can be added.

Load Combinations

SELF Dead Live Shnow Wwind EQ
|14 o Jo Jo jo
sdd | Modiy | Delete |
Comb__ | SELF [ Dead [ Live [ Snow [ wind | EQ |
x 1.4 1.4 0 0 0 0
uz 1.2 1.2 16 05 i i
Uz 1.2 1.2 1 1.6 i i
U4 1.2 1.2 0 1.6 i i
us 1.2 1.2 0 1.6 0.8 i
UE 1.2 1.2 1 05 15 i
u7 1.2 1.2 1 05 16 i
us 0.9 0.4 0 0 15 i
ug 0.9 0.4 0 0 1.6 0
U0 1.2 1.2 1 0z i 1
un 1.2 1.2 1 0z 0 e
U1z 0.9 0.4 0 0 i 1
ME 0.4 0.4 0 0 0 e
] I Cancel

Span Loads

The Span Loads menu allows you to enter superimposed area loads, line loads, point loads,
and moments.
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Span Loads

Current Case:

Spar: |1 vI Copy... M agnitude: ID lB/ft2
Live _l
Snow Type: IArea Load 'l

Span =201t
Caze Copy... | Add | Modify | Delete |
Span Mo. | Type | ‘wi'a | La I “w'b | Lb |
Ok I Cancel

Support Loads and Displacements

The Support Loads and Displacements menu allows you to enter prescribed displacements
and rotations of supports as well as concentrated loads applied directly at support locations.

Support Loads and Displacements

Current Caze: Suppart: Digplacement /Aot ation Farce/Moment:

[ =] Dz [0 in F= [0 kip
ive

Show

Riy: IEI rad k|0 k-t

Modify | Copy... |
Supp Mo | bz | Ry | Fz [ty
1 1] 0 i}
2 0 a i i

K I Cancel

Lateral Effects

The Lateral Effects menu allows you to enter the lateral loads as moments acting on the two
ends of each span.
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Lateral Load Effects

Current Case:
Span: I‘I vl toment at left: IU k-t
Moment at right: |0 et
b odify | Copy... |
Span Mo. | Miet | Mright |
1 1] 1]
(] 8 I Cancel

The Solve Menu contains the Execute, Results and Reporter commands.

Execute... F5
Results... F&
Reporter... F7

Execute

The Execute command executes the solver portion of spSlab. if some data is still required
when this command is executed, spSlab will respond with an “Invalid Model!” error message.
The missing data must be completed before execution. A status window pops up and shows
the status during the execution. If the execution is not successful, an error message will be
shown and the execution is terminated.

y l'} Invalid model!
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Status: Finished.

Erveloping internal forces Completed  »
Estracting support reactions Complated
Combining internal forces Completed
Erveloping internal forces Complated
Input walidation Completed
Flexural design Complated
Shear design Completed
Flexural investigation Complated
Shear and torsion investigation Completed
Checking bar cut-off locations Complated
Section properties Completed
Frame analyziz [DEAD, cracked) Completed

E stracting deflections Completed
Frame analyziz [SUSTAINED. cracked] Completed
Estracting deflections Completed
Frame analyziz [TOTAL, cracked] Completed
Estracting deflections Completed
Deflections Completed

W

Results...

The Results command allows you to execute the spResults module to view the input and
output data after a successful run has been performed.

Reporter...

The Reporter command allows you to execute the spReporter module to generate, view and

print reports after a successful run has been performed.

The View menu commands enable you to

Zoom 1] Zoom In (2x) Ctrl+PgUp
modify the floor system’s appearance on the Pan ZoomOut(0S)  CtrlPgDn
. . . Restore Zoom Window
screen to suit your viewing needs and enable
Plan View

you to view the result diagrams. The View
menu contains the following commands:
Zoom, Pan, Restore, Plan View, Elevated
View, Side View, Isometric View, Change
View Angles, View Options, Loads,
Internal Forces, Moment Capacity, Shear
Capacity, Reinforcement, Deflection and
Duplicate Active View.

Elevated View

Side View

Isometric View
Change View Angles...
View Options...

Loads

Internal Forces
Moment Capacity
Shear Capacity
Deflection

Reinforcement

Zoom Duplicate Active View

The Zoom menu contains a cascade sub-menu, which enables you to zoom in and out on any
portion of your floor system. Select Window from the sub-menu and use the mouse to specify
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a zooming region; the program will enlarge the portion you select. Select the In(2x) or
Out(0.5x) to enlarge or reduce the model by two times, respectively.

Pan

The Pan command allows you to move your model on the plane of the screen. You may move
the model in any direction. The mouse cursor is changed to a palm shape once the Pan
command is selected. Press and hold the left mouse button on the view window and drag to the
new location. After the mouse button is released, the model is moved in the same distance and
direction as the mouse cursor from the original position.

Restore

The Restore command will redraw the floor system in full size. If you have altered your
screen view using the Zoom command, select Restore to restore the figure’s original
proportions.

Plan View

Select Plan View command to show the plan view window.
Elevated View

Select Elevated View command to show the elevated view window.
Side View

Select Side View command to show the side view window.
Isometric View

Select Isometric View command to show the isometric view window.
Change View Angles

The Change View Angle command allows you to modify the angle at which the floor system
is displayed in the Isometric View. The default angles are set at -45 about the X axis and 45
about the Z axis. A more convenient way to change the view angle is to use the keyboard short
cut CTRL + ARROW KEYS. To rotate around Z axis, press CTRL + « or CTRL + =. To
rotate around X axis, press CTRL + t or CTRL + +¥.
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View Options

The View Options command allows you to view selected members of the
floor system in the view windows. Clicking the left mouse button on the o

check boxes next to the items in the dialog box, or tabbing to the member ¥ Slabs

type and pressing the space bar will toggle the selection. spSlab will draw W Columns and capitsls

any members that contain a v* in the box. ¥ Droes
v Longitudinal bearns
Loads ¥ Transverse beams
. . n]4 C |
Select Loads command to show the load view window. | _core

Internal Forces

Select Internal Forces command to show the shear,
moment, and torsion (for beams/one-way slab systems

3:} -- Internal Forces View EI@

only) diagram view window. The analysis and/or design st Nt Solves
must be performed before selecting this command.
Otherwise “Problem Not Solved” message will be shown

instead.

Moment Capacity

Select Moment Capacity command to show the moment capacity diagram view window. The
analysis and/or design must be performed before selecting this command. Otherwise “Problem
Not Solved” message will be shown instead.

Shear Capacity

Select Shear Capacity command to show the shear capacity diagram view window. The
analysis and/or design must be performed before selecting this command. Otherwise “Problem
Not Solved” message will be shown instead.

Reinforcement

Select Reinforcement command to show the reinforcement view window. The analysis and/or
design must be performed before selecting this command. Otherwise “Problem Not Solved”
message will be shown instead.

Deflection

Select Deflection command to show the deflection diagram view window. The analysis and/or
design must be performed before selecting this command. Otherwise ‘“Problem Not Solved”
message will be shown instead.

Duplicate Active View

Select Duplicate Active View to make a copy of the current active view window.
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— The Options menu allows you to change the
Fonts > Graphical, On Screen. startup options of the spSlab program to suit your
crephicl Ot needs. The Options menu contains the following
commands: Colors, Fonts, Startup Defaults,
Reinforcement Database, Toolbar, and Status
Bar.

Startup Defaults...

Reinforcement Database... Text, Classic Results...

"  Toolbar
~  Status Bar

Colors

The Colors command allows you to change the background color, member color, load color,
text color, diagram color, etc. You may save the new colors as default setting, which will be
used when spSlab is executed in the future.

General Results
Itern Calar -~ Item | Calar | A
Background L Deflection [Dead] Dark Blue
Test Black. Deflection [Sustained]  Bright Gr...
Slab Black Deflection [Live) Pirik.
Beam Doark Blue Deflection [Total] Dark Red
Colurnn Teal Internal Forces [Enve... Pink
Drop Dark Red Internal Forces [Capa.. Dark Red
Capital Doark vel... Reinforcement Fed
Tranzverse Beam Green Internal Forces [1U1] “Wiolat
Area Load Fed Internal Forces [IU2) Blue
Point Laad Pink Internal Forces [U3) Turquoize
lina | nad Fraan b Imbarnal Fareas (1147 Taal M
Change color to: Change color to:
wihite ||| |Dark Blue |
[+ Print in Black and \White Printed line thickness: 1
I~ Save settings for fubure use Border line thickness: 1
QK. | Cancel |

Fonts

The Fonts command allows you to select properties of the font that will be used in the on
screen-graphical window, graphical print as well as in classic text result window and output.
Please note that for the Classical text output only non-proportional (fixed width) fonts can be

used
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Fort Fort style:
|Regu|ar

ISOCTEUR
Lucida Console

Lucida Sans Type

Fant: Fant style: Size
[Regular [ OK |

ial Unicode MS  « |Bold Italic w |16 ¥ Monospac821 BT w e v
Effects Sample Sample

[ Strkeout

RaBbYyZ

[ Underine REEDIER yez
Color.

[ [EEES A Script: Script:

|Weetem ﬂ ‘Westem j
Startup Defaults

The Startup Defaults command allows you to | Engneer
Design code: ACH 31814 -
Reinforcement: ’m

enter engineer name, change the default design
code, reinforcement database, and the data
directory which is where the program looks for data | pata foler

when it is executed.

Note: Default values of various design parameters

Startup Defaults

|StructureP0int

|C:\F'r0gram Files

[<BE]StructurePointtspSlab |

] 8 | Cancel |

(e.g. minimum and maximum bar spacing and reinforcement ratio, Young modulus, rupture
modulus, etc.) assumed by the program depend on the design code selected in this dialog box.

Subsequent change of the design code in the General Information dialog box does not reset

values of these parameters to the default values corresponding to the newly selected code. It
may, however, convert these values to different units if the code change is accompanied by a

change of units.

Reinforcement Database

The Rebar Database command allows you to view the
pre-defined reinforcement information and define your
own database. The user-defined database can be
selected from the General Information dialog box.

Reinforcement Database

Current Bar Set

Size: |3
Area: |0110 in"2

Diameter: (0375 in

Weight:  |0.376 b/t

Toolbar

Size | Db [ ab | wib |

. . #3 0.375 0110 0.376

Check the Toolbar command with a v* sign to show the e e 021 058

: : e 0.750 0.440 1502

Toolbar. Select the command again to clear the v* sign bl Py o o

. . #3 1.000 0.790 2E70

to hide the Toolbar. The Toolbar is shown by default. 19 1128 1,000 3400

#10 1.270 1.270 4303

#11 1.410 1.560 5313

#H4 1.693 2250 7650

#148 2257 4.000 13.600

oK | Cancel
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Status Bar

Check the Status Bar command with a v sign to show the Status Bar. Select the command
again to clear the v* sign to hide the Status Bar. The Status Bar is shown by default.

The Window menu enables you to arrange view windows shown on screen. The Window
menu contains the following commands: Cascade, Tile Horizontal and Tile Vertical.

Cascade

The Cascade command displays all the open windows in the same size, arranging them on top
of each other so that the title bar of each is visible. The current active view widow will be on
the top after the execution of the Cascade command.

Cascade
Tile Harizonkal
Tile vertical

1 CYProgram Files) StructurePointlspSlabExamplesiManuallExample 1 - PCA Notes on ACT 318-08 Example §-2.slb -- Plan View

2 C1\Program Files) StructurePointlspSlab) ExamplesiManualExariple 1 - PCA Notes on ACT 318-08 Example 8-2.5lb -- Load View

3 CiiProgram Files) StructurePoint)spSlabl ExamplesiManuallExample 1 - PCA Motes on ACT 3158-08 Example 8-2,slb -- Internal Forces View

4 C:\Program Files) StructureFointlsp3alab) ExamplesiManualExarmple 1 - PCA Notes on ACT 315-08 Example 3-2.slb -- Moment Capacity Wiew
5 :\Program Files\ StructurePoint)spSlab) ExamplesiManual\Exarmple 1 - PCA Notes on ACT 318-08 Example -2, 5lb -- Shear Capacity Yiew

& Ci\Program Files) StructurePointlsp3labl ExamplesiManualExample 1 - PCA MNotes on ACT 318-08 Example 8-2, slb -- Deflection Yiew

7 C:\Program Files\ StructurePoint)spSlab) ExamplesiManual\Exarmple 1 - PCA Notes on ACI 318-08 Example 8-2.5lb -- Reinfarcement Yiew

<

Tile Horizontal

The Tile Horizontal command arranges all open windows horizontally so that no window
overlaps another. The current active view widow will be on the most left or on the upper-left
corner of the screen after the execution of the Tile Horizontal command.

Tile Vertical

The Tile Vertical command arranges all open windows vertically so that no window overlaps
another. The current active view widow will be on the most left or on the upper-left corner of
the screen after the execution of the Tile Vertical command.

Window List

The remaining menu items are in a list of the windows that are available for viewing. Selecting
any window from this menu will bring up or restore the window to its previous size and
position if it was minimized.
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The Help menu includes commands that enable you to obtain
online help for the program and show the copyright and registration

spSlab Info..,

Submit a Question...

information about your software. Mansal
anual...

spSlab/spBeam Info Help..

Tutorial Videos...

Opens information page for the current version of spSlab being e e

used in the default browser. Internet connection is required.
Check for Updates...

Submit a Question Release Notes...

. . . . About spSlab...
Opens the StructurePoint Submit a Question page in the default SR
browser. Internet connection is required.

Manual
Opens spSlab/spBeam Manual in the default browser. Internet connection required.

Help

Uses the default browser to open spSlab/spBeam help. It provides access to all available help
topics. Click on any topic and a help screen will appear with information about that item.
Internet connection is required.

Tutorial Videos

Uses the default browser to open a page containing spSlab/spBeam tutorial videos. Internet
connection is required.

Design Examples

Uses the default browser to open a page containing design examples for StructurePoint
software. Internet connection is required.

Check for Updates
Checks if a newer version of spSlab is available. Internet connection is required.
Release Notes

Uses the default browser to open a page containing release notes for the version of spSlab
being used. Internet connection is required.
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About spSlab

Shows the version number of the program, the licensing information, and the copyright
information. In the case of a trial license, the expiration date is given as well as the locking
code which is needed to obtain a standalone license.

spSlab «5.50

Analysiz, Design, and Investigation of R einforced Concrete
Beams, One-way and Two-way Slab Systems

License Type: 10 zeat network license
License Exp:  Mewer
License Server: SP1[192.168100.155) v.7.2.23

License ID:|00000-0000000-4-25E F2- 22808
Licenzed to:

StructurePaint

STRUCTUREPDINT. LLC
w5 tructurePoint org
Copyright © 2003-2018

All Rights Reserved

All the view windows have one pull-down menu located in the upper left hand corner of the
open window. This is the Control Menu. To access the Control Menu, press CTRL + F6 to
cycle through the windows and press ALT + — (hyphen), to open the Control Menu of the
desired window. The following is a list and a brief description of the commands in this menu.

Restore

The Restore command will restore a window or an icon to its previous size and position. This
menu item is available when the window is iconized or maximized.

33 - Plan View o= | ==
Restore
Move
Size

—  Minimize

o Maximize

x  Close Ctrl+F4

Mext Ctrl+Fo

—

Y
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Move

The Move command moves the window to a new location. Select Move and use the ARROW
KEYS to move the window in the desired direction and select ENTER to accept the new
location.

Size

The Size command resizes a window. Select Size and use the ARROW KEYS to move the
border of the window in the desired direction and select ENTER to accept the new size.

Minimize

The Minimize command reduces a window to an icon and positions it at the bottom of the
screen.

Maximize
The Maximize command enlarges a window to fit your entire screen.

Close

The Close command is used to close a window and return it to an icon and the bottom of the
screen.

Next

The Next command switches among open windows and icons.

D= - & HaA 2T HHMal P Dhbod sl REE @aaacstd B
& Close the current data file if there is one and start a new data file. The equivalent menu
command is File/New.
¢ Open an existing data file on hard disk. The equivalent menu command is File/Open.
=]

Save the current data file to hard disk. The equivalent menu command is File/Save. If you
have not changed the default file name (spSlabl, spSlab2, etc.), the equivalent menu
command is File/Save As.

L= |
=i

Copy Bitmap to clipboard. The bitmap then can be pasted to a word processing or
presentation software such as Microsoft Word or Microsoft PowerPoint.

mh|
[

El

Copy Metafile to clipboard. The metafile then can be pasted to a word processing or
presentation software such as Microsoft Word or Microsoft PowerPoint.
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Open the Data Input Wizard. The Data Input Wizard will guide you to enter the necessary
input to your project. The equivalent menu command is Input/Data Input Wizard.

Enter general information. The equivalent menu command is Input/General
Information.

Enter material properties. The equivalent menu command is Input/Material Properties.

Enter span geometry information for slabs, longitudinal beams, and ribs. The equivalent
menu command is Input/Spans.

Enter support information for columns, drop panels, column capitals, and transverse
beams. The equivalent menu command is Input/Support.

Enter reinforcement criteria for slab and ribs, and beams. The equivalent menu command
is Input/Reinforcement Criteria.

Enter reinforcing bar information for column strips, middle strips, beams, and beam
stirrups. This button is disabled if Design run mode is selected from the General
Information dialog box. The equivalent menu command is Input/Bars.

Enter load cases. The equivalent menu command is Input/Load Cases.
Enter load combinations. The equivalent menu command is Input/Load Combinations.
Enter span loads. The equivalent menu command is Input/Span Loads.

Enter support loads and displacements. The equivalent menu command is Input/Support
Loads and Displacements.

Enter lateral effects. The equivalent menu command is Input/Lateral Effects.

View plan geometry. The equivalent menu command is View/Plan View.

View elevated geometry. The equivalent menu command is View/Elevated View.
View side geometry. The equivalent menu command is View/Side View.

View isometric geometry. The equivalent menu command is View/Isometric View.
Execute the analysis and/or design. The equivalent menu command is Solve/Execute.
Print preview window. the equivalent menu command is File/Print Preview.

View loads. The equivalent menu command is View/Loads.

View internal forces within the whole system or a single span. The equivalent menu
command is View/Internal Forces.

View moment capacity of the whole geometry or a single span. The equivalent menu
command is View/Moment Capacity.

View shear capacity of the whole geometry or a single span. The equivalent menu
command is View/Shear Capacity.

View deflection of the whole geometry or a single span. The equivalent menu command is
View/Deflection.
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View flexure reinforcement for beam strip, middle strips, and column strips. View shear
reinforcement for beam strips. The equivalent menu command is View/Reinforcement.

Zoom in view window to magnify the system. The equivalent menu command is View/
Zoom/In(2x).

Zoom out view window to reduce the system. The equivalent menu command is View/
Zoom/Out(0.5x).

Zoom any part of a view window. The equivalent menu command is View/Zoom/
Window.

Move the model in the screen plane. The equivalent menu command is View/Pan.
Restore a view window. The equivalent menu command is View/Redraw.
View results. The equivalent menu command is File/Results.

View report. The equivalent menu command is File/Reporter.
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In this chapter, the sections follow the order in which commands and options appear beginning
with those found under the File menu and ending with those under the Help menu.

Many of the commands and options that appear under these menus are also accessible by other
methods. Consequently, these other methods are also explained.

When spSlab/spBeam is loaded, the program is ready to begin receiving input for a new project.
Until you save the file, the data will not have a filename associated with it, and the title bar will
display the word spSlabl or spBeaml as illustrated here:

€0 spSlab - spSlab
File Input 5Solve View Options Window Help

* From the File menu, choose New. This clears the screen in preparation for a new project
or data entry file and returns the program to its default settings.

» Ifexisting data on an open project has been changed prior to executing the New command,
the program will display the following message box inquiring whether you wish to save
the data on the open project or data file before creating a new file:

r -'\'-I Save changes to Example 1 - PCA Motes on ACl 318-Example
¥ B8-2slb?

Yes Mo Cancel

spSlab allows you to open data files that were saved at an earlier time including files from
previous versions of spSlab and spBeam as well as pcaSlab, pcaBeam, or ADOSS. Note that the
extension name of an ADOSS .ADS and the extention name of a pcaBeam v1.01 file is .BMS.
Both pcaSlab and pcaBeam v1.5x use files with the .SLB extension.

* From the File menu, choose Open and a dialog box will appear.
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All files with the .SLB extension contained in the current drive and directory are displayed
in the FILE NAME list box. To view files with a different extension, use the file type drop-
down menu to choose a different file extension.

To open a file that exists in another drive or directory, select the drive or directory you
want from the LOOK IN drop-down list.

From the FILE NAME list box, select the file to be opened, or simply type its name in the
text box.

Choose the OK button.

Alternatively, an input file can be opened by spSlab if the file is drag-and-dropped onto
the program window or if the file pathname is provided as a command line parameter
when invoking spSlab from the command prompt.

« v P < StructurePoint » spSlab » Examples » Examples-Manual v O Search Examples-Manual p=]
Organize - Mew folder ==~ m @
I This PC ~ MName Date modified Type Size
_J 3D Objects D Example 1 - PCA MNotes on ACI 318-Example 8-2.., AutoCAD Slide Lib... 3KB
= A360 Drive DExampIeZ-PCA MNotes on ACI 318-Example 13-... AutoCAD Slide Lib... 2KB
I Desktop D Example 3 - Structural Concrete by Hassoun-Ex... AutoCAD Slide Lib... 4KB
. D Example 4 - Design of Concrete Structures by N... AutoCAD Slide Lib... 3KB
|| Documents 8 5 -
D Example 5 - PCA Motes on ACI 318-Example 20-... AutoCAD Slide Lib... 4KB
4 Downloads
J‘s Music
&= Pictures
B Videos
RG] [
= 05(C) ol= 5
File name: | Example 3 - PCA MNotes on ACI 318-Example 20-2.slb V| spSlab/spBeam Files (*.slb) ~

Figure 4-1 Open Dialog Box

spSlab files are saved in a binary format with .SLB extensions.

At any time while editing a data file that has previously been saved under a file name,
choose File and Save to save the changes under the same file name, overwriting the old
file. From the File menu, select the Save command before giving the data file a name dis-
plays the Save As dialog box.
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From the File menu, select Save As, and a dialog box will appear.

All files with. SLB extensions contained in the current drive and directory are displayed in
the File Name list box.

To save the file to a drive or directory other than the default, select a different drive or
directory from the Save In drop-down list.

Choose OK button

< - 4 « spSlab » Examples » Examples-Manual v | & Search Examples-Manual Pl
Organize * New folder =~ @
& This PC " Name Date modified Type Size
0 3D Objects D Example 1 - PCA Notes on ACI 318-Example...  12/10 AM  AutoCAD Slide... 3KB
= A360 Drive D Example 2 - PCA Notes on ACI 318-Bxample... 12 AutoCAD Slide... 2KB
B Desktop [(7) Example 2 - Structural Concrete by Hassoun-... 12 AutoCAD Slide... 4KB
- [0 Exsmple 4 - Design of Concrete Structures b.., 12 AutoCAD Slide... 3KB
[ Documents A o )
[E2) Example 5 - PCA Motes on ACI 318-Bample... 12 AutoCAD Slide... 4KB
4 Downloads
B Music
&1 Pictures h
File name: | spSlabl.slb -
Save as type: | spSlab Files (*.slb) ~
~ Vi Foldes Conc

Figure 4-2 Save As Dialog Box

New Ctrl+N
Open.. Ctl+0
Close Ctrl+Q
Save Ctrl+S
Save As..

Classic Results..

Print Preview..

Print Setup..

1 ACN4-OneWay-Investigation.slh

2 ACN4-OneWay-Design.sih

3 CSAT4-M-TwoWay-Design- TransverseBand-Exterior.slb
4C5414-OnelWay-Design.shh

Bt

Figure 4-3 Most Recently Used File List (MRU)
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The Most Recently Used Files (MRU) list shows the four data files that were opened most
recently. Selecting a data file from this list makes it easier and faster to open the file. The list is
empty when the program is executed for the first time.

The Data Input Wizard is designed to make the inputting process easier. By selecting the Data
Input Wizard from Input menu or selecting “ from the tool bar, a logical sequence of dialog
boxes will automatically be displayed allowing you to enter data for your floor system.

The General Information command allows you to enter labels, design code, reinforcement
database, run mode, and the frame information needed by spSlab to proceed with the input
process. You must choose this command before doing any further inputting since this command
affects the availability of the commands in the Input menu.

To enter general information:

* Select the General Information command from the Input menu or click the i button
from the tool bar. The dialog box of Figure 4-4 will appear.

» Enter the project name, frame name, and engineer name in the Label frame box.

» Select the building standard you want your floor system to be designed to (ACI 318-14,
ACI318M-14, ACI318-11, ACI318M-11, ACI318-08, ACI318M-08, ACI 318-05,
ACI 318M-05, ACI 318-02, ACI 318M-02, ACI 318-99, ACI 318M-99, CSA A23.3-14,
CSA A23.3-14E, CSA A23.3-04, CSA A23.3-04E, CSA A23.3-94, CSA A23.3-94E)
from the Option frame box.
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General Information x General Infermation
General Information ] Span Control | Solve Options | General Information ] Span Control | Solve Options |
Labels Labels
Project: | Project: |
Frame: | Frame: |
Engineer: |Structunepoint Engineer: |Structurepoint
Cptions Run mode Cptions Run mode
Design code: ACI 31814 - * Design Design code: ACI 31814 - {* Design
Reinforcement:  |ASTM A615 hd ™ Investigation Reinforcement:  |ASTM AB15 - " Investigation
Frame Floor System Frame Floor System
No. of Supports: |2 @ Two-Way No. of Supports: |2 " Two-Way
™ Left cantilever [ Right cantilever " One-Way/Beam ™ Left cantiever [ Right cantilever * One-Way/Beam
Other Other
™ Distance location as ratio of span I Distance location as ratio of span
OK | Cancel | OK | Cancel |
a) b)

Figure 4-4 General Information dialog box (a) two-way system (b) beam and one-way
system

» Select the DESIGN or INVESTIGATION from the RUN MODE frame box.

* In the FRAME box, enter the Number of supports of the frame. The default number of sup-
ports is 2. The minimum and maximum number of spans is 1 and 20 spans, respectively.
Therefore the minimum number of supports is 2 and the maximum number of supports is
21.

*  Check the LEFT CANTILEVER and/or RIGHT CANTILEVER check boxes if left cantilever and/
or right cantilever exist in the frame respectively.

* In the FLOOR SYSTEM frame box, select TWO-WAY or BEAMS/ONE-WAY slab option.

* Select NONE, LONGITUDINAL, or TRANSVERSE in SLAB BAND box if a two-way floor sys-
tem is selected for the CSA A23.3-14/04 design code.

*  Check the DISTANCE LOCATION AS RATIO OF SPAN if the locations of loads need to be
entered as a ratio of the length of a span.

» Press OK button to exit the dialog box and allow spSlab to use the new data. If using the
Auto Input, click the NEXT button to the next dialog box.

The Solve Options command allows you to select options and specify parameters that affect the
analysis and design results. Changing these settings involves engineering judgment and it has to
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be done cautiously. To take effect, this command must be used prior to the Execute command. The
set of parameters is different for two-way and one-way systems.

To specify solve options for two-way systems:

Enter the live load pattern ratio.
Check COMPRESSION REINFORCEMENT checkbox if it is to be considered when needed.

Check USER SLAB STRIP WIDTH to enable manual input of column strip width. The default
values are calculated according to design code selected. The validity of the assumptions
when entering user defined values are to be decided by the Designer.

Check USER DISTRIBUTION FACTORS to enable manual input of moment distribution fac-
tors. The default values are calculated according to design code selected. The validity of
the assumptions when entering user defined values are to be decided by the Designer.

Check DECREMENTAL REINFORCEMENT DESIGN to use alternative reinforcement design
algorithm.

Check COMBINED M-V-T REINF. DESIGN to proportion longitudinal reinforcement for
combined action of flexure, shear, and torsion. This option is available only when CSA
A23.3-14 or CSA A23.3-04 are selected.

Check ONE-WAY SHEAR IN DROP PANELS to include drop panel cross-section in slab one-
way shear capacity calculations in support locations.

Check DISTRIBUTE SHEAR TO SLAB STRIPS to distribute slab one-way shear between col-
umn and middle strips in proportion to moment distribution factors.

Check BEAM T-SECTION DESIGN to include portions of slab as flanges in beam cross-sec-
tion for reinforcement design.

Check LONG. BM. SUPT. DESIGN to include cross-section of longitudinal beam in rein-
forcement design for unbalanced moments over supports. This feature can be useful for
slabs having wide longitudinal beams. When used together with USER DISTRIBUTION FAC-
TORS, it can produce solutions consistent with the solutions for models with longitudinal
slab bands for CSA A23.3-14/04 code.

Check TRANS. BM. SUPT. DESIGN to include cross-section of transverse beam in reinforce-
ment design for negative moments and unbalanced moments over supports. This feature is
useful for slabs having wide transverse beams. When used together with USER DISTRIBU-
TION FACTORS, it can produce solutions consistent with the solutions for systems with
transverse slab bands for CSA A23.3-14/04 code.
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Enter the multiplier that defines the distance between a column face and a free edge of a
slab, within which a segment of punching shear critical section is to be ignored.

Select whether circular critical section around circular supports is to be used or traditional
equivalent rectangular critical section.

Choose if GROSS (UNCRACKED) or EFFECTIVE (CRACKED) sections are to be considered in
the deflection calculations.

Choose if in the case of a section with flanges in the negative moment region, only the
web (RECTANGULAR SECTION) or the whole section (T-SECTION) is to be used to calculate
the gross moment of inertia (Ig) and the cracking moment.

Check CALCULATE LONG-TERM DEFLECTIONS checkbox if you want the program to calcu-
late long-term deflections. Provide the duration of load in months and the percentage of
the live load which is considered as sustained load.

ACI

General Infermation

General Information

- General Information ] Span Control  Solve Options
General Information ] Span Cortrol  Solve Options

Design Opti
Design Options esign Options

Live load pattem ratio:

™ Compression Reinforcement
™ Decremental Reinf. Design

I” Oneway Shear In Drop Panels
[+ Distribute Shearto Slab Strips

Critical section for punching shear
lgnore side on a free edge if within

75 %

I~ User Slab Strip Widths

[~ User Distribution Factors
[v¥ Beam T-Section Design
™ Long. Bm. Supt. Design
[~ Trans. Bm. Supt. Design

5 times the slab

thickness from the face of the support.

Deflection calculation options
Sections to use in deflection calculations are

" Gross {uncracked) {+ Effective (cracked)
In negative moment regions, to calculate Ig and Mer use

I¥ se circular critical section around circular supports (f possible).

* Rectangular Section

[+ Calculate longtem deflections
Duration of load

60 morths

(" T-Section

Sustained part of live load

o =
ok |

Cancel

Live load pattem ratio:

I Compression Reinforcement
™ Decremental Reirf. Design

[~ Torsion Analysis and Design

o
.

Deflection calculation options

100 %

™ Effective flange width
™ Rigid beam-column joirt
™ Moment Redistribution

Sections to use in deflection calculations are

" Gross (uncracked)

(+ Effective (cracked)

In negative moment regions, to calculate lg and Mer use

* Rectangular Section

" T-Section

¥ Calculate long4erm deflections

Duration of load Sustained part of live load
IED— months ’D— %

o]

Cancel

b)
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CSA

General Information General Information

General Information ] Span Control  Solve Options General Information ] Span Control  Solve Options
Design Options Design Options = -
Live load pattem ratio: 100 % Live load pattem ratio: |73 %
™ Compression Reinforcement [~ User Slab Strip Widths

™ Compression Reinforcement I~ Effective flange width
I Decremental Reinf. Design I™ Rigid beam-column joint
I Combined M-V-T Reinf. Design v Moment Redistribution
[~ Torsion Analysis and Design

™ Decremental Reinf. Design ™ User Distribution Factors
™ Combined M-V-T Reirf. Design [~ Beam T-Section Design
™ One-way Shear In Drop Panels [~ Long. Bm. Supt. Design
I Distribute Shearto Slab Stips [~ Trans. Bm. Supt. Design

& & Critical section for punching shear

~ ~ Ignore side on a free edge f within -~ |5 limes the slab
effective depth from the face of the support.
Deflection calculation options I¥ Use circular critical section around circular supports (if possible).
Sections to use in deflection calculations are

Deflection calculation options

" Gross (uncracked) f¢' Bfective (cracked) Sections to use in deflection calculations are
In negative moment regiong, to calculate Ig and Mer uze " Gross {uncracked) (+ Effective (cracked)
%" Rectangular Section " T-Section In negative moment regions, to calculate lg and Mer use
[¥ Calculate long+em deflections (¥ Rectangular Section " T-Section
Duration of load Sustained part of live load
IED— 'D— . [V Calculate longterm deflections
months £ Duration of load Sustained part of live load
60 months 0 %

oK | Cancel | QK | Cancel |
d)

Figure 4-5 Solve Option (a, d) two-way system (b,c) beam and one-way system

To specify solve options for beams/one-way slab systems:

Enter the live load pattern ratio. The default value for beams/one-way slab systems is
100%.

Check COMPRESSION REINFORCEMENT checkbox if it is to be considered when needed.

Check DECREMENTAL REINFORCEMENT DESIGN to use alternative reinforcement design
algorithm.

Check COMBINED M-V-T REINF. DESIGN to proportion longitudinal reinforcement for

combined action of flexure, shear, and torsion. This option is available only when CSA
A23.3-14 or CSA A23.3-04 are selected.

Check EFFECTIVE FLANGE WIDTH if instead of the full flange width only the effective
flange width is to be considered in the flexural design.

Check RIGID BEAM-COLUMN JOINT to consider beam-column joint as rigid.

Check TORSION ANALYSIS AND DESIGN if they are to be included in the solution. This
option has to be checked for the TORSION TYPE and STIRRUPS IN FLANGES options to be
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enabled. Also torsional loads will only be available in the TYPE combo box of the SPAN
LoADSs dialog box if this option is checked.

* Check MOMENT REDISTRIBUTION checkbox if it is to be considered in the analysis. This
option has to be checked for the MOMENT REDISTRIBUTION tab to be available in the SUP-
PORT DATA dialog box.

* If TORSION ANALYSIS AND DESIGN is checked then select if EQUILIBRIUM or COMPATIBIL-
ITY torsion is to be considered and if for sections with flanges STIRRUPS IN FLANGES can
be considered.

* Choose if GROSS (UNCRACKED) or EFFECTIVE (CRACKED) sections are to be considered in
the deflection calculations.

* Choose if in the case of a section with flanges in the negative moment region, only the
web (RECTANGULAR SECTION) or the whole section (T-SECTION) is to be used to calculate
the gross moment of inertia (Ig) and the cracking moment.

* Check CALCULATE LONG-TERM DEFLECTIONS checkbox if you want the program to calcu-
late long-term deflections. Provide the duration of load in months and the percentage of
the live load which is considered as sustained load.

The Span Control tab allows you to perform different operations on the spans that your system
consists of. These operations include inserting new spans with default parameters, creating new
spans by copying existing spans, moving spans to change span sequence, and deleting spans. The
result of an operation depends on the span selected as well an on the selected support. Spans can
be selected using the Span Control List and columns using the Support Selection radio buttons.

General Information X

General Information  Span Corntrol I Solve Options I
Support Selection State

(% Left Support " Right Support m
Span Control List Restore

New# |0Oid% | SupL/R|Copy |

- XCL =] Q

1 1 1/2

2 1 2/1 > Insert
3 1 141

*CR 14- Before
<

Figure 4-6 Span control tab
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Additionally before the Span Control window is closed all changes made to the spans can be
revoked using the RESET ALL button. The RESTORE button can be used to bring back a span
removed using the DELETE button.

To insert a new span with default dimensions:

* In the SPAN CONTROL LIST select the span next to which you want to insert a new span.

» Select whether the LEFT SUPPORT or the RIGHT SUPPORT of the newly created span will be
inserted.

» Press INSERT BEFORE button to insert the new span left to the selected span or INSERT
AFTER button to insert the new span on the right side of the currently selected span.

* Examples of the insert operations are presented in Figure 4-7. Assuming that Span 2 is
always selected the resulting systems will depend on whether INSERT AFTER or INSERT
BEFORE was used and whether LEFT COLUMN or RIGHT COLUMN was selected. Newly
inserted span and column are denoted with an “x”.

To copy a span:

* In the SPAN CONTROL LIST select the span you want to copy.

* Select whether the LEFT SUPPORT or the RIGHT SUPPORT of the copied span will be copied
with the span.

* Press INSERT BEFORE button to place the copied span left to the selected span or INSERT
AFTER button to place the copied span on the right side of the currently selected span.

» Examples of the insert operations are presented in Figure 4-8. Assuming that Span 2 is
always selected the resulting systems will depend on whether COPY AFTER or COPY
BEFORE was used and whether LEFT COLUMN or RIGHT COLUMN was selected. Newly
created span and column are denoted with the prime sign.
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[1] 2] [3] > 1] 2] [x] [3]
I T I

Column: Left

[ 2] [3] >|1_II7IIYII?I
S b oo 6EN L o b o o

Column: Right

[1] [2] [3] > [1] [x] [2] [3]
FTT g 11Tl

Column: Left

[1] [2] [3] > [1] [x] [2] [3]
T TE I TTT

Column: Right

Figure 4-7 Inserting a new span using Span Control
To move a span:

* In the SPAN CONTROL LIST select the span you want to move.

* Select whether the LEFT SUPPORT or the RIGHT SUPPORT of the moved span will be moved
with the span.

* Press MOVE BEFORE button to move the span to the left or MOVE AFTER button to move
the span to the right side.
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FT T le 0T 1711

Column: Left

[1] [2] [2] [3]

FT Tl LT 1711

Column: Right

[1] [2] [2] [3]

FT T g [T 111

Column: Left

] [2] [3] > 1] 2] [2] [3]
Lol L m D DD D]

Column: Right

Figure 4-8 Copying a span using Span Control

Examples of the move operations are presented in Figure 4-9. Assuming that Span 2 is always
selected the resulting systems will depend on whether MOVE AFTER or MOVE BEFORE was used
and whether LEFT COLUMN or RIGHT COLUMN was selected.

[1] [2] [3] > [1] [3] [2]
b b b eE o b ¢ &

Column: Left

[1] [2] [3] > [1] [3] [2]
Span: 2
Column: Right
[1] [2] [3] > [2] [1] [3]
J} é £ é Move Before é) 4} (g é
Span: 2
Column: Left
[1] [2] [3] > [2] [1] [3]
4} é J;) é Move Before <£ J;) é} &
Span: 2
Column: Right

Figure 4-9 Moving a span using Span Control



slablsbeam

To delete a span:

* Inthe SPAN CONTROL LIST select the span you want to delete.

» Select whether the LEFT SUPPORT or the RIGHT SUPPORT of the deleted span will be
removed with the span.

» Press the DELETE button to delete the selected span.
Examples of the delete operations are presented in Figure 4-10. Assuming that Span 2 is always

selected the resulting systems will depend on whether LEFT COLUMN or RIGHT COLUMN was
selected.

[1] [2] [3] > [1] [3]
Span: 2
Column: Left

[1] [2] [3] > [1] (3]
Span: 2
Column: Right

Figure 4-10 Deleting a span using Span Control

The Material Properties command from the Input menu allows you to input material properties
of the concrete and the reinforcement. There are two tabs in this dialog box. One is for concrete
and the other is for reinforcing steel. This command must be executed in order to perform a design
of the floor system. Use the tab key to get to each edit box then type in your values, or use your
mouse and click directly on the desired tab and box, then type in your values. Refer to "Material
Properties" for a detailed explanation of the default values.

To define material properties:

* Select the Material Properties command from the Input menu or click the E button on
the tool bar. The dialog box of Figure 4-11 will appear.
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Concrete l Reinforcing Steel ]

Slabs and
Beams Columns

Unit density: [150] 150 bAt3
Comp. strength: 4 4 lesi
Young's modulus:  |3834.3 38343 kesi

Rupture modulus: |0.47434 0.47434  ksi

Copy =

QK | Cancel |

Figure 4-11 Concrete Properties dialog box

* Click the Concrete tab and enter the concrete density for the following members: Slabs,
Beams, and Columns.

* Enter the concrete compressive strength. By entering a value for the compressive strength,
values for Young’s modulus and rupture modulus will automatically be computed for the
slabs, beams, and columns. Young’s modulus and rupture modulus will automatically be
shown in the corresponding text boxes.

» If you have values for the rupture modulus, f,, enter the values in the text boxes for the

slabs, beams, and columns. Default values are computed based on fc These values will be

used for deflection analysis. A large value for the rupture modulus will produce a deflec-

tion analysis based on gross, non-cracked, sections. The CSA A23.3 standard requires!®’

that for the calculation of deflections half the value of rupture modulus be used. spSlab
defaults to this value of the rupture modulus for the slab (both one-way and two-way) and
beam concrete in CSA A23.3-14/04 design runs and for two-way slabs in CSA A23.3-94
design runs. For beams and one-way slabs per CSA A23.3-94, however, the full value of
rapture modulus has to be used and the program will provide it as default in this case. It is
strongly recommended, however, that the user verifies what value of f; is actually entered

in the program since the default value can be inadvertently overwritten or carried over
from a previous run.

» If precast concrete is used, check PRECAST CONCRETE checkbox.

» Click the Reinforcing Steel tab as shown in Figure 4-12.

199. CSA A23.3-14,9.8.2.3; CSA A23.3-04, 9.8.2.3; CSA A23.3-94, 13.3.6
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Concrete  Reinforcing Steel l

Yield stress of flexural steel: [60] kesi
Yield stress of stimups: 60 kesi

Young's modulus: 25000 kesi

™ Reinforcing bars are epoxy-coated.

oK | Cancel |

Figure 4-12 Reinforcing Steel Properties dialog box

» Enter the yield stress of flexure steel.
* Enter the yield stress of stirrups.
* Enter the Young’s modulus for flexural steel and stirrups.

» Select whether the main reinforcement is epoxy-coated by clicking the left mouse button
on the box or tabbing to the box and pressing the SPACE BAR. This selection affects
development lengths.

» Press OK button to exit the dialog box so that spSlab will use these material properties. If
using the Auto Input, click the NEXT button to the next dialog box.

The Spans command from the Input menu is available for all floor systems. Span numbers, which
are determined from the number of supports entered in the General Information box, are
automatically filled into the Span drop-down list in the Span Data dialog box.

To input slab geometry:

1. Select the Spans command from the Input menu or click the = button on the tool bar.
Click the left mouse button on the Slabs tab. The dialog box of Figure 4-13 will appear.

2. Select the number of the span, for which dimensions will be entered, from the Span drop-
down list.
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Span Data X

Slabs/Fanges l Longitudinal Beams ] Ribs ]

Length: 25 ft Width Left: |0 ft

Span: d
Thickness: |0 in Width Right: |0 ft
Location: |Interior -
Modfy | Copy.. |
Span No. | Location | Length | Thickness | Width-L | width-R |
1 Interior 25 o 0 0

2 Interior 15 o 0 0
3 Interior 20 0 0 0

OK | Cancel |

Figure 4-13 Defining the slabs dialog box

Select the span location from the Location drop-down list. Three types of locations are
available: Interior, Exterior Left, and Exterior Right. The "left" and "right" are defined as
you look along the direction of analysis. If a span has design strips on both sides it should
be an "Interior" span. If a span has only a left design strip, it should be an "Exterior Right"
span. If a span has only a right design strip, it should be an "Exterior Left" span.

Enter the slab thickness of the span.

Enter the span length from column centerline to column centerline or edge to column
centerline for the two cantilever spans in the Length edit box. If the program detects a
cantilever span length less than one-half the column dimension in the direction of analysis,
an error message will pop up when the frame is analyzed. If a partial load is affected by
the span length, a message warns the user of this condition.

Enter the span design width in the transverse direction of analysis on the left and right side
of the column (see Figure 4-14). These distances are usually one-half the distance to the
next transverse column or edge of the slab for exterior spans. The left and right
designations are arbitrary. Both interior and exterior spans may be used in a design strip.
An exterior width will automatically be designated by spSlab by entering a width value
less than or equal to the transverse column dimension. Exterior sides do not contribute to
the attached torsional stiffness, although they do contribute to loading. spSlab will use the
total width entered for weight and superimposed loading but will use code allowed
dimensions for flange width and stiffness computations.
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Figure 4-14 Required Slab Dimensions

Press the MODIFY button to update the slab geometry.

Repeat steps 2 through 7 until all the spans have been updated. You can use the CorPy
button as a shortcut.

Press OK button to exit the dialog box and allow spSlab to use the updated slab geometry.

Longitudinal beam dimensions are required for the beam-supported slab. Span numbers, which

are determined from the number of supports entered in the General Information box, are
automatically filled into the Span drop-down list.

To input longitudinal beam geometry:

1.

Select the Spans command from the Input menu or click the = button on the tool bar.
Select Longitudinal Beams tab from the Span Data dialog box. The dialog box of Figure
4-15 will appear.

Select the span number from the Span drop-down list.

3. Enter the width of the longitudinal beam (Figure 4-16).

Enter the depth of the longitudinal beam which is taken from the top of the slab to the
bottom of the beam (Figure 4-16).

If required, enter the offset which is measured from the joint centerline, positive to the
right, and negative to the left of the joint (Figure 4-16)

Press the MODIFY button to update the longitudinal beam geometry.
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Slabs/Flanges Longitudinal Beams |Hjb5 I

Span: - Width: Iﬂ in
Depth: ID in
Modify I Copy.
Span No | width | Depth |
1 0
2 0
3

ok | Cancel |

Figure 4-15 Longitudinal Beam Geometry dialog box

7. Repeat steps 2 through 6 until all the beams have been updated. You can use the CoPy

button as a shortcut.

8. Press OK button to exit the dialog box so that spSlab will use the new beam geometry.

g

«— Beam Depth

_

Width

Figure 4-16 Required Longitudinal Beam Dimensions

For joist systems, you must define the rib geometry. The ribs are assumed to be the same

throughout the strip.
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To enter rib geometry:

Select the Spans command from the Input menu or click the = button on the tool bar.
Click the left mouse button on the Ribs tab. The dialog box of Figure 4-17 will appear.

SIabs;"FIanges] Longitudinal Beams ~Ribs l

Span: - Width at Bottom: |0 in Depth: |0 in
Clear Spacing at Bottom: |0 in
Modfy | Copy... |
Span No. | Widith at Bottom | Depth | Clear Spacing at Bottom
1 0 0 0
2 o ] o
3 o ] o

Cancel |

0K

Figure 4-17 Ribs Geometry dialog box

Select the span number from the Span drop-down list.

Enter the spacing between ribs at the bottom for clear rib spacing (see Figure 4-18).

Top Slab
1 / Thickness |

y

3

12

1

Clear Rib
‘ Spacing
L Rib Width at Bot’[omA

Figure 4-18 Required Rib Dimensions
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Enter the width at the bottom for rib width (see Figure 4-18).
Enter the depth of the rib below the slab for Rib depth (see Figure 4-18).

Press OK button to exit the dialog box so that spSlab can use the rib geometry.

This command is only available for two way floor systems when Slab Bands | Longitudinal
option is selected under the General Information dialog box, (CSA A23.3-14/04 only).

The Longitudinal Slab Bands property page (Figure 4-19) allows inputting the width, depth, and
offset (eccentricity) of longitudinal slab bands in each span. The procedure is identical to the

described earlier input of dimensions of longitudinal beams. It is not required to input bands for
every span. Spans where slab bands are not defined are modeled similar to regular two-way
systems. Longitudinal slab bands can also be extended to adjacent spans using drop panels.

To input geometry for longitudinal slab band:

1.

Al A

o

Select the Spans command from the Input menu or click the ~ button on the tool bar.
Click the left mouse button on the Longitudinal Bands tab. The dialog box of Figure 4-19
will appear.

Select the span number from the Span drop-down list.
Enter the width of the longitudinal slab band.
Enter the depth of the longitudinal slab band from the top of the slab.

If required, enter the offset which is measured from the joint centerline, positive to the
right, and negative to the left of the joint (See Figure 4-15)

Press the MODIFY button to update the longitudinal slab band geometry.

Repeat steps 2 through 6 until all the slab bands have been updated. You can use the COPY
button as a shortcut.

Press OK button to exit the dialog box longitudinal slab bands can either be continuous (at
every span) or be discontinuous (at a single span or in successive spans). However,
discontinuous Longitudinal bands are required to be capped by a half drop panel at the
discontinued support.
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Slabs/Flanges ~Longitudinal Bands l

Span: I - Width: 100 in Offset: |0 in

Depth: |28 in
Modfy | Copy.. |
Span No. | width | Depth | Offset
1 100 28 0
2 100 28 0
3 100 28 0
4 100 28 0

ok | cancel |

Figure 4-19 Longitudinal Slab Bands Geometry dialog box

User has the ability to manually adjust column strip widths if the two-way floor system option is
selected in Solve Options. In this case the Slab/Flanges property page (Figure 4-20) will contain
additional field for inputting column strip width. The values of middle and beam strip widths are
recalculated internally.

To manually adjust column strip widths:

* Enable check box User Slab Strip Width under Solve Options dialog window.
* Follow the procedure described in section Defining Slabs/Flanges.

* Enter additional values of column strip width for each span.
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Span Data X

Slabs/Flanges l Longitudinal Beams ] Ribs ]

Length: 20 ft Width Left: |10 ft
Span: 1

Thickness: |12 in Width Right: |10 ft
Location: |Interior hd

Column Strip: |10 ft

Modfy | Copy.. |
Span No. | location | Length | Thickness | Width-L Width-R Col Strip
1 Interior 20 12 10 10 10

2 Interior 20 12 10 10 10

oK | Cancel |

Figure 4-20 User Defined Column Strip Widths

User has the ability to manually adjust moment distribution factors if the two-way floor system
option is selected in Solve Options. In such case the Moment Distribution property page (Figure
4-21) will become available under Span Data dialog window. This dialog contains fields for
inputting distribution factors in column and beam strips. The distribution factors for middle strip
are recalculated internally.

To input Moment Distribution Factors:

1. Enable check box User Distribution Factors under Solve Options dialog window.

2. Select the Spans command from the Input menu or click the ~ button on the tool bar.
Click the left mouse button on the Moment Distribution tab. The dialog box of Figure 4-
22 will appear.

3. Select the number of the span, for which values will be entered, from the Span drop-down
list.

4. Enter moment distribution values in edit boxes.
5. Press the MODIFY button to update the slab geometry.

6. Repeat steps 2 through 5 until all the spans have been updated. You can use the COPY
button as a shortcut.

7. Press OK button to exit the dialog box.



Column data is optional. If no column is specified at the joints the joint is assumed hinged. You
will be allowed to enter column dimensions above and below.
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Span Data

Slabs/Fanges ] Longitudinal Beams ] Ribs

Moment Distribution ]

Meg. Left: Meg. Right: Positive:
Span: N -
Beam [0.25 0.35 [0.25
Column [0.45 0.65 0.45
Modfy | Copy.. |
Span No. | B.Meg. Left | B.Meg Right | B.Positive C.Meg Lleft | C.MNeg.Right | C.Positive
1 0.35 0.25 0.25 0.65 0.45 0.45
2 0.25 0.35 0.25 0.45 0.65 0.45

ok |

Cancel |

Help

Figure 4-21 User Defined Moment Distribution Factors

To input column/capital geometry:

1.

Select the Supports command from the Input menu or click the £ button on the tool bar.
The dialog box of Figure 4-22 will appear. Click on the Columns tab.

Enter stiffness share of the column which determines the percentage of the column
stiffness used in the analysis. When the percentage lies between zero and 100%, the joint
stiffness contribution by the column is multiplied by that percentage. Zero stiffness share
indicates a pin support. Value of 999 indicates a support with fully fixed rotation. The
default value 1s 100%, i.e. the actual column stiffness.

Enter the column height above, which is the distance from the top of the design floor to the
top of the floor above (see Figure 4-23). spSlab obtains the clear column height above by
subtracting the average slab depth from the height given. Only the slab is considered for
the floor system above. A zero dimension for the column heights above and below will

create a pin condition.
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Support Data

Support:

1 hd Above:

Columns l Drop Panels ] Column Capitals ] Transverse Beams ] Boundary Conditions ]

Height {ft)

c1n)

c (in)

[10 [12

[12

Stiffness share %: 100 Below: |1D |12 |12
¥ Check punching shear around column [ Increase GammaF
Modify | Copy... |
Sup... |Siffn [ HA  [c1A [c2a  [HB  |c1B [c2B [ Shear | Gamma |
1 100 10 12 12 10 12 12 Yes No
2 100 10 12 12 10 12 12 Yes No

OK

| Cancel | Help |

Figure 4-22 Column Geometry dialog box

4. Enter the column height below, which is the distance from the design floor to the top of the
floor below (see Figure 4-23). To obtain a clear column height below, the slab/drop/beam
depth is subtracted from the height given. A zero dimension for the column heights above
and below will create a pin condition.

Column
Height
Above
Co Design
i Floor
fe—C1—= Column
Height
Below

Direction of Analysis

Figure 4-23 Required Column Dimensions

5. Enter a value for c1, the column dimension in the direction of analysis (see Figure 4-23).
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6. Enter a value for ¢2, the column dimension perpendicular to the direction of analysis (see

Figure 4-23). Round columns are specified with a zero input for c2; cl is then taken as the
diameter.

7. Select whether spSlab should compute punching shear around column and then ensure the

preferred solve option for punching shear perimeter is selected in general information
window.

8. Select whether spSlab should compute increased value of y; factor and corresponding

decreased y,, factor (for ACI code only).

9. Press the MODIFY button to update the column geometry.

10. Repeat steps 2 through 9 until all the columns and capitals have been updated. You can use

the CoPY button as a shortcut.

11. Press OK button to exit the dialog box so that spSlab will use the new data.

Drops are available for the flat slab or waffle slab systems and can be defined at all the support
locations. The drop length and width dimensions are computed by spSlab, based on slab span

dimensions, when the "Standard" is selected in the Type drop-down list.

To input drop geometry:

1.

Select the Supports command from the Input Menu or click the £ button then click on
the Drop Panels tab. The dialog box of Figure 4-24 will appear.

Select whether spSlab should compute the drop dimensions or the dimensions will be user
specified. If spSlab is to compute the dimensions, the "Standard" option should be selected
from the Type drop-down list and then only the drop depth will be available. When the
"Standard drop" option is selected spSlab will calculate drop panel dimensions in
accordance with ACI 318 Clause 13.3.7. Similar requirements contained in previous
editions of the CSA A23.3 Standard have been removed from the 1994 edition. As a
result, the ACI minimum specifications for drop panels are also used in CSA A23.3 runs
when the "Standard Drops" option is selected. If you would like to specify drop
dimensions other than those computed by spSlab, you must select "User-defined" from the
Type drop-down list.
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Support Data *

Columns Drop Panels ]Column Capitals ] Transverse Beams ] Boundary Conditions ]

Left Right Thickness {in)

Support: 1 - Length fft) |C |C |C
Type: None ~ | | Width ft) 0 0

[+ Check punching shear around drop

Modiy | Copy—. |
Sup No | Type [t | U Lr Wi Wr Shear
1 None 0 0 0 0 0 Yes
2 None 0 o 0 0 0 Yes
K None 0 0 0 0 0 Yes
4 Nene 0 ] 0 0 0 Yes
CK | Cancel | Help |

Figure 4-24 Drop Panel Geometry dialog box

. Enter the dimension in the direction of analysis from the column centerline to the edge of
the drop left of the column (see Figure 4-25). If this is a standard drop, this dimension will
not be available and the length left is set equal to the slab span length left/6 for interior
columns or the left cantilever length for the first column.

. Enter the width dimension in the transverse direction (see Figure 4-25). If this is a
standard drop, this dimension will not be available and the width is set equal to slab width/
3.

. In order for spSlab to recognize drops, drop depths are required for the flat slab systems
even if Standard Drop is selected. Enter the depth of the drop from the span with the
smaller slab depth (see Figure 4-25). For waffle slab systems, the depth is automatically
assumed to be equal to the rib depth below the slab and is not displayed. A value entered
will be considered to exist below the rib depth during calculations.

Select whether spSlab should compute punching shear around drop panel.
. Press the MODIFY button to update the drop geometry.

. Repeat steps 2 through 6 until all the drop dimensions have been updated. You can use the
Copry button as a shortcut.

. Press OK button to exit the dialog box so that spSlab will use the new drop geometry
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Figure 4-25 Required Drop Panel Dimensions

To input column capital geometry:

» Select the Supports command from the Input menu or click the £ button on the tool bar.
Click left mouse button on the Column Capitals tab to activate it. The dialog box of Fig-
ure 4-26 will appear.
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Support Data

Columns I Drop Panels Column Capitals |T|En5\rerse Beams I Boundary Conditions

Support: I 1 - l Depth in) Iﬂ

Side slope: ID
Modty | Copy.. |
Sup. No | Depth | Side Slope |
1 0 0
2 0 0
3 0 0
4 0 0

oK | Cancel | Hep

Figure 4-26 Capital Dimensions

Select the support number from the Support drop-down list.

Enter the capital depth which is the distance from the bottom of the soffit (slab, drop, or
beam), to the bottom of the capital.

Enter the capital side slope which is the rate of depth to extension of the capital and it must
be greater than 1 and smaller than 50 (see Figure 4-27).

For circular column capitals, ensure the preferred solve option for punching shear perime-
ter is selected.
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Figure 4-27 Required Capital Dimensions

This command is only available for two way floor systems when Slab Bands | Transverse option
is selected under the General Information dialog box, (CSA A23.3-14/04 only).

The Transverse Beam command allows you to input the width, depth, and offset (eccentricity) of
transverse beams at each column. This command is optional.

To input transverse beam geometry:
1. Select the Support command from the Input menu. Select Transverse Beams tab from
the Support Data dialog box. The dialog box of Figure 4-28 will appear.
2. Enter the width of the transverse beam (see Figure 4-29)

3. Enter the depth of the transverse beam which is taken from the top of the slab to the
bottom of the beam (see Figure 4-29)

4. 1If required, enter the offset, which is measured from the joint centerline, positive to the
right, and negative to the left of the joint (See Figure4-29).

5. Press the MODIFY button to update the transverse beam dimensions.

6. Repeat steps 2 through 5 until all the beams have been updated. You can use the CopPy
button as a shortcut (see "Entering the Structure Geometry" earlier in this chapter for help
on the COPY button).
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Figure 4-28 Transverse Beam Geometry dialog box

7. Press OK button to exit the dialog box so that spSlab will use the new beam geometry.
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Figure 4-29 Required Transverse Beam Dimensions

The Transverse Slab Bands property page (Figure 4-30) allows inputting the width, depth, and
offset (eccentricity) of transverse bands at each column. It is not required to input bands for every

support. Supports where slab bands are not defined are modeled similar to regular two-way

systems.
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Support Data X

Columns ] Column Capitals  Transverse Bands l Boundary Conditions ]

Support: 2 ~| | widthgn)  [100 Offset in) |l

Depth i) [28
Modfy | Copy.. |
Sup. No | width | Depth Offset
1 5% 28 205
2 100 28 0

3 59 28 -20.5

OK | Cancel |

Figure 4-30 Transverse Slab Band Geometry dialog box

To input transverse slab band geometry:

1.

Select the Support command from the Input menu. Select Transverse Slab Bands tab
from the Support Data dialog box. The dialog box of Figure 4-30 will appear.

Enter the width of the transverse slab band (see Figure 4-30)

Enter the depth of the transverse slab band which is taken from the top of the slab to the
bottom of the slab band (see Figure 4-30).

If required, enter the offset, which is measured from the joint centerline, positive to the
right, and negative to the left of the joint (See Figure 4-30).

Press the MODIFY button to update the transverse slab band dimensions.

Repeat steps 2 through 5 until all the beams have been updated. You can use the COPY
button as a shortcut (see "Entering the Structure Geometry" earlier in this chapter for help
on the COPY button).

Press OK button to exit the dialog box so that spSlab will use the new band geometry.

By default spSlab assumes that column-slab/beam joints can only rotate and that they do not
undergo any translational displacements. Rotation of a joint is affected by the stiffness of elements
it connects i.e. slabs/beams, transverse beams, and columns. Columns are assumed by default to
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be fixed at their far ends as shown in Figure 2-6. These default assumptions can be altered using
the Boundary Conditions command.

Support Data

Columns | Drop Panels | Column Capitals | Transverse Beams Boundary Condtions l
Support Springs Far End
Support: 1 - Vertical Kz: |0 kip/in Column Above:  |Fixed hd
Rotation Kry: |0 kip-in/rad Column Below:  |Fixed -
Modfy | Copy. |
Sup. No | Kz | Kry | Far End - Above | Far End - Below
1 1] 1] Fixed Fixed
2 0 0 Fixed Fixed
3 0 0 Fixed Fixed
4 0 0 Fixed Fixed
oK | Cancel |

Figure 4-31 Boundary Conditions dialog box

By specifying vertical spring support constant with K, value other than 0, you can allow the joint

to displace vertically. This movement is then controlled by the stiffness of the spring K, in

addition to the stiffness of the column below. The column above is assumed not to constrain the
vertical movement of the joint. Additional rotational spring support can be applied to the joint by
specifying the value of K. Also the far end column conditions can be selected as either fixed or

pinned as shown in Figure 4-32(b). All elements controlling the displacements of a joint are
shown in Figure 4-32(a).

a)

ava Y Pinned Fixed £

L/

/77 b) /77 Fixed Pinned _A_

Figure 4-32 (a) Elements controlling joint displacement (b) Far End Column Boundary

Conditions
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To input boundary conditions:

1.

Select the Support command from the Input menu. Select Boundary Conditions tab
from the Support Data dialog box. The dialog box of Figure 4-31 will appear.

Select support number

Enter value of K, to allow vertical displacement of the support and to add translational
spring support (see Figure 4-32(a))

Enter value of K,y to add rotational spring support (see Figure 4-32(a))

Select far end support conditions for the column above and below the joint (see Figure 4-
32(b))

Press the MODIFY button to update the boundary conditions.

Repeat steps 2 through 5 until all the joints have been updated. You can use the COPY
button as a shortcut (see "Entering the Structure Geometry" earlier in this chapter for help
on the COPY button).

Press OK button to exit the dialog box so that the program will use the new boundary
conditions.

This command is only available for one-way/beam slab systems when MOMENT REDISTRIBUTION
option is checked in the General Information | Solve Options Tab

To input moment redistribution factors:

1.

Select the Support command from the Input menu. Select Moment Redistribution tab
from the Support Data dialog box. The dialog box of Figure 4-33 will appear.

Select support number

Enter the maximum value of the redistribution factors you want to allow on the left and
the right side of the support. Please note that actual value used is determined by the
program when the problem is being solved and that the check against the code specified
limit is also performed.

Press the MODIFY button to update the redistribution factor limits.

Repeat steps 2 through 5 until all the supports have been updated. Please note that
supports connecting to cantilevers will not be available since moment redistribution is not
allowed there. You can use the

CoPY button as a shortcut (see "Entering the Structure Geometry" earlier in this chapter
for help on the COPY button).

Press OK button to exit the dialog box so that spSlab will use the new moment
redistribution limits.
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Support Data

Columns ] Column Capitals ] Transverse Beams Moment Redistribution | Boundary Conditions

Redistribution Limits [%]

Support: hd Left: 0

Right: 0
Modfy | Copy... |
Sup. No [ Left | Right
1 0 0

2 0 0

OK | Cancel |

Figure 4-33 Moment Redistribution dialog box

In order for spSlab to select the reinforcement, you must define the slab and rib reinforcement, bar
sizes, location, and minimum spacing dimensions. See "Area of Reinforcement" and
"Reinforcement Selection" in Method of Solution for a discussion of the reinforcement
computations.

To define reinforcement Criteria for Slabs and Ribs:

* Select the Reinforcement Criteria command from the Input menu or click the # button
on the tool bar. Select Slabs and Ribs tab by clicking the left mouse button on the tab title.
The dialog boxes of Figure 4-34 will appear.

» For slabs and ribs, enter the clear covers for top and bottom reinforcing bars. For the top
reinforcement, this distance is from the top of the slab to the top of the top bars. For the
bottom reinforcement, this distance is from the bottom of the slab to the bottom of the bot-
tom bars (see Figure 4-35). The default value is 1.5 in. [40mm] for both input items.

» Enter the minimum bar size to start the iteration for determining flexural reinforcement.

» Enter the maximum bar size. This number will be used as a stop in the iteration for deter-
mining flexural bars in beams.
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Figure 4-34 Slab and Rib Reinforcement dialog boxes

Enter minimum bar spacing for slab and rib flexural reinforcement. This number should
be based on aggregate size or detailing considerations. Default spacing is 6 in. [150mm)]

for slabs and ribs.

Enter maximum bar spacing for slab and rib flexural reinforcement. Default spacing is 18
in. [500 mm] for slabs and ribs.

Enter minimum Reinforcement Ratio for slab and rib flexural reinforcement. Default ratio
is 0.14% [0.20%] for slabs and ribs. If the user specified value is smaller than 0.14%,

0.14% is used by spSlab. If the user specified value is greater than 0.14%, the specified
value is used by spSlab.

_J|/__

distance to

#top reinforcement

_JI/__

!

1

distance to
bottom reinforcement

Figure 4-35 Clear Cover to Reinforcement
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Enter maximum Reinforcement Ratio for slab and rib flexural reinforcement. Default ratio
1s 5% for slabs and ribs.

If the top bars have more than 12 in. [300 mm] of concrete below them, check the corre-
sponding check box.

Press OK button to exit the dialog box and allow spSlab to use the new data.

In order for spSlab to select the reinforcement, you must define the beam reinforcement, bar sizes,

location, and minimum spacing dimensions. See "Area of Reinforcement" and "Reinforcement
Selection" in the Method of Solution for a discussion of the reinforcement computations.

To define reinforcement criteria for beams:

Select the Reinforcement Criteria command from the Input menu or click the # button
on the tool bar. Select Beams tab by clicking the left mouse button on the tab title. The
dialog boxes of Figure 4-36 will appear.

Enter the covers for top and bottom reinforcing bars for beams. For the top reinforcement,
this distance is from the top of the beam to the top of the top bars; and for the bottom rein-
forcement, this distance is from the bottom of the beam to the bottom of the bottom bars
(see Figure 4-37). The default value is 1.5 in. [40mm] for both input items.

Enter the side cover which is measured from the side face of a beam to the face of the stir-
rup (see Figure 2-20). The default value is 1.5 in [40 mm)].

Enter the minimum bar size for top and bottom bars and stirrups to start the iteration for
determining flexural reinforcement.

Enter the maximum bar size for top and bottom bars and stirrups. This number will be
used as a stop in the iteration for determining flexural bars in beams.

Enter the minimum bar spacing for beam flexural reinforcement and stirrups. This number
should be based on aggregate size or detailing considerations. The default minimum rein-
forcement bar spacing is 1 in. [25 mm] and the default stirrup spacing is 6 in. [150 mm]
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Figure 4-36 Beam reinforcement dialog boxes

Enter the maximum bar spacing for beam flexural reinforcement and stirrups. The default

maximum reinforcement spacing is 18 in. [S00 mm] and the default maximum stirrup
spacing is 18 in. [450 mm]

Enter the minimum Reinforcement Ratio for beam flexural reinforcement. Default ratio is
0.14% [0.20%] for beams. If the user specified value is smaller than 0.14%, 0.14% is used

by spSlab. If the user specified value is greater than 0.14%, the specified value is used by
spSlab.

__/l/__ __/1/__

distance to
#top reinforcement

< | <

distance to
‘/l/‘ bottom reinforcement

i __/1/__

Figure 4-37 Clear Cover to Reinforcement

Enter the maximum Reinforcement Ratio for beam flexural reinforcement. Default ratio is
5% for beams.
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» Enter the clear distance between bar layers to use if the program needs to distribute flex-
ural bars in multiple layers. Default distance is 1 in. [30 mm] for beams.

» Enter the distance from face of support (FOS) to first stirrup. The default value is 3.0 in
[75 mm].

+ If the top bars have more than 12 in. [300 mm] of concrete below them, check the corre-
sponding check box.

» Press OK button to exit the dialog box and allow spSlab to use the new data.

The reinforcing bar size, number of bars, bar length, etc. can be defined by users if the Run Mode
of Investigation and two-way floor system are selected in the General Information dialog box.

This menu item is not available if Run Mode of Design is selected in the General Information
dialog box.

To define column strip bars:

1. Select Reinforcing Bars from the Input menu or click the @ button on the tool bar. Select
the Column Strip Bars tab by clicking the tab title or use the tab key on the keyboard to
toggle to the tab title then select the Column Strip Bars tab using the arrow keys. The
dialog boxes of Figure 4-38 will appear.

Reinforcing Bars

Column Strip Bars l Middle Strip Bars ] Beam Bars ] Beam Stimups ]
Barsize: |#5 - Mo.of bars: |4 Length fft):  |3.749%
pan
Span 3 ’m Cower {in): ,T
Span=175ft
Span Copy... | ad | Modfy | Delete |
Size | Type | Count | Cover | Length | Start
# TopL 4 5 37439 -
H5 TopL 4 15 1.751 —
H5 TopR 4 15 6.7459 —
H5 TopR 4 15 1.751 —
#5 BotC 8 15 — —
OK | Cancel |

Figure 4-38 Defining Column Strip Bars
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Select the span for which reinforcing bars will be defined from the Span list box on the
upper left corner. The length of the selected span will be shown right above the ADD
button.

Select bar size from the Bar Size drop-down list.

Define the number of reinforcing bars in the selected span by entering the number in the
Number of Bars input box.

Define the length of the reinforcing bars by entering the length in the Length input box.
The unit of the length is foot [m].

Define the types of the reinforcing bars in the selected span by selecting from the Type
drop-down list, which is right below the Bar Size drop-down list. Five types are available:
Top Left, Top Right, Top Continuous, Bottom Continuous and Bottom Discontinuous.

Define the cover by entering the number in the Cover input box. The unit of cover is inch
[mm].
Press ADD button to add the new data into the list box below the buttons.

Repeat steps 2 to 8 to define reinforcing bars for all the spans. You may use the SPAN
Copry button below the Span list to simply copy the data of one span to other spans.

If the reinforcing data of a span needs to be modified, select the data from the data list box
on the lower part of the dialog box then modify the data as mentioned above. Press
MODIFY button when finished to update the corresponding data in the data list box.

To delete the reinforcing data for a span, select the data of the span from the data list box
then press the DELETE button.

Press OK button to exit the dialog box so that spSlab will use these reinforcing bar
properties.

The reinforcing bar size, number of bars, bar length, etc., can be defined by users if the Run Mode

of Investigation and two-way floor system are selected in the General Information dialog box.
This menu item is not available if Run Mode of Design is selected in the General Information

dialog

box.

To define middle strip bars:

1.

Select Reinforcing Bars from the Input menu or click the T button on the tool bar. Select
the Middle Strip Bars tab by clicking the tab title or use the tab key on the keyboard to
toggle to the tab title then select the Middle Strip Bars tab using the arrow keys. The
dialog boxes of Figure 4-39 will appear.
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Reinforcing Bars

Column Strip Bars Middle Strip Bars l Beam Bars ] Beam Stimups ]

14 Length ft):
15

37459

Barsize: |#5
Top left -
Span=175ft

]

| Count
14

-

No. of bars:
Cover fin):
Modify |

Span Copy... | Delete |

Size
#5
#5
#5
#5

| Start

| Length
37499
6.7499

| Cover
15

| Type
TopL
TopR 14
BotC 7
BotD 7

15
15
15

1225 2625

oK | Cancel |

Figure 4-39 Defining Middle Strip Bars

Select the span for which reinforcing bars will be defined from the Span list box on the
upper left corner. The length of the selected span will be shown right above the ADD
button.

Select bar size from the Bar Size drop-down list.

Define the number of reinforcing bars in the selected span by entering the number in the
Number of Bars input box.

Define the length of the reinforcing bars by entering the length in the Length input box.
The unit of the length is foot [m].

Define the Types of the reinforcing bars in the selected span by selecting from the drop-
down list, which is right below the Bar Size drop-down list. Five types are available: Top
Left, Top Right, Top Continuous, Bottom Continuous and Bottom Discontinuous.

Define the cover by entering the number in the Cover input box. The unit of cover is inch
[mm)].
Press ADD button to add the new data into the list box below the buttons.

Repeat steps 2 to 8 to define reinforcing bars for all the spans. You may use the SPAN
CopPY button below the Span list to simply copy the data of one span to other spans.

If the reinforcing data of a span needs to be modified, select the data from the data list box
on the lower part of the dialog box then modify the data as mentioned above. Press
MODIFY button when finished to update the corresponding data in the data list.

To delete the reinforcing data for a span, select the data of the span from the data list box
then press the DELETE button.
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12. Press OK button to exit the dialog box so that spSlab will use these reinforcing bar

properties.

The reinforcing bar size, number of bars, bar length, etc. can be defined by users if the Run Mode
of Investigation and two-way floor system are selected in the General Information dialog box.
This menu item is not available if Run Mode of Design is selected in the General Information
dialog box.

To define beam bars:

1.

Select Reinforcing Bars from the Input menu

or click the ¥ button from the tool bar.

Select the Beam Bars tab by clicking the tab title or use the tab key on the keyboard to
toggle to the tab title then select the Beam Bars tab using the arrow keys. The dialog box

of Figure 4-40 will appear.

Reinforcing Bars X
Column Strip Bars l Middle Stip Bars Beam Bars l Beam Stimups ]
Barsize: |H#5 A No.of bars: |3
Span 2
Span 3 Bot continuous - Cower {in): 15
Span=175ft
Span Copy... | add | Modfy | Deete |
Size | Type | Count | Cover | Length | Start
#5 TopL 2 15 4.2656 —
#5 TopR 3 15 7.2656 —
#5 TopR 1 15 25224 —
H5 BotC B 15 — —

OK

| Cancel | Help

Figure 4-40 Defining Beam Bars

Select the span for which reinforcing bars will be defined from the Span list box on the
upper left corner. The length of the selected span will be shown right above the ADD

button.

Select bar size from the Bar Size drop-down list.

Define the number of reinforcing bars in the selected span by entering the number in the

Number of Bars input box.

Define the length of the reinforcing bars by entering the length in the Length input box.

The unit of the length is foot [m].
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Define the types of the reinforcing bars in the selected span by selecting from the Type
drop-down list, which is right below the Bar Size drop-down list. Five types are available:
Top Left, Top Right, Top Continuous, Bottom Continuous and Bottom Discontinuous.

Define the cover by entering the number in the Cover input box. The unit of cover is inch
[mm)].
Press ADD button to add the new data into the list box below the buttons.

Repeat steps 2 to 8 to define reinforcing bars for all the spans. You may use the SPAN
Copry button below the Span list to simply copy the data of one span to other spans.

If the reinforcing data of a span needs to be modified, select the data from the data list box
on the lower part of the dialog box then modify the data as mentioned above. Press
MODIFY button when finished to update the corresponding data in the data list.

To delete the reinforcing data for a span, select the data of the span from the data list box
then press the DELETE button.

Press OK button to exit the dialog box so that spSlab will use these reinforcing bar properties.

The stirrup size, number of stirrups, etc. can be defined by users if the Run Mode of Investigation

and two-way floor system are selected in the General Information dialog box. This menu item is

not available if Run Mode of Design is selected in the General Information dialog box.

To define beam stirrups:

1.

Select Reinforcing Bars from the Input menu or click the ¥ button from the tool bar.
Select the Beam Stirrups tab by clicking the tab title or use the tab key on the keyboard to
toggle to the tab title then select the Beam Stirrups tab using the arrow keys. The dialog
boxes of Figure 4-41 will appear.
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Reinforcing Bars X
Column Strip Bars ] Middle Strip Bars ] Beam Bars Beam Stimups l
gpan ‘]2 Count:  Size: Spacing (mm): Legs: Start =0.075m = 75mm
an
o 3 [#10 | [150 2 End = 0.450 m = 450 mm
Location of First Stimup: |75 L=0375m =375mm
Span Copy... | add | sppend | [ Moty | pekte | ¢ 8
Count | Bar Size | Spacing | Legs |
3 #10 150 2
2 H10 200 2
1 H10 250 2
0 #10 2500 0
1 #10 250 2
2 #10 200 2
3 #10 150 2
0K | Cancel | Help |

Figure 4-41 Defining Beam Stirrups
Select the span for which stirrups will be defined from the Span list box on the upper left
corner. The length of the selected span will be shown right above the ADD button.
Enter the amount of stirrups of the selected span in the Count input box. (see Note)
Select stirrup size from the Size drop-down list.
Enter the spacing of the stirrups of the selected span in the Spacing input box. The unit of
spacing is inch [mm].
Enter the number of legs in the Leg input box.
For first stirrup set modify the default location of first stirrup if required.
Press ADD button to add the new data into the list box below the buttons.

Repeat steps 2 to 8 to define stirrups for all the spans. You may use the Span COPY button
below the Span list to simply copy the data of one span to other spans.

. In order to mirror stirrup set or sets at the end of the span use APPEND button.

If the stirrup data of a span needs to be modified, select the data from the data list box on
the lower part of the dialog box then modify the data as mentioned above. Press MODIFY
button when finished to update the corresponding data in the data list.

To delete the stirrup data for a span, select the data of the span from the data list box then
press the DELETE button.

Press OK button to exit the dialog box so that spSlab will use these reinforcing bar
properties.
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Note: If stirrups do not apply in a part of a span, the Count should be set to 0 (zero) and the
Spacing should be the length of the part of the span where no stirrups are defined. For example,
the following configuration shows stirrups in the left and right ends of a span with an empty space
(46.0 in. long, no stirrups) in the middle part of the span.

Count Bar Size Spacing Legs
32 #5 4.50 2
0 #5 46.0 2
32 #5 4.50 2

The reinforcing bar size, number of bars, bar length, etc. for one-way beam systems can be defined
by users if the Run Mode of Investigation and beams/one-way slab floor system are selected in the
General Information dialog box. This menu item is not available if Run Mode of Design is
selected in the General Information dialog box.

Reinforcing Bars X
Flexure Bars l Beam Stimups ]
Barsize: [#5  ~| MNo.ofbam: [3 Length f):  [6.1317
pan
Span 3 ’m Cower {in): ,T
Span = 25t
Span Copy... | Add | Modty | Detete |
Size | Type | Count | Cover | Length | Start
H5 TopL 3 15 61317 —
H5 TopL 2 15 25433 —
H5 TopR 2 15 5.8826 -
H5 TopR 2 15 26491 —
H5 BotC 2 15 - —
H5 BotD 2 15 14.019 56617
OK | Cancel |

Figure 4-42 Defining Flexure Bars for Beams/One-Way slab Systems

To define flexure bars for beam in beams/one-way slab systems follow the steps described in
section Defining Beam Bars.

The stirrup size, number of stirrups, etc. for beams/one-way slab systems can be defined by users
if the Run Mode of Investigation and beams/one-way slab floor system are selected in the General
Information dialog box. This menu item is not available if Run Mode of Design is selected in the
General Information dialog box.
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Reinforcing Bars

Span 1
Span 2

Flexure Bars  Beam Stimups lTorsion Bars ]

Count:

Spacing {mm): Legs:

b 3
Span 4
Span &

Span Copy... |

Location of First Stimup:  |225

]

Append |

2

Modiy |

Start = 0.225m = 225 mm
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Delete | ﬂ ﬂ

ount | Bar Size
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Wk =W

#10
#10
#10
#10
#10
#10
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150
200
250
2500
250
200
150

2

SRR =

OK

| Cancel |

Figure 4-43 Defining Beams Stirrups in Beam/One-Way Slab Systems

To define beam stirrups in beams/one-way slab systems follow the steps described in section
Defining Beam Stirrups.

The torsional longitudinal reinforcement bars are distributed along the perimeter of the section in
addition to the flexure bars. They can be defined by users if the Run Mode of Investigation,
beams/one-way slab floor system, and torsional analysis and design are selected in the General

Information dialog box. This menu item is not available if Run Mode of Design is selected in the
General Information dialog box.

To define torsional longitudinal bars for beams in beams/one-way slab systems:

1.

Select Reinforcing Bars from the Input menu or click the ¥ button from the tool bar.
Select the Torsion Bars tab by clicking the tab title or use the tab key on the keyboard to
toggle to the tab title then select the Torsion Bars tab using the arrow keys. The dialog
box of Figure 4-44 will appear.
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Flexure Bars ] Beam Stimups  Torsion Bars l

Barsize:  |#3 hd MNo.of bars: |0
Span 2
Span 3 Continuous - Cower {in): 0
Span =251t
Span Copy... | ad | Modfy | Delete |
Size | Type | Count | Cover | Length | Start

oK | Cancel |

Figure 4-44 Defining Torsion Bars for Beams in Beams/One-Way Slab Systems
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Select the span for which reinforcing bars will be defined from the Span list box on the
upper left corner. The length of the selected span will be shown right above the ADD
button.

Select bar size from the Bar Size drop-down list.

Define the type of the reinforcing bars in the selected span by selecting from the Type
drop-down list, which is right below the Bar Size drop-down list. Two types are available:
Continuous and Discontinuous.

Define the number of reinforcing bars in the selected span by entering the number in the
Number of Bars input box.

Define the cover by entering the number in the Cover input box. The unit of cover is inch
[mm)].

For discontinued bars, define the length and the starting point of the reinforcing bars by
entering the values in the Start and Length input boxes. The unit of both is foot [m].

Press ADD button to add the new data into the list box below the buttons.

Repeat steps 2 to 8 to define reinforcing bars for all the spans. You may use the SPAN
CopPY button below the Span list to simply copy the data of one span to other spans.

If the reinforcing data of a span needs to be modified, select the data from the data list box
on the lower part of the dialog box then modify the data as mentioned above. Press
MODIFY button when finished to update the corresponding data in the data list.

To delete the reinforcing data for a span, select the data of the span from the data list box
then press the DELETE button.
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12. Press OK button to exit the dialog box so that spSlab will use these reinforcing bar
properties.

Up to 6 load cases of dead load, live load or lateral load can be defined in the Load Cases dialog
box. The default five load case labels (types) are SELF (dead load), Dead (dead load), Live (live
load), Wind (wind load), and EQ (seismic load).

To define load cases:

1. Select Load Cases command from the Input menu or click the * button on the tool bar.
Dialog box as in Figure 4-45 will appear.

2. Enter a name for the new load case in the Label edit box. The name could be any character
string defined by the user.

3. Select the type of the new load case from the Type drop-down list. The available types are
Dead Load, Live Load and Lateral Load.

Load Cases X

Label: Type: | DEAD j
| | Delete |
Label | Type |
SELF DEAD
Dead DEAD
Live: LIVE
Shaw DEAD
“wiind LATERAL
EQ LATERAL
ok | Cancel |

Figure 4-45 Defining Load Cases

4. Press ADD button to add the new load case into the load case list box on the lower part of
the dialog box.

5. Repeat steps 2 to 4 to define all the load cases. The maximum number of load cases is 6.
Once the maximum number is reached, the ADD button will be disabled.
6. To enter reserved load case SELF press the SELFWEIGHT button.

7. To modify an existing load case, select the load case from the load case list box then
change the label or type the selected load case as mentioned above and press the MODIFY
button.
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8. To delete an existing load case, select the load case from the load case list box then press
the DELETE button.

9. Press OK button to exit the dialog box so that spSlab will use these load cases.
Note: Only one case of live load can be defined. Load case label must be unique for each of the

load cases. To ignore self weight in both strength and deflection calculations remove load case
SELF from the list of load cases.

spSlab allows you to change the magnification factors applied to the load cases. The default values
depend on the code selected with the General Information command.

To define load factors:

1. Select Load Combinations from the Input menu or click the * button from the tool bar.
The dialog box of Figure 4-46 will appear if the ACI code was selected in the GENERAL
INFORMATION dialog box.

Load Combinations x

SELF Dead Live Shaw Wind EQ
1.4 o o o o

Add Modiy | Delete |

| ead | Live | Show “wind |
1] 1]
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Figure 4-46 Define Load Combinations
2. The load cases and the corresponding factors that are defined in the Load Cases dialog box
are shown on the top of the Load Combinations dialog box.

3. Enter the load factors for each of the load cases in the input box below the corresponding
load case label.

4. Press the ADD button to add the combination defined above into the big list box in the
lower part of the dialog box.
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5. Repeat steps 2 to 4 to define all the load combinations. Up to fifty load combinations may
be defined. All the combinations are indexed automatically from U1 to U50.

6. To change the factors of an existing combination, select the load combination from the
load combination list box on the lower part of the dialog box then change the factors as
mentioned above. Press the MODIFY button when finished to update the data in the load
combination list box.

7. To delete an existing combination, select the load combination from the load combination
list box then press the DELETE button.

8. Select OK button when all the desired load factors have been modified to exit so that
spSlab will use the new data.

spSlab computes the self weight of the floor system. Other loads applied to the structure have to be
specified by the user. There are several types of applied loads that may be entered. They are found
in the Input menu. Surface loads are placed over the entire strip. Partial loads consist of uniform
or trapezoidal loads, concentrated loads, and concentrated moments that may exist anywhere
within the span length. For beams/one-way slab systems torsional loads can be defined either as
concentrated or distributed torques.

Concentrated Force
or Moment

¢ Concentrated Distributed ¢
Uniform = Trapezoidal Torque Torque

W, W, T T Tb
YYvyy M %Wb —— A e e — o]

. -
/./ <—La—>:- X
, - b -
« La

*Centerline of Support or
. Left End of Cantilever
z

Figure 4-47 Span Load Types

Note: The loads shown in the Figure 4-47 are all positive and may not match the typical sign
conventions.
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The following table describes input for the span load types shown in Figure 4-48.

W,  For uniformly distributed loads, W, is the intensity of the load in units of Ibs/ft [kN/m],
positive W, is downward. For trapezoidal loads, W, is the intensity at the left end in
units of lbs/ft [kKN/m], positive W, is downward. For concentrated force, W, is the
force P in units of kips [kN], positive W, is downward. For concentrated moments, W,
1s the moment M in units of ft-kips [kKNm], positive W, is clockwise. For concentrated
torque, W, is the external torque T in units of ft-kips [kNm], positive W, is such that

applying the right hand screw rule the torque vector points to the right. For distributed
torque, W, is the external torque intensity T, in units of ft-kips/ft [kKNm/m], positive W,

is such that applying the right hand screw rule the torque vector points to the right.
W,,  For trapezoidal loads, Wy, is the intensity at the right end in units of 1bs/ft [kN/m],
positive Wy, is downward. For distributed torque, Wy, is the external torque intensity T},
in units of ft-kips/ft [kKNm/m], positive W, is such that applying the right hand screw
rule the torque vector points to the right. For all the other partial load types, Wy, is not

available.

L, For distributed loads, L, is the distance where the load begins from the centerline of the
column at the left of the span, in units of ft [m]. For concentrated loads and moments,
La is the distance where the load exists from the centerline of the column at the left of
the span in units of ft [m].

Ly For distributed loads, Ly, is the distance where the load ends from the centerline of the
column at the left of the span, in units of ft [m]. For concentrated loads and moments,
L, is unavailable.
Note: Although the particular loading may not actually act over the entire transverse
width, all line loading is converted internally by spSlab to act over the full width of the
slab. In the design direction, partial loads given as acting over less than 1/20 of the
span length will be averaged over 1/20 by the program.

Area loads are uniform loads acting over the entire strip. These loads have units of Ib/ft? [kN/mz].

To input area loads:

1. Select the Span Loads command from the Input menu or click the = button on the tool
bar. Select the AREA LOAD from the TYPE drop-down list on the SPAN LOADS dialog box.
The dialog box of Figure 4-48 will appear.
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Span Loads x

Current Case:

Sparc (1 w| Copp.. | Magritude: [1167 Ib/ft2
Live J
Tvpe: |EEEYIGER]
Span=25ft

Caze Copy... | Add | b odify | Delete |

Span Mo, | Type | Wa | La | wh | Lb
1 Line Load &7 0 &7 25
]
1]

2 Line Load 167 167 15
3 Line Load 167 167 20

(] 8 | Cancel |

Figure 4-48 Defining Area Load on Span
Select the load case from the CURRENT CASE list box on the upper left corner as shown in
the dialog above.
Select the span on which the area loads will be applied from the SPAN drop-down list.

Enter the unfactored superimposed area load magnitude acting over the entire area of the
strip in the Magnitude edit box. Positive surface loads act downward.

Press the ADD button to update the area loads in the area load list box on the lower part of
the dialog box.

Repeat steps 2 through 5 until the loads have been updated. You can use the COPY button
as a shortcut.

To change the data of an existing area load, select the area load from the area load list box
then change the magnitude as mentioned above. Press the MODIFY button when finished to
update the data in the area load list box.

To delete an existing area load, select the load from the area load list box then press the
DELETE button.

Press OK button to exit the dialog box so that spSlab will use the new data.

You may enter uniform or trapezoidal loads that do not span from column centerline to column
centerline in the direction of analysis. These loads are called line loads and are input through the
SPAN LOADS dialog of the Input menu. Partial loads are assumed to act over the entire strip width.

To input line loads:
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1. Select the Span Loads command from the Input menu or click the = button on the tool
bar. Select the LINE LOAD from the TYPE drop-down list. The dialog box of Figure 4-49
will appear.

2. Select the load case of the line load that will be defined from the Current Case list box.

3. From the Span drop-down list, select the span number of the span whose line loads you
would like to input.

4. Define unfactored load values and their locations in the corresponding text boxes.

Span Loads x

Current Case: Start End

o Sparc (1 w| Copp.. | Magritude: [1167 il b At
Location: |0 1} it

Span=25ft

Caze Copy... | Add | b odify | Delete |

Span Mo, | Type | Wa | La | wh | Lb
1 Line Load 1167 0 1167 28
0
0

2 Line Load 167 167 15
3 Line Load 167 167 20

(] 8 | Cancel |

Figure 4-49 Defining Line Load on Span

5. Select Add to add the line load defined into the line load list box.

6. Repeat steps 2 through 5 until all the line loads have been entered then press OK button to
exit the dialog box so that spSlab will use the new loads.

To change line loads data:

» Select the line load you want to change from the line load list box on the lower part of the
dialog box by clicking the left mouse button on the load or tabbing to the list box and
using the arrow up and down keys.

» Make your changes to the load by modifying the load type, the load magnitude, and/or
location.

» Select Modify to replace the old data with the new data.
To delete line load data:

» Select the line load you want to delete from the line load list box by clicking the left
mouse button on the load or tabbing to the list box and using the arrow up and down keys.
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*  Press the DELETE button.

You may enter concentrated vertical loads. These loads are input through the Span Load
command of the Input menu. Point loads are assumed to act over the entire strip width.

To input point loads:

1. Select the Span Loads command from the Input menu or click the = button on the tool
bar. Select the Point Force from the Type drop-down list. The dialog box of Figure 4-50
will appear.

Span Loads x

Current Case:

Span: |1 w| Copy..| Magritude: [1167 kip
Live J
QL | Point Force - Location: |0 t
Span=251t

Caze Copy... | Add | b odify | Delete |

Span Mo, | Type | Wa | La | wh | Lb
1 Line Load 1167 0 1167 25
0
0

2 Line Load 167 167 15
3 Line Load &7 &7 20

(] 8 | Cancel |

Figure 4-50 Defining Point Forces on Span

2. Select the load case of the point force that will be defined from the Current Case list box.

3. From the Span drop-down list, select the span number of the span whose point loads you
would like to input.

4. Define unfactored load values and their locations in the corresponding text boxes.

5. Select Add to add the point load defined into the point load list box on the lower part of
the dialog box.

6. Repeat steps 2 through 5 until all the point loads have been entered then press OK button
to exit the dialog box so that spSlab will use the new loads.

To change point load data:

» Select the point force you want to change from the point load list box by clicking the left
mouse button on the load or tabbing to the list box and using the arrow up and down keys.
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Make your changes to the load by modifying the load type, the load magnitude, and/or
location.

Select Modify to replace the old data with the new data.

To delete point load data:

Select the point force you want to delete from the point load list box to the right by click-
ing the left mouse button on the load or tabbing to the list box and using the arrow up and
down keys.

Press the DELETE button.

You may enter concentrated moment. This load is input through the Span Load command of the
Input menu. Point moments are assumed to act over the entire strip width.

To input point moments:

1.

Select the Span Loads command from the Input menu or click the = button on the tool
bar. Select the Point Moment from the Type drop-down list. The dialog box of Figure 4-
51 will appear.

Select the load case of the point moment that will be defined from the Current Case list
box.

From the Span drop-down list, select the span number of the span whose point moments
you would like to input.

Define unfactored moment values and their locations in the corresponding text boxes.

Select Add to add the point moment defined into the point moment list box on the lower
part of the dialog box.

Repeat steps 2 through 5 until all the point moments have been entered then press OK
button to exit the dialog box so that spSlab will use the new moments.
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Figure 4-51 Defining Point Moments on Span

To change point moment data:

» Select the point moment you want to change from the point moment list box by clicking
the left mouse button on the load or tabbing to the list box and using the arrow up and

down keys.

» Make your changes to the moment by modifying the moment type, the moment magni-

tude, and/or location.

» Select Modify to replace the old data with the new data.

To delete point moment data:

» Select the point moment you want to delete from the point moment list box to the right by
clicking the left mouse button on the load or tabbing to the list box and using the arrow up

and down keys.

*  Press the DELETE button.

You may enter line torque for beams/one-way slab systems if Torsion Analysis and Design is
selected in the GENERAL INFORMATION dialog box. This load is input through the Span Load

command of the Input menu.
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To input line torque:

1. Select the Span Loads command from the Input menu or click the = button on the tool
bar. Select the LINE TORQUE from the TYPE drop-down list. The dialog box of Figure 4-52
will appear.

Span Loads x

Current Case: Start End

Span: |1 | Copy. Magnitude: 1167 1167 Ibn/ft
Live 4
Type: |Line Load - Location: i} it
Span=251t

Caze Copy... | Add | b odify | Delete |

Span Mo, | Type | Wa | a | wh | Lb
1 Line Load 1167 1167 25
2 Line Load 1167 1167 15
3 Line Load 1167 1167 20

0K | Cancel |

Figure 4-52 Defining Line Torque on Span

2. Select the load case of the line load that will be defined from the CURRENT CASE list box.

3. From the SPAN drop-down list, select the span number of the span whose line loads you
would like to input.

4. Define unfactored torque values and their locations in the corresponding text boxes.

5. Select Add to add the line torque defined into the list box.

6. Repeat steps 2 through 5 until all the line torques have been entered. Then press OK button
to exit the dialog box so that spSlab will use the new loads.

To change line torque data:

» Select the line torque you want to change from the load list box on the lower part of the
dialog box by clicking the left mouse button on the load or tabbing to the list box and
using the arrow up and down keys.

» Make your changes to the load by modifying the load type, the load magnitude, and/or
location.

» Select Modify to replace the old data with the new data.
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To delete line torque data:

» Select the line torque you want to delete from the load list box by clicking the left mouse
button on the load or tabbing to the list box and using the arrow up and down keys.

*  Press the DELETE button.

You may enter point torque for beams/one-way slab systems if Torsion Analysis and Design is
selected in the GENERAL INFORMATION dialog box. This load is input through the Span Load
command of the Input menu.

To input point torque:

1. Select the Span Loads command from the Input menu or click the = button on the tool
bar. Select the POINT TORQUE from the TYPE drop-down list. The dialog box of Figure 4-
53 will appear.

2. Select the load case of the point torque that will be defined from the CURRENT CASE list
box.

3. From the SPAN drop-down list, select the span number of the span whose point moments
you would like to input.

4. Define unfactored torque values and their locations in the corresponding text boxes.

5. Select ADD to add the point torque defined into the list box on the lower part of the dialog
box.

6. Repeat steps 2 through 5 until all the point torques have been entered. Then press OK
button to exit the dialog box so that spSlab will use the new torques.
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Span Loads x

Current Case:

Sparc |1 »| Copy..| Mageiude |1167 k-t
Live J
Tope: |[EETIREEDEN - Location: |0 t
Span=25ft

Caze Copy... | Add | b odify | Delete |

Span Mo, | Type | Wa | La | wh | Lb
1 Line Load 1167 0 1167 28
2 Line Load 1167 0 1167 15
3 Line Load 1167 0 1167 20

(] 8 | Cancel |

Figure 4-53 Defining Point Torque on Span
To change point torque data:

» Select the point torque you want to change from the list box by clicking the left mouse
button on the load or tabbing to the list box and using the arrow up and down keys.

* Make your changes to the moment by modifying the torque magnitude, and/or location.

» Select MODIFY to replace the old data with the new data.
To delete point torque data:

» Select the point torque you want to delete from the point moment list box by clicking the
left mouse button on the load or tabbing to the list box and using the arrow up and down
keys.

*  Press the DELETE button.

You may enter prescribed support displacements and rotations as well as apply concentrated
forces and moments to the system at support locations. These loads are input through the Support
Loads and Displacements command of the Input menu.

To input support loads and displacements:

1. Select the Support Loads and Displacements command from the Input menu or click
the ¥ button on the tool bar. The dialog box of Figure 4-54 will appear.
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Current Case: Support: Digplacement/F otation Force/Moment:
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b odify | Copy... |
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Figure 4-54 Defining Support Loads and Displacements
2. Select the load case of the support loads and displacements that will be defined from the
CURRENT CASE list box.

3. From the SUPPORT drop-down list, select the support number of the support whose loads
you would like to input.

4. Define unfactored values of the displacement, rotation, forces, and moment.

5. Select Add to add the support loads and displacements defined into the load list box on the
lower part of the dialog box.

6. Repeat steps 2 through 5 until all the support loads and displacements have been entered
then press OK button to exit the dialog box so that spSlab will use the new moments.

To change support and displacement loads data:

» Select the entry you want to change from the load list box by clicking the left mouse but-
ton on the load or tabbing to the list box and using the arrow up and down keys.

* Make your changes to the values.

» Select Modify to replace the old data with the new data.
To delete support and displacement load data:

» Select the entry you want to delete from the load list box by clicking the left mouse button
on the load or tabbing to the list box and using the arrow up and down keys.

* Press the DELETE button.
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spSlab can combine the gravity load analysis with a lateral load analysis. Lateral loads are entered
as joint moments obtained elsewhere by a frame analysis. The joint moments are combined with
the gravity load moments to produce load patterns 5 through 8.

To input lateral load moments:

1. Define at least one lateral load case from the Load Cases dialog box.

2. Select Lateral Effects from the Input menu. If no lateral case is defined this command is
disabled. Once selected, Figure 4-55 will appear.

Lateral Load Effects X

Current Case:

Span: 1 - Moment at left, |0 k-t

Moment at right: |0 et

I adify | Copy... |

Span No. | Miett | Mright
0

LD P =
ocooo

0
0
0

(] 8 | Cancel |

Figure 4-55 Lateral Moment dialog box

3. Select load cases from the CURRENT CASE list box. At least one lateral load case must be
defined in the LOAD CASES dialog box before you can see the load case in the CURRENT
CASE list box.

4. Select span number on which lateral loads will be defined from the SPAN drop-down list.

5. Enter the moments at the left end and right end of the span in the Moment at Left and
Moment at Right input boxes, respectively.

6. Press the ADD button to add the lateral load defined above into the lateral load list box in
the lower part of the dialog box.

7. Repeat steps 2 through 5 to define all the lateral loads.

8. To change an existing lateral load, select the load from the lateral load list box then change

the moments as mentioned above. Press the MODIFY button when finished to update the
data in the lateral load list box.
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9. To delete an existing lateral load, select the load from the lateral load list box then press
the DELETE button.

10. Select OK button when all the desired lateral loads have been modified to exit so that
spSlab will use the new data.

The Execute command starts the design portion of spSlab after you have finished inputting all the
data.

To design the system:

Select the Execute command from the Solve menu or click the = button on the tool bar. If any
data required to analyze and design the system has not been input prior to executing this
command, spSlab will display an "Invalid model!" message. You must complete the data before
execution.

An analysis status window shows the current state of the execution as shown in Figure 4-56. If the
state of each of the computations is OK, the analysis is successful. If any error is encountered
ERROR will be shown and the computation is terminated.

Status: Finished.

Enveloping intemal forces Completed &,
Extracting support reactions Completed
Combining intemal forces Caompleted
Enveloping intemal forces Completed
Input validation Completed
Flewural design Completed

Shear desian Completed
Flexural investigation Completed
Shear and torsion investigation Completed
Checking bar cut-off locations Completed
Section properties Caompleted
Frame analysis [DEAD, cracked) Completed
Extracting deflections Completed
Frame analysis [SUSTAIMED, cracked) Completed
Extracting deflections Completed
Frame analysiz [TOTAL, cracked) Caompleted

Eutracting deflections Completed
fl Completed

Figure 4-56 Analysis Status Window

Once the analysis and/or design is performed, you can view the results, shear and moment
diagrams, and deflected shapes. This section provides procedures performing these functions.
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To view the analysis and design results:

» Select Results command from the Solve menu or click the @ button from the tool bar.
Alternatively you can also press the F6 key. This will launch the spResults module.

spResults - Example 1 - otes on 318-Example 8-2.5l
§f spResults - Example 1- PCA N AC) 318-Example 8-Z.slb

Input Echo - General Information > Input Echo =i
~  Design Results -
File Name \Example 1 - PCA Notes on ACI 318-Example 8.. L
X Moment Redistribution Factors
Project spSlab/spBeam Manual, Example 1 Top Reinforcement
Frame PCA Notes on ACI 318-Example 8-2 _
: : Top Bar Details
Engineer StructurePoint Top Bar Development Lengths
Code ACI318-14
Bottom Reinforcement
Reinforcement Database ASTM AB15
Boftom Bar Details
Mod Desi
oo =sign Bottom Bar Development Lengths
MNumber of supports = 4 . .
Flexural Capacity
Floor System One-Way/Beam 5

Long. Beam Transverse Reinf. Demand and Capacity
Siab Shear Capacity

Material TakeQff

~ Deflection Results: Summary

»  Section Properties
»  Instantaneous Deflections

»  Long-term Deflections

Detailed Results

Figure 4-57 spResults Module

» Select the results tables you want to view from the explorer. The table displayed in the pre-
view space will be changed based on your selection.

» To copy results, select desired data from the table and right click, press the COPY button to
copy the current results into the Windows clipboard. Then you may use CTRL + V to
paste the contents of the clipboard to any other editors such as Word or Notepad.

» Press the CLOSE on the top right corner to close the result dialog box.

In order to view the floor system in greater detail, spSlab allows you to magnify a portion of the
floor system for closer analysis.

Using zoom with a magnifier:

* Select Zoom from the View menu then a sub menu appears beside the View menu.
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Select Window from the sub menu. Notice that the Window command is checked and the

cursor is changed to a magnifier. The other way to magnify window is to click the @ but-
ton on the tool bar.

Move the cross cursor to the upper left corner of the portion of the system you want to
enlarge.

Press and hold down the left mouse button while dragging the cursor to the lower right
portion of the system enclosing the desired area within the dashed box.

Release the mouse to enlarge that portion.

Using Zoom In and Zoom Out command:

Select Zoom from the View menu and a sub menu appears.

Select the In(2x) menu command from the sub menu. The current active window will be

magnified by two times. The other way to do this is to click the ® button on the tool bar.

Select the Out(0.5x) menu command from the sub menu. The current active window will
be reduced by two times. The other way to do this is to click the & button on the tool bar.

Note: To return to original (default) zoom, select Restore from the View menu, or select # from

tool bar. To move model in a view window, use Pan from the View menu, or select € from tool

bar.

You can modify the X and Z angles at which the floor system is displayed in the isometric view

window. By default, the floor system is viewed at -45° about the X axis and 45° about the Z axis.

The right hand rule is used to determine the angle of rotation about the X and Z axes and the X axis

is always rotated first.

To change angles:

Select Change View Angle from the View menu. The dialog box of Figure 4-58 appears
displaying the currently set angles.
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Specify rotation angles about Z and ¥ axis.
Rotation about £ axiz is alwaps done first.

Fotate aboutZ: |1 Degrees
Riotate about = |180 Degrees

Ok | Cancel |

Figure 4-58 Isometric View dialog box

» Change the angles of rotation about the X and Z axes. The X axis is rotated first then the Z
axis is rotated. The floor system is rotated about the axis using the right hand rule.

* Select OK button to accept the new angles and to modify the isometric view.

Note: A more convenient way to change the view angles instantly without entering angles in the
dialog box is to use the keyboard shortcut CTRL + ARROW Keys. For example, press CTRL + +
and CTRL + = to rotate the floor system around Z axis and press CTRL + % or CTRL + ¥ to rotate
around X axis.

In order to see the floor system members in greater detail, you can select specific member types to
view by enabling and disabling them.

To select member type:

» Select the View Options command from the View menu. The dialog box of Figure 4-62
will appear showing the currently displayed member types. Depending on the floor sys-
tem, some of the member types will be shaded gray and unavailable.

+ To hide a member type from a view of the floor system you must remove the v* sign from
the check box. Click the left mouse button on the check box of the member type you
would like to hide. To view a previously hidden member type, click the left mouse button
on the check box to add the v sign to the check box.

» Select OK button to view only the selected member types.
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Geometry X

Show
[v Slabs

Iv¥ Columnz and capitals
[v¥ Drops
[v Longitudinal beams

[V Transverse beams

oK | Cancel |

Figure 4-59 View Options dialog box

To switch to plan view:

1. Select the Plan View command from the View menu or click ® button on the tool bar. The
dialog box of Figure 4-60 will appear.

331 C:\Program Files (86)\StructurePoint\spSlab\Examples\Eamples-Manual\Example 1 - PCA Notes on ACl 218-Example 8-2.slb - Plan View [ = || & |[w234]
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Figure 4-60 Plan View Window

2. Right click on the view window to show the pop-up menu. You may save the current view
window as bitmap (BMP) file or metafile (EMF) onto the Windows clipboard by selecting
Copy Bitmap or Copy Metafile, respectively. You may also select the commands from the
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pop-up menu to zoom in or zoom out the view window and preview it before printing it
out.

Copy Bitmap
Copy Metafile

Zoorm Window
Pan
Restore

Display Diagrarm Grids

Prink Preview, .,
Options...

Figure 4-61 Pop-up Menu of View Window

1. Select the Options command from the pop-up menu, and then you may decide what
geometry members need to be shown on the view window as shown in Figure 4-62. To
hide a member type from a view of the floor system you must remove the v* sign from the
check box. Click the left mouse button on the check box of the member type you would
like to hide. To view a previously hidden member type, click the left mouse button on the
check box to add the v sign to the check box.

2. Select OK button to view only the selected member types.

Geometry X

Shaw
[V Slabs

I Columnz and capitals
Iv Dirops
[v¥ Longitudinal beams

[V Transverse beams

oK | Cancel |

Figure 4-62 Geometry Options of Elevated View

To switch to elevated view:

» Select the Elevated View command from the View menu or click ® button from the tool
bar. The dialog box of Figure 4-63 will appear.
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Figure 4-63 Elevated View Window

» Right click on the view window to show the pop-up menu. You may save the current view
window as bitmap (BMP) file or metafile (EMF) onto the Windows clipboard by selecting
Copy Bitmap or Copy Metafile, respectively. You may also select the commands from the
pop-up menu to zoom in or zoom out the view window and preview it before printing it
out.

Copy Bitrnap
Copy Metafile

Zoom Window
Pan
Restore

Display Diagram Grids

Prink Preview. ..
Qptions, .,

Figure 4-64 Pop-up Menu of View Window

* Select the Options command from the pop-up menu, and then you may decide what
geometry members need to be shown on the view window as shown in Figure 4-65. To
hide a member type from a view of the floor system you must remove the v” sign from the
check box. Click the left mouse button on the check box of the member type you would



slablsbeam

like to hide. To view a previously hidden member type, click the left mouse button on the
check box to add the v sign to the check box.

* Select OK button to view only the selected member types.

Geometry X

Show

[v Slabs

Iv¥ Columnz and capitals
[v¥ Drops

[v Longitudinal beams

[V Transverse beams

oK | Cancel |

Figure 4-65 Geometry Options of Elevated View

To switch to side view:

» Select the Elevated View command from the View menu or click ® button from the tool
bar. The dialog box of Figure 4-66 will appear.
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Figure 4-66 Side View window

Right click on the view window to show the pop-up menu. You may save the current view
window as bitmap (BMP) file or metafile (EMF) onto the Windows clipboard by selecting
Copy Bitmap or Copy Metafile, respectively. You may also select the commands from the
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pop-up menu to zoom in or zoom out the view window and preview it before printing it
out.

Copy Bitrnap
Copy Metafile

Zoom Window
Pan
Restore

Display Diagram Grids

Prink Preview. ..
Qptions, .,

Figure 4-67 Pop-up Menu of View Window

* Select the Options command from the pop-up menu, and then you may decide what
geometry members need to be shown on the view window as shown in Figure 4-68. To
hide a member type from a view of the floor system you must remove the v" sign from the
check box. Click the left mouse button on the check box of the member type you would
like to hide. To view a previously hidden member type, click the left mouse button on the
check box to add the v sign to the check box.

Geometry *

Show

[v¥ Slabs

[¥ Colurnns and capitals
v Dirops

v Longitudinal beams

[v¥ Transverse beams

OK | Cancel |

Figure 4-68 Geometry Options of Side View

* Select OK button to view only the selected member types.

To switch to isometric view:

» Select the Isometric View command from the View menu or click & button on the tool
bar. The dialog box of Figure 4-69 will appear.
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Figure 4-69 Isometric View Window

* Right click on the view window to show the pop-up menu. You may save the current view
window as bitmap (BMP) file or metafile (EMF) onto the Windows clipboard by selecting
Copy Bitmap or Copy Metafile, respectively. You may also select the commands from the
pop-up menu to zoom in or zoom out the view window and preview it before printing it
out.

Copy Bitmap
Copy Metafile

Zoom Window
Pan
Restore

Display Diagram Grids

Print: Preview, .,
Oplions...

Figure 4-70 Pop-up Menu of View Window

* Select the Options command from the pop-up menu, and then you may decide what
geometry members need to be shown on the view window as shown in Figure4-71. To
hide a member type from a view of the floor system you must remove the v sign from the
check box. Click the left mouse button on the check box of the member type you would
like to hide. To view a previously hidden member type, click the left mouse button on the
check box to add the v sign to the check box.
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Geometry

Show
[v Slabs

Iv¥ Columnz and capitals
[v¥ Drops
[v Longitudinal beams

[V Transverse beams

oK | Cancel |

Figure 4-71 Geometry Options of Isometric View

Select OK button to view only the selected member types.

To show the loads:

Select the Loads command from the View menu or click ® button from the tool bar. The
dialog box of Figure 4-72 will appear.
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Figure 4-72 Loads View Window

Right click on the view window to show the pop-up menu. You may save the current view
window as bitmap (BMP) file or metafile (EMF) onto the Windows clipboard by selecting
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Copy Bitmap or Copy Metafile, respectively. You may also select the commands from the
pop-up menu to zoom in or zoom out the view window and preview it before printing it
out.

Copy Bitmap
Copy Metafile

Zoorm Window
Pan
Restore

Display Diagrarm Grids

Prink Preview, .,
Options...

Figure 4-73 Pop-up menu of View Window

* Select the Options command from the pop-up menu, and then you may decide what kind
of loads need to be shown on the view window as shown in Figure 4-74. To hide a load
case, load type, or live load pattern you must remove the v* sign from the check box. Click
the left mouse button on the check box of the member type you would like to hide. To
view a previously hidden load type, click the left mouse button on the check box to add the
v’ sign to the check box.

Load caszes: Live load patterns:

BAZELE e Live/al

[v|Dead [ LivesOdd

Live [Live/Even
[Lives51
[Lives52

Loadypes:  [Ouivers3

[v| &rea Force [JLivessd

Line Force

Foint Force

Paint Moment

W Show values

W' Shaw units 0K | Cancel |

Figure 4-74 Loads Options
« If you want to hide the load values, remove the v* sign before SHOW VALUES check box.
 If you want to hide the load units, remove the v* sign before SHOW UNITS check box.

» Select OK button to view only the selected member types.

Once the design has been performed, you may view the shear, moment, and internal torque
(beams/one-way slab systems with torsion) diagrams for any span at any available load
combination.
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To view shears and moments diagram:

Select the Internal Forces command from the View menu or click the * button on the
tool bar. A view window similar to Figure 4-75 will appear. The upper half view window
shows the shear diagram and the lower half the view window shows the moment diagram.
If torsion is enabled for beams/one-way slab systems than internal torque diagram will
also be shown in this window.
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Figure 4-75 View Internal Forces Diagram

The current coordinate values can be captured based on the position of the mouse cursor.
The status bar in Figure 4-76 shows the name of the diagram, two coordinate values of the
current mouse cursor position, and the current design code used in the project.

Inkernal Forces w = 44,280 ft Wu = 0,210 kip ACT 315-14

Figure 4-76 Coordinate Value Shown in Status Bar

Click the right mouse button anywhere on the view window to show the pop-up menu.
You may Restore, Zoom, Pan or Print View directly by selecting commands from this
pop-up menu.

Click the Options command from the pop-up menu to change the span for which the inter-
nal forces diagrams will be shown and to choose if legend will be displayed or not. Figure
4-77 shows the OPTIONS dialog box. Select a span number from the SHOW DIAGRAM FOR
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drop-down list and select a load Envelope or combination from the SELECT LOAD COMBI-
NATIONS check list box. Use DRAW LEGEND checkbox to control whether legend is drawn
or not. Press the OK button to close the dialog box and redraw the view windows.

Internal Forces x

Show diagram for:

Al spans - Curve selection

* Redistibuted
" Mon-Redistributed
" Bath

Select load combinations:

¥ Draw Legend

Cancel

Figure 4-77 View Internal Forces Diagram Options

Note: The pop-up menu can be accessed from each of the view windows of spSlab.

The Restore command cannot be executed in the pop-up menu until the Zoom or Pan command
is stopped by pressing the ESC key. Without stopping the Zoom/Pan command, one can only

restore a view using the Restore command in View menu or # button in the tool bar. This occurs

in all spSlab view windows.

Once the design has been performed, you may view the moment capacity diagrams for any span.

The moment capacity window will be split in half horizontally. The middle strip moment capacity

will occupy the upper half and the column strip moment capacity will occupy the lower half where
each diagram will be scaled to fill the entire half of the window.

To view moment capacity:

1.

Select the Moment Capacity command from the View menu or click the & button on the
tool bar. A view window similar to Figure 4-78 will appear.

Right click on the Moment Capacity view window and select Options command from the
pop-up menu. A dialog box similar to Figure 4-79 will appear.

The current coordinate values can be captured based on the position of the mouse cursor.
The status bar shows the name of the diagram, two coordinate values of the current mouse
cursor position, and the current design code used in the project.
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Figure 4-78 View Moment Capacity Diagram

4. Click the right mouse button anywhere on the view window to show the pop-up menu.
You may Restore, Zoom, Pan or Print View directly by selecting commands from this
pop-up menu.

5. Click the Options command from the pop-up menu to change the span for which the
moment capacity will be shown. Select which span will be shown in the SHOW DIAGRAM
FOR drop-down list. Use DRAW LEGEND checkbox to control whether legend is drawn or
not. Use VALUES AND ZONES checkbox to control whether values at critical sections
within the zones are drawn or not.Select which part of the selected span will be shown in
the Show frame box.

To view capacity of longitudinal reinforcement, use COMBINED M-V-T checkbox (Figure

4-79b) for beams designed or investigated per CSA A23.3-14/042% with Combined M-V-
T option.

6. Press the OK button to close the dialog box and redraw the view windows.

7. The magnitude of the bending moment at the critical sections is displayed and indicated
by an asterisk where the bending moment diagram intersects the critical section.

200.CSA A23.3-14,11.3.9.2,11.3.9.3, 11.3.10.6; CSA A23.3-04, 11.3.9.2, 11.3.9.3, 11.3.10.6
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a)

Figure 4-79 View Moment Capacity Option dialog box (a) two-way system (b) beam with

Moment Capacity

Show diagram for:

¥ Draw Legend
v Values and Zones

Show
I¥ Colurnn Stip

v Middle Stip
[~ Beam Stip

Cancel

Moment Capacity

Show diagram for:

v Draw Legend
¥ Values and Zones

v Combined M-4-T

Cancel

b)

M-V-T option selected in Solve Options (CSA A23.3-14/04 only)

Once the design has been performed, you may view the slab shear capacity diagrams for any span.

To view shear capacity:

1. Select the Shear Capacity command from the View menu or click the & button on the

tool bar. A view window similar to Figure 4-80 will appear.
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Figure 4-80 View Shear Capacity
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» Right click on the Shear Capacity view window and select Options command from the
pop-up menu. A dialog box similar to Figure 4-81 will appear.

Show diagram for;

Show diagram for;

|.~'-\II spans j

v Diraw Legend

¥ Draw Legend

» . Iv Critical Sections
v Critical Sections

Show
Shiow Iv Calumn Strip
LS|k W Middie Stip
v Bearn [v¥ Beam Ship
ok | Cancel | Ok | Cancel ‘
a) b)

Figure 4-81 View Shear Capacity Option dialog box(a) One-way and two-way system (b)
Two-way system with shear distributed to slab strips

* The current coordinate values can be captured based on the position of the mouse cursor.
The status bar shows the name of the diagram, two coordinate values of the current mouse
cursor position, and the current design code used in the project.

* Click the right mouse button anywhere on the view window to show the pop-up menu.
You may Restore, Zoom, Pan or Print View directly by selecting commands from this
pop-up menu.

* Click the Options command from the pop-up menu to change the span for which the shear
capacity will be shown. Select which span will be shown in the SHOW DIAGRAM FOR drop-
down list. Use DRAW LEGEND checkbox and CRITICAL SECTION checkbox to control if the
legend and critical sections are drawn or not. Select which part of the selected span will be
shown in the SHOW frame box.

» The magnitude of the shear at critical sections is displayed and indicated by an asterisk
where the shear force diagram intersects the critical section.

* Press the OK button to close the dialog box and redraw the view windows.

Once the design has been performed, you may view the reinforcement diagrams for any span. The
reinforcement window will be split in half horizontally. The middle strip reinforcement will
occupy the upper half, and the column strip reinforcement will occupy the lower half where each
diagram will be scaled to fill the entire half of the window.

To view reinforcement:
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* Select the Reinforcement command from the View menu or click the = button on the tool
bar. A view window similar to Figure 4-82 will appear.
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Figure 4-82 View Reinforcement

* Right click on the Reinforcements view window and select Options command from the
pop-up menu. A dialog box similar to Figure 4-83 will appear.

» The current coordinate values can be captured based on the position of the mouse cursor.
The status bar shows the name of the diagram, coordinate value of the current mouse cur-
sor position in the design direction, and the current design code used in the project.

* Click the right mouse button anywhere on the view window to show the pop-up menu.
You may Restore, Zoom, Pan or Print View directly by selecting commands from this
pop-up menu.
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Cancel

Figure 4-83 View Reinforcement Options dialog box

Click the Options command from the pop-up menu to change the span for which the shear
capacity will be shown. Select the span you want to show from the Show diagram for
drop-down list. Select which part of the selected span will be shown from the Show frame
box. Checking the SHOW BAR LABELS will show labels beside each reinforcement on the
view. Similarly bar length can be included by checking INCLUDE BAR LENGTH. Bar labels
can also be arranged vertically if ROTATE BAR LABELS is checked. Set the vertical scale
(relative to the horizontal scale which is set automatically) to which members are drawn in
the SLAB THICKNESS SCALE edit box.

Press the OK button to close the dialog box and redraw the view windows.

Once the design has been performed, you may view the deflection shapes for any span.

To view the deflection shapes:

Select the Deflection command from the View menu or click the & button on the tool bar.
A view window similar to Figure 4-84 will appear.

Right click on the deflection view window and select Options command from the pop-up
menu. A dialog box similar to Figure 4-85 will appear.
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Figure 4-84 View Deflection Diagram

The current coordinate values can be captured based on the position of the mouse cursor.
The status bar shows the name of the diagram, two coordinate values of the current mouse
cursor position, and the current design code used in the project.

Click the right mouse button anywhere on the view window to show the pop-up menu.
You may Restore, Zoom, Pan or Print View directly by selecting commands from this
pop-up menu.

Show diagram far:

¥ Draw Legend

Scale factor: |1

Figure 4-85 View Deflection Option dialog box

Click the Options command from the pop-up menu to change the span for which the
deflection will be shown. Select the span you want to show from the SHOW DIAGRAM FOR
drop-down list. Check the Draw Legend checkbox to include the legend in the drawing.
Enter the scale factor in the SCALE FACTOR edit box. The bigger the scale factor, the more
apparent the deflections will be on the diagram.
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» Press the OK button to close the dialog box and redraw the view windows.

Once the analysis and/or design is performed, you can print the results. This section provides
procedures for performing these functions.

To print the analysis and design results:

Select Reporter command from the Solve menu or click the ® button from the tool bar.
Alternatively you can also press the F7 key. This will launch the spReporter module.
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Figure 4-86 View and Print dialog box

*  Only Word/PDF and Text reports can be previewed and directly printed. Select the format
you want to print the results in from the panel on the left. The preview will be changed
depending on your selection.

* You can adjust the paper size, page orientation margins and print range using the Print/
Export panel on the left.
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* Press the PRINT button on the dialog box to print the results through a printer. The printer
could be a local printer which is connected to your computer directly, or a network printer.

* Press the CLOSE button to close spReporter when printing job is done.

Once the design has been performed, you may print the diagrams and views for any span at any
available loading pattern by selecting the Print View command from the File menu.
To print a displaying window:
» To select the diagram or view you want to print, single click the left mouse button on the
diagram or view window.

* Select the Print View command from the File menu. A print preview window similar to
Figure 4-87 will be shown
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Figure 4-87 Print Preview Window

* Press the ZOOM IN or ZOOM OUT buttons or simply click the left mouse button on the pre-
view to magnify or reduce the size of the preview paper.

* Press the NEXT PAGE button if more than one page need to be printed.

* Press the PRINT button to print the view. The printer could be a local printer which is con-
nected to your computer directly, or a network printer.

* Press the CLOSE button to close the preview window and go back to spSlab.
4.9.11  Print Preview

The Print Preview command allows you to preview and print the current view window (floor
system geometry in the plan, elevated and isometric views, prints the shear and moment diagrams,
and the deflected shapes).

| 203 |
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To obtain a view window you must first perform the design, then select what you want to
view from the View menu. You may have more than one view window opened. The cur-
rent view window is the one activated and on top of the others on your screen.

Selecting this command closes the spSlab main window and opens the print preview win-
dow as shown in Figure 4-87.

On the print preview window, press the ZOOM IN or ZOOM OUT buttons or simply click the
left mouse button on the preview window to magnify or reduce the size of the preview

paper.
Press the NEXT PAGE button if more than one page needs to be printed.

Press the PRINT button to print the view. The printer could be a local printer which is con-
nected to your computer directly, or a network printer.

Press the CLOSE button to close the preview window and go back to spSlab.

Copy Bitmap (BMP format)

spSlab can copy any of the ten view windows onto Windows clipboard as bitmap. The bitmap on
clipboard can then be pasted into Microsoft Word or other Windows applications including
presentation software such as Microsoft PowerPoint.

To copy view window to clipboard as bitmap:

Select the view window that will be copied by single clicking left mouse button on it.

Select ¥ from the tool bar to copy the selected view window to clipboard.

Switch to other word processing software, such as Microsoft Word, then press the CTRL +
V to paste the bitmap on clipboard to a Word file.

Copy Metafile (EMF format)

Since bitmap files cannot easily be resized or re-proportioned without significant distortion to the

image, metafiles are generally used for situations requiring scalability of the image.

Advantages of metafiles are:

Large, simply structured images require less memory than bitmaps for display and make
optimal use of the resolution of the output device.

Metafiles can be resized with none of the distortion which normally accompanies resizing
of bitmaps.

A metafile can contain SelectPalette statements, allowing custom palettes to be displayed
in applications such as Microsoft Word.
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The Enhanced MetaFile (EMF) format is an extension of the Windows metafiles format developed
for use with 32 bit Windows applications. It is only available to native 32 bit applications.

To copy view window to clipboard as Enhanced MetaFile (EMF):

Select the view window that will be copied by single clicking left mouse button on it.
Select ® from the tool bar to copy the selected view window to clipboard.

Switch to other word processing software, such as Microsoft Word, then press the CTRL +
V to paste the bitmap on clipboard to a Word file.

Colors can be changed for background of views, geometry items such as slabs and beams, text on
views, result diagrams, etc.

To change colors:

Select Colors command from the Options menu. Figure 4-88 will appear.

From the General frame box on the left side, select the item whose color needs to be
changed from the list box.

Select a color from the Change color to drop-down list. Once a new color is selected from
the drop-down list the color in the list box above the drop-down list is updated instantly.

From the Results category box on the right side, select the item whose color needs to be
changed from the list box.

Select a color from the Change color to drop-down list. Once a new color is selected from
the drop-down list the color in the list box above the drop-down list is updated instantly.

If you want to print views in black and white, select the Print Black and White check
box.

If you want to save the settings as default, select the Save setting for future use check box.
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Colors
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Figure 4-88 Changing Colors dialog box

* Input the line thickness in the Printed Line Thickness edit box. The diagram line thickness

will be based on the number you input.

» Press the OK button to save the settings and close the dialog box.

Fonts can be selected separately for graphical on screen, graphical output and the text output via

Options|Font command.

To change the graphical on screen or graphical output fonts:

» Select the Font|Graphical, On Screen or Font|Graphical, Output command from the
Options menu. A view window similar to Figure 4-89 will appear.
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Color:
I- Black - i Script:
IWestem ;I

Figure 4-89 Changing Graphical Output Font dialog box

Select the font, font style and size from the lists. Font sizes different from those on the list
can be typed in the Size text box.

In the EFFECT frame select if strikeout and/or underline effect have to be applied. Alterna-
tively to the COLOR dialog box, the font color can be chosen in this dialog box too.

The script of the font by default is Western and should not be changed.

Press the OK button to save the new setting and close the dialog box.

To change the text output font follow the same procedure as for the graphical output font except
that font effects are not available for text output and the list of fonts only contains non-
proportional fonts which are suitable for tabulated text output (Figure 4-90).

Fant: Font style: Size:

[Reqular [16 oK |
regulaz  EHE S

ISOCTEUR Ttalic ;g ﬂl

Lucida Console Bold 22

Lucida Sans Type Bold Italic %é

Monospac821 BT 22 v

Sample ——————

AaBbYyZz

Script:

IWestem ;I

Figure 4-90 Changing Text Output Font dialog box
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Cascade

The Cascade command displays all the open windows in the same size, arranging them on top of
each other so that the title bar of each is visible. The current active view widow will be on the top
after the execution of the Cascade command.

Tile Horizontal

The Tile Horizontal command arranges all open windows horizontally so that no window
overlaps another. The current active view widow will be on the most left or on the upper-left
corner of the screen after the execution of the Tile Horizontal command.

Tile Vertical

The Tile Vertical command arranges all open windows vertically so that no window overlaps
another. The current active view widow will be on the most left or on the upper-left corner of the
screen after the execution of the Tile Vertical command.

Remaining Commands

The remaining menu items are in a list of the windows that are available for viewing. Selecting
any window from this menu will restore the window to its previous size and position from an icon.

To open table of contents of the Help system:

» Select Help from the Help menu.

» Select the chapter you need from the content tree view in the left pane of the browser win-
dow. The contents of the selected chapter appear in the right pane of the browser window.

To display the manual:

* Select Manual from the Help menu.

* The manual will be displayed in the default browser window.
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To check if a newer version of the program is available:

* Select Check for Updates from the Help menu.

* The program will open the default browser window with the page where the newer version
can be requested or downloaded.

The following information about the program is displayed in the ABOUT SPSLAB dialog box:

» program version and short description
* licensing information

+ the copyright information

The licensing information depends on the type of license being used. If it is a trial license then the
LICENSE EXP field shows when the trial period expires and the LOCKING CODE field displays a
unique fingerprint of the computer on which the program is running. This locking code needs to be
provided to StructurePoint in order to generate a permanent license. For other, non-trial licenses,
license ID is displayed. You may be asked to provide this ID when you contact StructurePoint for
technical support.

To obtain the information about the program:

» Select the About spSlab command from the Help menu. A dialog box of Figure 4-91 will
appear.

* Press OK button to exit the dialog box.
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About spSlab

About spSlab

zpSlab v5.00

Analysiz, Design, and lnvestigation of Reinforced Concrete
Beams. One-way and Two-way Slab Systems

License Type: 15 day tial license
License Exp: Dec 26, 2015 at 09:41:52
Lizense Server: SP-OP390-107E (192.168.100.200) +.7.2.23

Locking Code:  [4.22FE2
Lizensed to:
Uszer, StructurePoint

STRUCTUREPOINT, LLC
iy, S tructurePoint.org
Copyright € 2003-2015

All Rights Reserved

slab

Analysiz, Design, and Investigation of R einforced Concrete
Beams, One-way and Two-way Slab Systems

Licenze Type: 10 seat network license
License Exp: Mewver
License Server: SP1 [192.168.100.155]) ».7.2.23

License 1D |00000-0000000-4-25E F2-22608
Licensed to:

StructurePoint

STRUCTUREPOIMT, LLC
v, StructurePoint.org
Copyright € 2003-2018

All Rights Reszerved

a)

Figure 4-91 About spSlab dialog boxes with (a) a trial license (b) a network license

b)
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spSlab generates the text and graphical output of the input data and the results of the calculations.
The text output is generated when user opens the Results Report dialog window. An ASCII text
file is generated in the same sub-folder as the input data file. The name of the output file is created
by adding the extension ".OUT" to the name of the input data file. Depending on the report options
selected, the text output will contain a selection of the following sections (see the illustrated
examples in the following chapter):

* Cover & Contents

* Input Echo

* Design Results

* Deflection Results: Summary
* Detailed Results

* Diagrams

The cover page consists of the program logo, program version, and a diagram of the section being
investigated. Additionally, legal disclaimer is displayed at the bottom of the first page. The
program version number appears at the top of each report page along with the licensing and
copyright information.

The contents lists out all the headings and sub-headings for the sections contained in the report.

Section Input Echo reports the data used in the analysis. spSlab defaults common data; all other
data must be input. Carefully check the contents of the section and compare it with the intended
design model. The following paragraphs describe the blocks included in the section.

This block is similar in its content to the dialog window General Information. It contains the
information on project input data file name, project description, selected design code and units,
selected reinforcement database, calculation mode (design or investigation), number of supports,
cantilevers. The selections available in the SOLVE OPTIONS dialog box are also listed in this block.
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This block contains the information on concrete properties for slabs, beams and columns. It also
contains the information on reinforcing steel properties for slabs and beams.

This block lists the properties of the bars from the bar table selected for the project. Bar diameter,
cross-section area and unit weight for each bar are reported. The values reported are consistent
with the units used in particular model.

This block is similar in its content to the dialog window Span Data. The block is divided into two
parts. First part reports the span-by-span geometry of the concrete slab (length, left and right side
width, depth and code required minimum thickness). The second part contains the span-by-span
geometry of longitudinal beams and ribs (for joist slabs): width, depth, and offset (eccentricity)
from column centroid.

This block is similar in its content to the dialog window Support Data. The block is divided into
four parts. The first part reports the geometry of top and bottom columns and the stiffness share
factor. For circular column the transverse dimension C2 is reported as zero. The second part
contains the geometry of drop panels: thickness, lengths, widths. If dimensions of a drop panel are
invalid it will be marked. Invalid or excessive drop panel geometry is not used in the analysis. The
third part contains the geometry of column capitals: depth, slope (depth/extension ratio),
extensions. The fourth part contains the geometry of transverse beams: width, depth, and offset)
from column centroid.

This block contains the complete information on load input. The block is divided into three parts.
The first part reports the defined load cases, load combinations and corresponding load factors.
This part summarizes the contents of the dialog windows Load Cases and Load Combinations.
The second part reports the magnitudes of defined span loads. It summarizes the contents of the
dialog window Span Loads. The third part reports the magnitudes of lateral actions (joint
moments) if defined in the model. It summarizes the contents of the dialog window Lateral Load
Effects.
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This block is similar in its content to the dialog window Reinforcement Criteria. The block is
divided into three parts. The first part reports the requirements for slab and rib bars. The second
part reports the requirements for longitudinal beams. Both parts contain the information on bar
sizes, covers, spacing, and user selected allowable steel percentages. The requirements for top and
bottom bars are given. For longitudinal beams additionally the criteria for transverse bars
(stirrups) are listed.

This block is available only when Investigation Mode is selected. This block is similar in its
content to the dialog window Reinforcing Bars. The block is divided into three parts. The first part
reports the span-by span user selected top bars for column, middle and beam strips accordingly.
Similarly, the second part reports the user selected bottom bars for column, middle and beam. For
longitudinal bars the program reports bar sizes, lengths and concrete cover. The third part presents
the beam transverse reinforcement (stirrups) defined by the user.

Note: When switching from Design Mode to Investigation Mode, spSlab automatically assumes
the results of the Design Mode as an input for Investigation Mode.

Section Design Results presents the summary of the design results of the slab system. The
following paragraphs describe the blocks included in the section.

This block is available only for two-way systems. It contains the information on design strip
widths, moment distribution factors, and shear distribution factors (for CSA A23.3-14/04 standard
and optionally for other standards if distribution of shear to slab strips is selected).

This block is available only when Design Mode is selected. It reports the negative reinforcement
requirements. The block contains the values of corresponding design strip widths (column,
middle, and beam), maximum factored design moments per strip and critical location, minimum
and maximum steel areas, spacing for bars selected based on required reinforcement area, steel
areas required by ultimate condition, selected bar sizes and numbers. The quantities are given for
left, center and right location of each span. For a detailed discussion, see Chapter 2, “Area of
Reinforcement”.



slablsbeam

Note: This block does not include reinforcement quantities necessary to transfer unbalanced
moments at supports. In case of CSA standard, the reported spacing is averaged between
reinforcement placed in the by, band and in the remaining portion of the column strip outside of the
by, band.

The block contains a span-by-span listing of the longitudinal bars selected in column, middle and
beam strips. This reinforcement schedule is intended as a guide for bar placement. In more
complex cases the bar schedule selected by the program may have to be adjusted by the user for
constructability reasons. The selected bar sizes are limited by user specified minimum and
maximum sizes. Bar sizes and numbers are selected to satisfy the minimum and required steel
areas in conjunction with the bar spacing requirements of the code. The program calculates the bar
lengths based on the computed inflection points and the recommended minima of the code. The
bar lengths are adjusted by appropriate development lengths. Hooks and bends are not included in
bar length tables and figures. For beams bars are placed in single a layer (see Figure 2-21),
provided there is sufficient beam width. For a detailed discussion, see Chapter 4, "Reinforcement
Selection".

Note: This block does not include additional reinforcement bars necessary to transfer negative
unbalanced moment at supports.

Available only when the CSA code is selected, this section describes how the negative
reinforcement in column strips should be concentrated over supports. It reports the total width of
the strip from which reinforcement is concentrated, the width of the b, band, and the remaining
width. The total width of the subdivided strip will be equal to the column strip width when no wide
beams (width greater than by) and no slab bands are present. If either one is present then its width
will be used. If a beam narrower than bj, frames into an exterior support then both the total strip
width and the b, width will be reduced to the beam width.

The section also gives the area of reinforcement and the number of bars required in each strip. The
sum of number of bars in the band strip and in the remaining strip should be equal to the total
number of bars over each support in the strip from which the bars were concentrated. The total
number of bars in this strip should also be consistent with the number of bars listed in the Top Bar
Details table.

Note: This output block does not include additional reinforcement bars necessary to transfer
negative unbalanced moment at supports.
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This block is available only when Design Mode is selected. It reports the positive reinforcement
requirements. The block contains the values of corresponding design strip widths (column,
middle, and beam), maximum factored design moments per strip and critical location, minimum
and maximum steel areas, spacing for bars selected based on required reinforcement area, steel
areas required by ultimate condition, selected bar sizes and numbers. The quantities are given for
mid-span regions of each span. For a detailed discussion, see Chapter 2, “Area of Reinforcement”.

This block contains a span-by-span listing of the longitudinal bars selected in column, middle and
beam strips. The reinforcement schedule is intended as a guide for bar placement. In more
complex cases the bar schedule selected by the program may have to be adjusted by the user for
constructability reasons. The selected bar sizes are limited by user specified minimum and
maximum sizes. Bar sizes and numbers are selected to satisfy the minimum and required steel
areas in conjunction with the bar spacing requirements of the code. The program calculates the bar
lengths based on the computed inflection points and the recommended minimums of the code. The
bar lengths are adjusted by appropriate development lengths. Bottom bar development lengths are
tabulated directly below the bottom bar details block. Hooks and bends are not included in bar
length tables and figures. For beams bars are placed in single a layer (see Figure 2-21), provided
there is sufficient beam width. For a detailed discussion, see Chapter 2, “Reinforcement
Selection”.

This block lists the selected top and bottom steel areas and corresponding negative and positive
moment capacity values in each span. The data is subdivided between column, middle and beam
strips. Each span is subdivided into segments reflecting the changes in geometry and bar
placement.

This block is available only when Design Mode is selected. It reports the requirements of
transverse reinforcement for each longitudinal beam. The capacity of concrete cross-section
®V.in each span is shown. The table contains the segmental values of the factored shear force Vu
and required intensity of stirrups (4,/s). The segmental values cover the distance between left and
right critical sections, and include locations where there is change of geometry of loading.
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This block is available only when Design Mode is selected. It is intended as a guide for stirrup
placement. The output presents the program selected stirrup sizes, numbers, and spacing.
Distances between groups of stirrups are also reported.

If torsion is not considered then this block lists the concrete section shear capacity PV, selected
stirrup intensities and spacing, and corresponding beam shear capacity @V}, values in each span.
For CSA A23.3-14/04 code, the program additionally reports value of factor . The maximum
factored shear forces V, in beam strip along the span is also reported.

In the case of combined shear and torsion analysis (beams/one-way slab systems only), this block
lists section properties, shear and torsion transverse reinforcement capacity, and longitudinal
torsional reinforcement capacity. The provided and required capacities are expressed in terms of
the provided and required areas of reinforcement.

This block lists the values of one-way slab shear capacity @V,. in each span. For CSA A23.3-04
code, the program additionally reports value of factor S. The maximum factored shear force ¥V,
and the location of the critical section X, are also reported.

There are two blocks reporting the design values for additional reinforcement necessary to transfer
unbalanced support moments. One block is for negative unbalanced moments and the other for
positive unbalanced moment. These blocks contain the results for critical (effective) section width
as per the code, width of the effective section on the tension side (for negative unbalanced
moments) or on the compression side (for positive unbalanced moments), distances to the
centroids of tension and compression reinforcement (if compression reinforcement option is
selected), the maximum negative or positive unbalanced moment, the corresponding load
combination and governing load pattern, the reinforcing steel areas provided and additional steel
required. The provided reinforcement area (main longitudinal bars) is reduced by the ratio of
critical (effective) strip width to total strip width and does not include the required area due to
unbalanced moments. The additional reinforcement is the difference between that required by
unbalanced moment transfer by flexure and that provided for design bending moment. When
additional reinforcement is required, it is selected based on the bar sizes already provided at the
support. For a detailed discussion, see Chapter 2, "Area of Reinforcement" and "Additional
Reinforcement at Support".
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The block contains two tables with values pertaining to punching shear check in critical sections
around the columns. The first table lists geometrical properties of punching shear critical section.
The reported properties of the critical section are overall dimensions in the direction of analysis,
b;, and in the perpendicular direction, b,, perimeter, by, location of centroid with respect to
column center line, d,,,, average distance from the slab bottom to centroid of the slab tension
reinforcement, CG, distance from centroid to the left, ¢;,5, and right, ¢,;4p,, €dge of critical section,
area of concrete resisting shear transfer, 4., and moment of inertia of critical section, J,.. The
second table lists two sets of punching shear calculations — direct shear alone and direct shear with
moment transfer. The output contains the values of the allowable shear stress PV, reactions V,,,
unbalanced moments M,,,,;, governing load pattern, fraction of unbalanced moment QJ/,
punching shear stress v,. The calculation for moment transfer adjusts the unbalanced moment to
the centroid of the critical section. The "shear transfer" is the unbalanced moment multiplied by ..
When calculated shear stress v,, exceeds the allowable value DV, the program prints a warning
flags for this support. For a detailed discussion, see Chapter 2, "Shear Analysis of Slabs".

The block contains two tables with values pertaining to punching shear check in a critical section
around the drop panels. The first table lists geometrical properties of punching shear critical
section (see description in the Punching shear around Columns block). The second table displays
the reactions V,,, governing load pattern, the punching shear stress around the drop v,,, and the
allowable shear stress @V,.. When calculated shear stress v, exceeds the allowable value @V, the
program prints a warning flags for this drop panel. For a detailed discussion, see Chapter 2, "Shear
Analysis of Slabs".

This section is available only when the CSA code is selected. It lists the shear transferred to the
column and the minimum area of bottom reinforcement crossing one face of the periphery of a
column and connecting slab to the column to provide structural integrity. For a detailed discussion,
see Chapter 2, "Integrity Reinforcement".

This block refers to the reinforcement required in the exterior corners of a slab with beams
between columns. The ratio of flexural stiffness of beam section to flexural stiffness of slab is
listed as well as the area of reinforcement and the distance over which the reinforcement is
required. The area applies to each layer of reinforcement in each direction. For a detailed
discussion, see Chapter 2, "Slab Corners".



slablsbeam

This section is available only when the CSA code is selected in design mode. It reports results of
one-way shear check at corner columns. The results include the factored shear resistance and the
factored shear force at the column. Also, the minimum length of the critical shear section and, for
the 1994 edition, the angle at which the minimum length is obtained are listed. For a detailed
discussion, see Chapter 2, "Shear Resistance at Corner Columns" in “Shear Analysis of Slabs”.

This block lists the approximate total and unit quantities of concrete, and reinforcement. Note that
the reinforcement estimate is for one direction only and ignores items such as hooks, bends, and
waste. For a detailed discussion, see Chapter 2, "Material Quantities".

Section Deflection Results presents the summary of the deflection results of the slab system. This
section lists the summary of frame section properties, for positive and negative moments, frame
effective section properties for load levels, strip section properties at midspan (two-way systems
only), instantaneous deflections and long-term deflections, if they are selected in solve options.
Also, if a solution option "Gross (uncracked) sections" is selected, only gross moment of inertia,
Ly, is reported in the section properties table and the values of all deflections reported are based on
gross section properties. If solution option "Effective (cracked) sections" is used, the values of
deflections reported are based on averaged effective moments of inertia, I, 5y, Which are then
reported in the section properties table together with other properties of cracked sections. For

a detailed discussion, see Chapter 2, "Deflection Calculation".

Sections Column Forces and Redistributed Column Forces present the summary of axial forces (reactions)
and bending moments in bottom and top columns and in springs attached to the column-slab joints. Also,
moments at far ends of columns are reported. All reported values represent forces and moments at column
ends, i.e. at joint level (not at slab or drop panel surface level). If moment redistribution is selected (beams/
one-way slab systems only) both redistributed and un-redistributed values can be included. The values

reported represent the loading of a single floor only. Any actions on the columns from the floors above
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must be added to this story’s actions to properly analyze/design the columns. The output contains column
axial forces and moments due to all load cases, including all live load patterns, and all load combinations.
Positive axial forces mean compression and positive moments mean that fibers on the left hand side are in
tension for top columns and for bottom column fibers on the right hand side are in tension. Also, reactions
of additional translational and rotational springs applied at joints are reported in this block. Positive values

mean upward translational spring reaction and clockwise rotational spring reaction.

Load Cases

This section presents the summary of unfactored bending moments and shear forces for individual
load cases including selfweight, dead load, live load and lateral cases. The reported values are
presented using span-by-span segmental approach. If moment redistribution is selected (beams/
one-way slab systems only) both redistributed and un-redistributed values can be included.

Load Combinations

This section presents the summary of bending moments and shear forces for each load
combination. The reported values for each load combination are presented using span-by-span
segmental approach. The negative and positive values of bending moments and shear forces are
presented in separate columns in order to provide consistent format with enveloped output. If
moment redistribution is selected (beams/one-way slab systems only) both redistributed and un-
redistributed values can be included.

Envelopes

This section presents the summary of bending moments and shear forces for envelope of all load
combinations. The reported values are presented using span-by-span segmental approach. The
negative and positive values of bending moments and shear forces are presented in separate
columns for user convenience. The factored values presented in this section are used for design
purposes (longitudinal and transverse reinforcement). If moment redistribution is selected (beams/
one-way slab systems only) both redistributed and un-redistributed values can be included.

This section presents the summary of unfactored bending moments and shear forces for individual
load cases including selfweight, dead load, live load and lateral cases. The reported values are
presented using span-by-span segmental approach. If moment redistribution is selected (beams/
one-way slab systems only) both redistributed and un-redistributed values can be included.

Load Cases

This section presents the summary of unfactored beam torsion forces (beams/one-way slab
systems with torsion analysis and design only) for individual load cases including selfweight, dead
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load, live load and lateral cases. The reported values are presented using span-by-span segmental
approach.

Load Combinations

This section presents the summary of beam torsion forces (beams/one-way slab systems with
torsion analysis and design only) for each load combination. The reported values for each load
combination are presented using span-by-span segmental approach. The negative and positive
values of torsion forces are presented in separate columns in order to provide consistent format
with enveloped output.

Envelopes

This section presents the summary of beam torsion forces (beams/one-way slab systems with
torsion analysis and design only) for envelope of all load combinations. The reported values are
presented using span-by-span segmental approach. The negative and positive values of torsion
forces are presented in separate columns for user convenience. The factored values presented in
this section are used for design purposes (longitudinal and transverse reinforcement).

This section presents the summary of instantaneous deflections for unfactored (service) load cases
including selfweight and dead load (DL), live load (LL), sustained load (DL+LLsustained), and
total load (DL+LL) cases, and summary of long-term deflections for unfactored incremental and
total deflections for one-way systems. For two-way systems, instantaneous frame deflections for
fixed-end, end-rotation, and total (fixed-end and end rotation combined), instantaneous strip
deflections, and long-term strip deflections. The reported values are presented using span-by-span
segmental approach. For a detailed discussion, see Chapter 2, "Deflection Calculation".

This section presents the summary of enveloped design moments and the required areas of
longitudinal reinforcement required for flexure. If combined M-V-T option (available only for
beam design/investigation per CSA A23.3-04) is selected in the Solve Option window then
longitudinal reinforcement required for combined flexure, shear, and torsion (M-V-T) is also
reported with the corresponding values of bending moment, shear force, and torsional moment.
The values are tabulated for every design strip at every design segment.

spSlab provides the following graphical output features:

» Diagrams of Internal Forces,
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* Moment (and longitudinal reinforcement capacity due to combined M-V-T action, avail-
able only for beams designed/investigated per CSA A23.3-14/04) Capacity Diagram,

» Shear (and Torsion) Capacity Diagram,
* Deflection Diagram,

* Reinforcement Diagram.

These diagram windows can be customized. The Options dialog allows selecting either a single
span or all spans. Other elements of the graphs can also be modified. spSlab print preview of the
current graphical window. The user has also the choice to export the graphics to a metafile or
bitmap file.

Detailed information on using the graphical output features is included in chapter "Operating the
Program".
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In this chapter several examples are presented to demonstrate capabilities of the program.
Generally program results match closely the results found in the referenced text books. When
discrepancies are observed, they result from variations in assumptions and solutions methods, and
numerical accuracy.

Both beams/one-way slab systems as well as two-way slab systems are presented in the examples.
The output of beams/one-way slab examples shows that spBeam program was used to solve them.
This is to illustrate that spBeam program is available as a limited version of spSlab including only
beams/one-way slab capabilities.

Determine the required reinforcement for the spandrel beam at an intermediate floor level as
shown, using moment redistribution to reduce total reinforcement required. (Note: the self weight
is already included in the specified dead load below.) This example refers to Example 8-2 from
PCA Notes on ACI 318 Building Code Requirements for Structural Concrete.

Columns: 16 x 16 in.
Story height: 10 ft
Spandrel beam: 12 x 16 in.
fe = 4000 psi
Iy = 60,000 psi
DL = 1167 1b/ft
LL = 450 Ib/ft

Columns 16" = 16" (typ.)
/ 14/\; Spandrel beam _\4\_
| 12" x 16" (typ.) \
i
i
I
i
i
C
|

A A
i i
i i
| |
| |
| |

| | o
| |
[ \

i
i
|
|
i
|
L __\/}f\__
|
|

25'- 0" 15'- 0" 20°- 0"

Figure 6.1 Example spandrel beam problem
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1. From the Input menu, select General Information. A dialog box appears.

— In the LABELS section, input the names of the project, frame, and engineer.

— In the FRAME section, input 4 for NO OF SUPPORTS.

— In the FLOOR SYSTEM section, click the radial button next to ONE WAY / BEAM.

— Leave all other options in the General Information tab to their default settings of ACI

318-14 design code, ASTM A615 reinforcement, and DESIGN run mode option.

— In the Solve Options tab, click the check box next to MOMENT REDISTRIBUTION. Press

OK.

General Information

General Information |Span Cortrol I Solve Options I

r Labels

Project: IspSIab;"spBeam Manual, Example 1

Frame: IPCA Motes on AC| 318-Example 8-2

Engineer: IStn.lctune Point

—Options — Run mode

Design code: IACI 31814 - l ' Design

Reinforcement IASTM AB15 vl " Investigation

r Frame — Foor System ———
Mo. of Supports: I-i  Two-Way

[™ Left cantilever [~ Right cantilever % One-Way/Beam

— Other
™ Distance location as ratio of span

General Information

General Information I Span Control  Solve Options

r— Design Options
Live load pattem ratio: (Y] i

[ Compression Reinforcement [~ Effective flange width
[ Decremental Reirf. Design ™ Rigid beam-column joirt
[¥ Moment Redistribution

—I~ Torsion Analysis and Design

Torzion type Stirupsz in flanges
& Equilibrium & No
€ Compatihility € Yes

r— Deflection calculation options
- Sections to use in deflection calculations are

" Gross {uncracked) (+ FEffective (cracked)

 In negative moment regions, to calculate Ig and Mecr use

' Rectangular Section " T-Section
¥ Calculate longtem deflections
Duration of load Sustained part of live load

60 months ID %

OK I Cancel

Help

0K I Cancel Help

2. Nothing needs to be changed in the Material Properties dialog box.
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Material Properties

LUnit density:

Comp. strength:

Rupture modulus:

Concrete | Reirforcing Stee! |

Slabs and
Beams

150)

—

Young's modulus: |3-834.3

047434

Copy = |

Columns

Em
"
[28343 ks
oz

o]

Cancel | Help |

3. From the Input menu, select Spans. A dialog box appears.

— Under the Slabs/Flanges tab, input 25 for LENGTH, O for THICKNESS, and O for

WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

— Press the drop down arrow next to SPAN and select Span 2. Input 15 for LENGTH, 0 for

THICKNESS, and 0 for WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

— Press the drop down arrow next to SPAN and select Span 3. Input 20 for LENGTH, 0 for

THICKNESS, and 0 for WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

— Select the Longitudinal Beams tab. Input 12 for WIDTH and 16 for DEPTH. Press

MODIFY.

— Press Copry. Press the CHECK ALL button. Press OK.

— Press OK again.

Span Data x

Slabs/fanges | Longtudinal Beams | Ribs |

Length: 25 ft
Thickness: |0 in

Width Left: ID ft

Width Right: |0 ft

Span

=
Location: | Interior hd

o

SpanMo. | Location | Length [ Thickness [ Width-L Widh-R
1 Interior 25 0 0 0
2 Interior 15 0 0 0
3 Interior 20 0 0 0

OK Cancel

Help

Span Data

Slabs/Flanges Longitudinal Beams | Ribs |

Span: hd Width: |12 in
Depth: [16 in
Wodty | Copy... |
Span No | Wicth | Depth
1 12 16
2 12 16
3 12

Cancel

Help
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4. From the Input menu, select Supports. A dialog box appears.

— Under the Columns tab, input 16 for both the C1 and €2 values in both the ABOVE and
BELOW rows. Press MODIFY. (Note: the default HEIGHT ABOVE and HEIGHT BELOW
values of 10 are correct.)

—  Press Copry. Press the CHECK ALL button. Press OK.

— Under the Moment Redistribution tab, click on SUPPORT 2 in the list in the bottom
half of the SUPPORT DATA dialog box.

— Input 20 for both the LEFT and RIGHT REDISTRIBUTION LIMITS. Press MODIFY.
— Press Copy. Click the check box next to SPAN 3. Press OK.

— Press OK again.

Columns ICu\umn Capitals I Transverse Beams ] Moment Redistribution I Boundary Conditions 1
Height fft} c1 fin) c2 {in}
Support: ~| | Above 10 16 16
Stiffness share %: 100 Below 0 16 16
Sup.No | Stif. | HA [c1a [ c2a [ htB [c1B [cz8 |
1 100 10 16 16 10 16 16
2 100 10 16 16 0 16 16
3 100 10 16 16 0 16 16
4 100 10 16 16 0 16 16
ok | cacel | Hep |

Columns 1 Column Capitals ] Transverse Beams Moment Redistribution I Boundary Conditions I

Redistribution Limits [%]
Support hd Let: 0
Right o

Modffy Copy.

Sup. Mo

exmolg| Lo

oymola

o =

ok | cacel | Heb

5. From the Input menu, select Reinforcement Criteria. A dialog box appears.

— Under the Beams tab, select #8 for MAX BAR SIZE for TOP BARS and BOTTOM BARS.

—  Press OK.
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Reinforcement Criteria Reinforcement Criteria

Slabs and Ribs | Beams I Slabs and Ribs  Beams |
Top bars Bottom bars Stimups

—Cover (in) Top bars Botiom bars —Cover (in} — Side Cover (in)

Clear: |1_5 15 Clear: |1 5 |1 5 Clear: |1 5
- Bar size — Bar size —Barsize———

Min: #H5 - Iﬁ& vl Min:  [#8 - H3 - Min:  |#3 -

Max: |#8 - I#a vl Max:  |#8 - I#B vl Max: |#5 -
- Spacing (in} -~ Spacing {in} - Spacing fin}

Min: |1 |1 Min: |1 |1 Min: IG

oo [ [ e [ 8 || M B
- Reirf. ratio (%) — Reinf. ratio (%) - Number of legs

Min: I{l_‘].i In_m Min:  |0.14 ID.‘M Min: |2 vl

Max: |5 |5 Max: |5 |5 Max: IG vl

 First Stimup from FOS {in) -
There is more than 12in of Clear distance between ot
r concrete below top bars. bar layers {in): I‘I Dist: |3
r There is more than 12 in of
concrete below top bars.
ok | (Cancd | Hep | OK | Cancel Help

6. From the Input menu, select Load Cases. A dialog box appears.

— Since we are not considering lateral forces, click on WIND in the LABEL column on the
list in the bottom half of the LOAD CASES dialog box and press the DELETE button.

— Click on EQ in the LABEL column and press the DELETE button. Press OK.

Load Cases

Label: Type: IDEAD LI
Sefweight | add | Modify Deete |
Label [ Tope |
SELF DEAD

Dead DEAD

Live LIVE

Ok, I Cancel | Help |

7. From the Input menu, select Load Combinations. A dialog box appears.

— Delete all the load combinations by clicking anywhere on the list in the bottom half of
the LOAD COMBINATIONS dialog box and pressing the DELETE button. Repeat this pro-
cedure until all the load combinations are gone.

— Input 0 in the SELF field, 1.2 in the DEAD field, and 1.6 in the LIVE field. Press
ADD.

—  Press OK.
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Load Combinations

SELF [Dead Live Cazed Cazeh Cazef
|m 1.z 1E | |
pad | Modity | Delete |
Comb | SELF | Dead | Live |
Ut 0 1.2 1.6

0k I Cancel | Help |

From the Input menu, select Span Loads. A dialog box appears.

— Press the drop down arrow next to TYPE, and select LINE LOAD.
— Input 1167 for both the START and END MAGNITUDE.

— Input 25 for the END LOCATION. Press ADD.

— Use the drop down arrow next to SPAN to select SPAN 2. Keep the START and END
MAGNITUDES of 1167 Ib/ft but change the END LOCATION to 15. Click the ADD but-
ton.

— Again use the drop down arrow next to SPAN to select SPAN 3. Keep the START and
END MAGNITUDES of 1167 1b/ft but change the END LOCATION to 20. Click the ADD
button

Current Cage: Start End

Span: |1 Vl EDIZl_'.-'---l Magnitude: I‘I‘IB? |11B? Ib/ft
Type: ILine Load vl Location: ID |25 ft

Live

Span =251t
Case Copy... | Add | b odify | Delete |
Span Mo | Type | Wa | La | Wb | Lb |
1 Line Load 1167 a 1167 25
2 Line Load 167 1] 1167 15
3 Line Load 1167 a 1167 20

QK I Cancel Help
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9. In the top left corner of the SPAN LOADS dialog box, there is a section called CURRENT
CASE. Click on LIVE.

— Use the drop down arrow next to SPAN to select SPAN 1.

— Making sure that LINE LOAD is still the selected LOAD TYPE, input 450 for both the
START and END MAGNITUDE.

— Input 25 for the END LOCATION. Press ADD.

— Use the drop down arrow next to SPAN to select SPAN 2. Keep the START and END
MAGNITUDES of 450 1b/ft but change the END LOCATION to 15. Click the ADD but-
ton.

— Again use the drop down arrow next to SPAN to select SPAN 3. Keep the START and
END MAGNITUDES of 1167 Ib/ft but change the END LOCATION to 20. Click the ADD
button

—  Press OK.

Span Loads

Current Casge: Start End

Dead Spar: |1 j Copy... M agnitude: 450 450 It
Type: |Line Load - Location: |0 25 t

Span =25t

Case Copy... | Add | Modify | Delete |

a | wihb | Lb
450 %
450 15
450 20

Span No. | Type | YWa |
1 Line Load 450
2 Line Load 450
3 Line Load 450

oo o

QK | Cancel Help

10. From the Solve menu, select Execute. Press CLOSE.
11. From the Solve menu, select Results.
— Use the explorer to browse through the results tables.

— Use the ARROW keys or the mouse wheel to browse through different parts of the
table quickly. Press the CLOSE button to close the SPRESULTS.
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12. To view diagrams, select Loads, Internal Forces, Moment Capacity, Shear Capacity,
Deflection, or Reinforcement from the View menu. Right click in any of these diagrams
to get new copy, printing, or display options.

13. You may print the results report by using the spReporter module. To print any of the
diagrams you selected to view, use the Print Preview command found by right clicking in
the diagram’s window. After viewing the results, you may decide to investigate the input
beams under the same loads but with a modified reinforcement configuration.

14. From the Input menu, select General Information. In the General Information dialog
box change the RUN MODE option to INVESTIGATION. Do not change any of the other
options. Press OK

15. From the Input menu, select the different commands under Reinforcement Criteria and
Reinforcing Bars to modify the reinforcement configuration computed by the program.

16. Repeat steps 10 and subsequent to perform the investigation and view the results.
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1. Input Echo
1.1. General Information

File Name ...\Example 1 - PCA Notes on ACI 318-
Example 8...

Project spSlab/spBeam Manual, Example 1

Frame PCA Notes on ACI 318-Example 8-2

Engineer StructurePoint

Code ACI 318-14

Reinforcement ASTM A615

Database

Mode Design

Number of supports = 4

Floor System One-Way/Beam

1.2. Solve Options

Live load pattern ratio = 100%

Deflections are based on cracked section properties.

In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)
Long-term deflections are calculated for load duration of 60 months.
0% of live load is sustained.

Compression reinforcement calculations NOT selected.

Default incremental rebar design selected.

Moment redistribution selected.

Effective flange width calculations NOT selected.

Rigid beam-column joint NOT selected.

Torsion analysis and design NOT selected.

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

Wo 150 Ib/ft®
fo 4 ksi
Ec 3834.3 ksi
f, 0.474342 ksi

1.3.2. Concrete: Columns

Wo 150 Ib/ft®
fo 4 ksi
Ec 3834.3 ksi
f, 0.47434 ksi

1.3.3. Reinforcing Steel

f, 60 Ksi
" 60 Ksi
E. 29000 ksi

Epoxy coated bars No




slablsbeam

STRUCTUREPOINT - spSlab v5.50 Debug - Mar 29 2018 Page | 5
Licensed to: -- Unknown User --. License ID: 00000-0000000 3/30/2018
C:\Program Files (x86)\StructurePoint\spSlab\Ex...\Example 1 - PCA Notes on ACI| 318-Example 8-2.slb 11:14 AM
Support Spring Far End
K. Ky Above Below
kip/in kip-in/rad
2 0 0 Fixed Fixed
3 0 0 Fixed Fixed
4 0 0 Fixed Fixed

1.7. Load Data
1.7.1. Load Cases and Combinations

Case SELF Dead Live
Type DEAD DEAD LIVE
U1 0.000 1.200 1.600

1.7.2. Line Loads

Case/Patt Span Wa La Wb Lb
Ib/ft ft Ib/ft ft

SELF 1 200.00 0.000 200.00 25.000

2 200.00 0.000 200.00 15.000

3 200.00 0.000 200.00 20.000

Dead 1 1167.00 0.000 1167.00 25.000

2 1167.00 0.000 1167.00 15.000

3 1167.00 0.000 1167.00 20.000

Live 1 450.00 0.000 450.00 25.000

2 450.00 0.000 450.00 15.000

3 450.00 0.000 450.00 20.000

Live/Odd 1 450.00 0.000 450.00 25.000
3 450.00 0.000 450.00 20.000

Live/Even 2 450.00 0.000 450.00 15.000
Live/S1 1 450.00 0.000 450.00 25.000
Live/S2 1 450.00 0.000 450.00 25.000

2 450.00 0.000 450.00 15.000

Live/S3 2 450.00 0.000 450.00 15.000

3 450.00 0.000 450.00 20.000

Live/S4 3 450.00 0.000 450.00 20.000

1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs

Units Top Bars Bottom Bars
Min. Max. Min. Max.
Bar Size #5 #8 #5 #8
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50

There is NOT more than 12 in of concrete below top bars.

1.8.2. Beams
Units Top Bars Bottom Bars Stirrups
Min. Max. Min. Max. Min. Max.
Bar Size #8 #8\ #8 #8 #3 #5
Bar spacing in 1.00 18.00\ 1.00 18.00 6.00 18.00
Reinf ratio % 0.14 5.00\ 0.14 5.00

Clear Cover in 1.50 \ 1.50
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Units Top Bars Bottom Bars Stirrups
Min. Max. Min. Max. Min. Max.
Layer dist. in 1.00 1.00
No. of legs 2 6
Side cover in 1.50
1st Stirrup in 3.00
There is NOT more than 12 in of concrete below top bars.
2. Design Results
2.1.1. Moment Redistribution Factors
Calculated User Applied
Support Side Org. M, Iter.# & Factor Limit: Factor
k-ft % % %
1 Right 83.53 7 0.01796 17.96 0.00 0.00
2 Left 91.92 6 0.01526 15.26 20.00 15.26
2 Right 41.57 2 0.04168 20.00 20.00 20.00
3 Left 32.97 2 0.05368 20.00 20.00 20.00
3 Right 57.21 2 0.02909 20.00 20.00 20.00
4 Left 49.30 2 0.03446 20.00 0.00 0.00
2.2. Top Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
Span Zone Width Minax Ximax As min As max Asreq
ft k-ft ft in? in? in?
1 Left 1.00 83.10 0.667 0.560 3.035 1.426
Midspan 1.00 0.00 12.500 0.000 3.035 0.000
Right 1.00 75.67 24.333 0.560 3.035 1.288
2 Left 1.00 31.23 0.667 0.560 3.035 0.509
Midspan 1.00 0.00 7.500 0.000 3.035 0.000
Right 1.00 24.35 14.333 0.525 3.035 0.395
3 Left 1.00 43.45 0.667 0.560 3.035 0.717
Midspan 1.00 0.00 10.000 0.000 3.035 0.000
Right 1.00 48.84. 19.333 0.560 3.035 0.810.

2.3. Top Bar Details

NOTES:

Sprrov

6.311
0.000
6.311

6.311
0.000
6.311

6.311
0.000
6311

Page | 6
3/30/2018
11:14 AM

Bars
2-#8
2-#8
2-#8 *3
2-#8 *3
2-#8

2#8

* - Bar cut-off location does not meet ACI 318, 12.10.5.1. Revise location, unless the requirements of either 12.10.5.2 or 12.10.5.3 are
manually checked and satisfied.

Span

Bars

1-#8

1-#8

1-#8

Left
Length Bars
ft
6.13 1#8 *
4.82 1#8 *
4.57 1-#8 *

J

Length|
4y
3.34|

1.83]

2.01]

Continuous
Length

Bars

ft

Bars

1-#8

1-#8

1-#8

Right
Length Bars
ft
5.88 1-#8
4.32 1-#8
4.82 1-#8

Length
ft

3.08
1.83

2.19
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2.4. Top Bar Development Lengths
Left Continuous Right
Span Bars DevLen Bars DevLen Bars DevLen Bars DevLen Bars DevLen
in in in in in
1 1#8 3210  1#8 32.10 14#8 29.01 1#8 29.01
2 1-#8 12.00 1-#8 12.00 1#8 12.00 1#8 12.00
3 1-#8 16.14 1-#8 16.14 1-#8 18.23 1-#8 18.23
2.5. Bottom Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
Span Width Mpmax XKinax As min As max Asreq Sprrov Bars
ft k-t ft in? in? in? in
1 1.00 69.82 12.625 0.560 3.035 1.182 6.311 2-#8
2 1.00 25.96 7.624 0.560 3.035 0.421 6.311 2-#8 *3
3 1.00 47.12 9.876 0.560 3.035 0.780 6.311 2-#8
2.6. Bottom Bar Details
Long Bars Short Bars
Span|Bars Start Length |Bars Start Length
ft ft ft ft
1/ 2#8 0.00 25.00| --
2| 2-#8 0.00 15.00 -—
3| 2-#8 0.00 20.00 -—-
2.7. Bottom Bar Development Lengths
Long Bars Short Bars
Span|Bars DevlLen | Bars DevlLen
in in
1| 2-#8 26.61 -
2| 2-#8 12.00 -
3| 2#8 1756 -
2.8. Flexural Capacity
Top Bottom
Span X Astop OM,- M- Comb Pat Status As pot OM,+ M+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
1 0.000 1.58 -91.28 -100.54 U1 Odd -—- 1.58 91.28 0.00 U1 All -—-
0.222 1.58 -91.28 -94.62 U1 Odd - 1.58 91.28 0.00 U1 All -
0.667 1.58 -91.28 -83.10 U1 Odd OK 1.58 91.28 0.00 U1 All OK
3.342 0.79 -47.70 -22.57 U1 Odd OK 1.58 91.28 0.00 U1 All OK
3.457 0.79 -47.70 -20.31 U1 Odd OK 1.58 91.28 0.00 U1 All OK
6.132 0.00 0.00 0.00 U1 All OK 1.58 91.28 2464 U1 82 OK
8.950  0.00 0.00 0.00 U1t All OK 158 9128 55.09 U1 Odd OK
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Top Bottom
Span X Astop OM,- M.,- Comb Pat Status Aspot  OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
12.500 0.00 0.00 0.00 Ut All OK 158 91.28 69.78 U1 Odd OK
12.625  0.00 0.00 0.00 Ut All OK 158 9128 69.82 U1 Odd OK
16.050  0.00 0.00 0.00 Ut All OK 158 9128 57.75 U1 Odd OK
19.117  0.00 0.00 0.00 U1 All OK 1.58 91.28 25.84 U1 Odd OK
21535 0.79 -47.70 -14.56 U1 82 OK 1.58 91.28 0.00 Ut All OK
21916 0.79  -47.70 -21.91 U1 82 OK 158 91.28 0.00 Ut All OK
24.333 1.58  -91.28 -75.67 U1 s2 OK 1.58  91.28 0.00 U1 All OK
25.000 1.58  -91.28 -92.68 U1 s2 - 1.58  91.28 0.00 U1 All -
2 0.000 1.58  -91.28 -41.95 U1 s2 - 1.58  91.28 0.00 U1 All -
0.667 1.58  -91.28 -31.23 U1 s2 OK 1.58  91.28 0.00 U1 All OK
0.833 1.58 -91.28 -28.71 U1 s2 OK 158 91.28 0.00 U1 All OK
1.833 079  -47.70 -14.74 U1 s2 OK 158 91.28 0.00 U1 All OK
3815 079 -47.70 0.00 Ut All OK 1.58 91.28 10.41 U1 S3 OK
4.815  0.00 0.00 0.00 Ut All OK 158 9128 17.30 U1 Even OK
5450 0.00 0.00 0.00 Ut All OK 158 9128 20.72 U1 Even OK
7.500 0.00 0.00 0.00 U1 All OK 158 9128 2592 U1 Even OK
7.624  0.00 0.00 0.00 Ut All OK 158 9128 2596 U1 Even OK
9.550  0.00 0.00 0.00 Ut All OK 158 9128 2221 U1 Even OK
10.682  0.00 0.00 0.00 U1 All OK 158 91.28 16.45 U1 s2 OK
11.682 079  -47.70 0.00 Ut All OK 1.58 91.28 9.53 U1 s2 OK
13.167 0.79  -47.70 -8.94 U1 s3 OK 1.58 91.28 0.00 Ut All OK
14.167 1.58  -91.28 -21.98 U1 S3 OK 1.58  91.28 0.00 U1 All OK
14.333 1.58 -91.28 -24.35 U1 s3 OK 158 91.28 0.00 Ut All OK
15.000 158 -91.28 -34.46 U1 s3 - 158 91.28 0.00 U1 All -
3 0.000 1.58 -91.28 -56.96 U1 S3 - 1.58 91.28 0.00 Ut All -
0.667 168 -91.28 -43.45 U1 s3 OK 1.58 91.28 0.00 U1 All OK
2.011 0.79  -47.70 -19.09 U1 s3 OK 1.58 91.28 0.00 Ut All OK
3226 079 -47.70 -1.18 U1 Even OK 158 91.28 1.03 U1 Odd OK
4.571 0.00 0.00 0.00 Ut All OK 158 9128 1791 U1 Odd OK
7.200 0.00 0.00 0.00 Ut All OK 158 9128 39.84 U1 Odd OK
9.876  0.00 0.00 0.00 Ut All OK 158 9128 47.12 U1 Odd OK
10.000  0.00 0.00 0.00 Ut All OK 158 9128 47.08 U1 Odd OK
12.800  0.00 0.00 0.00 Ut All OK 158 9128 37.70 U1 Odd OK
15.180  0.00 0.00 0.00 Ut All OK 158 9128 16.97 U1 S3 OK
16.699 0.79  -47.70 -3.07 U1 Odd OK 1.58 91.28 0.00 Ut All OK
17.814  0.79  -47.70 -20.64 U1 Odd OK 1.58 91.28 0.00 Ut All OK
19.333 1.58 -91.28 -48.84 U1 Odd OK 158 91.28 0.00 Ut All OK
20.000 158 -91.28 -62.76 U1 Odd - 158 91.28 0.00 U1 All -

2.9. Longitudinal Beam Transverse Reinforcement Demand and Capacity
2.9.1. Section Properties
Span d  (AJ/S)min oV,
in in?/in kip
1 14.00  0.0100 15.94

2 14.00 0.0100 15.94
3 14.00 0.0100 15.94
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2.9.2. Beam Transverse Reinforcement Demand

Notes:
*8 - Minimum transverse (stirrup) reinforcement governs.

Required Demand
Span  Start End Xu V., Comb/Patt A./s Als
ft ft ft  kip in%in| in%in

1 0917 4.881| 1.833 22.99 U1/0dd 0.0112|0.0112
4.881 7.929 | 4.881 16.53 U1/Odd 0.0009|0.0100 *8
7.929 10.976 | 7.929 10.07 U1/0dd 0.0000 0.0100 *8
10.976 14.024|10.976 3.61 U1/0dd 0.0000 | 0.0000

14.024 17.071|17.071  9.41 U1/82 0.0000|0.0100 *8
17.071 20.119|20.119 15.87 U1/S2 0.0000|0.0100 *8
20.119 24.083|23.167 22.34 U1/82 0.0102|0.0102

2 0917 3.452| 1.833 1291 U1/S2 0.0000|0.0100 *8
3.452 5.071| 3.452 947 U1/S2 0.0000|0.0100 *8
5.071 6.690| 5.071 6.04 U1/82 0.0000 | 0.0000
6.690 8.310| 6.690 2.61 U1/82 0.0000 | 0.0000
8.310 9.929| 9.929 5.12 U1/83 0.0000 | 0.0000
9.929 11.548|11.548 8.55 U1/S3 0.0000|0.0100 *8
11.548 14.083 | 13.167 11.98 U1/S3 0.0000|0.0100 *8

3 0917 4167 1.833 17.08 U1/S3 0.0018|0.0100 *8
4.167 6.500 4.167 12.13 U1/S3 0.0000|0.0100 *8
6.500 8.833| 6.500 7.18 U1/83 0.0000 | 0.0000

8.833 11.167 | 11.167 2.86 U1/0dd 0.0000 | 0.0000
11.167 13.500 | 13.500 7.80 U1/0dd 0.0000 | 0.0000
13.500 15.833|15.833 12.75 U1/0dd 0.0000 0.0100 *8
15.833 19.083 | 18.167 17.70 U1/0dd 0.0028  0.0100 *8

2.9.3. Beam Transverse Reinforcement Details

Span Size Stirrups (2 legs each unless otherwise noted)
1 #3 18@6.9+<-366->+18@6.9
2 #3 8@6.6+<-583-->+8@6.6
3 #3 11@64+<-84.0->+11@6.4

2.9.4. Beam Transverse Reinforcement Capacity

Notes:
*8 - Minimum transverse (stirrup) reinforcement governs.

Required Provided
Span Start End Xu Vu Comb/Patt Als A, Sp Als DV,
ft ft ft kip in?/in in? in in%in kip
1 0.000 0.917 1.833 22.99 uU1/0dd | e e e e
0.917 10.976 1.833 22.99 U1/0dd 0.0112 0.22 6.9 0.0319 36.03
10.976 14.024 10.976 3.61 U1/0dd 0.0000| - - 7.97
14.024 24.083 23.167 22.34 uU1/82 0.0102 0.22 6.9 0.0319 36.03
24.083 25.000 23.167 22.34 uts2 o - - -
2 0.000 0.917 1.833 12.91 U182 | e e e e
0.917 5.071 1.833 12.91 uU1/82 0.0000 0.22 6.6 0.0331 36.79 *8
5.071 9.929 5.071 6.04 uU1/82 0.0000| - - 7.97
9.929 14.083 13.167 11.98 U1/83 0.0000 0.22 6.6 0.0331 36.79 *8
14.083 15.000 13.167 11.98 U1/83 | e e e e
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Required Provided
Span Start End Xu Vu Comb/Patt Als A, Sp Als DV,
ft ft ft kip in?/in in? in in?/in kip
3 0.000 0.917 1.833 17.08 U1/83 | e e e e
0.917 6.500 1.833 17.08 U1/s3 0.0018 0.22 6.4 0.0345 37.66 *8
6.500 13.500 13.500 7.80 U1/0dd 0.0000|  ----- - e 7.97
13.500 19.083 18.167 17.70 U1/0dd 0.0028 0.22 6.4 0.0345 37.66 *8
19.083 20.000 18.167 17.70 U1/0dd =~ | e e e e

2.10. Slab Shear Capacity
Span b d Veie ®Ve V. X,
in in kip kip ft
--- Not checked ---
2 --- Not checked ---
--- Not checked ---

-

w

2.11. Material TakeOff

2.11.1. Reinforcement in the Direction of Analysis

Top Bars 119.7 Ib
Bottom Bars 3204 Ib
Stirrups 102.0 Ib
Total Steel 5421 Ib
Concrete 80.0 ft

<=>

<=>

<=>

<=>

<=>

1.99 Ib/ft
5.34 Ib/ft
1.70 lb/ft
9.04 Ib/ft
1.33 ft¥/ft

<=>

<=>

<=>

<=>

<=>

1.995 Ib/ft?
5.340 Ib/ft?
1.700 Ib/ft?
9.035 Ib/ft?
1.333 ft/ft
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Design a precast, nonprestressed concrete spandrel beam for combined shear and torsion. Roof
members are simply supported on spandrel ledge. Spandrel beams are connected to columns to
transfer torsion. Continuity between spandrel beams is not provided. This example refers to
Example 13-1 from PCA Notes on ACI 318 Building Code Requirements for Structural Concrete.

Interior ledge beam
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Partial plan of precast roof system

Design Criteria:

Liveload = 30 Ib/ft?

Dead load = 90 Ib/ft> (double tee + topping + insulation + roofing)
fe = 5000 psi (w, = 150 pcf)

Iy = 60,000 psi

Roof members are 10 ft wide double tee units, 30 in. deep with 2 in. topping.. Design of these units
is not included in this design example. For lateral support, alternate ends of roof members are
fixed to supporting beams.
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From the Input menu, select General Information. A dialog box appears.

— In the LABELS section, input the names of the project, frame, and engineer.

— In the FRAME section, input 2 for NO OF SUPPORTS.

— In the FLOOR SYSTEM section, click the radial button next to ONE WAY / BEAM.

— Leave all other options in the General Information tab to their default settings of ACI
318-14 design code, ASTM A615 reinforcement, and DESIGN run mode option.

— In the Solve Options tab, click the check box next to TORSION ANALYSIS AND
DESIGN.

— Under TORSION TYPE, click the radial button next to EQUILIBRIUM.
— Under the heading STIRRUPS IN FLANGES, click the radial button next to YES.

—  Press OK.
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General Information General Information

General Information |Span Cortrol I Solve Options I General Information I Span Control  Solve Options
— Labelz — Design Options
Project: |spS|abx’spBeam Manual, Example 2 Live load pattem ratio: |1DD %
Frame: |pc,q Motes on ACI 318-Example 13-1 [~ Compression Reinforcement [~ Effective flange width
[ Decremertal Reinf. Design [~ Rigid beam-column joint
Engineer: |Stn.|cturePoint [~ Moment Redistribution
—I¥ Torsion Analysis and Design
r~ Options rRunmode ——— Torsion type Stimups in flanges
Design code: IﬁC| 318-14 vl % Design & Equilibrium " No
" Compatibility * Yesg
Reinforcement: IRSTM AB15 vl " Investigation
r— Deflection calculation options
 Frame  Floor System - Sections to use in deflection calculations are
" Gross {uncracked) (* Effective (cracked)
No. of Si ts: |2 7 Two-W,
° tiE wetiay - In negative moment regions, to calculate Ig and Mer use
[™ Left cantilever [~ Right cantilever || & One-Way/Beam % Rectangular Section £ T-Section
¥ Calculate longtem deflections
e Duration of load Sustained part of live load
[~ Distance location as ratio of span IG{I months 0 w
oK I Cancel | Help | oK I Cancel Help

6.2.3 Assigning Properties

2. From the Input menu, select Material Properties. A dialog box appears.
— Input 5 for Comp. strength for both Slabs and Beams and Columns.
— Press OK.

Material Properties

Concrete | Reinforcing Steel |

Slabs and
Beams Columns

Unit density: IE I‘IED lbAt3
Comp. strength: |5
Young's modulus: |4236.B 4286.8 ksi

Rupture modulus: ID.53033
Copy > |

kesi

N

kesi

0K I Cancel Help

| 251 |
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3. From the Input menu, select Spans. A dialog box appears.

— Under the Slabs/Flanges tab, input 40 for LENGTH, 16 for THICKNESS, and 0.667
for WIDTH LEFT and 1. 333 WIDTH RIGHT. Press MODIFY.

— Select the Longitudinal Beams tab. Input 16 for WIDTH and 48 for DEPTH. Press

MODIFY.
— Press OK.

Slabs/Fanges | Longitudinal Beams | Ribs | Slabs/Flanges  Longitudinal Beams I Ris |
Length 40 i Width Lekt:  [0.667 R

Span hd Span: hd Width: |16 in
Thickness: |16 in Width Right: |1.333 |t

Location: |Interior - Depth: |48 in

Copy Moddy | Copy... |

SpanMNo. | Location | Length [ Thickness [ Width-L Width-R | Span No. | Width | Deptn

1 Interior ) 15 0867 1333 1 16 48

oK | cacel | Heb | oK Cancel Help

4. From the Input menu, select Supports. A dialog box appears.
— Under the Columns tab, input O for STIFFNESS SHARE %.

— Next, input 16 for both the C1 and €2 values in both the ABOVE and BELOW rows.
Press MODIFY. (Note: the default HEIGHT ABOVE and HEIGHT BELOW values of 10 are
correct.)

—  Press Copry. Press the CHECK ALL button. Press OK.

— Press OK again.
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EXAMPLES

Support Data

Columns |Column Capitals I Transverse Beams I Boundary Conditions I

Height fft) cl{in) c2 {in)
Support: > | | Above I'H] I‘I'S I‘IG
Stiffness share %: Iﬂ Below I'H] I‘I'S I‘IG
Modfy | Copy... |

Sup. No | Stf. [ HtA | c1A | c2a | HB |c1B | c28 |
1 0 10 16 16 10 16 16

2 0 10 16 16 10 18 16

oK | Cancel | Hep |

From the Input menu, select Reinforcement Criteria. A dialog box appears.

again to 1

Press OK.

Reinforcement Criteria

75.

Reinforcement Criteria

Under the Slabs and Ribs tab, change the CLEAR COVER for both TOP and BOTTOM
BARSto 1.

Under the Beams tab, change the CLEAR COVER for both TOP and BOTTOM BARS
.75.

Use the drop down arrow for MINIMUM STIRRUP BAR SIZE to select #4.

Slabs and Ribs | Beams I Slabs and Ribs Beams I
B N Top bars Bottom bars Top bars Bottom bars Stimups
Cover (in) ~Cover (n) - Side Cover {in)
Clear: |1.75 175 Clear: [1.75 1.75 Clear: [1.25
— Bar size — Bar size —Barsize —————
Min: Iﬁﬁ Yl Iﬁﬁ Yl Mini: Iﬁ& vl Iﬁﬂ Yl Min: Iﬁ-‘l YI
Max: |48 - H3 - Max: |#5 - |#11 vl Max: I#-i 'I
— Spacing fjn) ~ Spacing (i) ~ Spacing in)————
Min: |1 |1 Miri: |1 |1 Min: IG
Max: I‘IB I‘IB Max: I‘IB I‘IB Max: I‘IB
— Reinf. ratio (%) — Reinf. ratio (%) — Number of legs
Min: ID.H ID.H Miri: ID.‘M ID.‘M Min: |2 vI
Max: |5 |5 Max: |5 |5 Max: IG vI
 First Stirup from FOS {jn) |
There is more than 12 in of Clear distance between it -
r concrete below top bars. bar layers fin): |1 Dist: |3
r There is more than 12 in of
concrete below top bars.
oK I Cancel Help 0K I Cancel Help

| 253 |
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6. From the Input menu, select Load Cases. A dialog box appears.

Since we are not considering lateral forces, click on WIND in the LABEL column on the
list in the bottom half of the LOAD CASES dialog box and press the DELETE button.

Click on EQ in the LABEL column and press the DELETE button.

Press OK.

Load Cases

Label: Tupe: |DEAD j

| fdd | Delete |

Label | Type |
SELF DEAD

Dead DEAD

Live LIVE

QK | Cancel | Help |

7. From the Input menu, select Load Combinations. A dialog box appears.

Delete all the load combinations by clicking anywhere on the list in the bottom half of
the LOAD COMBINATIONS dialog box and pressing the DELETE button. Repeat this pro-
cedure until all the load combinations are gone.

Input 0 in the SELF field, 1.2 in the DEAD field, and 1. 6 in the LIVE field. Press
ADD.

Press OK.
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Load Combinations X

SELF Dead Live
[ [ | | |

add | Modly | Delete |

Comb [ sELF [ Dead | Live
o 14 14 0
uz 12 12 16

QK I Cancel | Help |

8. From the Input menu, select Span Loads. A dialog box appears.

Press the drop down arrow next to TYPE, and select LINE LOAD.

Input 4080 for both the START and END MAGNITUDE. (Note: this value was obtained
by converting the area loads on the roof and the beam’s self weight into line loads.)

Dead Load = Superimposed Load + Self Weight of Spandrel Beam =

(90psf>< %ﬁj +[(1.33ft x 4.00f7) + (1.33/t x 0.67f1)] x 150pcf = 0.93 kip / fi

Input 40 for the END LOCATION. Press ADD.

Critical section for torsion is at the face of the support because of concentrated torques
applied by the double tee stems at a distance less than d from the face of the support.
The critical section for shear is also at the face of support because the load on the span-
drel beam is not applied close to the top of the member and because the concentrated
forces transferred by the double tee stems are at a distance less than d from the face of
support. A small dummy load of 0.001 kips at the face of support is therefore intro-



slablsbeam

duced in order to move the critical section for shear from the default location of d
away from the support to the face of the support.

— Use the drop down arrow next to TYPE, and select POINT FORCE.

— Input 0.001 for the MAGNITUDE and 0.667 for the LOCATION. Press ADD.
— Use the drop down arrow next to TYPE, and select POINT FORCE.

— Input 0.001 for the MAGNITUDE and 39.333 for the LOCATION. Press ADD.
— Use the drop down arrow next to TYPE, and select LINE TORQUE.

— Input 3.15 for both the START and END MAGNITUDE. (Note: this value was obtained
by multiplying the superimposed line load by the moment arm of 12 in.)

701t 12§
Torsion Line Load (Dead) =| 90psf x fj X M _3.15 kip - ft/ ft
2 12in/ ft

— Keep the END LOCATION of 40 and press ADD.

Span Loads

Current Caze: Start End
Spar |1 w| Copy. Magnitude: 4080 4080 Ibfe
Live
Type: |Line Load - Location: |0 40 ft
Span =401t
Case Copy... | Add | Modify | Delete |
Span Ma. | Type | Wa | La | Wwh | Lb
1 Line Load 4080 a 4080 40
1 Faint Force 0.001 0.6E7 - -
1 Paint Force 0.0 39.333 -
1 Line Torque 315 1] 315 40

0K | Cancel Help
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In the top left corner of the SPAN LOADS dialog box, there is a section called CURRENT

CASE. Click on LIVE.

Use the drop down arrow next to TYPE to select LINE LOAD. I

Input 1050 for both the START and END MAGNITUDE. (Note: this value was obtained
by converting the area loads on the roof to line loads on the beam.)

Live Load = 30psf x (?) =10501b /ﬁ{

Input 40 for the END LOCATION. Press ADD.
Use the drop down arrow next to TYPE, and select LINE TORQUE.

Input 1 .05 for both the START and END MAGNITUDE. (Note: this value was obtained
by multiplying the live line load by the moment arm of 12 in.)

701t 12in .
30 — 1.05kip - fi/ ft
[ psfx( 2 mein/ﬁ ip-Jilf

Input 40 for the END LOCATION. Press ADD.

Press OK.

Span Loads

Current Case: Start End
Dead Spar: |1 ﬂ Copy... Magnitude: |1050 1050 Ib/ft

Type: |Line Load A Location: |0 40 ft

Span =401t

Caze Copy... | Add | Modify | Delete |

Span No. | Tupe | ‘wa | La | ‘wh | Lb
1 Line Load 1050 0 1050 40
1 Line Torque  1.05 0 1.05 40

QK | Cancel Help

10. From the Solve menu, select Execute. Press CLOSE.

11. From the Solve menu, select Results.

Use the explorer to browse through the results tables.

Use the ARROW keys or the mouse wheel to browse through different parts of the
table quickly. Press the CLOSE button to close the SPRESULTS.
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12. To view diagrams, select Loads, Internal Forces, Moment Capacity, Shear Capacity,
Deflection, or Reinforcement from the View menu. Right click in any of these diagrams
to get new copy, printing, or display options.

13. You may print the results report by using the spReporter module. To print any of the
diagrams you selected to view, use the Print Preview command found by right clicking in
the diagram’s window. After viewing the results, you may decide to investigate the input
beams under the same loads but with a modified reinforcement configuration.

14. From the Input menu, select General Information. In the General Information dialog
box change the RUN MODE option to INVESTIGATION. Do not change any of the other
options. Press OK.

15. From the Input menu, select the different commands under Reinforcement Criteria and
Reinforcing Bars to modify the reinforcement configuration computed by the program.

16. Repeat steps 10 and subsequent to perform the investigation and view the results.
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slab.

spSlab v5.50 Debug - Mar 29 2018
A Computer Program for Analysis, Design, and Investigation of
Reinforced Concrete Beams, One-way and Two-way Slab Systems
Copyright - 1988-2018, STRUCTUREPOINT, LLC.
All rights reserved

Structure|Point

Licensee stated above acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied
as input for processing by the spSlab computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to the
correctness of the output prepared by the spSlab program. Although STRUCTUREPOINT has endeavored to produce spSlab error free the program is not and
cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, STRUCTUREPOINT
disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with the use of the spSlab
program.Licensed to: -- Unknown User --. License ID: 00000-0000000
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C:\Program Files (x86)\StructurePoint\spSlab\E...\Example 2 - PCA Notes on ACI 318-Example 13-1.slb 11:15 AM
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1. Input Echo
1.1. General Information

File Name ...\Example 2 - PCA Notes on ACI 318-
Example 1...

Project spSlab/spBeam Manual, Example 2

Frame PCA Notes on ACI 318-Example 13-1

Engineer StructurePoint

Code ACI 318-14

Reinforcement ASTM A615

Database

Mode Design

Number of supports = 2

Floor System One-Way/Beam

1.2. Solve Options

Live load pattern ratio = 100%

Deflections are based on cracked section properties.

In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)
Long-term deflections are calculated for load duration of 60 months.
0% of live load is sustained.

Compression reinforcement calculations NOT selected.

Default incremental rebar design selected.

Moment redistribution NOT selected.

Effective flange width calculations NOT selected.

Rigid beam-column joint NOT selected.

Torsion analysis and design selected.

Stirrups in flanges (if available) selected.

Compatibility torsion NOT selected.

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

We 150 Ib/ft®
fo 5 ksi
E. 4286.8 ksi
fe 0.53033 ksi

1.3.2. Concrete: Columns

We 150 Ib/ft®
fe 5 ksi
Ec 4286.8 ksi
fr 0.53033 ksi

1.3.3. Reinforcing Steel

f, 60 ksi
i 60 ksi
E 29000 ksi

Epoxy coated bars No
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1.4. Reinforcement Database
Size Db Ab Wb Size Db Ab Wb
in in? Ib/ft in in? Ib/ft
#3 0.38 0.11 0.38 #4 0.50 0.20 0.67
#5 0.63 0.31 1.04 #6 0.75 0.44 1.50
#7 0.88 0.60 2.04 #8 1.00 0.79 2.67
#9 1.13 1.00 3.40 #10 1.27 1.27 4.30
#11 1.41 1.56 5.31 #14 1.69 2.25 7.65
#18 2.26 4.00 13.60
1.5. Span Data
1.5.1. Slabs
Span Loc L1 t wL wR Hmin
ft in ft ft in
1 Int 40.000 16.00 0.667 1.333 0.00
1.5.2. Ribs and Longitudinal Beams
Span Ribs Beams Span
b h Sp b h Humin
in in in in in in
1 0.00 0.00 0.00 16.00 48.00 30.00
1.6. Support Data
1.6.1. Columns
Support cla c2a Ha clb c2b Hb| Red %
in in ft in in ft
1 16.00 16.00 10.000 16.00 16.00 10.000 0
2 16.00 16.00 10.000 16.00 16.00 10.000 0
1.6.2. Boundary Conditions
Support Spring Far End
K. Ky Above Below
kip/in kip-in/rad
1 0 0 Fixed Fixed
2 0 0 Fixed Fixed
1.7. Load Data
1.7.1. Load Cases and Combinations
Case SELF Dead Live
Type DEAD DEAD LIVE
u1 1.400 1.400 0.000
u2 1.200 1.200 1.600
1.7.2. Area Loads
Case/Patt Span Wa
Ib/ft2
SELF 1 200.00
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1.7.3. Line Loads

Case/Patt Span Wa La Wb Lb
Ib/ft ft Ib/ft ft
SELF 1 533.33 0.000 533.33 40.000
Dead 1 4080.00 0.000 4080.00 40.000
Live 1 1050.00 0.000 1050.00 40.000
Live/Odd 1 1050.00 0.000 1050.00 40.000
Live/S1 1 1050.00 0.000 1050.00 40.000
Live/S2 1 1050.00 0.000 1050.00 40.000
1.7.4. Point Forces
Case/Patt Span Wa La
kip ft
Dead 1 0.00 0.667
1 0.00. 39.333
1.7.5. Line Torque
Case/Patt Span Wa La Wb Lb
k-ft/ft ft k-ft/ft ft
Dead 1 3.15 0.000 3.15 40.000
Live 1 1.05 0.000 1.05 40.000
Live/Odd 1 1.05 0.000 1.05 40.000
Live/S1 1 1.05 0.000 1.05 40.000
Live/S2 1 1.05 0.000 1.05 40.000
SELF 1 0.13 0.000 0.13 40.000
1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs
Units Top Bars Bottom Bars
Min. Max. Min. Max.
Bar Size #5 #8 #5 #8
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.75 1.75
There is NOT more than 12 in of concrete below top bars.
1.8.2. Beams
Units Top Bars Bottom Bars Stirrups
Min. Max. Min. Max. Min. Max.
Bar Size #5 #5 #11 #11 #4 #4
Bar spacing in 1.00 18.00 1.00 18.00 6.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.75 1.75
Layer dist. in 1.00 1.00
No. of legs 2 6
Side cover in 1.25
1st Stirrup in 3.00

There is NOT more than 12 in of concrete below top bars.

Page | 5
3/30/2018
11:15 AM
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2. Design Results
2.1. Top Reinforcement
Span Zone Width Minax Xinax As min As max As req Sprrov Bars
ft k-ft ft in? in? in? in
1 Left 2.00 0.00 0.667 0.000 15.619 0.000 0.000 -—-
Midspan 2.00 0.00 20.000 0.000 15.619 0.000 0.000
Right 2.00 0.00 39.333 0.000 15.619 0.000 0.000 -
2.2. Top Bar Details
Left Continuous Right
Span Bars Length Bars Length Bars Length Bars Length Bars Length
ft ft ft ft ft
1 — — — — —
2.3. Top Bar Development Lengths
Left Continuous Right
Span Bars DevLen Bars DevlLen Bars DevLen Bars DevLen Bars DevLen
in in in in in
1 — — — — —
2.4. Bottom Reinforcement
Span Width Minax Xinax As,min As max As req Sprrov Bars
ft k-ft ft in? in? in? in
1 1.33 1539.20 20.000 2.531 22.818 8.073 3.639 6-#11 2L
2.5. Bottom Bar Details
Long Bars Short Bars
Span| Bars Start Length |Bars Start Length
ft ft ft ft
1| 6-#11 0.00 40.00 -
2.6. Bottom Bar Development Lengths
LongBars | Short Bars
Span| Bars DevlLen ‘ Bars DevlLen
in ‘ in
1] 6-#11 59.98| -
2.7. Flexural Capacity
Top Bottom
Span X Asop  OMo- M,- Comb Pat Status As pot OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
1 0.000 0.00 0.00 0.00 U1 All - 9.36 1768.57 0.00 U1 All -
0.667 0.00 0.00 0.00 U1 All OK 9.36 1768.57 100.90 U2 All OK
14.200  0.00 0.00 0.00 Ut Al OK 9.36 1768.57 1409.75 U2 Al OK
20.000 0.00 0.00 0.00 U1 All OK 9.36 1768.57 1539.20 U2 All OK
25.800 0.00 0.00 0.00 U1 All OK 9.36 1768.57 1409.75 U2 All OK
39.333  0.00 0.00 0.00 Ut Al OK 9.36 1768.57 100.91 U2 Al OK
40.000 0.00 0.00 0.00 U1 All - 9.36 1768.57 0.00 U1 All -
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2.8. Longitudinal Beam Shear and Torsion Reinforcement Required
2.8.1. Section Geometrical Properties
Span d Pep Ph Acp Acn A,
in in in in? in? in?
1 44.74 144.00 132.00 896.000 689.000 585.650
2.8.2. Section Strength Properties
Span  (AJ/S)min oV, OT., PS,
in%/in kip k-ft ksi
1 0.0141 75.93 98.55 0.530
2.8.3. Transverse Reinforcement Demand
Notes:
*2 - Torsion ignored (Tu < PhiTcr/4).
Required Demand
Span Start End Xu Vu Ty Vi Comb/Patt Als Ads Aysznls Apszels
ft ft ft kip k-ft ksi in?/in in?/in in?/in in?/in
1 0.667 6.190 067 14879  108.65 0.298 U2/AIl 0.0362  0.0247 0.0857 0.0857
6.190 11.714 6.19  106.28 7761 0.213 U2/AllL - 0.0151 0.0177 0.0504 0.0504
11714 17.238] 11.71 63.77 46.56  0.128 U2/AllL 0.0000  0.0106 0.0212 0.0212
17.238  22.762| 17.24 21.26 1552 0.043 U2/AllL 0.0000  0.0000 0.0000 0.0000 *2
22762  28.286| 28.29 63.77 46.56  0.128 U2/AIl 0.0000  0.0106 0.0212 0.0212
28.286  33.810| 33.81 106.28 7761 0.213 U2/AIlL - 0.0151 0.0177 0.0504 0.0504
33.810  39.333| 39.33 148.79 108.65 0.298 U2/Al 0.0362  0.0247 0.0857 0.0857
2.8.4. Required Longitudinal Reinforcement
Notes:
*2 - Torsion ignored (Tu < PhiTcr/4).
*5 - Minimum longitudinal reinforcement required.
Span Start End Xu Tu Comb/Patt A
ft ft ft k-ft in?
1 0.667 6.190 0.67 108.65 U2/All 3.265
6.190 11.714 11.71 46.56 U2/All 3.880 *5
11.714 17.238 14.97 28.25 U2/All 4.400 *5
17.238  22.762 17.24 15.52 U2/All 0.000 *2
22.762 28.286 24.64 26.08 U2/All 4.400 *5
28.286 33.810 28.29 46.56 U2/All 3.880 *5
33.810 39.333 39.33 108.65 U2/All 3.265

2.8.5. Beam Transverse Reinforcement Details

Span Size Stirrups (2 legs each unless otherwise noted)

1 # 10@6.73L]+9@74+6@11.0+<-663->+6@11.0+9@7.4+10@6.7 [3L]

2.8.6. Longitudinal Torsional Reinforcement Details

Long Bars Short Bars
Span| Bars Start Length| Bars Start Length
ft ft ft ft
1 - 12-#6 0.00 17.22
- 12-#6 22.78 17.22
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2.8.7. Beam Shear and Torsion Transverse Reinforcement Capacity in Terms of Required Area
Notes:
*2 - Torsion ignored (Tu < PhiTcr/4).
Required
Span Start End Xy Vu Ty Vi Comb/Patt Als Ads Apszls
ft ft ft kip k-ft ksi in?/in in?/in in?/in
1 0.000 0.917 0.67 148.79 108.65 0.30 U2/AL e e e
0.917 6.190 0.92 146.87 107.25 0.29 U2/All 0.0352 0.0244 0.0841
6.190 11.714 6.19 106.28 7761  0.21 U2/All 0.0151 0.0177 0.0504
11.714 15.747 11.71 63.77 46.56  0.13 U2/All 0.0000 0.0106 0.0212
15.747 17.238 15.75 32.73 23.90 0.07 U2/All 0.0000 0.0000 0.0000 *2
17.238 22.762 17.24 21.26 1552 0.04 U2/All 0.0000 0.0000 0.0000 *2
22.762 24.253 24.25 32.73 2390 0.07 U2/All 0.0000 0.0000 0.0000 *2
24.253 28.286 28.29 63.77 46.56  0.13 U2/All 0.0000 0.0106 0.0212
28.286 33.810 33.81 106.28 7761 0.21 U2/All 0.0151 0.0177 0.0504
33.810 39.083 39.08 146.87 107.25 0.29 U2/All 0.0352 0.0244 0.0841
39.083 40.000 39.33 148.79 108.65 0.30 U2/AL eeeee e e

2.8.8. Beam Shear and Torsion Transverse Reinforcement Capacity in Terms of Provided Area

Notes:

*2 - Torsion ignored (Tu < PhiTcr/4).

Span  Start
ft

1 0.000
0.917
6.190
11.714
15.747
17.238
22.762
24.253
28.286
33.810
39.083

End

ft
0.917
6.190
11.714
15.747
17.238
22.762
24.253
28.286
33.810
39.083
40.000

Provided

Ayian Sp
in? in

A(vozc)/ S
in%/in

2.8.9. Beam Torsion Longitudinal Reinforcement Capacity in Terms of Required and Provided Area

Notes:

*2 - Torsion ignored (Tu < PhiTcr/4).

*5 - Minimum longitudinal reinforcement required.

Required Provided
Span Start End Xu Tu Comb/Patt A1 A1
ft ft ft k-ft in? in?
1 0.000 0.917 0.67 108.65 U2/All 3265 @ -
0.917 6.190 0.92 107.25 U2/All 3.223
6.190 11.714 11.71 46.56 U2/All 3.880
11.714 15.747 14.97 28.25 U2/All 4.400
15.747 17.238 15.75 23.90 U2/All 0.000
17.238 22.762 17.24 15.52 U2/All 0.000
22.762 24.253 22.76 15.52 U2/All 0.000
24.253 28.286 24.64 26.08 U2/All 4.400
28.286 33.810 28.29 46.56 U2/All 3.880
33.810 39.083 39.08 107.25 U2/All 3.223
39.083 40.000 39.33 108.65 U2/All 3265 @ -
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2.9. Slab Shear Capacity
Span b d Ve ®Ve Vi Xy
in in kip kip ft

1 -- Not checked ---

2.10. Material TakeOff
2.10.1. Reinforcement in the Direction of Analysis

Top Bars 0.0 Ib <=> 0.00 Ib/ft <=> 0.000 Ib/ft2
Bottom Bars 1275.1 Ib <=> 31.88 Ib/ft <=> 15.939 Io/ft?
Torsion Bars 620.9 Ib <=> 15.52 Ib/ft <=> 7.761 lo/ft?
Stirrups 387.4 b <=> 9.69 Ib/ft <=> 4.843 Ib/ft?
Total Steel 2283.4 Ib <=> 57.09 Ib/ft <=> 28.543 Ib/ft?
Concrete 248.9 ft* <=> 6.22 ft3/ft <=> 3.111 ft¥/ft?
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The system shown in the following figure consists of five spans symmetric about the centerline.
We will be designing beam ABCD assuming that the other half of the beam will be loaded and
designed the same way. All beams have a width of 12 in. and a depth of 22 in. — including the 5 in.
thick deck. Span length and widths are shown in the figure. Columns have a 12 in. x 12in. cross-
section and a length equal to a typical story height of 13 ft. The system will be analyzed and
designed under a uniform live load of 130 psf and a dead load that consists of the slab system’s
own weight plus 80 psf. Use f°. = 4 ksi, f, = 60 ksi, and %.opcrere = 150 pet. This example refers to
example 16.1 from Structural Concrete: Theory and Design by Hassoun and Al-Manaseer, Third
Edition, 2008.

about %

3 = L] / L L
Symmetrical
13 / / Y

_ - =] R ——
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1. From the Input menu, select General Information. A dialog box appears.
— In the LABELS section, input the names of the project, frame, and engineer.

— In the FRAME section, input 6 for NO OF SUPPORTS as the spBeam models the entire
continuous beam.

— In the FLOOR SYSTEM section, click the radial button next to ONE-WAY / BEAM.

— Leave all other options in the General Information tab to their default settings of ACI
318-14 design code, ASTM A615 reinforcement, and DESIGN run mode option.

— In the Solve Options tab, keep the default settings. Press OK.

General Information > General Information
General Information | Span Corttrol | Solve Options | General Information I Span Control  Selve Options
- Labels — Design Options
Project: IspSIabr’spBeam Marnual Example 3 Live load pattem ratio: I‘ID'D %
Frame: IStn.lcturaI Concrete by Hassoun-Example 16.1 [ Compression Reirforcement [ Effective flange width
[~ Decremental Reinf. Design [~ Rigid beam-column joint
Engineer: |StructurePoint [~ Moment Redistribution
- I~ Torsion Analysis and Design
 Options - Run mode Tarsian type Stirrups in flanges
Design code: IACI 31814 vl ¥ Design & Equilibrium & Mo
o = Compatibility © Yes
Reinforcement: IPtSTM AB15 vi £~ Investigation
— Deflection calculation options
e  Floor System ————— - Sections to use in deflection calculations are —————————————
e o i
No. of Supports: IE‘— & Two-Way Gross {uncracked) Effective (cracked)
In negative moment regions, to calculate Ig and Mcr use
[ Left cantilever [~ Right cantilever ' One-Way/Beam ¢ Rectangular Section " T-Section
¥ Calculate longtem deflections
pei= Duration of load Sustained part of live load
[™ Distance location as ratio of span IG;I] morniths. Iﬂ o

QK I Cancel Help 0K I Cancel Help

2. Nothing needs to be changed in the Material Properties menu.
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Material Properties X
Concrete l Reinforcing Steel ]
Slabs and
Beams Columns
LUnit density: 150 IbAt3
Comp. strength: 4 4 kesi
Young's modulus:  |3834.3 38343 ksi

Rupture modulus: |0.47434 047434 ksi

Copy =

QK | Cancel | Help |

From the Input menu, select Spans. A dialog box appears.

Under the Slabs/Flanges tab, input 24 for LENGTH, 5 for THICKNESS, and O for
WIDTH LEFT and WIDTH RIGHT. Press MODIFY. (Note: Since the slab has no width, we
must convert the area loads to line loads along the beam and also add the self-weight
of the slab to the dead load. This calculation will be shown in Step 8.)

Press CoPY. Select the check box next to Span 5. Press OK. This will give Span 5 the
same geometry as Span 1.

Press the drop down arrow next to SPAN and select Span 2. Input 2 6 for LENGTH, 5 for
THICKNESS, and 0 for WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

Press Copy. Unselect the check box next to Span 1 and select the check boxes next to
Spans 3 and 4. Press OK.

Select the Longitudinal Beams tab. Input 12 for WIDTH and 22 for DEPTH. Press
MODIFY.

Press CorY. Press the CHECK ALL button. Press OK.

Press OK again.
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EXAMPLES

Stabs/Flanges | Longtucinal Beams | Ribs | Siabs/Flanges ~ Longtucinal Beams | fibs |

Length: 24 ft Width Left: ID ft
Span - Span - Width: |12 in

Thickness: |5 in Width Right: |0
Location: |Irterior - Depth: |22 in
.| Coy
Span No. | Location | Length | Thickness Width-L Width-R Span No. | Width | Depth |
1 Interior 24 5 0 (1] 1 12 22
2 Interior 26 5 0 o 2 12 22
3 Interiar 26 5 0 0 3 12 22
4 Interior 26 5 0 1] 4 12 22
5 Interior 24 5 0 o 5 12 2

OK Cancel Help OK Cancel Help

4. From the Input menu, select Supports. A dialog box appears.

Under the Columns tab, input 13 for both HEIGHT ABOVE and HEIGHT BELOW. Press

MODIFY. (Note: the default C1 and C2 values for both the column above and below the
support can be left alone since all the columns’ cross sections are 12 in. x 12 in.)

Press CoPY. Press the CHECK ALL button. Press OK.

Press OK again.

Support Data
Columns |Column Capitals | Transverse Beams | Boundary Conditions |
Height it} c1in) c2 (in)
Support: - Above: |13 I‘IZ |12
Stiffness share %: I‘IDD Below: |13 |12 |12
Moty | Copy... |
Sup.No | Stfe | HA | c1A | c2a | HB | c1B | c2B |
1 100 13 12 12 13 12 12
2 100 13 12 12 13 12 12
3 100 13 12 12 13 12 12
4 100 13 12 12 13 12 12
5 100 13 12 12 13 12 12
[ 100 13 12 12 13 12 12
0K Cancel Help

| 277 |
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5. From the Input menu, select Reinforcement Criteria. A dialog box appears.

— Under the Beams tab, use the drop down arrows to change both the MIN and MAX
BAR SIZE for TOP BARS to #9.

— Use the drop down arrows to change both the MIN and MAX BAR SIZE for BOTTOM
BARS to #8. Press OK.

Reinforcement Criteria

Slabs and Ribs  Beams |
Top bars Bottom bars Stirups
—Cowver {in} — Side Cover {in)
Clear: I‘IE-— 15 Clear: I‘IE—
- Bar size — Bar size
Min: lﬂ lﬂ Min: lﬂ
v [ =] [ || e B
— Spacing (in) — Spacing (in)
Min: |1— I‘I— Min: IG—
Max: I‘IE— I‘IE— Max: I‘IE—
— Reirf_ ratio (%) — Number of legs
Min: IT W Min: m
Max: |5— |5— Max: m
— First Stirrup from FOS {in) -
Cordwoncsbeween [ || bt b
r There is more than 12in of
concrete below top bars.
oK | Cancel | Help |

6. From the Input menu, select Load Cases. A dialog box appears.

— Since we are not considering lateral forces, click on WIND in the LABEL column on the
list in the bottom half of the LOAD CASES dialog box and press the DELETE button.

— Click on EQ in the LABEL column and press the DELETE button. Press OK.

Label: Tupe: IDEAD LI
Sefweight | sad | Moy Delete |
Label [ Tupe |
SELF DEAD

Dead DEAD

Live LIVE

QK I Cancel Help
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7. From the Input menu, select Load Combinations. A dialog box appears.

— Delete all the load combinations by clicking anywhere on the list in the bottom half of
the LOAD COMBINATIONS dialog box and pressing the DELETE button. Repeat this pro-
cedure until all the load combinations are gone.

— Input 1.2 in the SELF field, 1.2 in the DEAD field, and 1. 6 in the LIVE field. Press
ADD.

—  Press OK.

Load Combinations

SELF Dead Live Cased Caseh Caseb
|14 Jo |
sad | Mody | Delete |
Comb | SELF | Dead | Live |
U1 1.4 1.4 i
Uz 1.2 1.2 16

QK I Cancel Help
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From the Input menu, select Span Loads. A dialog box appears.

Press the drop down arrow next to TYPE, and select LINE LOAD.

Input 1647.5 for both the START and END MAGNITUDE. (Note: This value was
obtained by converting the area loads of the of the slab’s self weight (without the
beam) and superimposed dead load into a line load.)

Dead Load = ( ft x 150pcf < 12ft) + (80psf * 12ft) — (—12m x 150pcf’)
144in?/ ft
=1647.51b/ ft
Input 24 for the END LOCATION. Press ADD.

Click on SPAN 1 on the list in the bottom half of the SPAN LOADS dialog box. Press the
Copry button. (Note: there is a CASE COPY button that should not be pressed.)

Click the check box next to SPAN 5 and press OK.

Back in the SPAN LOADS dialog box, use the drop down arrow next to SPAN to select
SPAN 2. Keep the START and END MAGNITUDES of 1647 .5 Ib/ft but change the END
LOCATION to 26. Click the ADD button.

Click on SPAN 2 in the list at the bottom half of the SPAN LOADS dialog box. Press the
Copry button.

Click the check boxes next to SPAN 3 and 4. Press OK.

Span Loads X

Current Case: Start End

Spar: |1 Copy. Magritude: |1647.5 16475 b/t
Live J
Type: Lme Load - Location: 24 t
Span =24t

Casze Copy... | M adify | Delete |

a | wib | Lb
16475 24
16475 26
16475 26
16475 26
16475 24

Span No. | Type | Wa |
Line Load 1647.5
Line Load 1647.5
Line Load 16475
Line Load 1647.5
Line Load 1647.5

[ SRR
coooo|r

QK | Cancel Help
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In the top left corner of the SPAN LOADS dialog box, there is a section called CURRENT

CASE. Click on LIVE.

Use the drop down arrow next to SPAN to select SPAN 1.

Making sure that LINE LOAD is still the selected LOAD TYPE, input 1560 for both the
START and END MAGNITUDE.

Live Load = (130psf'x 12ft) = 15601b / 1t
Input 24 for the END LOCATION. Press ADD.

Click on SPAN 1 on the list in the bottom half of the SPAN LOADS dialog box. Press the
Copry button. (Note: the CASE COPY button should not be pressed.)

Click the check box next to SPAN 5 and press OK.

Back in the SPAN LOADS dialog box, use the drop down arrow next to SPANS to select
SpPAN 2. Keep the START and END MAGNITUDES of 1560 Ib/ft but change the END
LoCATION to 26. Click the ADD button.

Click on SPAN 2 in the list at the bottom half of the SPAN LOADS dialog box. Press the
Copry button.

Click the check boxes next to SPAN 3 AND 4. Press OK.

Press OK again.

Span Loads X

Current Caze: Start End

Dead Spar: |1 j Copy... Magnitude: |1560 1560 IbAft
Type: |Line Load - Location: |0 24 ft

Span =24 ft

Case Copy... | Add | Modify | Delete |

a | wh | Lb
1560 24
1560 26
1560 2
1560 26
1560 24

Span Ma. | Type | Wa |
Line Load 1560
Line Load 1560
Line Load 1560
Line Load 1560
Line Load 1560

L5 N I
ooooo|—

0K | Cancel Help

10. From the Solve menu, select Execute. Press CLOSE.
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12.

13.

14.

15.

16.
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. From the Solve menu, select Results.

— Use the explorer to browse through the results tables.

— Use the ARROW keys or the mouse wheel to browse through different parts of the
table quickly. Press the CLOSE button to close the SPRESULTS.

To view diagrams, select Loads, Internal Forces, Moment Capacity, Shear Capacity,
Deflection, or Reinforcement from the View menu. Right click in any of these diagrams
to get new copy, printing, or display options.

You may print the results report by using the spReporter module. To print any of the
diagrams you selected to view, use the Print Preview command found by right clicking in
the diagram’s window. After viewing the results, you may decide to investigate the input
beams under the same loads but with a modified reinforcement configuration.

From the Input menu, select General Information. In the General Information dialog
box change the RUN MODE option to INVESTIGATION. Do not change any of the other
options. Press OK

From the Input menu, select the different commands under Reinforcement Criteria and
Reinforcing Bars to modify the reinforcement configuration computed by the program.

Repeat steps 10 and subsequent to perform the investigation and view the results.
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1. Input Echo
1.1. General Information

File Name ...\Example 3 - Structural Concrete by
Hassoun...

‘Project spSlab/spBeam Manual Example 3

Frame Structural Concrete by Hassoun-Example
16.1

‘ Engineer StructurePoint

|Code ACI 318-14

Reinforcement ASTM A615

Database

[Mode Design

[Number of supports = 6

‘ Floor System One-Way/Beam

1.2. Solve Options

|Live load pattern ratio = 100%

‘Deflections are based on cracked section properties.

‘In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)
‘Long—term deflections are calculated for load duration of 60 months.
|0% of live load is sustained.

‘Compression reinforcement calculations NOT selected.

‘Default incremental rebar design selected.

‘Moment redistribution NOT selected.

‘Effective flange width calculations NOT selected.

|Rigid beam-column joint NOT selected.

‘Torsion analysis and design NOT selected.

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

| we 150 lo/ft®
|fe 4 ksi
|Ec 3834.3 ksi
[f: 0.474342 ksi

1.3.2. Concrete: Columns

| we 150 Ib/ft®
[fe 4 ksi
|Ec 3834.3 ksi
[f: 0.47434 ksi

1.3.3. Reinforcing Steel

[f, 60 ksi
[fye 60 ksi
|Es 29000 ksi

|Epoxy coated bars No
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1.4. Reinforcement Database
Size Db Ab Wb Size Db Ab Wb
in in? Ib/ft in in? Ib/ft
#3 0.38 0.11 0.38 #4 0.50 0.20 0.67
#5 0.63 0.31 1.04 #6 0.75 0.44 1.50
#7 0.88 0.60 2.04 #8 1.00 0.79 2.67
#9 1.13 1.00 3.40 #10 1.27 1.27 4.30
#11 1.41 1.56 5.31 #14 1.69 225 7.65
#18 2.26 4.00 13.60
1.5. Span Data
1.5.1. Slabs
Span Loc L1 t wL wR Hmin
ft in ft ft in
1 Int 24.000 5.00 0.500 0.500 0.00
2 Int 26.000 5.00 0.500 0.500 0.00
3 Int 26.000 5.00 0.500 0.500 0.00
4 Int 26.000 5.00 0.500 0.500 0.00
5 Int 24.000 5.00 0.500 0.500 0.00
1.5.2. Ribs and Longitudinal Beams
Span Ribs Beams J Span
b h Sp b h| Huin
in in in in in| in
1 0.00 0.00 0.00 12.00 22.00 15.57
2 0.00 0.00 0.00 12.00 22.00 14.86
3 0.00 0.00 0.00 12.00 22.00 14.86
4 0.00 0.00 0.00 12.00 22.00 14.86
5 0.00 0.00 0.00 12.00 22.00 15.57
1.6. Support Data
1.6.1. Columns
Support cla c2a Ha clb c2b Hb| Red %
in in ft in in ft
1 12.00 12.00 13.000 12.00 12.00 13.000 100
2 12.00 12.00 13.000 12.00 12.00 13.000 100
3 12.00 12.00 13.000 12.00 12.00 13.000 100
4 12.00 12.00 13.000 12.00 12.00 13.000 100
5 12.00 12.00 13.000 12.00 12.00 13.000 100
6 12.00 12.00 13.000 12.00 12.00 13.000 100
1.6.2. Boundary Conditions
Support Spring Far End
K Kry Above Below
kip/in kip-in/rad
1 0 0 Fixed Fixed
2 0 0 Fixed Fixed
3 0 0 Fixed Fixed
4 0 0 Fixed Fixed
5 0 0 Fixed Fixed
6 0 0 Fixed Fixed
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1.7. Load Data
1.7.1. Load Cases and Combinations

Case SELF Dead Live
Type DEAD DEAD LIVE
u1 1.400 1.400 0.000
U2 1.200 1.200 1.600

1.7.2. Area Loads

Case/Patt Span Wa

Ib/ft?
62.50
62.50
62.50
62.50
62.50

SELF

a s ON =

1.7.3. Line Loads

Case/Patt Span Wa La Wb Lb
Ib/ft ft Ib/ft ft

SELF 1 212.50 0.000 212.50 24.000
2 212.50 0.000 212.50 26.000

3 212.50 0.000 212.50 26.000

4 212.50 0.000 212.50 26.000

5 212.50 0.000 212.50 24.000

Dead 1 1647.50 0.000 1647.50 24.000
2 1647.50 0.000 1647.50 26.000

3 1647.50 0.000 1647.50 26.000

4 1647.50 0.000 1647.50 26.000

5 1647.50 0.000 1647.50 24.000

Live 1 1560.00 0.000 1560.00 24.000

2 1560.00 0.000 1560.00 26.000

3 1560.00 0.000 1560.00 26.000

4 1560.00 0.000 1560.00 26.000

5 1560.00 0.000 1560.00 24.000

Live/Odd 1 1560.00 0.000 1560.00 24.000
3 1560.00 0.000 1560.00 26.000

5 1560.00 0.000 1560.00 24.000

Live/Even 2 1560.00 0.000 1560.00 26.000
4 1560.00 0.000 1560.00 26.000

Live/S1 1 1560.00 0.000 1560.00 24.000
Live/S2 1 1560.00 0.000 1560.00 24.000
2 1560.00 0.000 1560.00 26.000

Live/S3 2 1560.00 0.000 1560.00 26.000
3 1560.00 0.000 1560.00 26.000

Live/S4 3 1560.00 0.000 1560.00 26.000
4 1560.00 0.000 1560.00 26.000

Live/S5 4 1560.00 0.000 1560.00 26.000
5 1560.00 0.000 1560.00 24.000

Live/S6 5 1560.00 0.000 1560.00 24.000
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1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs

Units Top Bars Bottom Bars
Min. Max. Min. Max.
Bar Size #9 #9 #8 #8
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50

There is NOT more than 12 in of concrete below top bars.

1.8.2. Beams
Units Top Bars Bottom Bars Stirrups

Min. Max. Min. Max. Min. Max.
Bar Size #9 #9 #8 #3 #3 #5
Bar spacing in 1.00 18.00 1.00 18.00 6.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50
Layer dist. in 1.00 1.00
No. of legs 2 6
Side cover in 1.50
1st Stirrup in 3.00

There is NOT more than 12 in of concrete below top bars.

2. Design Results
2.1. Top Reinforcement

Span Zone Width Mpnax Xinax As min As max As req Sprrov Bars
ft k-ft ft in? in? in? in
1 Left 1.00 77.75 0.500 0.797 4.321 0.896 6.220 2-#9
Midspan 1.00 0.00 12.000 0.000 4.321 0.000 0.000 ---
Right 1.00 268.24 23.500 0.776 4.206 3.549 3.110 4-#9 2L
2 Left 1.00 267.45 0.500 0.776 4.206 3.537 3.110 4-#9 2L
Midspan 1.00 0.00 13.000 0.000 4.321 0.000 0.000 -
Right 1.00 264.30 25.500 0.776 4.206 3.488 3.110 4-#9 2L
3 Left 1.00 265.14 0.500 0.776 4.206 3.501 3.110 4-#9 2L
Midspan 1.00 0.00 13.000 0.000 4.321 0.000 0.000 -
Right 1.00 265.14 25.500 0.776 4.206 3.501 3.110 4-#9 2L
4 Left 1.00 264.30 0.500 0.776 4.206 3.488 3.110 4-#9 2L
Midspan 1.00 0.00 13.000 0.000 4.321 0.000 0.000 -
Right 1.00 267.45 25.500 0.776 4.206 3.537 3.110 4-#9 2L
5 Left 1.00 268.24 0.500 0.776 4.206 3.549 3.110 4-#9 2L
Midspan 1.00 0.00 12.000 0.000 4.321 0.000 0.000 ---

Right 1.00 77.75 23.500 0.797 4.321 0.896 6.220 2-#9
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2.2. Top Bar Details

NOTES:
* - Bar cut-off location does not meet ACI 318, 12.10.5.1. Revise location, unless the requirements of either 12.10.5.2 or 12.10.5.3 are
manually checked and satisfied.

Left Continuous Right
Span Bars Length Bars Length Bars Length Bars Length Bars Length
ft ft ft ft ft
1 1#9 3.91 1#9 * 2.14 2-#9 9.62 2#9 * 4.80
2 2-#9 10.37 2#9 * 4.79 2-#9 10.37 2#9 * 473
3 2-#9 10.12 24#9 * 4.75 2-#9 10.12 2-#9 * 4.75
4 2-#9 10.37 2#9 * 473 2-#9 10.37 2#9 * 4.79
5 2-#9 9.62 24#9 * 4.80 1-#9 3.91 1-#9 * 214

2.3. Top Bar Development Lengths

Left Continuous Right
Span Bars DevLen Bars DevLen Bars DevLen Bars DevLen Bars DevLen
in in in in in
1 1-#9 19.66 1-#9 19.66 2-#9 51.66 2-#9 51.66
2 2-#9 51.48 2-#9 51.48 2-#9 50.76 2-#9 50.76
3 2-#9 50.95 2-#9 50.95 2-#9 50.95 2-#9 50.95
4 2-#9 50.76 2-#9 50.76 2-#9 51.48 2-#9 51.48
5 249 51.66 2#9 51.66 - 1-#9 19.66 1-#9 19.66

2.4. Bottom Reinforcement

Span Width Mumax Xmax As,min As,max Asreq Spprov Bars
ft k-ft ft in2 in? in2 in

1 1.00 183.86 11.000 0.800 4.335 2.225 3.155 3-#8

2 1.00 171.61 13.250 0.800 4.335 2.063 3.155 3-#8

3 1.00 177.76 13.000 0.800 4.335 2.144 3.155 3-#8

4 1.00 171.61 12.750 0.800 4.335 2.063 3.155 3-#8

5 1.00 183.86 13.000 0.800 4.335 2.225 3.155 3-#8

2.5. Bottom Bar Details

Notes:
* - Bar cut-off location does not meet ACI 318, 12.10.5.1. Revise location, unless the requirements of either 12.10.5.2 or 12.10.5.3 are
manually checked and satisfied.

Long Bars Short Bars
Span|Bars Start Length | Bars Start Length
ft ft ft ft

1/2#8 000 2400 1-#8 * 285 16.17

2| 2#8 000 26.00|1#8 * 596 14.46
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Long Bars Short Bars
Span |Bars Start Length |Bars  Start Length
ft ft ft ft
3| 2#8 0.00 26.00| 1-#8 5.33 15.34
4| 2#8 000 26.00| 1-#8 * 558 14.46
5| 2-#8 0.00 24.00| 1-#8 * 4.98 16.17
2.6. Bottom Bar Development Lengths
Long Bars Short Bars
Span|Bars DevlLen | Bars DevlLen
in in
1] 2-#8 42.34 | 1-#8 42.34
2| 2-#8 39.26 | 1-#8 39.26
3| 2-#8 40.80 | 1-#8 40.80
4| 2-#8 39.26 | 1-#8 39.26
5| 2-#8 42.34 | 1-#8 42.34
2.7. Flexural Capacity
I Top Bottom
Span| X Astop OM,- M.~ Comb Pat Status Aspot OM,+ M.+ Comb Pat Status
| ft in? k-ft k-ft in? k-ft k-ft
1 0.000 2.00 -166.19  -103.42 U2 0dd - 1.58  133.94 0.00 Ut All
0.500 2.00 -166.19 -77.75 U2 0dd OK 1.58  133.94 0.00 Ut All OK
2138  1.00 -86.40 -2.11 U2 0dd OK 1.58  133.94 9.83 U2 Even OK
2273  1.00 -86.40 0.00 Ut Al OK 1.58  133.94 11.91 U2 Even OK
2852 0.65 -56.65 0.00 Ut All OK 1.58  133.94 32.58 U2 s2 OK
3.911  0.00 0.00 0.00 Ut All OK 1.82  152.63 67.00 U2 s2 OK
6.380 0.00 0.00 0.00 Ut Al OK 237  194.71 133.94 U2 Odd OK
8.550 0.00 0.00 0.00 Ut All OK 237  194.71 170.15 U2 Odd OK
11.000 0.00 0.00 0.00 Ut All OK 237  194.71 183.86 U2 Odd OK
12.000 0.00 0.00 0.00 Ut Al OK 237  194.71 181.15 U2 Odd OK
14.383  0.00 0.00 0.00 Ut All OK 237  194.71 155.32 U2 Odd OK
15.450  0.50 -43.66 0.00 Ut Al OK 237  194.71 134.94 U2 Odd OK
15497  0.52 -45.54 0.00 Ut Al OK 237  194.71 133.94 U2 Odd OK
18.688 2.00 -166.19 -50.91 U2 Even OK 1.66  139.92 39.58 U2 Odd OK
19.025 2.00 -166.19 -58.70 U2 Even OK 1.58  133.94 26.78 U2 Odd OK
19.195 2.00 -166.19 -62.75 U2 Even OK 1.58  133.94 20.08 U2 Odd OK
23500 4.00 -296.33  -268.24 U2 s2 OK 1.58  133.94 0.00 Ut All OK
24,000 4.00 -296.33  -300.91 U2 s2 1.58  133.94 0.00 Ut All
2 0.000 4.00 -296.33  -299.70 U2 s2 1.58  133.94 0.00 Ut All
0.500 4.00 -296.33  -267.45 U2 s2 OK 1.58  133.94 0.00 Ut All OK
4790 2.00 -166.19 -60.38 U2 s1 OK 1.58  133.94 8.87 U2 s3 OK
5959 2.00 -166.19 -36.03 U2 s1 OK 1.58  133.94 48.30 U2 s3 OK
6.077 2.00 -166.19 -33.75 U2 s1 OK 1.61 136.21 51.91 U2 83 OK
9.231  0.53 -46.60 0.00 Ut All OK 237  194.71 133.94 U2 Even OK
9.250 0.52 -45.82 0.00 Ut Al OK 237  194.71 134.32 U2 Even OK
10.367  0.00 0.00 0.00 ut Al OK 237  194.71 152.43 U2 Even OK




slablsbeam

STRUCTUREPOINT - spSlab v5.50 Debug - Mar 29 2018 Page | 9
Licensed to: -- Unknown User --. License ID: 00000-0000000 3/30/2018
C:\Program Files (x86)\StructurePoin...\Example 3 - Structural Concrete by Hassoun-Example 16.1.slb 11:19 AM
Top Bottom
Span X Asiop OM,.- M,- Comb Pat Status As bot OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
13.000 0.00 0.00 0.00 U1 All OK 237  194.71 171.53 U2 Even OK
13.250  0.00 0.00 0.00 U1 All OK 237  194.71 171.61 U2 Even OK
15.633  0.00 0.00 0.00 U1 All OK 237 194.71 157.26 U2 Even OK
16.750  0.53 -46.45 0.00 U1 All OK 237  194.71 141.20 U2 Even OK
17.150  0.72 -62.64 0.00 U1 All OK 237  194.71 133.94 U2 Even OK
19.863  2.00 -166.19 -32.00 U2 0dd OK 1.71 144.61 64.67 U2 Even OK
20422  2.00 -166.19 -41.23 U2 0dd OK 1.58  133.94 46.02 U2 Even OK
21270 2.00 -166.19 -56.62 U2 0dd OK 1.58  133.94 14.87 U2 Even OK
25.500 4.00 -296.33 -264.30 U2 s3 OK 1.58  133.94 0.00 Ut All OK
26.000 4.00 -296.33 -296.36 U2 s3 - 1.58  133.94 0.00 Ut All -
3 0.000 4.00 -296.33 -297.34 U2 s3 - 1.58  133.94 0.00 Ut All -
0.500 4.00 -296.33 -265.14 U2 s3 OK 1.58  133.94 0.00 Ut All OK
4746  2.00 -166.19 -53.82 U2 Even OK 1.58  133.94 14.15 U2 Odd OK
5.329 2.00 -166.19 -43.14 U2 Even OK 1.58  133.94 36.41 U2 Odd OK
5.871  2.00 -166.19 -33.88 U2 Even OK 1.71 143.91 55.67 U2 Odd OK
8.729 0.65 -57.24 0.00 U1 All OK 237 194.71 133.94 U2 Odd OK
9.250 0.41 -36.08 0.00 U1 All OK 237  194.71 143.99 U2 Odd OK
10.117  0.00 0.00 0.00 Ut All OK 237 194.71 157.76 U2 Odd OK
13.000 0.00 0.00 0.00 Ut All OK 237 19471 177.76 U2 Odd OK
15.883  0.00 0.00 0.00 U1 All OK 237  194.71 157.76 U2 Odd OK
16.750  0.41 -36.08 0.00 U1 All OK 237 194.71 143.99 U2 Odd OK
17.271  0.65 -57.24 0.00 Ut Al OK 237  194.71 133.94 U2 Odd OK
20.129  2.00 -166.19 -33.88 U2 Even OK 1.71 143.91 55.67 U2 Odd OK
20.671  2.00 -166.19 -43.14 U2 Even OK 1.58  133.94 36.41 U2 Odd OK
21.254  2.00 -166.19 -53.82 U2 Even OK 1.58  133.94 14.15 U2 Odd OK
25.500 4.00 -296.33 -265.14 U2 s4 OK 1.58  133.94 0.00 Ut All OK
26.000 4.00 -296.33 -297.34 U2 s4 - 1.58  133.94 0.00 Ut All -
4 0.000 4.00 -296.33 -296.36 U2 s4 - 1.58  133.94 0.00 Ut All -
0.500 4.00 -296.33 -264.30 U2 s4 OK 1.58  133.94 0.00 Ut All OK
4730 2.00 -166.19 -56.62 U2 0dd OK 1.58  133.94 14.87 U2 Even OK
5.578  2.00 -166.19 -41.23 U2 0dd OK 1.58  133.94 46.02 U2 Even OK
6.137  2.00 -166.19 -32.00 U2 0dd OK 1.71 144.61 64.67 U2 Even OK
8.850 0.72 -62.64 0.00 U1 All OK 237  194.71 133.94 U2 Even OK
9.250 0.53 -46.45 0.00 U1 All OK 237  194.71 141.20 U2 Even OK
10.367  0.00 0.00 0.00 Ut All OK 237  194.71 157.26 U2 Even OK
12.750  0.00 0.00 0.00 U1 All OK 237 19471 171.61 U2 Even OK
13.000 0.00 0.00 0.00 U1 All OK 237  194.71 171.53 U2 Even OK
15.633  0.00 0.00 0.00 Ut All OK 237  194.71 152.43 U2 Even OK
16.750  0.52 -45.82 0.00 U1 All OK 237  194.71 134.32 U2 Even OK
16.769  0.53 -46.60 0.00 U1 All OK 237  194.71 133.94 U2 Even OK
19.923  2.00 -166.19 -33.75 U2 s6 OK 1.61 136.21 51.91 U2 s4 OK
20.041  2.00 -166.19 -36.03 U2 s6 OK 1.58  133.94 48.30 U2 s4 OK
21210 2.00 -166.19 -60.38 U2 s6 OK 1.58  133.94 8.87 U2 s4 OK
25.500 4.00 -296.33 -267.45 U2 s5 OK 1.58  133.94 0.00 Ut All OK
26.000 4.00 -296.33 -299.70 U2 s5 - 1.58  133.94 0.00 Ut All -
5 0.000 4.00 -296.33 -300.91 U2 s5 - 1.58  133.94 0.00 Ut All -
0.500 4.00 -296.33 -268.24 U2 s5 OK 1.58  133.94 0.00 Ut All OK
4.805 2.00 -166.19 -62.75 U2 Even OK 1.58  133.94 20.08 U2 Odd OK
4975  2.00 -166.19 -58.70 U2 Even OK 1.58  133.94 26.78 U2 Odd OK
5.312 2.00 -166.19 -50.91 U2 Even OK 1.66  139.92 39.58 U2 Odd OK
8.503 0.52 -45.54 0.00 U1 All OK 237  194.71 133.94 U2 Odd OK
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Top Bottom
Span X Asjop OM,.- M,- Comb Pat Status As bot OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft

8.550 0.50 -43.66 0.00 U1 All OK 237  194.71 134.94 U2 Odd OK

9.617  0.00 0.00 0.00 U1 All OK 237  194.71 155.32 U2 Odd OK

12.000 0.00 0.00 0.00 U1 All OK 237 194.71 181.15 U2 Odd OK

13.000 0.00 0.00 0.00 U1 All OK 237  194.71 183.86 U2 Odd OK

15.450  0.00 0.00 0.00 U1 All OK 237  194.71 170.15 U2 Odd OK

17.620  0.00 0.00 0.00 Ut All OK 237  194.71 133.94 U2 Odd OK

20.089 0.00 0.00 0.00 U1 All OK 1.82  152.63 67.00 U2 s5 OK

21.148 0.65 -56.65 0.00 Ut Al OK 1.58  133.94 32.58 U2 s5 OK

21.727  1.00 -86.40 0.00 Ut All OK 1.58  133.94 11.91 U2 Even OK

21.862 1.00 -86.40 -2.11 U2 0dd OK 1.58  133.94 9.83 U2 Even OK

23.500 2.00 -166.19 -77.75 U2 0dd OK 1.58  133.94 0.00 Ut Al OK

24.000 2.00 -166.19 -103.42 U2 0dd - 1.58  133.94 0.00 Ut All -

2.8. Longitudinal Beam Transverse Reinforcement Demand and Capacity

2.8.1. Section Properties

Span d  (AJ/S)min V.
in in%fin kip

1 19.40 0.0100 22.09

2 19.40 0.0100 22.09

3 19.40 0.0100 22.09

4 19.40 0.0100 22.09

5 1940 00100  22.09

2.8.2. Beam Transverse Reinforcement Demand

Notes:
*8 - Minimum transverse (stirrup) reinforcement governs.
Required Demand
Span  Start End Xu V. Comb/Patt A//s Als
ft ft ft  kip in%in| in%in
1 0750 4.941| 2117 42.36 U2/0dd 0.0232 | 0.0232
4941 7.764| 4.941 28.80 U2/0dd 0.0077 | 0.0100 *8
7.764 10.588| 7.764 15.24 U2/0dd 0.0000 | 0.0100 *8
10.588 13.412|13.412 15.70 U2/S2 0.00000.0100 *8
13.412 16.236 | 16.236 29.27 U2/S2 0.00820.0100 *8
16.236 19.059 | 19.059 42.83 U2/S2 0.0238 | 0.0238
19.059 23.250 |21.883 56.39 U2/S2 0.0393 | 0.0393
2 0750 5.226| 2.117 55.52 U2/S2 0.0383 | 0.0383
5226 8.336| 5.226 40.59 U2/S2 0.0212|0.0212
8.336 11.445| 8.336 25.66 U2/S2 0.0041/0.0100 *8
11.445 14.555|11.445 10.72 U2/S2 0.0000 | 0.0000
14.555 17.664 | 17.664 25.29 U2/S3 0.0037 |0.0100 *8
17.664 20.774|20.774 40.23 U2/S3 0.0208 | 0.0208
20.774 25.250|23.883 55.16 U2/S3 0.0379 | 0.0379
3 0750 5.226| 2.117 55.45 U2/S3 0.0382 | 0.0382
5226 8.336| 5.226 40.51 U2/S3 0.02110.0211
8.336 11.445| 8.336 25.58 U2/S3 0.0040|0.0100 *8
11.445 14.555|11.445 10.64 U2/S3 0.0000 | 0.0000
14.555 17.664 | 17.664 25.58 U2/S4 0.0040 | 0.0100 *8
17.664 20.774|20.774 40.51 U2/84 0.02110.0211
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Required Demand
Span Start End Xu V, Comb/Patt A/s Alls
ft ft ft  kip in%in | in%in
20.774 25.250|23.883 55.45 U2/S4 0.03820.0382
4 0750 5.226| 2.117 55.16 U2/S4 0.0379|0.0379
5226 8.336| 5.226 40.23 U2/S4 0.0208 | 0.0208
8.336 11.445| 8.336 25.29 U2/S4 0.0037 |0.0100 *8
11.445 14.555|14.555 10.72 U2/S5 0.0000 | 0.0000
14.555 17.664 | 17.664 25.66 U2/S5 0.00410.0100 *8
17.664 20.774 |20.774 40.59 U2/S5 0.02120.0212
20.774 25.250|23.883 55.52 U2/S5 0.0383|0.0383
5 0.750 4.941| 2.117 56.39 U2/S5 0.0393 | 0.0393
4.941 7.764| 4.941 42.83 U2/S5 0.0238 | 0.0238
7.764 10.588| 7.764 29.27 U2/S5 0.00820.0100 *8
10.588 13.412|10.588 15.70 U2/S5 0.00000.0100 *8
13.412 16.236 | 16.236 15.24 U2/0dd 0.0000 |0.0100 *8
16.236 19.059 | 19.059 28.80 U2/0dd 0.0077 |0.0100 *8
19.059 23.250 | 21.883 42.36 U2/0dd 0.0232 | 0.0232

2.8.3. Beam Transverse Reinforcement Details

Span Size Stirrups (2 legs each unless otherwise noted)

#3 7@7.7+14@97+4@85+10@5.3

#3 10@57+8@9.3+<-373->+8@93+10@5.7
#3 10@57+8@9.3+<-373->+8@93+10@5.7
#3 10@57+8@9.3+<-373->+8@93+10@5.7
#3 10@53+4@85+14@9.7+7@7.7

a s wWwN =

2.8.4. Beam Transverse Reinforcement Capacity

Notes:
*8 - Minimum transverse (stirrup) reinforcement governs.

Required Provided
Span Start End Xu Vu Comb/Patt Alls A, Sp Als vV,
ft ft ft kip in%/in in? in in%/in kip
1 0.000 0.750 2117 42.36 U2/0dd =~ | e e e e
0.750 4.941 2117 42.36 U2/0dd 0.0232 0.22 7.7 0.0284 46.92
4.941 16.236 16.236 29.27 u2/s2 0.0082 0.22 9.7 0.0227 41.93 *8
16.236 19.059 19.059 42.83 u2/s2 0.0238 0.22 8.5 0.0260 44.77
19.059 23.250 21.883 56.39 u2/s2 0.0393 0.22 53 0.0416 58.38
23.250 24.000 21.883 56.39 U2/S2 e e e e e
2 0.000 0.750 2117 55.52 u2/s2 | e e e e
0.750 5.226 2117 55.52 uU2/s2 0.0383| 0.22 57 0.0389 56.06
5.226 11.445 5.226 40.59 u2/s2 0.0212 0.22 9.3 0.0236 42.68
11.445 14.555 11.445 10.72 u2/s2 0.0000| - - e 11.04
14.555 20.774 20.774 40.23 U2/S3 0.0208| 0.22 9.3 0.0236 42.68
20.774 25.250 23.883 55.16 U2/S3 0.0379 0.22 57 0.0389 56.06
25.250 26.000 23.883 55.16 U2/S3 | e e e e
3 0.000 0.750 2117 55.45 U2/S3 e e e e e
0.750 5.226 2117 55.45 U2/s3 0.0382 0.22 57 0.0389 56.06
5.226 11.445 5.226 40.51 U2/S3 0.0211 0.22 9.3 0.0236 42.68
11.445 14.555 11.445 10.64 U2/S3 0.0000| - e e 11.04
14.555 20.774 20.774 40.51 u2/s4 0.0211 0.22 9.3 0.0236 42.68




slablsbeam

STRUCTUREPOINT - spSlab v5.50 Debug - Mar 29 2018 Page | 12
Licensed to: -- Unknown User --. License ID: 00000-0000000 3/30/2018
C:\Program Files (x86)\StructurePoin...\Example 3 - Structural Concrete by Hassoun-Example 16.1.slb 11:19 AM
Required Provided

Span Start End Xy Vy Comb/Patt Als A, Sp Als @V,

ft ft ft kip in%/in in? in in%/in kip

20.774 25.250 23.883 55.45 U2/s4 0.0382 0.22 57 0.0389 56.06

25.250 26.000 23.883 55.45 u2/s4 | e e e e

4 0.000 0.750 2117 55.16 uz2/s4 | -

0.750 5.226 2117 55.16 u2/s4 0.0379 0.22 5.7 0.0389 56.06

5.226 11.445 5.226 40.23 U2/s4 0.0208 0.22 9.3 0.0236 42.68

11.445 14.555 14.555 10.72 U2/s5 0.0000 - - 11.04

14.555 20.774 20.774 40.59 U2/s5 0.0212 0.22 9.3 0.0236 42.68

20.774 25.250 23.883 55.52 U2/s5 0.0383 0.22 57 0.0389 56.06

25.250 26.000 23.883 55.52 uz2/ss | -

5 0.000 0.750 2117 56.39 u2/ss | e e e e

0.750 4.941 2117 56.39 U2/s5 0.0393 0.22 53 0.0416 58.38

4.941 7.764 4.941 42.83 U2/s5 0.0238 0.22 8.5 0.0260 4477

7.764 19.059 7.764 29.27 U2/s5 0.0082 0.22 9.7 0.0227 41.93 *8
19.059 23.250 21.883 42.36 U2/0dd 0.0232 0.22 77 0.0284 46.92
23.250 24.000 21.883 42.36 U2/0dd = | e e e

2.9. Slab Shear Capacity
Span b d Vo ®V. V, X,
in in kip kip ft
--- Not checked ---

--- Not checked ---

- Not checked -

--- Not checked ---

--- Not checked ---

a s wWwN =

2.10. Material TakeOff
2.10.1. Reinforcement in the Direction of Analysis

Top Bars 850.9 Ib <=> 6.75 Ib/ft <=> 6.753 Ib/ft?
Bottom Bars 877.4 Ib <=> 6.96 Ib/ft <=> 6.964 Ib/ft?
Stirrups 3123 Ib <=> 2.48 Ib/ft <=> 2.479 Ib/ft?
Total Steel 2040.6 Ib <=> 16.20 Ib/ft <=> 16.195 Ib/ft?
Concrete 178.5 ft3 <=> 142 fft  <=> 1.417 3/t
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An office building is planned using a flat plate floor system with the column layout as shown in
figure below. No beams, drop panels, or column capitals are permitted. Specified live load is 100
psf and dead load will include the weight of the slab plus an allowance of 20 psf for finish floor
plus suspended loads. The columns will be 18 in. square, and the floor-to-floor height of the
structure will be 12 ft. The slab thickness will be 8.5 in. according to ACI Code. Design the
interior panel C, using material strengths f, = 60,000 psi and f”. = 4000 psi. Straight-bar
reinforcement will be used. This example refers to Example 13-3 from Design of Concrete
Structures by Nilson, Darwin, and Dolan, Thirteenth Edition, 2004.
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1. From the Input menu, select General Information. A dialog box appears.
— In the LABELS section, input the names of the project, frame, and engineer.

— In the FRAME section, input 4 for NO OF SUPPORTS. Then, Click the check boxes next
to LEFT CANTILEVER and RIGHT CANTILEVER.

— In the FLOOR SYSTEM section, click the radial button next to TwWO-WAY.

— Leave all other options in the General Information tab to their default settings of ACI
318-14 design code, ASTM A615 reinforcement, and DESIGN run mode option.

General Information

General Information lSpan Control | Solve Options

Labels
Project: |spSIabfspBeam Manual, Example 4

Frame: |Design of Concrete Structures by Nilson-Example 13

Engineer: |Struc1ureP0int

Options Run mode

Design code: IWI (* Design
Reinforcement : ,WI (™ Investigation
Frame Floor System

Mo. of Supports: ’4— " Two-Way

|¥ Left cantilever | Right cantilever " One-Way/Beam

Cther
I Distance location as ratio of span

0K | Cancel Help

2. Nothing needs to be changed in the Material Properties menu.
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Material Properties

Concrete | Reinforcing Steel |

Slabs and
Beams Columns
Unit density: IE I‘IED lbAt3
Comp. strength: I-i I-i kesi
Young's modulus: |3334.3 |3334.3 ksi
Rupture modulus:  |0.47434 ID.-ﬁ"-B-i ksi
Copy = |
ok | cancel | b |

From the Input menu, select Spans. A dialog box appears.

— Under the Slabs/Flanges tab, for Span No. 1 input 0.75 for LENGTH, 8.5 for
THICKNESS, and 11 for WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

— Press Copry. Click the check box next to SPAN NO. 5. Press OK.

— Under the Slabs/Flanges tab, for Span No. 2 input 22 for LENGTH, 8.5 for THICK-
NESS, and 11 for WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

— Click the check boxes next to SPAN NO. 3, and SPAN NO. 4. Press OK.

— Press OK again.

Slabs./Fanges | Longitudinal Beams I Ribs I

Span: hd
Location: I Interior hd l

Length: 0.75

Thickness: IB.E in

ft

Width Left: I‘I‘I ft

Width Right: |11

Modfy | Copy.. |
SpanNo. | Location | Length | Thickness | Width-L | width-R |
1 Interior 075 85 1 1
2 Interior 22 85 11 11
3 Interior 2 85 i i
4 Interior 2 85 i i
5 Interior 075 85 11 11
OK Cancel Help
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4. From the Input menu, select Supports. A dialog box appears.
— Under the Columns tab, input 12 for the HEIGHT in both the ABOVE and BELOW rows.

— Input 18 for both the Cl and C2 values in both the ABOVE and BELOW rows. Press
MODIFY.

—  Press Copry. Press the CHECK ALL button. Press OK.

— Press OK again.

Support Data

Columns | Drop Panels I Column Capitals I Transverse Beams I Boundary Conditions I

Height {ft) cl {in) c2 (in)
Support: I‘I VI Above: |12 I‘IE I‘IE
Stiffness share %: I‘I[H] Below: |12 I‘IE I‘IE

[¥ Check punching shear around column [~ Increase GammaF

Modfy | Copy... |
Sup.. [Sifi% [ HA  [c1A  [e2a [HB  [c1B  [c2B | Shear | Gamma |
1 W00 12 18 18 12 18 18 Yes Mo
2 0 12 18 18 12 18 18 Yes Mo
3 0 12 18 18 12 18 18 Yes Mo
4 0 12 18 18 12 18 18 Yes Mo
Ok | Cancel Help

5. From the Input menu, select Reinforcement Criteria.

— Use the drop down arrow next to MAX BAR SIZE for both TOP BARS and BOTTOM
BARS to select # 6 bars.

—  Press OK.
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Reinforcement Criteria

Slabs and Ribs | Beams |

Top bars Bottom bars
—Cower (in)
Clear: I‘Ifn— 15
- Bar size
Max: Iﬁs -l Im:_; -I
— Spacing (in)
weo T
vac e fB
— Reinf. ratio (%)
e p1é o
v 5
r There is more than 12in of
concrete below top bars.

:

K Cancel |  Hep |

6. From the Input menu, select Load Cases. A dialog box appears.

Since we are not considering snow loads, click on SNOW in the LABEL column on the
list in the bottom half of the LOAD CASES dialog box and press the DELETE button.

Since we are not considering lateral forces, click on WIND in the LABEL column on the
list in the bottom half of the LOAD CASES dialog box and press the DELETE button.

Click on EQ in the LABEL column and press the DELETE button. Press OK.

Load Cases

Label: Tupe: IDEAD LI
Sefweicht | sdd | Wodiy Delete |
Label [ Tupe |
SELF DEAD

Dead DEAD

Live LIvE

QK I Cancel Help
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7. From the Input menu, select Load Combinations. A dialog box appears.

— Delete all the load combinations by clicking anywhere on the list in the bottom half of
the LOAD COMBINATIONS dialog box and pressing the DELETE button. Repeat this pro-
cedure until all the load combinations are deleted.

— Input 1.2 in the SELF field, 1.2 in the DEAD field, and 1. 6 in the LIVE field. Press
ADD.

—  Press OK.

Load Combinations

SELF Dead Live
[1.4 o [

add | Modiy | Deete |

Comb | SELF | Dead | Live

un 14 14 ]
uz 12 12 16

QK | Cancel | Help |

8. From the Input menu, select Span Loads. A dialog box appears.
— Input 20 for the MAGNITUDE. Press ADD.
— Press COPY. Press the CHECK ALL button. Press OK.

— In the top left corner of the SPAN LOADS dialog box, there is a section called CURRENT
CASE. Click on LIVE.

— Input 100 for MAGNITUDE. Press ADD.
— Press CopPy. Press the CHECK ALL button. Press OK.

— Press OK again.
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Current Case:

Spar: |2 »| Copy.| Magniude: [20 Ib/ft2
Live _l

Type: IArea Load 'l

Span =221t
Casze Copy... | Add | Modify | Delete |

Span Mo, | Type | Wa | La | Wb | Lb |
2 Area Load 20 ° ° °
3 Area Load 20
4 Area Load 20
1 Area Load 20
5 Area Load 20

QK I Cancel Help

Current Caze:
Dead Span: |2 | Copy..| Magnitude: |1UU Ib/ft2
Type: IArea Load 'l
Span =22 ft
Caze Copy... | Add | Modify | Drelete |
Span Mo, | Type | Wa | La | ‘wh | Lb |
2 Area Load 100 ° ° °
3 Area Load 100
4 Area Load 100
1 Area Load 100
5 Area Load 100

QK I Cancel Help

9. From the Solve menu, select Execute. Press CLOSE.
10. From the Solve menu, select Results.
— Use the explorer to browse through result tables.

— Use the ARROW keys or the mouse wheel to browse through different parts of the
table quickly. Press the CLOSE button to close the SPRESULTS.



slablsbeam

11. To view diagrams, select Loads, Internal Forces, Moment Capacity, Shear Capacity,
Deflection, or Reinforcement from the View menu. Right click in any of these diagrams
to get new copy, printing, or display options.

12. You may print the results report by using the spReporter module. To print any of the
diagrams you selected to view, use the Print Preview command found by right clicking in
the diagram’s window. After viewing the results, you may decide to investigate the input
beams under the same loads but with a modified reinforcement configuration.

13. From the Input menu, select General Information. In the General Information dialog
box change the RUN MODE option to INVESTIGATION. Do not change any of the other
options. Press OK

14. From the Input menu, select the different commands under Reinforcement Criteria and
Reinforcing Bars to modify the reinforcement configuration computed by the program.

15. Repeat steps 10 and subsequent to perform the investigation and view the results.
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1. Input Echo
1.1. General Information

File Name ...\Example 4 - Design of Concrete
Structures ...

Project spSlab/spBeam Manual, Example 4

Frame Design of Concrete Structures by Nilson-
Example 13.3

Engineer StructurePoint

Code ACI 318-14

Reinforcement ASTM A615

Database

Mode Design

Number of supports = 4 + Left cantilever + Right cantilever

Floor System Two-Way

1.2. Solve Options

Live load pattern ratio = 75%

Minimum free edge distance for punching shear = 4 times slab thickness.

Circular critical section around circular supports used (if possible).

Deflections are based on cracked section properties.

In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)
Long-term deflections are calculated for load duration of 60 months.

0% of live load is sustained.

Only deflections for direction of analysis will be calculated.

Compression reinforcement calculations NOT selected.

Default incremental rebar design selected.

User-defined slab strip widths NOT selected.

User-defined distribution factors NOT selected.

One-way shear in drop panel NOT selected.

Distribution of shear to strips NOT selected.

Beam T-section design NOT selected.

Longitudinal beam contribution in negative reinforcement design over support NOT selected.
Transverse beam contribution in negative reinforcement design over support NOT selected.

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

We 150 Ib/ft®
fe 4 ksi
E. 3834.3 ksi
fr 0.474342 ksi

1.3.2. Concrete: Columns

We 150 Ib/ft®
fe 4 ksi
E. 3834.3 ksi

fr 0.47434 ksi
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1.3.3. Reinforcing Steel
|fy 60 ksi
‘fy( 60 ksi
|Es 29000 ksi
|Epoxy coated bars No
1.4. Reinforcement Database
Size Db Ab Wb Size Db Ab Wb
in in? Ib/ft in in? Ib/ft
#3 0.38 0.11 0.38 #4 0.50 0.20 0.67
#5 0.63 0.31 1.04 #6 0.75 0.44 1.50
#7 0.88 0.60 2.04 #8 1.00 0.79 2.67
#9 1.13 1.00 3.40 #10 1.27 1.27 4.30
#11 1.41 1.56 5.31 #14 1.69 225 7.65
#18 2.26 4.00 13.60
1.5. Span Data
1.5.1. Slabs
Notes:
Deflection check required for panels where code-specified Hmin for two-way construction doesn't apply due to:
*i - cantilever end span (LC, RC) support condition
Span Loc L1 t wL wR L2L L2R Humin
ft in ft ft ft ft in
1 Int 0.750 8.50 11.000 11.000 22.000 22.000 - LCH*i
2 Int 22.000 8.50 11.000 11.000 22.000 22.000 8.20
3 Int 22.000 8.50 11.000 11.000 22.000 22.000 7.45
4 Int 22.000 8.50 11.000 11.000 22.000 22.000 8.20
5 Int 0.750 8.50 11.000 11.000 22.000 22.000 --- RC*i
1.6. Support Data
1.6.1. Columns
Support cla c2a Ha clb c2b Hb| Red %
in in ft in in ft
1 18.00 18.00 12.000 18.00 18.00 12.000 100
2 18.00 18.00 12.000 18.00 18.00 12.000 100
3 18.00 18.00 12.000 18.00 18.00 12.000 100
4 18.00 18.00 12.000 18.00 18.00 12.000 100
1.6.2. Boundary Conditions
Support Spring Far End
K. Kry Above Below
kip/in kip-in/rad
1 0 0 Fixed Fixed
2 0 0 Fixed Fixed
3 0 0 Fixed Fixed
4 0 0 Fixed Fixed
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1.7. Load Data
1.7.1. Load Cases and Combinations

Case SELF Dead Live
Type DEAD DEAD LIVE
U1 1.400 1.400 0.000
u2 1.200 1.200 1.600

1.7.2. Area Loads

Case/Patt Span Wa
Ib/ft?
106.25
106.25
106.25
106.25
106.25
20.00
20.00
20.00
20.00
20.00
100.00
100.00
100.00
100.00
100.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00

SELF

Dead

Live

Live/Odd

Live/Even

Live/S1

Live/S2

Live/S3

Live/S4

AR B WWON_NANOO_2WOO=2BRONAO=2BRONOODRON =

1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs

Units Top Bars Bottom Bars

Min. Max. Min. Max.
Bar Size #5 #6 #5 #6
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50

There is NOT more than 12 in of concrete below top bars.
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1.8.2. Beams
Units Top Bars Bottom Bars Stirrups

Min. Max. Min. Max. Min. Max.
Bar Size #5 #8 #5 #8 #3 #5
Bar spacing in 1.00 18.00 1.00 18.00 6.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50
Layer dist. in 1.00 1.00
No. of legs 2 6
Side cover in 1.50
1st Stirrup in 3.00

There is NOT more than 12 in of concrete below top bars.

2. Design Results*
*Unless otherwise noted, all results are in the direction of analysis only. Another analysis in the perpendicular direction has to be carried out

for two-way slab systems.

2.1. Strip Widths and Distribution Factors

Page | 6
3/30/2018
11:29 AM

Notes:
*Used for bottom reinforcement. **Used for top reinforcement.
Width Moment Factor
Span Strip Left ** Right ** Bottom * | Left ** Right ** Bottom *
ft ft ft ft ft ft
1 Column| 11.00 11.00 11.00 | 1.000 1.000 0.600
Middle | 11.00 11.00 11.00| 0.000  0.000 0.400
2 Column| 11.00 11.00 11.00| 1.000  0.750 0.600
Middle | 11.00 11.00 11.00| 0.000  0.250 0.400
3 Column| 11.00 11.00 11.00| 0.750  0.750 0.600
Middle | 11.00 11.00 11.00| 0.250  0.250 0.400
4 Column| 11.00 11.00 11.00| 0.750 1.000 0.600
Middle | 11.00 11.00 11.00| 0.250  0.000 0.400
5 Column| 11.00 11.00 11.00| 1.000 1.000 0.600
Middle | 11.00 11.00 11.00| 0.000  0.000 0.400
2.2. Top Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
*5 - Number of bars governed by maximum allowable spacing.
Span Strip Zone Width Mumax Xrmax Ae,min A max Acreq Sperov Bars
ft k-ft ft in? in? in? in
1 Column Left 11.00 0.19 0.217 2.020 15.945 0.006 16.500 8-#5 *3*5
Midspan 11.00 0.61 0.402 2.020 15.945 0.020 16.500 8-#5 *3*5
Right 11.00 1.37 0.619 2.020 15.945 0.045 14.667 9-#5 *3*5
Middle Left 11.00 0.00 0.000 2.020 15.945 0.000 16.500 8-#5 *3*5
Midspan 11.00 0.00 0.309 2.020 15.945 0.000 16.500 8-#5 *3*5
Right 11.00 0.00 0.619 2.020 15.945 0.000 16.500 8-#5 *3*5
2 Column Left 11.00 81.23 0.750 2.020 15.945 2.776 14.667 9-#5
Midspan 11.00 0.00 11.000 0.000 15.945 0.000 0.000 -—
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Span Strip Zone Width Mmax Ximax Asmin [ As req SpPerov Bars
ft k-ft ft in? in? in? in
Right 11.00 198.56 21.250 2.020 15.945 7.102 5.739 23-#5
Middle Left 11.00 0.36 1.500 2.020 15.945 0.012 16.500 8-#5 *3*5
Midspan 11.00 0.00 11.000 0.000 15.945 0.000 0.000 -—
Right 11.00 66.19 21.250 2.020 15.945 2.250 16.500 8-#5
3 Column Left 11.00 182.11 0.750 2.020 15.945 6.470 5.739 23-#5
Midspan 11.00 0.00 11.000 0.000 15.945 0.000 0.000 -
Right 11.00 182.11 21.250 2.020 15.945 6.470 5.739 23-#5
Middle Left 11.00 60.70 0.750 2.020 15.945 2.060 16.500 8-#5 *5
Midspan 11.00 0.00 11.000 0.000 15.945 0.000 0.000 -
Right 11.00 60.70 21.250 2.020 15.945 2.060 16.500 8-#5 *5
4 Column Left 11.00 198.56 0.750 2.020 15.945 7.102 5.739 23-#5
Midspan 11.00 0.00 11.000 0.000 15.945 0.000 0.000 -
Right 11.00 81.23 21.250 2.020 15.945 2.776 14.667 9-#5
Middle Left 11.00 66.19 0.750 2.020 15.945 2.250 16.500 8-#5
Midspan 11.00 0.00 11.000 0.000 15.945 0.000 0.000 -—
Right 11.00 0.36 20.500 2.020 15.945 0.012 16.500 8-#5 *3*5
5 Column Left 11.00 1.37 0.131 2.020 15.945 0.045 14.667 9-#5 *3*5
Midspan 11.00 0.61 0.348 2.020 15.945 0.020 16.500 8-#5 *3*5
Right 11.00 0.19 0.533 2.020 15.945 0.006 16.500 8-#5 *3*5
Middle Left 11.00 0.00 0.131 2.020 15.945 0.000 16.500 8-#5 *3*5
Midspan 11.00 0.00 0.441 2.020 15.945 0.000 16.500 8-#5 *3*5
Right 11.00 0.00 0.750 2.020 15.945 0.000 16.500 8-#5 *3*5
2.3. Top Bar Details
Left Continuous Right
Span Strip Bars Length Bars Length| Bars Length Bars Length Bars Length
ft ft ft ft ft
1 Column - - 8-#5 0.75 1-#5 0.75 -
Middle - - 8-#5 0.75 - -
2 Column 7-#5 7.52 2-#5 4.85 - 12-#5 753  11-#5 4.85
Middle 8-#5 5.26 - - 8-#5 7.53 -
3 Column 12-#5 853  11#5 4.85 -— 12-#5 8.53 11-#5 4.85
Middle 8-#5 8.53 - - 8-#5 8.53 -
4 Column 12-#5 753  11#5 4.85 - 7-#5 7.52 2-#5 4.85
Middle 8-#5 7.53 - - 8-#5 5.26 -
5 Column 1-#5 0.75 - 8-#5 0.75 -— -—
Middle - - 8-#5 0.75 - -
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2.4. Top Bar Development Lengths
Left Continuous Right
Span Strip Bars DevLen Bars DevLen| Bars DevLen Bars DevLen Bars DevLen
in in in in in
1 Column 8-#5 12.00 1-#5 12.00
Middle 8-#5 12.00 -
2 Column 7-#5 14.16 2-#5 14.16 12-#5 1418  11-#5 14.18
Middle 8-#5 12.00 8-#5 12.91
3 Column 12-#5 1291 11-#5 12.91 12-#5 12.91 11-#5 12.91
Middle 8-#5 12.00 8-#5 12.00
4 Column 12-#5 1418  11-#5 14.18 7-#5 14.16 2-#5 14.16
Middle 8-#5 12.91 8-#5 12.00
5 Column 1-#5 12.00 8-#5 12.00 -
_Middle 8-#5 12.00 -
2.5. Bottom Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
*5 - Number of bars governed by maximum allowable spacing.
Span Strip Width Mumax Xmax [mim [ Acreq Sperov Bars
ft k-ft ft in? in? in? in
1 Column 11.00 0.00 0.309 0.000 15.945 0.000 0.000
Middle 11.00 0.00 0.309 0.000 15.945 0.000 0.000
2 Column 11.00 115.71 9.750 2.020 15.945 4.005 10.154 13-#5
Middle 11.00 7714 9.750 2.020 15.945 2.633 14.667 9-#5
3 Column 11.00 80.78 11.000 2.020 15.945 2.761 14.667 9-#5
Middle 11.00 53.86 11.000 2.020 15.945 1.823 16.500 8-#5 *3*5
4 Column 11.00 115.71 12.250 2.020 15.945 4.005 10.154 13-#5
Middle 11.00 7714 12.250 2.020 15.945 2.633 14.667 9-#5
5 Column 11.00 0.00 0.441 0.000 15.945 0.000 0.000
Middle 11.00 0.00 0.441 0.000 15.945 0.000 0.000
2.6. Bottom Bar Details
Long Bars Short Bars
Span Strip Bars Start Length |Bars Start Length
ft ft ft ft
1 Column - -
Middle
2 Column|13-#5 0.00 22.00
Middle | 7-#5 0.00 22.00| 2-#5 0.00 18.70
3 Column| 9-#5 0.00 22.00
Middle | 7-#5 0.00 22.00| 1-#5 3.30 15.40
4 Column|13-#5  0.00 22.00
Middle | 7-#5 0.00 22.00| 2-#5 3.30 18.70
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Long Bars ‘ Short Bars
Span Strip Bars Start Length |Bars Start Length
ft ft ft ft
5 Column - -
_Middle - ) -
2.7. Bottom Bar Development Lengths
Long Bars Short Bars
Span Strip Bars DevlLen Bars DevlLen
in in
1 Column - -
Middle - -
2 Column | 13-#5 14.14 -
Middle | 7-#5 13.43 | 2-#5 13.43
3 Column| 9-#5 14.08 -
Middle | 7-#5 12.00 | 1-#5 12.00
4 Column | 13-#5 14.14 -
Middle | 7-#5 13.43 | 2-#5 13.43
5 Column - -
Middle - -
2.8. Flexural Capacity
Top Bottom
Span Strip X Asitop OM, - M.,- Comb Pat Status Aspot OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
1 Column 0.000 279 -81.62 0.00 Ut All OK 0.00 0.00 0.00 U1 All OK
0.217 279 -81.62 -0.19 uz2 All OK 0.00 0.00 0.00 U1 All OK
0.375 279 -81.62 -0.54 u2 All OK 0.00 0.00 0.00 U1 All OK
0.402 279 -81.62 -0.61 uz2 All OK 0.00 0.00 0.00 U1 All OK
0.619 279 -81.62 -1.37 u2 All OK 0.00 0.00 0.00 U1 All OK
0.750 279 -81.62 -1.93 u2 All - 0.00 0.00 0.00 U1 All -
Middle 0.000 248 -72.78 0.00 U1t All OK 0.00 0.00 0.00 U1 All OK
0.217 248 -72.78 0.00 uz2 All OK 0.00 0.00 0.00 U1 All OK
0.375 248 -72.78 0.00 uz2 All OK 0.00 0.00 0.00 U1 All OK
0.402 248 -72.78 0.00 U2 All OK 0.00 0.00 0.00 U1 All OK
0.619 248 -72.78 0.00 u2 All OK 0.00 0.00 0.00 U1 All OK
0.750 2.48 -72.78 0.00 uz2 All - 0.00 0.00 0.00 Ut All -
2 Column 0.000 279 -81.62 -130.31 U2 All - 4.03 116.39 0.00 U1 All -
0.500 279 -81.62 -97.06 u2 All - 4.03 116.39 0.00 U1 All -
0.750 2.79 -81.62 -81.23 U2 All OK 4.03 116.39 0.00 U1 All OK
3.670 279 -81.62 0.00 U1t All OK 4.03 116.39  41.09 U2 All OK
4850 2.17 -63.89 0.00 Ut All OK 4.03 116.39 67.45 U2 All OK
6.335 2.17 -63.89 0.00 U1 All OK 4.03 116.39 92.49 U2 All OK
7.515 0.00 0.00 0.00 U1t All OK 4.03 116.39 105.95 U2 All OK
7.925 0.00 0.00 0.00 Ut All OK 4.03 116.39 109.25 U2 All OK
9.750 0.00 0.00 0.00 U1 All OK 4.03 116.39 115.71 U2 All OK
11.000 0.00 0.00 0.00 Ut All OK 4.03 116.39 112.20 U2 All OK
14.075 0.00 0.00 0.00 Ut All OK 4.03 116.39 80.81 U2 Even OK
14.469 0.00 0.00 0.00 U1 All OK 4.03 116.39 74.95 U2 Even OK
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Top Bottom
Span Strip X Astop OM, - M,- Comb Pat Status Aspot OM+ M,+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
15.650 3.72 -107.79 0.00 Ut All OK 4.03 116.39 53.96 U2 Even OK
17.150 3.72 -107.79 -24.34 U2 Odd OK 4.03 116.39 20.13 U2 Even OK
18.331 7.13  -199.28 -51.08 U2 0dd OK 4.03 116.39 0.00 U1 All OK
21250 7.13 -199.28 -198.56 uz2 All OK 4.03 116.39 0.00 U1 All OK
21500 7.13 -199.28 -212.70 U2 All - 4.03 116.39 0.00 U1 All -
22.000 7.13 -199.28 -241.57 uz2 All - 4.03 116.39 0.00 U1 All -
Middle 0.000 248 -72.78 1.18 U2 All -— 279 81.62 0.00 U1 All -
0.750 248 -72.78 0.00 U2 All OK 279 81.62 0.00 U1 All OK
1.500 2.48 -72.78 -0.36 U2 Even OK 2.79 81.62 0.00 U1 All OK
4260 248 -72.78 0.00 Ut All OK 279 81.62 36.67 U2 All OK
5.260 0.00 0.00 0.00 Ut All OK 279 81.62 50.20 U2 All OK
7.925 0.00 0.00 0.00 Ut All OK 2.79 81.62 72.84 U2 All OK
9.750 0.00 0.00 0.00 Ut All OK 2.79 81.62 77.14 U2 All OK
11.000 0.00 0.00 0.00 Ut All OK 279 81.62 74.80 U2 All OK
14.075 0.00 0.00 0.00 Ut All OK 2.79 81.62 53.88 U2 Even OK
14.469 0.00 0.00 0.00 Ut All OK 2.79 81.62 49.96 U2 Even OK
15.545 2.48 -72.78 0.00 Ut All OK 2.79 81.62 37.37 U2 Even OK
17.581 2.48 -72.78 -8.73 U2 0dd OK 2.79 81.62 5.94 U2 Even OK
18.700 2.48 -72.78 -18.63 U2 All OK 217 63.89 0.00 U1 All OK
21250 248 -72.78 -66.19 U2 All OK 217 63.89 0.00 U1 All OK
21.750 248 -72.78 -78.16 uz2 All - 217 63.89 0.00 U1 All -
22.000 248 -72.78 -84.50 uz2 All - 217 63.89 0.00 U1 All -
3 Column 0.000 7.13 -199.28 -223.07 u2 All - 2.79 81.62 0.00 U1 All -
0250 7.13 -199.28 -209.10 uz2 All - 2.79 81.62 0.00 U1 All -
0.750 7.13 -199.28 -182.11 U2 All OK 279 81.62 0.00 U1 All OK
3.774 7.13 -199.28 -51.16 U2 s1 OK 2.79 81.62 0.00 U1 All OK
4850 3.72 -107.79 -30.73 U2 s1 OK 2.79 81.62 14.42 U2 s3 OK
7.455 372 -107.79 0.00 Ut All OK 2.79 81.62 58.25 U2 O0dd OK
7.925 210 -61.75 0.00 Ut All OK 2.79 81.62 63.82 U2 Odd OK
8.531 0.00 0.00 0.00 Ut All OK 2.79 81.62 69.85 U2 Odd OK
11.000 0.00 0.00 0.00 Ut All OK 2.79 81.62 80.78 U2 O0dd OK
13.469 0.00 0.00 0.00 Ut All OK 2.79 81.62 69.85 U2 Odd OK
14.075 2.10 -61.75 0.00 Ut All OK 2.79 81.62 63.82 U2 Odd OK
14.545 3.72 -107.79 0.00 Ut All OK 2.79 81.62 58.25 U2 O0dd OK
17.150 3.72 -107.79 -30.73 U2 s4 OK 2.79 81.62 14.42 U2 s2 OK
18.226 7.13 -199.28 -51.16 U2 s4 OK 2.79 81.62 0.00 U1 All OK
21250 7.13 -199.28 -182.11 uz2 All OK 2.79 81.62 0.00 U1 All OK
21.750 7.13 -199.28 -209.10 U2 All - 2.79 81.62 0.00 U1 All -
22.000 7.13 -199.28 -223.07 u2 All - 2.79 81.62 0.00 U1 All -
Middle 0.000 248 -72.78 -74.36 uz2 All - 217 63.89 0.00 Ut All -
0.750 248 -72.78 -60.70 U2 All OK 217 63.89 0.00 U1 All OK
3.300 248 -72.78 -21.50 U2 All OK 217 63.89 0.00 U1 All OK
4.300 248 -72.78 -13.60 U2 s1 OK 2.48 72.78 1.85 U2 S3 OK
7.531 248 -72.78 0.00 U1 All OK 2.48 72.78 39.47 U2 Odd OK
7.925 1.50 -44.57 0.00 U1t All OK 2.48 72.78 42.54 U2 Odd OK
8.531  0.00 0.00 0.00 Ut All OK 2.48 7278 46.57 U2 Odd OK
11.000 0.00 0.00 0.00 U1 All OK 2.48 72.78 53.86 U2 Odd OK
13.469 0.00 0.00 0.00 U1t All OK 2.48 72.78 46.57 U2 Odd OK
14.075 1.50 -44.57 0.00 Ut All OK 2.48 72.78 42.54 U2 O0dd OK
14.469 248 -72.78 0.00 U1 All OK 2.48 72.78 39.47 U2 Odd OK
17.700 248 -72.78 -13.60 U2 s4 OK 2.48 72.78 1.85 U2 s2 OK
18.700 2.48 -72.78 -21.50 uz2 All OK 217 63.89 0.00 U1 All OK
21.250 248 -72.78 -60.70 U2 All OK 217 63.89 0.00 U1 All OK
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Top Bottom
Span Strip X Astop OM, - M,- Comb Pat Status Aspot OM+ M,+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
22.000 248 -72.78 -74.36 U2 All -— 217 63.89 0.00 U1 All -
4 Column 0.000 7.13 -199.28 -241.57 uz2 All - 4.03 116.39 0.00 U1 All -
0.500 7.13 -199.28 -212.70 uz2 All -— 4.03 116.39 0.00 U1 All -
0.750 7.13 -199.28 -198.56 U2 All OK 4.03 116.39 0.00 U1 All OK
3.669 7.13 -199.28 -51.08 U2 0dd OK 4.03 116.39 0.00 U1 All OK
4850 3.72 -107.79 -24.34 U2 0dd OK 4.03 116.39 20.13 U2 Even OK
6.350 3.72 -107.79 0.00 Ut All OK 4.03 116.39 53.96 U2 Even OK
7.531  0.00 0.00 0.00 Ut All OK 4.03 116.39 74.95 U2 Even OK
7.925 0.00 0.00 0.00 Ut All OK 4.03 116.39 80.81 U2 Even OK
11.000 0.00 0.00 0.00 Ut All OK 4.03 116.39 112.20 U2 All OK
12.250 0.00 0.00 0.00 Ut All OK 4.03 116.39 115.71 U2 All OK
14.075 0.00 0.00 0.00 Ut All OK 4.03 116.39 109.25 U2 All OK
14.485 0.00 0.00 0.00 Ut All OK 4.03 116.39 105.95 U2 All OK
15.665 2.17 -63.89 0.00 Ut All OK 4.03 116.39 92.49 U2 All OK
17.150 2.17 -63.89 0.00 Ut All OK 4.03 116.39 67.45 U2 All OK
18.330 2.79 -81.62 0.00 Ut All OK 4.03 116.39 41.09 U2 All OK
21.250 279 -81.62 -81.23 u2 All OK 4.03 116.39 0.00 U1 All OK
21500 279 -81.62 -97.06 U2 All - 4.03 116.39 0.00 U1 All -
22.000 279 -81.62 -130.31 U2 All -— 4.03 116.39 0.00 U1 All -
Middle 0.000 248 -72.78 -84.50 uz2 All - 217 63.89 0.00 U1 All -
0.250 248 -72.78 -78.16 uz2 All - 217 63.89 0.00 U1 All -
0.750 2.48 -72.78 -66.19 U2 All OK 217 63.89 0.00 U1 All OK
3.300 248 -72.78 -18.63 u2 All OK 217 63.89 0.00 U1 All OK
4419 248 -72.78 -8.73 U2 0dd OK 2.79 81.62 5.94 U2 Even OK
6.455 248 -72.78 0.00 Ut All OK 279 81.62 37.37 U2 Even OK
7.531  0.00 0.00 0.00 U1t All OK 2.79 81.62 49.96 U2 Even OK
7.925 0.00 0.00 0.00 Ut All OK 2.79 81.62 53.88 U2 Even OK
11.000 0.00 0.00 0.00 Ut All OK 2.79 81.62 74.80 U2 All OK
12.250 0.00 0.00 0.00 Ut All OK 2.79 81.62 77.14 U2 All OK
14.075 0.00 0.00 0.00 Ut All OK 2.79 81.62 72.84 U2 All OK
16.740 0.00 0.00 0.00 Ut All OK 2.79 81.62 50.20 U2 All OK
17.740 248 -72.78 0.00 Ut All OK 2.79 81.62 36.67 U2 All OK
20.500 2.48 -72.78 -0.36 U2 Even OK 2.79 81.62 0.00 U1 All OK
21.250 248 -72.78 0.00 u2 All OK 2.79 81.62 0.00 U1 All OK
22.000 248 -72.78 1.18 uz2 All - 2.79 81.62 0.00 U1 All -
5 Column 0.000 279 -81.62 -1.93 uz2 All - 0.00 0.00 0.00 U1 All -
0.131 279 -81.62 -1.37 U2 All OK 0.00 0.00 0.00 U1 All OK
0.348 279 -81.62 -0.61 u2 All OK 0.00 0.00 0.00 U1 All OK
0.375 279 -81.62 -0.54 uz2 All OK 0.00 0.00 0.00 Ut All OK
0.533 279 -81.62 -0.19 U2 All OK 0.00 0.00 0.00 U1 All OK
0.750 2.79 -81.62 0.00 U1t All OK 0.00 0.00 0.00 U1 All OK
Middle 0.000 248 -72.78 0.00 u2 All - 0.00 0.00 0.00 U1 All -
0.131 248 -72.78 0.00 U2 All OK 0.00 0.00 0.00 U1 All OK
0.348 248 -72.78 0.00 u2 All OK 0.00 0.00 0.00 U1 All OK
0.375 248 -72.78 0.00 uz2 All OK 0.00 0.00 0.00 U1 All OK
0.533 248 -72.78 0.00 U2 All OK 0.00 0.00 0.00 U1 All OK
0.750 2.48 -72.78 0.00 U1 All OK 0.00 0.00 0.00 U1 All OK
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2.9. Slab Shear Capacity
Span b d Vo OVe Vu Xy
in in kip kip ft
1 264.00 6.69 1.000 167.49 0.00 0.00
2 264.00 6.69 1.000 167.49 75.38 20.69
3 264.00 6.69 1.000 167.49 66.42 20.69
4 264.00 6.69 1.000 167.49 75.38 1.31
5 264.00 6.69 1.000 167.49 0.00 0.00
2.10. Flexural Transfer of Negative Unbalanced Moment at Supports
Support Width Width-c d M.un, Comb Patt \ Acroq Asprov Add Bars
in in in k-ft in? in?
1 43.50 43.50 6.69 127.20 U2 All 0.617 2.857 0.919 7-#5
2 43.50 43.50 6.69 63.54 U2 Even 0.600 1.320 2.350 -
3 43.50 43.50 6.69 63.54 U2 Even 0.600 1.320 2.350 -—
4 43.50 43.50 6.69 127.20 U2 All 0.617 2.857 0.919 7-#5
2.11. Punching Shear Around Columns
2.11.1. Critical Section Properties
Support Type b4 b, bo davg CG Cleft) Ciright) Ac Je
in in in in in in in in? in*
1 Rect 21.34 24.69 67.38 6.69 5.58 14.58 6.76 450.57 23814
2 Rect 24.69 24.69 98.75 6.69 0.00 12.34 12.34 660.39 68312
3 Rect 24.69 24.69 98.75 6.69 0.00 12.34 12.34 660.39 68312
4 Rect 21.34 24.69 67.38 6.69 -5.58 6.76 14.58 450.57 23814
2.11.2. Punching Shear Results
Support Vu Vu M,» Comb  Patt Yv Vu V.
kip psi k-ft psi psi
1 70.43 156.3 94.43 u2 All 0.383 279.4 189.7 *EXCEEDED
2 158.40 239.9 -28.64 u2 All 0.400 264.7 189.7 *EXCEEDED
3 158.40 239.9 28.64 u2 All 0.400 264.7 189.7 *EXCEEDED
4 70.43 156.3 -94.43 u2 All 0.383 279.4 189.7 *EXCEEDED
2.12. Material TakeOff
2.12.1. Reinforcement in the Direction of Analysis
Top Bars 1137.0 Ib <=> 16.85 Ib/ft <=> 0.766 Ib/ft?
Bottom Bars 13791 b <=> 20.43 Ib/ft <=> 0.929 Ib/ft?
Stirrups 0.0 Ib <=> 0.00 Ib/ft <=> 0.000 Ib/ft?
Total Steel 2516.1 Ib <=> 37.28 Ib/ft <=> 1.694 Ib/ft?
Concrete 1051.9 ft® <=> 15.58 ft3/ft => 0.708 ft¥/ft?
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Using the Equivalent Frame Method, determine design moments for the slab system in the
direction shown, for an intermediate floor. This example refers to Example 20-2 from PCA Notes
on ACI 318 Building Code Requirements for Structural Concrete.

__|:F|__ TS __|_|,_ -
i i I 176
| i |
= —-|_-'_';|--—-+e-\\\é+ew \m\\—-—q- r
! § . N
! i I 7" W E
| i | §
e p—— P e —. v s
i y *
! i I 17"
| i |
EEE.
le——desion strip——m-|

270 l 2.0

Story height = 12 ft

Edge beam dimensions = 14 x 27 in.

Interior beam dimensions = 14 x 20 in.

Column dimensions = 18 x 18 in.

Service live load = 100 psf

Dead load = self weight

/e = 4000 psi (for all members), normal weight concrete

Iy = 60,000 psi
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1. From the Input menu, select General Information. A dialog box appears.
— In the LABELS section, input the names of the project, frame, and engineer.

— In the FRAME section, input 4 for NO OF SUPPORTS. . Then, Click the check boxes next
to LEFT CANTILEVER and RIGHT CANTILEVER.

— In the FLOOR SYSTEM section, click the radial button next to TWO-WAY.

— Leave all other options in the General Information tab to their default settings of ACI
318-1 design code, ASTM A615 reinforcement, and DESIGN run mode option.

General Information

General Information |Span Control I Solve Options I

 Labels
Project: IspSIab;"spBeam Manual, Example 5

Frame: IPCA Motes on ACI 318-Example 20-2

Engineer: IStn.lcture Point

—Options — Run mode

Design code: IACIB‘IE—H vl % Design
Reinforcement : IASTM AB15 vl " Investigation

r Frame r Floor System ————
Mo. of Supports: I-i @ Two-Way

|V Left cantilever [ Right cantilever " One-Way/Beam

r— Other
[™ Distance location as ratio of span

QK I Cancel Help

2. Nothing needs to be changed in the Material Properties menu.

Material Properties

Concrete | Reirforcing Steel |

Slabs and
Beams Columns

Unit density: 150) E
Comp.strength:  [&  [&
Youngsmoduus: [38343  [38343 ksi
Rupture modulus: [0.47434  [0.47434
_Copy> |

Ib/At3

kesi

kesi

OK I Cancel Help
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From the Input menu, select Spans. A dialog box appears.

Under the Slabs/Flanges tab, for Span No. 1 input 0. 75 for LENGTH, 6 for THICK-
NESS, and 11 for WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

Press Copry. Click the check box next to SPAN NO. 5. Press OK.

Under the Slabs/Flanges tab, for Span No. 2 input 17.5 for LENGTH, 6 for THICK-
NESS, and 11 for WIDTH LEFT and WIDTH RIGHT. Press MODIFY.

Press CorY. Click the check boxes next to SPAN NO. 3 and SPAN NoO. 4. Press OK.
Select the Longitudinal Beams tab. Input 14 for WIDTH and 20 for DEPTH. Press

MODIFY.

Press CorY. Press the CHECK ALL button. Press OK.

Press OK again.

Slabs/Flanges l Longitudinal Beams ] Ribs ]

Length: 075 Width Left:  [11 ft
Span: hd
Thickness: |6 in Width Right: |11 ft
Location: |Interior -
Modfy | Copy... |
pan No. | Location | Length | Thickness | Width-L | width-R |

5

1 Interior 0.75
2 Interior 175
3 Interior 175
4 Interior 175
5 Interior 0.75

D dmd

" "
" "
" "
" "
" "

oK

Cancel

Help
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Slabs/Fanges ~Lengitudinal Beams l Ribs ]
Span: A Width: |14 in Offset: |0 in
Depth: |20 in
Modiy | Copy.. |

Span No. | width | Depth | Offset

1 14 20 0

2 14 20 0

3 14 20 0

4 14 il 0

5 14 20 0

OK | Cancel | Hep

From the Input menu, select Supports. A dialog box appears.

Under the Columns tab, input 12 for the HEIGHT in both the ABOVE and BELOW rows.

Input 18 for both the C1 and C2 values in both the ABOVE and BELOW rows. Press
MODIFY.

Press CoPY. Press the CHECK ALL button. Press OK.

Under the Transverse Beams tab, input 14 for WIDTH and 27 for DEPTH. Press MOD-
IFY.

Press CoPY. Click the check box next to SUPPORT 4. Press OK.
Use the drop down arrow next to SUPPORT to select SUPPORT 2.
Input 14 for WIDTH and 20 for DEPTH. Press MODIFY.

Press Cory. Click the check box next to SUPPORT 3 and unclick the check box next to
SUPPORT 1. Press OK.

Press OK again.
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Support Data

Columns | Drop Panels | Column Capitals | Transverse Beams | Boundary Condions | Columns | Drop Panels | Column Captals  Transverse Beams | Boundary Conitors |
Height t) clin) c2in)
Support ~| | Above 12 |1a 18 Support: -| | widthin) |14 Offset {in) |0
Stiffness share %:  |100 Below 12 |13 18 Depth (n) |27
|v Check punching shear around column [~ Increase GammaF

o | oo

Sup... [Stfi% [HA [clA [c2A  [HB [clB  [c2B | Shear | Gamma Sup.No [ width [_Depth [ Offset

1 w12 18 18 12 18 18 Yes Mo 1 14 27 0

2 00 12 18 18 12 18 18 Yes Mo 2 14 20 0

3 00 12 18 18 12 18 18 Yes Mo 3 14 2 0

4 00 12 18 18 12 18 18 Yes Mo 4 14 277 0

ok | Caed | Hep | oK Cancel Help

5. Nothing needs to be changed in the Reinforcement Criteria menu.

Reinforcement Criteria

Slabs and Ribs | Beams I

Top bars Bottom bars Top bars Bottom bars Stirups
—Cower (in} —Cover (in) — Side Cover (in)
Clear: |'|.5 1.5 Clear: |1 5 15 Clear: |1 5
—Bar size - Bar size —Barsize ————
Min: |#5 vl |#5 vI Min : I::t& vl Iﬁ& vl Miri: I::G vl
Max: I:iB vl It,ta vI Max: Iﬁs vl Iﬁa vl Maz: |#5 vl
— Spacing (in) ~ Spacing (in) —Spacing in) —————
Min: I'I I'I Min: I'I I'I Min: IG
Max: |13 |18 Max: |1B |1B Max: |1B
— Reinf. ratio (%) ~ Reinf. ratio (%) — Number of legs
Min: I{I 14 ID14 Min: ID.‘M Iﬂ.‘l-i Min: |2 vl
Manx: |5 |5 Max: |5 |5 Max: IG - l
— First Stimup from FOS (in)
There is more than 12in of Clear distance between I— it - I—
r concrete below top bars. bar layers {in): 1 Dist: |2
r There is more than 12in of
concrete below top bars

Cox |

Cancel I Help |

Reinforcement Criteria

Slabs and Ribs Beams |

From the Input menu, select Load Cases. A dialog box appears.

— Since the Self weight is to be entered under DEAD Load Label to match the Refer-
ence’s input, click on SELF in the LABEL column on the top of the list of the LOAD
CASES dialog box and press the DELETE button.

— Since we are not considering snow loads, click on SNOW in the LABEL column on the
list in the bottom half of the LOAD CASES dialog box and press the DELETE button.

— Since we are not considering lateral forces, click on WIND in the LABEL column on the
list in the bottom half of the LOAD CASES dialog box and press the DELETE button.

— Click on EQ in the LABEL column and press the DELETE button. Press OK.
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Label: I Tupe: IDEAD LI
Seliweight | sad | Modify Deletz |
Label [ Tupe |
Dead DEAD

Live LIVE

QK I Cancel | Help |

7. From the Input menu, select Load Combinations. A dialog box appears.

— Delete all the load combinations by clicking anywhere on the list in the bottom half of
the LOAD COMBINATIONS dialog box and pressing the DELETE button. Repeat this pro-
cedure until all the load combinations are gone.

— Input 1.2 in the DEAD field, and 1. 6 in the LIVE field. Press ADD.

—  Press OK.

Load Combinations

Dead Live Cazed Cazed Cazeh Cazeb
fis | | |
sdd | Modity | Delete |
Cornb | Dead | Live |
U1 1.2 16

QK I Cancel | Help

8. From the Input menu, select Span Loads. A dialog box appears.
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Span Loads

Current Case:

Spar: |1 v| Copp.| Magniude: [843 Ib/ft2

Live _l
Type: IArea Load 'l
Span=0751t
Caze Copy... | Add | Modify | Delete |

Span Mo, | Type | Wa | La | Wh | Lb |
1 Area Load 84.3 ° ° °
2 Area Load 84.3
3 Area Load 84.3
4 Area Load 84.3
5 Area Load 84.3

QK I Cancel | Help |

— In the top left corner of the SPAN LOADS dialog box, there is a section called CURRENT
CASE. Click on DEAD.

— Input 84 . 3 for MAGNITUDE. Press ADD.

— Press CoPY. Press the CHECK ALL button. Press OK.
— Then, click on LIVE in the CURRENT CASE section.
— Input 100 for MAGNITUDE. Press ADD.

— Press CoPY. Press the CHECK ALL button. Press OK.

— Press OK again.

Current Case:

Dead Spar: I‘] LI CDD}'...l M agnitude: |1UD Ibfft2
Type: IArea Load 'l

Span=0751t

Casze Copy... | Add I Modify | Delete |

Span No. | Type | Wa | La | Wwh | Lb |
Area Load 100 - - -

Area Load 100

Area Load 100

Area Load 100

Area Load 100

[ SRR

QK I Cancel Help
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I1.

12.

13.

14.

15.
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From the Solve menu, select Execute. Press CLOSE.
From the Solve menu, select Results.
— Use the explorer to browse through result tables.

— Use the ARROW keys or the mouse wheel to browse through different parts of the
table quickly. Press the CLOSE button to close the SPRESULTS.

To view diagrams, select Loads, Internal Forces, Moment Capacity, Shear Capacity,
Deflection, or Reinforcement from the View menu. Right click in any of these diagrams
to get new copy, printing, or display options.

You may print the results report by using the spReporter module. To print any of the
diagrams you selected to view, use the Print Preview command found by right clicking in
the diagram’s window. After viewing the results, you may decide to investigate the input
beams under the same loads but with a modified reinforcement configuration.

From the Input menu, select General Information. In the General Information dialog
box change the RUN MODE option to INVESTIGATION. Do not change any of the other
options. Press OK

From the Input menu, select the different commands under Reinforcement Criteria and
Reinforcing Bars to modify the reinforcement configuration computed by the program.

Repeat steps 10 and subsequent to perform the investigation and view the results.
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1. Input Echo
1.1. General Information

File Name ...\Example 5 - PCA Notes on ACI 318-
Example 2...

Project spSlab/spBeam Manual, Example 5

Frame PCA Notes on ACI 318-Example 20-2

Engineer StructurePoint

Code ACI 318-14

Reinforcement ASTM A615

Database

Mode Design

Number of supports = 4 + Left cantilever + Right cantilever

Floor System Two-Way

1.2. Solve Options

Live load pattern ratio = 75%

Minimum free edge distance for punching shear = 4 times slab thickness.
Circular critical section around circular supports used (if possible).
Deflections are based on cracked section properties.

In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)
Long-term deflections are calculated for load duration of 60 months.

0% of live load is sustained.

Only deflections for direction of analysis will be calculated.

Compression reinforcement calculations NOT selected.

Default incremental rebar design selected.

User-defined slab strip widths NOT selected.

User-defined distribution factors NOT selected.

One-way shear in drop panel NOT selected.

Distribution of shear to strips NOT selected.

Beam T-section design NOT selected.

Longitudinal beam contribution in negative reinforcement design over support NOT selected.

Transverse beam contribution in negative reinforcement design over support NOT selected.

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

We 150 Ib/ft
fe 4 ksi
Ec 3834.3 ksi
fr 0.474342 ksi

1.3.2. Concrete: Columns

We 150 Ib/ft®
fe 4 ksi
E. 3834.3 ksi

fr 0.47434 ksi
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1.3.3. Reinforcing Steel

il 60 ksi
fut 60 ksi
= 29000 ksi
Epoxy coated bars No

1.4. Reinforcement Database

Size Db Ab Wb|  Size Db Ab Wb
in in? lo/ft in in? I/t
#3 0.38 0.11 0.38 #4 0.50 0.20 0.67
#5 0.63 0.31 1.04 #6 0.75 0.44 1.50
#7 0.88 0.60 2.04 #8 1.00 0.79 2.67
#9 1.3 1.00 3.40 #10 1.27 1.27 4.30
#11 1.41 1.56 5.31 #14 1.69 2.25 7.65
#18 2.26 4.00 13.60

1.5. Span Data
1.5.1. Slabs

Notes:
Deflection check required for panels where code-specified Hmin for two-way construction doesn't apply due to:
*i - cantilever end span (LC, RC) support condition

Span Loc L1 t wL wR L2L L2R Hmin
ft in ft ft ft ft in
1 Int 0.750 6.00 11.000 11.000 22.000 22.000 — LCH*i
2 Int 17.500 6.00 11.000 11.000 22.000 22.000 5.79
3 Int 17.500 6.00 11.000 11.000 22.000 22.000 5.79
4 Int 17.500 6.00 11.000 11.000 22.000 22.000 5.79
5 Int 0.750 6.00 11.000 11.000 22.000 22.000 - RC*i

1.5.2. Ribs and Longitudinal Beams

Span Ribs Beams

b h Sp b h Offset

in in in in in in
1 0.00 0.00 0.00 14.00 20.00 0.00
2 0.00 0.00 0.00 14.00 20.00 0.00
3 0.00 0.00 0.00 14.00 20.00 0.00
4 0.00 0.00 0.00 14.00 20.00 0.00
5 0.00 0.00 0.00 14.00 20.00 0.00

1.6. Support Data
1.6.1. Columns

Support cla c2a Ha clb c2b Hb| Red %
in in ft in in ft

1 18.00 18.00 12.000 18.00 18.00 12.000 100

2 18.00 18.00 12.000 18.00 18.00 12.000 100

3 18.00 18.00 12.000 18.00 18.00 12.000 100

4 18.00 18.00 12.000 18.00 18.00 12.000 100
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1.6.2. Transverse Beams

Supports b h Ecc
in in in

1 14.00 27.00 0.00

2 14.00 20.00 0.00

3 14.00 20.00 0.00

4 14.00 27.00 0.00

1.6.3. Boundary Conditions

Support Spring Far End
K. Kry Above Below
kip/in kip-in/rad
1 0 0 Fixed Fixed
2 0 0 Fixed Fixed
3 0 0 Fixed Fixed
4 0 0 Fixed Fixed

1.7. Load Data
1.7.1. Load Cases and Combinations

Case Dead Live
Type DEAD LIVE
U1 1.200 1.600

1.7.2. Area Loads

Case/Patt Span Wa
Ib/ft?
84.30
84.30
84.30
84.30
84.30
100.00
100.00
100.00
100.00
100.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00
75.00

Dead

Live

Live/Odd

Live/Even

Live/S1

Live/S2

Live/S3

Live/S4

OB WWNN=2BNAOW=2 O ON=20PRWON =
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1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs

Units Top Bars Bottom Bars
Min. Max. Min. Max.
Bar Size #5 #3 #5 #8
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50

There is NOT more than 12 in of concrete below top bars.

1.8.2. Beams
Units Top Bars Bottom Bars Stirrups

Min. Max. Min. Max. Min. Max.
Bar Size #5 #3 #5 #8 #3 #5
Bar spacing in 1.00 18.00 1.00 18.00 6.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50
Layer dist. in 1.00 1.00
No. of legs 2 6
Side cover in 1.50
1st Stirrup in 3.00

There is NOT more than 12 in of concrete below top bars.

2. Design Results*

*Unless otherwise noted, all results are in the direction of analysis only. Another analysis in the perpendicular direction has to be carried out
for two-way slab systems.

2.1. Strip Widths and Distribution Factors

Notes:

*Used for bottom reinforcement. **Used for top reinforcement.

Span

N

w

a

Strip

Column
Middle
Beam

Column
Middle
Beam

Column
Middle
Beam

Column
Middle
Beam

Column
Middle

Beam

Width
Left** Right ** Bottom *
ft ft ft

758 758 7.8
1325 1325 1325
147 147 1.17
758 758 758
1325 1325  13.25
147 147 117
758 758 7.8
1325 1325  13.25
147 147 117
758 758 7.8
1325 1325  13.25
147 147 1.17
758 758 758
1325 1325 1325
147 147 147

Moment Factor
Left ** Right ** Bottom *

ft
0.122
0.188
0.690

0.113
0.246
0.641

0.101
0.327
0.572

0.101
0.327
0.572

0.122
0.188

0.690

ft
0.122
0.188
0.690

0.101
0.327
0.572

0.101
0.327
0.572

0.113
0.246
0.641

0.122
0.188

0.690

ft
0.113
0.250
0.637

0.101
0.327
0.572

0.101
0.327
0.572

0.101
0.327
0.572

0.113
0.250
0.637

Page | 6
3/30/2018
11:41 AM
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2.2. Top Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
*5 - Number of bars governed by maximum allowable spacing.
Span Strip Zone Width Mumax Xmax Asmin [ [ SPerov Bars
ft k-ft ft in? in? in? in
1 Column Left 7.58 0.02 0.217 0.983 6.883 0.001 11.375 8-#5 *3*5
Midspan 7.58 0.06 0.402 0.983 6.883 0.003 11.375 8-#5 *3*5
Right 7.58 0.14 0.619 0.983 6.883 0.007 11.375 8-#5 *3*5
Middle Left 13.25 0.03 0.217 1.717 12.026 0.002 11.357 14-#5 *3*5
Midspan 13.25 0.10 0.402 1.717 12.026 0.005 11.357 14-#5 *3*5
Right 13.25 0.22 0.619 1.717 12.026 0.011 11.357 14-#5 *3*5
Beam Left 1.17 0.11 0.217 0.356 4.599 0.001 8.576 2-#5 *3
Midspan 1.17 0.35 0.402 0.356 4.599 0.004 8.576 2-#5 *3
Right 1.17 0.79 0.619 0.356 4.599 0.010 4.288 3-#5 *3
2 Column Left 7.58 7.06 0.750 0.983 6.883 0.378 11.375 8-#5 *3*5
Midspan 7.58 0.00 8.750 0.000 6.883 0.000 0.000
Right 7.58 14.23 16.750 0.983 6.883 0.769 11.375 8-#5 *3*5
Middle Left 13.25 15.36 0.750 1.717 12.026 0.824 11.357 14-#5 *3*5
Midspan 13.25 0.00 8.750 0.000 12.026 0.000 0.000
Right 13.25 46.12 16.750 1.717 12.026 2.533 11.357 14-#5 *5
Beam Left 1.17 40.00 0.750 0.661 4.599 0.497 4.288 3-#5 *3
Midspan 1.17 0.00 8.750 0.000 4.599 0.000 0.000
Right 1.17 80.63 16.750 0.849 4.599 1.021 2.859 4-#5
3 Column Left 7.58 12.91 0.750 0.983 6.883 0.696 11.375 8-#5 *3*5
Midspan 7.58 0.15 11.150 0.983 6.883 0.008 11.375 8-#5 *3*5
Right 7.58 12.91 16.750 0.983 6.883 0.696 11.375 8-#5 *3*5
Middle Left 13.25 41.84 0.750 1.717 12.026 2.290 11.357 14-#5 *5
Midspan 13.25 0.47 11.150 1.717 12.026 0.025 11.357 14-#5 *3*5
Right 13.25 41.84 16.750 1.717 12.026 2.290 11.357 14-#5 *5
Beam Left 1.17 73.15 0.750 0.849 4.599 0.923 2.859 4-#5
Midspan 1.17 0.83 11.150 0.356 4.599 0.010 8.576 2-#5 *3
Right 1.17 73.15 16.750 0.849 4.599 0.923 2.859 4-#5
4 Column Left 7.58 14.23 0.750 0.983 6.883 0.769 11.375 8-#5 *3*5
Midspan 7.58 0.00 8.750 0.000 6.883 0.000 0.000
Right 7.58 7.06 16.750 0.983 6.883 0.378 11.375 8-#5 *3*5
Middle Left 13.25 46.12 0.750 1.717 12.026 2.533 11.357 14-#5 *5
Midspan 13.25 0.00 8.750 0.000 12.026 0.000 0.000
Right 13.25 15.36 16.750 1.717 12.026 0.824 11.357 14-#5 *3*5
Beam Left 1.17 80.63 0.750 0.849 4.599 1.021 2.859 4-#5
Midspan 1.17 0.00 8.750 0.000 4.599 0.000 0.000
Right 1.17 40.00 16.750 0.661 4.599 0.497 4.288 3-#5 *3
5 Column Left 7.58 0.14 0.131 0.983 6.883 0.007 11.375 8-#5 *3*5
Midspan 7.58 0.06 0.348 0.983 6.883 0.003 11.375 8-#5 *3*5
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Span Strip Zone Width Mumax Xmax Asmin [ Asreq SPerov Bars
ft k-ft ft in? in? in? in
Right 7.58 0.02 0.533 0.983 6.883 0.001 11.375 8-#5 *3*5
Middle Left 13.25 0.22 0.131 1.717 12.026 0.011 11.357 14-#5 *3*5
Midspan 13.25 0.10 0.348 1.717 12.026 0.005 11.357 14-#5 *3*5
Right 13.25 0.03 0.533 1.717 12.026 0.002 11.357 14-#5 *3*5
Beam Left 1.17 0.79 0.131 0.356 4.599 0.010 4.288 3-#5 *3
Midspan 1.17 0.35 0.348 0.356 4.599 0.004 8.576 2-#5 *3
Right 1.17 0.11 0.533 0.356 4.599 0.001 8.576 2-#5 *3

2.3. Top Bar Details

NOTES:

*

- Bar cut-off location does not meet ACI 318, 12.10.5.1. Revise location, unless the requirements of either 12.10.5.2 or 12.10.5.3 are
manually checked and satisfied.

Left Continuous Right
Span Strip Bars Length Bars Length Bars Length Bars Length Bars Length
ft ft ft ft ft
1 Column -- - 8-#5 0.75 - --
Middle - 14-#5 0.75
Beam - - 2-#5 0.75 1-#5 0.75 -
2 Column 4-#5 375 445 1.75 4-#5 6.75  4-#5 1.75
Middle 14-#5 3.75 - - 14-#5 6.75 -
Beam 3-#5 4.27 - - 3-#5 7.27 1-#5 * 2.51
3 Column - - 8-#5 17.50 - -
Middle - 14-#5 17.50
Beam 1#5 * 322 145 * 225 2-#5 17.50 1#5 * 322 1#5 * 225
4 Column 4-#5 6.75  4-#5 1.75 4-#5 3.75 4-#5 1.75
Middle 14-#5 6.75 - 14-#5 3.75
Beam 3-#5 7.27 1#5 * 2.51 - 3-#5 4.27 -
5 Column - -— 8-#5 0.75 - -
Middle 14-#5 0.75
Beam 1-#5 0.75 - 2-#5 0.75
2.4. Top Bar Development Lengths
Left Continuous Right
Span Strip Bars DevLen Bars DevLen Bars DevLen Bars DevLen Bars DevLen
in in in in in
1 Column - -— 8-#5 12.00 - -—
Middle 14-#5 12.00
Beam - - 2-#5 12.00 1-#5 12.00 -
2 Column 4-#5 12.00 4-#5 12.00 4-#5 12.00 4-#5 12.00
Middle 14-#5 12.00 - - 14-#5 12.00 -
Beam 3-#5 12.00 -— - 3-#5 12.81 1-#5 12.81
3 Column - - 8-#5 12.00 - -
Middle 14-#5 12.00
Beam 1-#5 12.00 1-#5 12.00 2-#5 12.00 1-#5 12.00 1-#5 12.00
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Left Continuous Right
Span Strip Bars DevLen Bars DevLen Bars DevLen Bars DevLen Bars DevLen
in in in in in
4 Column 4-#5 12.00 4-#5 12.00 4-#5 12.00 4-#5 12.00
Middle 14-#5 12.00 14-#5 12.00
Beam 3-#5 12.81 1#5 12.81 3-#5 12.00
5 Column - - 8-#5 12.00 - -
Middle 14-#5 12.00 -
Beam 1-#5 12.00 2-#5 12.00 -
2.5. Bottom Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
*5 - Number of bars governed by maximum allowable spacing.
Span Strip Width Mpnax Xinax As min As max As req Sperov Bars
ft k-ft ft in? in? in? in
1 Column 7.58 0.00 0.309 0.000 6.883 0.000 0.000
Middle 13.25 0.00 0.309 0.000 12.026 0.000 0.000
Beam 1.17 0.00 0.309 0.000 4.599 0.000 0.000
2 Column 7.58 8.50 8.000 0.983 6.883 0.456 11.375 8-#5 *3*5
Middle 13.25 27.55 8.000 1.717 12.026 1.492 11.357 14-#5 *3*5
Beam 1.17 48.17 8.000 0.799 4.599 0.601 4.288 3-#5 *3
3 Column 7.58 6.47 8.750 0.983 6.883 0.346 11.375 8-#5 *3*5
Middle 13.25 20.96 8.750 1.717 12.026 1.129 11.357 14-#5 *3*5
Beam 1.17 36.65 8.750 0.605 4.599 0.455 8.576 2-#5 *3
4 Column 7.58 8.50 9.500 0.983 6.883 0.456 11.375 8-#5 *3*5
Middle 13.25 27.55 9.500 1.717 12.026 1.492 11.357 14-#5 *3*5
Beam 1.17 48.17 9.500 0.799 4.599 0.601 4.288 3-#5 *3
5 Column 7.58 0.00 0.441 0.000 6.883 0.000 0.000
Middle 13.25 0.00 0.441 0.000 12.026 0.000 0.000
Beam 1.17 0.00 0.441 0.000 4.599 0.000 0.000
2.6. Bottom Bar Details
Long Bars Short Bars
Span Strip Bars Start Length |Bars Start Length
ft ft ft ft
1 Column - -
Middle —
Beam - -
2 Column| 8#5 0.00 17.50 -
Middle | 7-#5 0.00 17.50| 7-#5  0.00 14.88
Beam | 3#5 0.00 17.50 -
3 Column| 8#5 0.00 17.50 -
Middle | 7-#5 0.00 17.50| 7-#5 2.63 12.25
Beam | 2#5 0.00 17.50 -
4 Column| 8#5 0.00 17.50 -
Middle | 7-#5  0.00 17.50| 7-#5 2.63 14.88
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Long Bars Short Bars
Span Strip Bars Start Length |Bars Start Length
ft ft ft ft
Beam | 3-#5 0.00 17.50 -
5 Column - -
Middle - -
Beam - -
2.7. Bottom Bar Development Lengths
Long Bars Short Bars
Span Strip Bars DevLen Bars DevlLen
in in
1 Column - -
Middle - -
Beam - -—-
2 Column | 8-#5 12.00 -
Middle | 7-#5 12.00 | 7-#5 12.00
Beam | 3-#5 12.00 -
3 Column | 8-#5 12.00 -—-
Middle | 7-#5 12.00 | 7-#5 12.00
Beam | 2-#5 12.00 -
4 Column | 8-#5 12.00 -
Middle | 7-#5 12.00 | 7-#5 12.00
Beam | 3-#5 12.00 -
5 Column - -
Middle - -
Beam - -
2.8. Flexural Capacity
Top Bottom
Span Strip X Asop  OPM,- M,- Comb Pat Status Aspot  OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
1 Column 0.000 248 -44.05 0.00 U1t All OK 0.00 0.00  0.00 U1 All OK
0.217 248 -44.05 -0.02 U1 All OK 0.00 0.00 0.00 ut Al OK
0.375 248 -44.05 -0.05 U1t All OK 0.00 0.00  0.00 Ut All oK
0.402 248 -44.05 -0.06 U1t All OK 0.00 0.00  0.00 Ut All OK
0.619 248 -44.05 -0.14 U1 All OK 0.00 0.00 0.00 Ut Al OK
0.750 248 -44.05 -0.20 U1t All - 0.00 0.00 0.00 Ut All -
Middle 0.000 4.34 -77.08 0.00 U1t All OK 0.00 0.00  0.00 Ut All OK
0217 434 -77.08 -0.03 U1t All OK 0.00 0.00  0.00 ut Al OK
0.375 434 -77.08 -0.08 Ut All OK 0.00 0.00 0.00 ut Al OK
0.402 4.34 -77.08 -0.10 U1t All OK 0.00 0.00  0.00 U1 All OK
0.619 434 -77.08 -0.22 U1t All OK 0.00 0.00  0.00 U1 All OK
0.750 4.34 -77.08 -0.30 Ut All - 0.00 0.00 0.00 ut Al -—
Beam 0.000 0.93 -73.66 0.00 Ut All OK 0.00 0.00  0.00 Ut All OK
0.217 0.93 -73.66 -0.11 U1t All OK 0.00 0.00  0.00 U1 All OK
0.375 093 -73.66 -0.31 Ut All OK 0.00 0.00  0.00 Ut All OK
0.402 093 -73.66 -0.35 Ut All OK 0.00 0.00  0.00 Ut All OK
0619 093 -73.66 -0.79 Ut All OK 0.00 0.00  0.00 U1 All OK
0.750 0.93 -73.66 -1.12 Ut All - 0.00 0.00 0.00 ut Al -—
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Top Bottom
Span Strip X Astop OM,- M.,- Comb Pat Status Aspot OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
2 Column 0.000 248 -44.05 -10.78 Ut All - 248 44.05 0.00 U1t All -
0.750 2.48 -44.05 -7.06 Ut All OK 248 44.05 0.00 Ut All OK
1.750 124 -22.70 -2.95 U1 Even OK 248 44.05 0.00 Ut All OK
2750 124 -22.70 0.00 Ut All OK 248 44.05 0.83 U1t All OK
3.750 0.00 0.00 0.00 Ut All OK 248 44.05 3.52 Ut All OK
6.350 0.00 0.00 0.00 Ut All OK 248 44.05 7.81 Ut All OK
8.000 0.00 0.00 0.00 Ut All OK 248 44.05 8.50 Ut All OK
8.750 0.00 0.00 0.00 Ut All OK 248 44.05 8.29 ut All OK
10.750  0.00 0.00 0.00 Ut All OK 248 44.05 6.46 U1 Even OK
11.150  0.50 -9.24 0.00 Ut All OK 248 44.05 5.94 U1 Even OK
11.750 1.24 -22.70 0.00 Ut All OK 248 44.05 5.02 U1 Even OK
15.750 1.24 -22.70 -9.46 Ut All OK 248 44.05 0.00 Ut All OK
16.750 2.48 -44.05 -14.23 Ut All OK 248 44.05 0.00 Ut All OK
17.500 2.48 -44.05 -18.14 Ut All - 248 44.05 0.00 U1t All -
Middle 0.000 4.34 -77.08 -22.97 Ut All - 434 77.08 0.00 Ut All -
0.750 4.34 -77.08 -15.36 Ut All OK 434 77.08 0.00 Ut All OK
2750 4.34 -77.08 0.00 Ut All OK 434 77.08 2.68 U1t All OK
3.750 0.00 0.00 0.00 Ut All OK 434 77.08 11.41 Ut All OK
6.350 0.00 0.00 0.00 Ut All OK 434 77.08 2530 Ut All OK
8.000 0.00 0.00 0.00 Ut All OK 434 77.08 27.55 U1t All OK
8.750 0.00 0.00 0.00 Ut All OK 434 77.08 26.88 Ut All OK
10.750  0.00 0.00 0.00 Ut All OK 434 77.08 20.94 U1 Even OK
11.150 1.74 -31.96 0.00 ut Al OK 434 77.08 19.25 U1 Even OK
11.750 4.34 -77.08 0.00 Ut All OK 434 77.08 16.26 U1 Even OK
13.875 4.34 -77.08 -8.12 U1 0dd OK 434 77.08 1.02 U1 Even OK
14.875 4.34 -77.08 -17.71 Ut All OK 217 39.72 0.00 U1t All OK
16.750 4.34 -77.08 -46.12 Ut All OK 217 39.72 0.00 U1t All OK
17.500 4.34 -77.08 -59.82 Ut All - 217 39.72 0.00 Ut All -
Beam 0.000 0.93 -73.66 -61.08 Ut All - 0.93 73.66 0.00 U1t All -
0.750 0.93 -73.66 -40.00 ut Al OK 0.93 73.66 0.00 Ut All OK
3.266 093 -73.66 0.00 Ut All OK 093 7366 12.96 Ut All OK
4.266  0.00 0.00 0.00 Ut All OK 0.93 73.66 26.53 U1t All OK
6.350 0.00 0.00 0.00 Ut All OK 0.93 73.66 4424 Ut All OK
8.000 0.00 0.00 0.00 Ut All OK 0.93 73.66 48.17 Ut All OK
8.750 0.00 0.00 0.00 Ut All OK 0.93 73.66 46.99 U1t All OK
10.234  0.00 0.00 0.00 ut Al OK 0.93 73.66 39.73 U1 Even OK
11.150 0.80 -63.46 0.00 Ut All OK 0.93 73.66 33.65 U1 Even OK
11.302 0.93 -73.66 0.00 Ut All OK 0.93 73.66 3242 U1 Even OK
14.987 0.93 -73.66 -34.90 ut Al OK 0.93 73.66 0.00 Ut All OK
16.054 124 -97.13 -61.53 Ut All OK 0.93 73.66 0.00 Ut All OK
16.750 1.24 -97.13 -80.63 Ut All OK 0.93 73.66 0.00 U1 All OK
17.500 1.24 -97.13 -102.80 Ut All - 0.93 73.66 0.00 U1t All -
3 Column 0.000 248 -44.05 -16.55 Ut All - 248 44.05 0.00 U1 All -
0.750 2.48 -44.05 -12.91 Ut All OK 248 44.05 0.00 U1t All OK
6.350 248 -44.05 -0.15 U1 Even OK 248 44.05 5.05 U1 Odd OK
8.750 248 -44.05 0.00 ut Al OK 248 44.05 6.47 U1 0dd OK
11.150 2.48 -44.05 -0.15 U1 Even OK 248 44.05 5.05 U1 O0dd OK
16.750 2.48 -44.05 -12.91 Ut All OK 248 44.05 0.00 Ut All OK
17.500 2.48 -44.05 -16.55 Ut All - 248 44.05 0.00 U1t All -
Middle 0.000 4.34 -77.08 -53.65 Ut All - 217 39.72 0.00 U1t All -
0.750 4.34 -77.08 -41.84 Ut All OK 217 39.72 0.00 Ut All OK
2625 4.34 -77.08 -16.97 Ut All OK 217 39.72 0.00 U1t All OK
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Top Bottom
Span Strip X Astop OM,- M.,- Comb Pat Status Aspot OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
3.625 434 -77.08 -9.01 U1 s1 OK 434 77.08 1.12 U1 83 OK
6.350 4.34 -77.08 -0.47 U1 Even OK 434 77.08 16.37 U1 O0dd OK
8.750 4.34 -77.08 0.00 Ut All OK 434 77.08 20.96 U1 Odd OK
11.150 4.34 -77.08 -0.47 U1 Even OK 434 77.08 16.37 U1 Odd OK
13.875 4.34 -77.08 -9.01 U1 s4 OK 434 77.08 1.12 U1 s2 OK
14.875 4.34 -77.08 -16.97 Ut All OK 217 39.72 0.00 Ut All OK
16.750 4.34 -77.08 -41.84 Ut All OK 217 39.72 0.00 Ut All OK
17.500 4.34 -77.08 -53.65 Ut All - 217 39.72 0.00 Ut All -
Beam 0.000 1.24 -97.13 -93.79 Ut All - 0.62 49.65 0.00 ut All -
0.750 1.24 -97.13 -73.15 Ut All OK 0.62 49.65 0.00 Ut All OK
1246 124 9713 -60.51 Ut All OK 0.62 49.65 0.00 Ut All OK
2217 094 -74.37 -38.14 Ut All OK 0.62 49.65 0.00 U1t All OK
2246 092 -72.95 -37.49 Ut All OK 0.62 49.65 0.00 Ut All OK
3.217 0.62 -49.65 -19.05 U1 s1 OK 0.62 49.65 0.00 Ut All OK
6.350 0.62 -49.65 -0.83 U1 Even OK 0.62 49.65 28.62 U1 Odd OK
8.750 0.62 -49.65 0.00 Ut All OK 0.62 49.65 36.65 U1 Odd OK
11.150 0.62 -49.65 -0.83 U1 Even OK 0.62 49.65 2862 U1 Odd OK
14.283 0.62 -49.65 -19.05 U1 s4 OK 0.62 49.65 0.00 U1t All OK
15.254 0.92 -72.95 -37.49 Ut All OK 0.62 49.65 0.00 Ut All OK
15.283 0.94 -74.37 -38.14 Ut All OK 0.62 49.65 0.00 Ut All OK
16.254 1.24 -97.13 -60.51 Ut All OK 0.62 49.65 0.00 U1t All OK
16.750 1.24 -97.13 -73.15 Ut All OK 0.62 49.65 0.00 Ut All OK
17.500 1.24 -97.13 -93.79 Ut All -— 0.62 49.65 0.00 Ut All -
4 Column 0.000 248 -44.05 -18.14 Ut All - 248 44.05 0.00 Ut All -
0.750 248 -44.05 -14.23 Ut All OK 248 44.05 0.00 Ut All OK
1.750 1.24 -22.70 -9.46 Ut All OK 248 44.05 0.00 U1t All OK
5750 1.24 -22.70 0.00 Ut All OK 248 44.05 5.02 U1 Even OK
6.350 0.50 -9.24 0.00 Ut All OK 248 44.05 5.94 U1 Even OK
6.750 0.00 0.00 0.00 Ut All OK 248 44.05 6.46 U1 Even OK
8.750 0.00 0.00 0.00 ut Al OK 248 44.05 8.29 Ut All OK
9.500 0.00 0.00 0.00 Ut All OK 248 44.05 8.50 Ut All OK
11.150  0.00 0.00 0.00 Ut All OK 248 44.05 7.81 U1t All OK
13.750  0.00 0.00 0.00 Ut All OK 248 44.05 3.52 Ut All OK
14750 1.24 -22.70 0.00 Ut All OK 248 44.05 0.83 Ut All OK
15.750 1.24 -22.70 -2.95 U1 Even OK 248 44.05 0.00 U1t All OK
16.750 2.48 -44.05 -7.06 ut Al OK 248 44.05 0.00 ut All OK
17.500 2.48 -44.05 -10.78 Ut All - 248 44.05 0.00 Ut All -
Middle 0.000 4.34 -77.08 -59.82 Ut All - 217 39.72 0.00 U1t All -
0.750 4.34 -77.08 -46.12 ut Al OK 217 39.72 0.00 Ut All OK
2625 434 -77.08 -17.71 Ut All OK 217 39.72 0.00 Ut All OK
3.625 4.34 -77.08 -8.12 U1 O0dd OK 434 77.08 1.02 U1 Even OK
5750 4.34 -77.08 0.00 Ut All OK 434 77.08 16.26 U1 Even OK
6.350 1.74 -31.96 0.00 Ut All OK 434 77.08 19.25 U1 Even OK
6.750 0.00 0.00 0.00 Ut All OK 434 77.08 20.94 U1 Even OK
8.750 0.00 0.00 0.00 Ut All OK 434 77.08 26.88 U1t All OK
9.500 0.00 0.00 0.00 Ut All OK 434 77.08 27.55 Ut All OK
11.150  0.00 0.00 0.00 ut Al OK 434 77.08 25.30 U1 All OK
13.750  0.00 0.00 0.00 Ut All OK 434 77.08 11.41 U1t All OK
14.750 4.34 -77.08 0.00 Ut All OK 434 77.08 2.68 Ut All OK
16.750 4.34 -77.08 -15.36 Ut All OK 434 77.08 0.00 U1t All OK
17.500 4.34 -77.08 -22.97 Ut All - 434 77.08 0.00 U1t All -
Beam 0.000 1.24 -97.13 -102.80 Ut All - 0.93 73.66 0.00 Ut All -
0.750 1.24 -97.13 -80.63 Ut All OK 0.93 73.66 0.00 U1t All OK
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Top Bottom
Span Strip X Astop OM,- M,- Comb Pat Status Aspot OM,+ M.+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
1446 124 9713 -61.53 Ut All OK 0.93 73.66 0.00 Ut All OK
2513 093 -73.66 -34.90 Ut All OK 0.93 73.66 0.00 U1t All OK
6.198 093 -73.66 0.00 Ut All OK 0.93 73.66 3242 U1 Even OK
6.350 0.80 -63.46 0.00 Ut All OK 093 73.66 33.65 U1 Even OK
7.266 0.00 0.00 0.00 Ut All OK 0.93 73.66 39.73 U1 Even OK
8.750 0.00 0.00 0.00 Ut All OK 0.93 73.66 46.99 Ut All OK
9.500 0.00 0.00 0.00 Ut All OK 093 73.66 48.17 Ut All OK
11.150  0.00 0.00 0.00 Ut All OK 093 7366 4424 Ut All OK
13.234  0.00 0.00 0.00 Ut All OK 0.93 73.66 26.53 ut All OK
14234 0.93 -73.66 0.00 Ut All OK 093 7366 12.96 Ut All OK
16.750 0.93 -73.66 -40.00 Ut All OK 0.93 73.66 0.00 Ut All OK
17.500 0.93 -73.66 -61.08 Ut All - 0.93 73.66 0.00 U1t All -
5 Column 0.000 248 -44.05 -0.20 Ut All -— 0.00 0.00 0.00 Ut All -
0.131 248 -44.05 -0.14 Ut All OK 0.00 0.00 0.00 U1t All OK
0.348 248 -44.05 -0.06 Ut All OK 0.00 0.00 0.00 Ut All OK
0.375 248 -44.05 -0.05 Ut All OK 0.00 0.00 0.00 Ut All OK
0.533 248 -44.05 -0.02 Ut All OK 0.00 0.00 0.00 U1t All OK
0.750 2.48 -44.05 0.00 Ut All OK 0.00 0.00 0.00 Ut All OK
Middle 0.000 4.34 -77.08 -0.30 Ut All -— 0.00 0.00 0.00 Ut All -
0.131 434 -77.08 -0.22 Ut All OK 0.00 0.00 0.00 U1t All OK
0.348 434 -77.08 -0.10 Ut All OK 0.00 0.00 0.00 Ut All OK
0.375 434 -77.08 -0.08 Ut All OK 0.00 0.00 0.00 Ut All OK
0.533 4.34 -77.08 -0.03 ut Al OK 0.00 0.00 0.00 U1t All OK
0.750 4.34 -77.08 0.00 Ut All OK 0.00 0.00 0.00 Ut All OK
Beam 0.000 0.93 -73.66 -1.12 Ut All -— 0.00 0.00 0.00 Ut All -
0.131 0.93 -73.66 -0.79 Ut All OK 0.00 0.00 0.00 U1t All OK
0.348 0.93 -73.66 -0.35 Ut All OK 0.00 0.00 0.00 U1t All OK
0.375 0.93 -73.66 -0.31 Ut All OK 0.00 0.00 0.00 Ut All OK
0.533 0.93 -73.66 -0.11 Ut All OK 0.00 0.00 0.00 U1t All OK
0.750 0.93 -73.66 0.00 Ut All OK 0.00 0.00 0.00 U1 All OK

2.9. Longitudinal Beam Transverse Reinforcement Demand and Capacity
2.9.1. Section Properties

Span d  (AJS)min >V,
in in%/in kip

1 18.19 0.0117 24.16

2 18.19 0.0117 24.16

3 18.19 0.0117 24.16

4 18.19 0.0117 24.16

5 18.19 0.0117 24.16

2.9.2. Beam Transverse Reinforcement Demand

Notes:
*8 - Minimum transverse (stirrup) reinforcement governs.
Required Demand
Span  Start End Xu V. Comb/Patt A/s Als
ft ft ft  kip in%in| in%in
1 0.000 0.000| 0.000 0.00 U1/All 0.0000 | 0.0000
2 1.000 4.118| 2.266 32.35 U1/All 0.01000.0117 *8
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Required Demand
Span Start End Xu V, Comb/Patt A/s Alls
ft ft ft  kip in%in | in%in
4118 5971 | 4.118 21.70 U1/All 0.0000 | 0.0117 *8
5971 7.824| 5.971 11.38 U1/Even 0.0000 | 0.0000
7.824 9.676| 9.676 10.23 U1/All 0.0000 | 0.0000
9.676 11.529|11.529 20.88 U1/All 0.0000 | 0.0117 *8
11.529 13.382|13.382 31.52 U1/All 0.0090 | 0.0117 *8
13.382 16.500 | 15.234 42.17 U1/All 0.0220 | 0.0220
3 1.000 4.118| 2.266 37.26 U1/All 0.0160 | 0.0160
4118 5971 | 4.118 26.61 U1/All 0.00300.0117 *8
5971 7.824| 5.971 1597 U1/All 0.0000 | 0.0117 *8
7.824 9.676| 9.676 6.78 U1/S3 0.0000 | 0.0000
9.676 11.529|11.529 15.97 U1/All 0.00000.0117 *8
11.529 13.382|13.382 26.61 U1/All 0.00300.0117 *8
13.382 16.500 | 15.234 37.26 U1/All 0.0160 | 0.0160
4 1.000 4.118| 2.266 42.17 U1/All 0.0220 | 0.0220
4118 5971 | 4.118 31.52 U1/All 0.0090 | 0.0117 *8
5971 7.824| 5.971 20.88 U1/All 0.0000 | 0.0117 *8
7.824 9.676| 7.824 10.23 U1/All 0.0000 | 0.0000
9.676 11.529|11.529 11.38 U1/Even 0.0000 | 0.0000
11.529 13.382|13.382 21.70 U1/All 0.00000.0117 *8
13.382 16.500 | 15.234 32.35 U1/All 0.01000.0117 *8
5 0.750 0.750| 0.750 0.00 U1/All 0.0000 | 0.0000

2.9.3. Beam Transverse Reinforcement Details

Span Size Stirrups (2 legs each unless otherwise noted)
#5 --- None ---

#3 8@8.0+<-445->+10@8.6

#3 10@86+<-222-->+10@8.6

#3 10@86+<-445->+8@8.0

#5 --- None ---

a s wWwN =

2.9.4. Beam Transverse Reinforcement Capacity

Notes:
*8 - Minimum transverse (stirrup) reinforcement governs.

Required Provided

Span Start End Xu Vu Comb/Patt Als A, Sp Als oV,

ft ft ft kip in%/in in? in in%in kip

1 0.000 0.750 0.000 0.00 UTAIL | e e e e

2 0.000 1.000 2.266 32.35 UTAIL | e e e e
1.000 5.971 2.266 32.35 U1/All 0.0100| 0.22 8.0 0.0277 46.79 *8

5.971 9.676 5.971 11.38 U1/Even 0.0000( - - e 12.08

9.676 16.500 15.234 4217 U1/All 0.0220| 0.22 8.6 0.0255 45.05

16.500 17.500 15.234 4217 UTAIL | e e e e

3 0.000 1.000 2.266 37.26 UTAIL | e e e

1.000 7.824 2.266 37.26 U1/All 0.0160| 0.22 8.6 0.0255 45.05

7.824 9.676 9.676 6.78 U1/S3 0.0000( - - e 12.08

9.676 16.500 15.234 37.26 U1/All 0.0160| 0.22 8.6 0.0255 45.05

16.500 17.500 15.234 37.26 UTAIL | e e e e
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Required Provided

Span Start End Xu Vu Comb/Patt Als A, Sp Als DV,

ft ft ft kip in%/in in? in in%/in kip

4 0.000 1.000 2.266 4217 UT/AIL o] e e e e

1.000 7.824 2.266 4217 U1/All 0.0220 0.22 8.6 0.0255 45.05

7.824 11.529 11.529 11.38 U1/Even 0.0000| - 12.08

11.529 16.500 15.234 32.35 U1/All 0.0100 0.22 8.0 0.0277 46.79 *8
16.500 17.500 15.234 32.35 UT/AIL | e e e e
5 0.000 0.750 0.750 0.00 UT/AIL e eeee e e e

2.10. Slab Shear Capacity
Span b d Vaic OV, V, Xu
in in kip  kip ft
250.00 4.19 0.000 99.32 0.00 0.00
250.00 4.19 0.000 99.32 0.00 16.40
250.00 4.19 0.000 99.32 0.00 16.40
250.00 4.19 0.000 99.32 0.00 1.10
250.00 4.19 0.000 99.32 0.00 0.00

a s wWN =

2.11. Flexural Transfer of Negative Unbalanced Moment at Supports

Support Width Width-c d M.un, Comb Patt \ Acroq Asprov  Add Bars
in in in k-ft in? in?

1 36.00 36.00 4.19 93.21 U1 All 0.612 3.931 1.530 8-#5

2 36.00 36.00 4.19 46.73 U1 Even 0.600 1.646 1.840

3 36.00 36.00 4.19 46.73 U1 Even 0.600 1.646 1.840

4 36.00 36.00 4.19 93.21 U1 All 0.612 3.931 1.530 8-#5

2.12. Punching Shear Around Columns
2.12.1. Critical Section Properties

Support Type b4 b, bo davg CG Cllefty C(right) Ac Je
in in in in in in in in? in*

1 Rect 20.09 22.19 62.38 16.76 3.24 12.24 7.86 1045.2 77428

2 Rect 22.19 22.19 88.75 13.02 0.00 11.09 11.09 1155.6 99277

3 Rect 22.19 2219 88.75 13.02 0.00 11.09 11.09 1155.6 99277

4 Rect 20.09 22.19 62.38 16.76 -3.24 7.86 12.24 1045.2 77428

2.12.2. Punching Shear Results

Support Vu Vu Muo Comb Patt Yv Vu DV,
kip psi k-ft psi psi

1 48.86 46.8 80.04 U1 All 0.388 84.6 189.7

2 104.56 90.5 -16.77 U1 All 0.400 99.5 189.7

3 104.56 90.5 16.77 U1 All 0.400 99.5 189.7

4 48.86 46.8 -80.04 ut All 0.388 84.6 189.7.

2.13. Material TakeOff
2.13.1. Reinforcement in the Direction of Analysis

Top Bars 989.4 |b <=> 18.32 Ib/ft <=> 0.833 Ib/ft?
Bottom Bars 1274.0 Ib <=> 23.59 Ib/ft <=> 1.072 Ib/ft?
Stirrups 98.3 Ib <=> 1.82 Ib/ft <=> 0.083 Ib/ft?
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Total Steel 2361.7 b <=> 43.74 Ib/ft <=> 1.988 Ib/ft?
Concrete 817.2 ft* <=> 15.13 ft/ft <=> 0.688 ft¥/ft?

| 350 |
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PREVIEW AREA

spReporter is a module of the spSlab program. It enables the user to view, customize, print and
export reports in different formats.

spReporter is accessed from within spSlab. Once a successful run has been performed, you can open
spReporter by selecting the Reporter command from the View menu. Alternatively, spReporter can also be
accessed by pressing the F7 key or by clicking on the spReporter button in the program toolbar.
Immediately after opening spReporter, you can export and/or print the default report by pressing Export/
Print button. Various options to customize the report before printing and/or exporting it are also provided.
Once the work in spReporter is complete click the close button in the top right corner to exit the spReporter
window.

Previous page

Displays the previous page of the report.
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Next page
Displays the next page of the report.

Page number box

Displays the page with the page number entered in the box.

Zoom in

Zooms in on the report (Ctrl + Mouse wheel up).

Z.oom out

Zooms out on the report (Ctrl + Mouse wheel down).

Zoom box

Zooms on the report preview to the extent typed in the box or selected from the dropdown
list.

Fit to window width and enable scrolling

Fits the width of report to the preview space width and enables scrolling.

Fit one full page to window

Fits one full page in the preview space.

Pan

When toggled on and if the report is bigger than preview window, enables panning the
report.

Text selection

When toggled on enables selecting text in the report.

Settings

Modifies settings for report and explorer panel.
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&0 Settings

Report

Regenerate automatically

+ Split long tables

Explorer

Location Right -

Hide inactive items

Keep explorer configuration

0K Cancel

— Report Settings

Regenerate automatically: Enables automatic regeneration of report when content
selection is modified by the user.

Split long tables: Displays table headings in all pages when tables are split along sev-
eral pages.

— Explorer Settings

Location: Displays explorer panel on the left or right side of screen depending on
selection.

Hide inactive items: Hides unused tables from the explorer view.

Keep explorer configurations: Saves the explorer configuration i.e. information about
selected tables and opened/closed sections so that it is available the next time user
opens spReporter

Explorer

Shows or hides the explorer panel.

Export
Exports the report in the selected format.

Print

Prints the report in the selected format when the option is available.
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Type
Provides 5 format options to print and/or export the reports

— Word: Produces a Microsoft Word file with .docx extension.
— PDF: Produces an Adobe Acrobat file with .pdf extension.

— Text: Produces a Text file with .txt extension.

— Excel: Produces a Microsoft Excel file with .xIsx extension.

— CSV: Produces a Comma Separated file with .csv extension.

Printer

Provides the option to select available printers and change printer properties.

Settings
Provides the options to modify print settings.
— Paper: Provides the options to select from available paper sizes.

— Orientation: Provides the options to select between landscape or portrait paper orien-
tation.

— Margins: Provides the options to use narrow, normal, wide or custom margins to the
report.

§f Custom Margins o

Margins (Inches)

Top 075 . Botiem 075 o
Left 075 - Right 075 =
oK Cancel

— Print range: Provides the options to select the pages to print and/or export.

The explorer panel consists of all the available report items classified into sections and arranged
hierarchically. Each item listed in the explorer panel is preceded by a checkbox. The user can
check/uncheck the checkbox to include or exclude from the report, the items or sections.
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Expand all

Expands item list.

Collapse all

Collapses item list.
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TOOLBAR

& spResults - ACI14-OneWay-Design.slb

=l 7 InputEcho Input Echo - General Information
=t ~ Design Results
- File Name K\exchange\Houshiar\s..\ACI14-OneWay-Design.sle
Moment Redistribution Factors
_ . Project ReporterTestFile1
Top Reinforcem:
F F 1
Top Bar Details fame fams :
Top Bar Development Lengths Engineer structurePoint]
Code ACl 318-14
Bottom Reinforcement
. Reinforcement Database ASTM AB15
Bottom Bar Details
Mod Desi
Bottom Bar Development Lengths oce ssian
y . , MNumber of supperts = 3 + Left cantilever + Right cantilever
Flexural Capacity
Floor Syst: One-Way/Bs
7 Long. Beam Shear and Torsion Reinf. Required oor System ne-Way/Beam
Slab Shear Capacity
?  Material TakeOff TABLE
v  Deflection Results: Summary
> Section Properties
7 Instanteneous Deflections
?  Long-t Deflecti
ong-term lections P
7 Detailed Results
PREVIEW AREA

spResults is a module of the spSlab program. It enables the user to view program input and output
in tables and export them in different formats.

spResults is accessed from within spSlab. Once a model has been successfully executed, you can open
spResults by selecting the Results command from the View menu. Alternatively, spResults can also be
accessed by pressing the F6 key or by clicking on the spResults button in the program toolbar. Once the
work in spReporter is complete click the close button in the top right corner to exit spResults window.

Previous table

Displays the previous table.

Next table
Displays the next table.

Table number box

Displays the table with the table number entered in the box.
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Auto fit column width to view area

When toggled on always fits the width of table to the preview space width.

Maintain maximum column width

Switches all table columns to their default maximum width.

Export current table

Exports the table being viewed in the selected format.

Settings

Modifies settings for tables and explorer panel.

Explorer
Location Right v

Hide inactive items

Keep explorer configuration

OK Cancel

— Tables settings

Highlight critical items: Enables highlighting of critical items in the “Loads and
Capacities” table.

Highlighting color: Provides color options for highlighting critical items.
— Explorer settings

Location: Displays explorer panel on the left or right side of screen depending on
selection

Hide inactive items: Hides unused tables from the explorer view.

Keep explorer configuration: Saves the explorer configuration i.e. information about
selected tables and opened /closed sections so that it is available the next time suer
opens spReporter.

Explorer

Shows or hides the explorer panel.
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The explorer panel consists of all the available items of the result classified into sections
and arranged hierarchically. Any item in the explorer panel can be clicked on to display
the corresponding table in the preview space.

Expand all

Expands item list.

Collapse all

Collapses item list.
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To convert from To Multiply by

n. m (1000 mm) 0.025400

ft m 0.304800

b N (0.001 kN) 4448222

kip (1000 Ibs) kN 4.448222

plf (Ib/ft) N/m 14.593904
psi (Ib/in.?) kPa 6.894757
ksi (kips/in.%) MPa 6.894757
psf (Ib/ft?) N/m? (Pa) 47.88026

pef (Ib/ft) kg/m? 16.018460
fi-kips KN -m 1.355818

To convert from To Multiply by

m (1000 mm) in 39.37008
m ft 3.28084

N (0.001 kN) 1b 0.224809
kN kip (1000 Ibs) 0.224809
kN/m plf (Ib/ft) 68.52601
MPa psi (Ib/in?) 145.0377
MPa ksi (kips/in®) 0.145038
kN/m” (kPa) psf (Ib/ft%) 20.88555
kg/m® pef (Ib/ft) 0.062428

kN -m ft-kips 0.737562
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Web Site:
E-mail:

Phone:
Fax:

http://www.StructurePoint.org
info@StructurePoint.org

support@StructurePoint.org

StructurePoint, LLC.

5420 Ol1d Orchard Road
Skokie, IL 60077

USA

+1- 847-966- 4357

+1- 847-966- 1542
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