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Formerly pcaSlab and ADOS&Slab is a computer software program for the analysis and design

of reinforced concrete beams and slab floor systems-wWayoslab 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, spBeam and spSlab have 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 grosensedtior beams, moment
redistribution, as well as combined shear and torsion design, are available. In addition to the
required area of reinforcing steel at the critical sections, spSlab provides a complete reinforcing
bar schedule that includes the numbérbars and bar sizes and lengths. spSlab checks the
applicable provisions of the selected code.

Formerly pcaBeam, spBeam is a limited version of spSlab. It includes all elements that apply to
beams and onrway slab systems. Twway slab systems are available in spSlab only and topics

related to tweway slab systems are denoted witieb icon.
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A Code support for ACI 3184, ACI 31811, ACI 31808, ACI 31805, ACI 31802, and
ACI 31899

A Code support for CSA A23.34, CSAA23.3-04, and CSA A23-34

A English (U.S.) and Metric (SI) unit systems

A Design and investigation of beams, one andway slabs including orevay joist systems
(standard and wide module) and tway joist systems (waffle slabs)

A Slab band system design and investigation for CSA A23/84

A Flexure and shear design and investigation with live load reduction and patterning

A Torsion design and investigation for beamsfamgy slab systems

A Longitudinal reinforcement for combined flexure, shear, and torsion per CSA-A283

A Automatic or manual moment distribution factors and strip widths

A Moment redistribution for beams/oney slab systems

A Calculation of instantaneous deflections at three load levels; dead load, dead load plus
sustained live load, and dead load plus live load

A Calculation of incremental loagerm deflections

A Instantaneous and losigrm design strip deflections for tweay systems

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

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

A Boundary conditions including vertical and rotational springs

A Top and bottom bar details including development lengths and material quantities

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

A Mixed span types within orgay or tweway systems

A Import input data from PC/Beam and pcaSlab

A Objectbased modeling dfivo-way and onavay systemswith a full featured graphical
interface

A Templates of predefined and loaded models allowing the user to select and generate quick
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models for tweway systems (flat plate, flat slab, slab on beams, anduayojoist) and
oneway systems (one/ay slab, onavay joist, rectangular beams, and flanged beams)

A Structural grids to facilitate the placement of structural members in plan view

A Point, uniform line, variable line, and uniform area load types to model typical slab and
beam loading conditions

A Automatic computation aflementselfweights with the option to include or exclude them
in the analysis

A 1sometric (3D) view of the modeled system with ability to view grids, loads and other
model features in typical CAD environment in multi viewports with up to 6 concurrent
views

A Data validation during input

A Frame solution results including tabulated column axial forces and moments

A Diagrams to visualize the analysis and design results

A Print/Export module for viewing, customizing, and exporting screenshots

A Tables module for viewing and exporting input and output data

A Reporter module for customizing, generating, viewing, exporting, and printing results

A Usercontrolled screen display settings including a full color palette

A Ability to save defaults and settings for future input sessions

A Detailed manual and online resources
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A 21 supports (22 spans including left and right cantilevers)
A 6 load cases

A 50 load combinations

A 999 partial dead loads per case

A 999 partial live loads per case

A 2 top bar layers (Design mode)

A 2 bottom bar layers (Design mode)

A 15 bar sets per span
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Any computer running Microsoft Windows 10 or Windows 11 operating system is sufficient to
run the splab and spBeamrograns provided that .NET7.0is installed. If it is not detected by

the installation program, then it will be installed automatically.

The actual program capacity depends on system resources available on the computer on which
spSlab and spBeairerunning. To solve models with the maximum numbeswdportsand load
combinationsa 64bit operating system with at least 8GB of RAM is required. It is recommended

to run themodel on the local computer hard drive for fastest response.

For instructions on how to purchase, download, install, license, and troubleshoot issues, please

refer to support pages on the StructurePoint websité ai


https://structurepoint.org/slg.asp
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The following terms are used throughoutthis manual. A briefexplanationis given to help

familiarizeyou with them.

Windows

[]

Click on

Double-click on

Marquee select

refers to the Microsoft Windows environment as listed in System
Requirements.

indicatesequivalentvalue expressed in metric unit or CSA code
requirement corresponding ACI code requirement

meansto position the cursor on top of a designateditem or
location and press and release the-nefuse button (unless
instructed to use theght-mouse button).

meansto position the cursor on top of a designateditem or
location and press and release therafuse button twice in quick
succession.

meansto 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

slab

Italic

Bold

Mono- space

KEY + KEY

SMALL CAPS

placed in a topic header means that the topic applies to spSlab only

indicatesa glossaryitem, or emphasizea givenword orphrase.

All bold typeface makes reference to either a menu or a menu item
command such a&ile or Save or a tab such aseneral
Information or Columns.

indicates somethingou should enter with thkeyboard.For
exampletypefic: \ flename. txt 0O .

indicatesa key combination.The plus sign indicatesthat you

should press and hold the first key while pressing the second key,
thenreleasdothkeys. Foexamplefi A L+IF andicateghatyou
should press the AALTO key and
key. Thenreleaséoth keys.

Indicatesthe nameof an object suclas a dialogpox or adialog
box component. For example, theeNdialog box or thecANCEL
or MODIFY buttons

hol
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spSlab and spBeam are advanced software tools used worldwide for the modeling, analysis, and
design of reinforced concrete floor slab and begetems. They are designed to handleway

and oneway slab systems, including flat plates, flat slabs, slabs on beams, slab bandaytwo
waffle slabs, onavay solid slabs, orevay ribbed slabs, rectangular beams, and flanged beams.
Equipped with the Aerican (ACI 318) and Canadian (CSA A23.3) concrete codes, spSlab and
spBeam provide robust solutions for analyzing and designing conventional concrete floor systems
under various loading conditions. The programs leverage sophisticated methods, sueh as th
Equivalent Frame Method and the Matrix Stiffness Method, to perform analyses that comply with
code provisions while offering flexibility in modeling and adaptability to diverse design and
investigation scenarios. Their comprehensive approach include®ug) geometry and code
checks to ensure accurate and eodmpliant design outcomes. Additionally, the programs flag
potential issues, such as inadequate reinforcement, excessive deflections, or geometry conflicts,
requiring further attention or adjustnteAs industryleading tools, spSlab and spBeam simplify
complex design challenges, enabling engineers to confidently address the most demanding

structural scenarios encountered in reinforced concrete buildings and structures.
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spSlab and spBeam can be used to model, analyze, and desigaytwod onavay systems such
as flat plate, flat slab, slab on beams, slab bandswayojoist slab (waffle slab), ongay slab
(solid slab), oneavay joist slab (ribbed slab), rectangular dtahged beams. Samples of such

systems are illustrated below:

slab

Ty iy

Flat Plate with Column Capitals

i T

with Spandrel Beams with Spandrel Beams & Column Capitals
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P

Flat Slab with Column Capitals
with Spandrel Beams with Spandrel Beams & Column Capitals

Two-Way BearmSupported Slab
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Transverse Bared

Longitudinal Bands

Transverse Barglvith Column Capitals

Longitudinal Bands with Column Capitals

Waffle Slab with Column Capitals

Waffle Slab
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| | /
A A
Simply Supported Fixed Ends
/ Y/
Simple Cantilever Propped Cantilever
| | /
A AN A AN AN A
Continuous Pinned Ends Continuous Fixed Ends
Continuous Column Supports Continuous Beam Supports

Column Supports End Walls Beam Supports End Walls
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Joiststandard Module

Simply Supported

Simple Cantilever

|
AN N AN N
Continuous Pinned Ends

Joistwide Module

/)
Fixed Ends
|
A
Propped Cantilever
/)
A A

Continuous Fixed Ends

Continuous Column Supports
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i i y/ \
A A
Simply Supported Fixed Ends
y/ ' i
A
Simple Cantilever Propped Cantilever
i i /) \
A A A A A A
Continuous Pinned Ends Continuous Fixed Ends

1111
T TT1

Continuous Column Supports
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The top surface of theslab/beamlies in the XY plane of the rightanded XYZ rectangular
coordinatesystem shown in . Theslabthicknesgand/or beam deptl§ measured in the
direction of the Zaxis.When looking at the screemepositive X-axis pointshorizontally to the
right on the screerthe positive Yaxis pointsdirectly out of the screen towards the userd
positive Zaxis pointsvertically downwards on the screefhus, the XY plane is defined as being

in the plane of thescreen Note that the loads shown in the figure are all positive and may not

match the typical sign conventions. More details related to Span Loads can be faundin

Concentrated Force

or Moment Distributed
Uniform { Trapezoidal Torque

Figure2.1i Coordinate System




slablsfBeam

Consistent with this sign convention, the tabular results in the program output such as
reinforcement values are presented for each span, beginning with the zero value of the X coordinate
referred to as théeft zone and working towards the full span length in the X direction also
designated as thRight zone. between thRRight andLeft zones of a span is tiMidspan zone

represents commonly important values from the structural analysis and design.

Moment Capacity

Figure2.2i SpanZones
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As a result of the coordinate system described above, results output is presented as follows for

shear force diagram, bending moment diagram, and torsion force diagram.

£
e
g Positive
5 I
5 I | I | Negative
£ | | I |

| | | |

| 1 ™~ 1
2 : | Positive
o | .
5 I 1 I | l Negative
z 1 | | |

| | | |

| | I |

I | | I

} i ( i
E | | [ 1
e 1| ; ‘ ‘

40 | 1 | .
2 ! ' . | Negative
oA | B N A O B N L TN 2SN
g I I Positive
g | ; :
1*] I |
=
| I
| I

Figure2.31 Result Output Sign Convention
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The program checks beam or emay slab thickness based on minimum requirement for- ACI
318 code as specified in Table 9.5(a) or for CSA éaateording to Table 9.2. For lightweight

concrete with density

90 Ib/fEOw: O 1 1 5[144bkg/MOW.O 1 8 4 6] fokAEV 31814, ACI 31811, and ACI
31808

QIb/ft2Ow. O 1 2 G[144mkh/MOW. O 1 9 2 6] fokAGV 31805
90 b/t Ow: O 1 2 G[190mkh/MFOW. O 2 0 0 6] fokAGV 31802, and ACI 3189,

the minimum slab thickness is additionally increased by adjustment factori (0.685c), but
not less than 1.09. For CSA standards, the adjustment is calculated as{D663v:), but not
less than 1.0, for structural low density © 1 8 5 §) anld gtruatural semtow density (1850
kg/m*Ow. O 2 1 5 8) cokagetém

1 ACI31814,7.3.1.1.,9.3.1.1; ACI 3181, 9.5.2.1; ACI 3188, 9.5.2.1; ACI 3185, 9.5.2.1; ACI 3182, 9.5.2.1;
ACl 31899, 9.5.2.1

2 CSA A23.314,9.8.2.1; CSA A23:84,9.8.2.1 )

3 CSA A23.304, 2.2; CSA A23.34 ( ), 2.1
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slab

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 thAnStabs 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 deffections

For twoway system with a long to short span ratio greater than 2.0, the program will calculate

minimum thickness requirements based on the provisions eivapeonstruction 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 ffom

& & f, &
~ | £8+ y ot
I 'n (0]
135 Sb(zoo,ogcsism_ if0.2 @, @
+ -0.
:¥ %f Eg. 21
(! 0
"I @.8"‘7)/ )
| 'n (0]
! 200,000 2 . _. .
[ 235in. ifa,, >2.0
1 36+ 9b

4

6

ACl 31814, 8.3.1.1; ACI 3141, 9.5.3.1, 13.6.1.2; ACI 3188, 9.5.3.1, 13.6.1.2; ACI 31@5, 9.5.3.1, 13.6.1.2;
ACI| 31802, 9.5.3.1, 13.6.1.2; ACI 3199, 9.5.3.1, 13.6.1.2; CSA A2313}, 13.2.2, 2.2; CSA A23:34, 13.2.2,
2.2; CSA A23.394, 13.3.2,13.1

ACl| 31814, 8.3.2.1; ACI 31481, 9.5.3.4; ACI 3188, 9.5.3.4; ACI 3185, 9.5.3.4; ACI 3182,9.5.3.4; ACI
31899, 9.5.3.4; CSA A23:34, 13.2.7, CSA A23:B4, 13.2.7, CSA A23:34, 13.3.6

ACI 31814, 8.3.1.2; ACI 3141, 9.5.3.3; ACI 3188, 9.5.3.3; ACI 3185, 9.5.3.3; ACI 3182,9.5.3.3; ACI
31899, 9.5.3.3
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in metric unit system for ACI 3184, ACI 31811, ACI 31808, and ACI 3185 front”:

€ 3 f 0
i |n?é>-8+14y00 o
[— L T2125mm if0.2<a, @
f36+56( g, -0.2
h=j Eq. 22
i a f, o
1ha@8% 55 0
[ " 290 mm ifa, >2.0
i 36+ 9
and in metric unit system for ACI 348 and ACI 3199 fron?
e 4 f o}
i lhad8+ 06
_¢ 2120 mm  if0.2<a,, @.
f36+56( g, -0.2
h=j Eq. 23
i a f, o
1had8+2h5
[ '~ 290 mm ifa, >2.0
i 36+ 9
where
In = longer clear span measured faodace of beams,
b = ratio of the clear spans in long to short direction,
fy = vyield stress of reinforcing steel,
Un = average value of}, the ratio of flexural stiffness of a beam section toftéeural

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.

7 ACI 318M-11, 9.5.3.3; ACI 318MD8, 9.5.3.3; ACI 318MD5, 9.5.3.3

8 ACI 318M-02, 9.5.3.3; ACI 318MD9, 9.5.3.3
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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 msept 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 beami,(© 0. 2) spanning between i
minimum thickness shall conform to ACI 318 Table 9.5(c) and will not be less than 5.0 in. [125

mm for ACI 318M11/08/05 or 120 mm for ACI 318Ma2/99] for flat plates (slabs without drop

panel) and not less that.0 in. [100 mm] for tweway flat slab systems (slab with drop partels)

For flat slabs that contain valid drop panels (see ), Table 9.5(c) reduces the minimum
thickness by approximately 10%. For valuedydfetween 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 Tah&®) 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.

9 ACI 31814, 8.3.1.1; ACI 3181, 9.5.3.2; ACI 3188, 9.5.3.2; ACI 3185, 9.5.3.2; ACI 3182, 9.5.3.2; ACI
31899, 9.5.3.2; ACI 318MD8, 9.5.3.2; ACI 318MD5, 9.5.3.2; ACI 318MD2, 9.5.3.2; ACI 318MB9, 9.5.3.2
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For CSA A23.3 standatt] the minimum thickness of slab with beams spanning between all

supports is

- O: O

a,, taken <2.( Eq. 24

3 o
=l o g3y N Eq. 25

For flat plates and slabs with coluroapitals?, the minimum slab thickness is

a f
|, 8.6+ —
" 1,000
2 _GC ' Eq. 26
h, 30 q
For slabs with drop panéfsthe minimum slab thickness satisfies the conditions
o f ~
Ingé).6+ ¢ 8
c 1,000 =
h, 2 . — (CSA A23.3-94 Eq. 27
4+ 82% Ohg h @
Vgl * g U
é ¢ = ¢ u-+
o f ~
I”glé)'6+1 OyOO 8 2
h2 ST lxd D (CSAA233-14/0} Eq. 28

n

10 CSA A23.314, 13.2.5; CSA A23-B4, 13.2.5; CSA A23:34, 13.3.5
11 CSA A23.314,13.2.3; CSA A23:B4, 13.2.3; CSA A23:34, 13.3.3

12 CSA A23.314,13.2.4; CSA A23:B4, 13.2.4; CSA A23:34, 13.3.4
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where(ha T hs) shall not be greater thdm and

Xd = dimension from face of column to edge of drop panel, but not moré.thén

2xq¢/ln = the smaller of the values determined in the two directions

(o) = additional thickness of the drop panel below the soffit of the slab and shall not be taken
more tharhs.

The minimum thickness in a span that contains a discontinuous edge will be increased by 10%, if
the edgebeam provided has a stiffness ratih,of less than 0.88, The first and last spans are

considered to containdiscontinuous edge as well as a span that contains an exterior edge.

The minimum thickness of slab bands follows the requirements for the Yeams

13 ACI 31814, 8.3.1.2; ACI 31481, 9.5.3.3 (d); ACI 3188, 9.5.3.3 (d); ACI 3185, 9.5.3.3 (d); ACI 3182,
9.5.3.3 (d); ACI 3189, 9.5.3.3 (d), CSA A23:34, 13.2.3, 13.2.4; CSA A23H4, 13.2.3, 13.2.4CSA A23.3
94,13.3.3

14 CSA A23.304, 13.2.6
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slab

Per ACI®, a valid drop must extend in each direction at leastsbtth the centeto-center span
length in that direction{ ). 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 &¢%dfldinen
valid drop depth is greater than egearter the distance from the edge of the drop panel to the face
of the column X) the excess depth exceedingill not be considered in the calculation of the
effective depth used to reduce the amount of negative reinforcement required at a caiuren (

)17, Slabs that contain valid drops are allowed a 10% decrease in minimum slaf. depth

15 ACI 31814, 8.2.4; ACI 31811, 13.2.5; ACI 3188, 13.2.5; ACI 3185, 13.2.5; ACI 3182, 13.3.7.113.3.7.2;
ACIl 31899, 13.3.7.1, 13.3.7.2

16 ACI 31814, 8.2.4; ACI 31811, 13.2.5; ACI 3188, 13.2.5; ACI 3185, 13.2.5, 13.3.7; ACI 3182,13.3.7; ACI
31899, 13.3.7

17 ACI 31814, 8.5.2.2; ACI 3181, 13.3.7; ACI 3188, 13.3.7; ACI 3185, 13.3.7; ACI 3182, 13.3.7.3; ACI
31899, 13.3.7.3; CSA A23:34, 13.10.7; CSA A23:B4, 13.10.7, CSA A23:34, 13.11.6

18 ACI 31814, 8.3.1.1; ACI 3141, 9.5.3.2; ACI 3188, 9.5.3.2; ACI 3185, 9.5.3.2; ACI 3182, 9.5.3.2, ACI
31899,9.5.3.2
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1/6 1,

1/6 1,

1/6 1, 1/6 1,

\/‘\
Figure2.4i Valid Drop Dimensions

The input drop dimensions will be used for seHight computations, when computing slab

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

a column®.
@ @ [ ]
[ | ]
I%L———L———— > 1/4x

I x T

YA
Figure2.51 Excess Drop Depth

19 ACI 31814, 8.2.4; ACI 31811, R13.2.5; ACI 3188, R13.2.5; ACI 31®5, R13.2.5
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The program follows linear distribution of strain (plain section) assunfStionflexure design
which is applicable to shallow flexural members. In case of deep Btaesign standards
recommend using nelmear distribution of strain or straindtie method. The program checks

beam dimensions and if a beam with the following clear dpan,overall depthh, ratio is found

|, ¢ 4h ACI 318-11, ACI 318-08, ACI 318-05 adCIl 318-02

I, ¢ 2.5 ACI 318-99, continous spans Eq. 29
|, ¢1.25h ACI 318-99, simple spans

|, ¢ 2h CSA A23.3-14, CSA A23.3-04 and CSA A324

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.

20 ACI 31814, 22.2.1.2; ACI 3141, 10.2.2; ACI 3188, 10.2.2; ACI 3185, 10.2.2; ACI31802,10.2.2; ACI
31899, 10.2.2; CSA A23:34, 10.1.2; CSA A23:84, 10.1.2; CSA A23:34, 10.1.2

21 ACI 31814,9.9.1.2; ACI 3181, 10.7.1; ACI 3188, 10.7.1; ACI 3185, 10.7.1; ACI 3182, 10.7.1; ACI 318
99, 10.7.1; CSA A23:34; 10.7.1; CSA A23:84,; 10.7.1; CSA A23:34, 10.7.1
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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 witit

Normal 135w O 2, 15V 130w O 2, 00vO
SandLightweight 115 <w¢< 135 1,840 <wc < 2,155 105 <w< 130 1,700 <w, < 2,00(

~

All -Lightweight wO 115 wO 1, 8 wO 105 wO 1,7

Normal 2,150 134 .52 2, 00 124 .28
Low Density 1,850 <o < 2,150 115.5 <o < 134.2 1,700 <o < 2,000 106.1 <o < 124.8
Semilow Density 2O 1, 8 20 115 a0 1,7 xO0 106

Table2.11 Concrete Weight Classification
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Once the compressive strength of concfeNig input, various parameters are set to their default

values.

The modulus of elasticity is computedZ@as
E, =330/ fj Eq. 215

where:

we = the unitweight of concrete.

For CSA A23.3 standafdl

o 1,5
E, =(3,300/f; +6,9o?})§92’93_%O :

Eq. 216

where:

X = the density of concrete.

The square root okNis limited to 100 psi for the computation of shear strength provided by
concreteV., and development lengths.

For CSA A23.314/04 standard the value of square roof:Nfised to calculate factored shear

resistancer shall not exceed BIPa?®

22 ACI 31814,19.2.2.1 (a); ACI 3181, 8.5.1; ACI 3188, 8.5.1; ACI 3185, 8.5.1; ACI 3182, 8.5.1ACI 318
99, 8.5.1; CSA A23:34, 8.6.2.2; CSA A23-B4, 8.6.2.2; CSA A23:34, 8.6.2.2

2 CSA A23.314,8.6.2.2; CSA A23:84, 8.6.2.2; CSA A23:34, 8.6.2.2

24 ACI 31814,22.5.3.1,22.6.3.1; ACI 3181, 11.1.2; ACI 3188, 11.1.2; ACI 3185, 11.1.2; ACI 3185, 11.1.2;
ACI 31899, 11.1.2

% CSA A23.314,13.3.4.2; CSA A23:84,13.3.4.2
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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

rupturefr, is set equal té°

f. =75/ [f; Eq. 217
and for the CSA A23.3 standard, the default value of modulus of ruiptsré

f, =0.6/ /f; Eq. 218

For twoway slabs analyzed in accordance with CSA AZBL&s well as for beams, enay, and
two-way slabs analyzed in accordance with CSA A2R3184, the default value is reduced to its

half value®, i.e.

6/ fj
f:% Eq. 219

r

Factoraveflecting the reduced mechanical properties of lightweight concrete is etfual to

€1.00  for normal density concrete
/ :‘: 0.85  for sand-lightweight (structural selow-density) concret
}0.75 for all-lightweight (structural lowlensity) concrete

Refer to for determination of concrete type.

There is no limit imposed dn Entering a large value &fwill produce deflections based on gross

properties (i.e. uncracked sections).

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

26 ACI 31814,19.2.3.1; ACI 31811, 9.5.2.3; ACI 3188, 9.5.2.3; ACI 3185, 9.5.2.3; ACI 3182,9.5.2.3; ACI
31899,9.5.2.3

27 CSA A23.314,8.6.4; CSA A23-94, 8.6.4; CSA A23:34, 8.6.4
28 CSA A23.314,9.8.2.3; CSA A23:B4, 9.8.2.3; CSA A23:34, 13.3.6

2 ACI 31814, 19.2.4; ACI 3181, 8.6; ACI 31808, 8.6; ACI 31805, 11.2.1.2; ACI 3182, 11.2.1.2ACI 31899,
11.2.1.2; CSA A23.34, 8.6.5; CSA A23.-34, 8.6.5; CSA A23.34, 8.6.5
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Each load is applied to ttepan elementinder one of the 6 (A throudh load cases. Thgpan
elementis analyzedand designed under load combinations. A load combination is the algebraic

sum of each of thimad cases multiplied byuser specifiedbad factor.

The program allows defining up to 50 load combinations. The user has full control over the
combinationsised The program contains predefined (built into the program) default primary load
combinations for the supported codes. These default combinations are created when starting a new

project.

For the design adpanelements, the required area of steel is calculated due to the element internal
forces from the ultimate level combinations. On the other hand, displacement envelopes are

determined using the displacement from the service level combinations.

Basic load cases and the corresponding load factors for load combinatismggastd as defaults
to facilitate userods input. The default | oad

as necessary at the discretion of the tseatisfy project and code requirements

Given the numerous applications of Ségb/spBeamto structural floor systems the load
combinations must be examined in detail to consider the myriad of possible conditions that can

exist.A detailed discussion of load case and combination factors is pranidei

The evaluation of floor systems requires consideration of various live load configurations to
capture the critical effects on structural responses. To address these scenarios, the program
automatically generates live load cases using predefined pattbmprdgram also incorporates

a live load pattern reduction ratio, defaulting to 75% for-way systems per code requirements,

with user customization available betweer@%. A detailed discussion of load patterns is

provided in
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slab

For twoway slab systems, the distribution of loads along the analysis direction becomes simplified
while utilizing the Equivalent Frame Method (EFM), eliminating the need to consider additional
torsion and @Gemeértr € dfoo 1 o fa @iré highliphes hdwalifferentoadn g  f
types- uniform distributed loads (A), concentrated loads (B), and line loads () translated

into equivalent load input values for spSlab. Each load is converted into the corresponding program
input format, ensurigp accurate representation of the structural behavior. This approach
streamlines the modeling process while maintaining the integrity of the applied loads in the
analysis.lt is critical that the engineer and user exercise maximum judgment in this area based on
his thorough understanding of tl#-M and how its application in two directions should be
managed. The simplification of taking a tway concrete floor system and breaking it into two
individual oneway systems should not overlook how the overatey will ultimately behave.

As such, loads handled ione direction will have to also be reconsidered in the orthogonal

direction where they may present a more governing condition.

We (kips/ft)
. .1 . N
f:L "] Pg (kips) (ft) [ |
) P, (kips) ’ O] ||

®r— ®"

—

Las (ft)

W
Pa/ Lai (kips/ft) Pg (kips) (Ckixpl_)cz

|

Figure26i Ent er i-gntin®f € do | oads i nto spSlab mode
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When a floor system contains an opening, usually it is due to an impidréghianical Electrical

or Piping (MEP) equipment that are passing through such opening. As such, the presence of the
opening complicates the analysis usingER®1. The engineer has to consider the absence of some

or an entire part of the column strip or the middle strip. In addition, the additional loads from
attachments borne by the MEP equipment or stairs or any other accessories have to also be added
to an aredhat is already aonpromised by the opening. Such loads are commonly concentrated
point loads that are close or in direct contact with the support creating concentrated shear forces
that have to be handled carefully depending on their proximity to the support.

The impact of such floor openings and concentrated forces on the shear force and bending moment
diagrams and ultimately the reinforcement required will depend greatly on a number of variables

that are difficult to quantify, nor are they clearly explainethie current codes and standards.

StructurePoint's experience indicates that occasionally engineers have to forego the intended two
way behavior and resort to em&y action in certain spans or in an entire design strip. In some
instances, additional beams and framing should be addedaimamdate such loss of section and

the concentration of forces. The engineering -eser is advised to-mail and contact
StructurePoint's experts to discuss such conditions and find the proper applicatiok ¥ tte

model their floor system in spSlatb that specific condition.
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The following considerations are applicable to-arey (standard and wide module) and tway
(waffle) joist systems unless not ew)ayMox e det

by

osigra N fil

o0nDesi gnfromxampd-es

Rib dimensions will be considered valid if the rib width is at least 4 in. [100 mm], the depth is no
more than 3L/2 times the rib width, and the clear spacing between ribs does not exceed 30 in. [800
mm]J*°. If rib dimensions do not meet these requirements (e.g. wide module joist systems) the code
requires such ribs to be designed as bé&arfike program treats the design of wipmced 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

responible to validate the resulting design and reconcile the code requirements.

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

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, andi@nshear capacity.

30 ACI 31814, 8.8.1.2,8.8.1.4,9.8.1.2,9.8.1.4; ACI 318 8.13.2, 8.13.3; ACI 3188, 8.13.2, 8.13.3ACI 318
05, 8.11.2, 8.11.3; ACI 3182, 8.11.2, 8.11.3; ACI 3189, 8.11.2, 8.11.3; CSA A23B4,10.4.1; CSA A23.3
04, 10.4.1; CSA A23:34, 10.4.1

31 ACI 31814, 8.8.1.8, 9.8.1.8; ACI 3181, 8.13.4; ACI 3188, 8.13.4; ACI 3185, 8.11.4; ACI 3182,8.11.4;
ACI| 31899, 8.11.4; CSA A23:34, 10.4.2; CSA A23:84, 10.4.2; CSA A23:34, 10.4.2

32 ACI 31814,8.8.2.1.1,9.8.2.1.1; ACI 318l, 8.13.5.2; ACI 3188, 8.13.5.2; ACI 3185, 8.11.5.2; ACI 3182,
8.11.5.2; ACI 31899, 8.11.5.2

33 CSA A23.314,10.4.1; CSA A23:84, 10.4.1; CSA A23:34, 10.4.1


https://structurepoint.org/publication/pdf/DE-Two-Way-Joist-Concrete-Slab-Floor-Waffle-Slab-System-Analysis-and-Design-ACI-318-14-spSlab-v550.pdf
https://structurepoint.org/publication/pdf/DE-Two-Way-Joist-Concrete-Slab-Floor-Waffle-Slab-System-Analysis-and-Design-ACI-318-14-spSlab-v550.pdf
https://structurepoint.org/publication/pdf/DE-One-Way-Wide-Module-Skip-Joist-Concrete-Floor-System-Design-ACI-318-14-spBeam-v550.pdf
https://structurepoint.org/publication/pdf/DE-One-Way-Wide-Module-Skip-Joist-Concrete-Floor-System-Design-ACI-318-14-spBeam-v550.pdf
https://structurepoint.org/index.asp
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The equivalent thickness based on system weight is used to compute the systaigkelfThis
thicknesshw, is given by:

h/v — \;r:od Eq 210
od
where:

Vmod = the volume of one joist module,

Amod = the plan area of one joist module.

| <30 in.—
b>4in.

Figqure2.71 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
thicknesshwi, is given by

1
4121, %
hy = e ¢ Eq. 211
(; rib =
where;

|rib

briv

moment of inertia of one joist section between centerlines of ribs,

the centetto-center distance of two ribs (clear rib spacing plus rib width).
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The drop panel depth for twway joist (waffle) slab systems is set equal to the rib depth. The

equivalent drop depth based on moment of inedttia,is given by

dwi = hw + hrip Eqg. 212
where:
hib = rib depth below slab,

hwi

equivalent slab thickness based on moment of inertia.

A drop depth entered for a waffle slab system other than O will be addizgl thus extending
below the ribs.

Oneway shear capacity/ (increased by 10% for ACI co#f®, is calculated assuming the shear

crosssection 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:

d
=b +— Eq. 213
b =b +5 q
where:
b = rib width,
d = distance from extreme compression fiber to tension reinforcement centroid.

34 ACI 31814, 8.8.1.5, 9.8.1.5; ACI 3181, 8.13.8; ACI 3188, 8.13.8; ACI 3185, 8.11.8; ACI 3182, 8.11.8;
ACI 31899, 8.11.8
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The equivalent thickness based on shear area is used to compute the area of concrete section
resisting punching shear transf@g,around drop panels in twway joist (waffle) systems. The

equivalent slab thicknesly, used to computa., is given by

Eq. 214

>
1

the entire rib area below the slab plus the slab thickness minus the distahee to
reinforcement centroidiint, Within the rib width, i.e., the slab depbletween the ribs is

not considered as contributing to shear capacity

Brib the centetto-center distance of two ribs (clear rib spacing plus rib width),

dreint = 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 di&ptijle assuming the width

of compression zone as equal to the cettt@enter distance of two rib$). 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 compresshn zone.
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spSlab and spBeam provide various geometric checks to avoid an analysis with an inconsistent
system. Dimensions of slabs, beams, drops, bands and cofymitals are checked and modified

to produce a code compliant system.

If a slab cantilever length is less than dradf the column dimension in the direction of analysis,

c1, 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 thhalbife column
dimension transverse to the direction of analysi or less than onkalf the longitudinal beam

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

slab

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 usetefined drop panel of corresponding iénd 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.degrees
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 adjustéchecessary so that projected

sides of the capital do not fall outside of the drop péwrethe beam) edges before reaching slab

35 Acl 31814 ( ), 8.4.1.4; ACI 31811 ( ), 13.1.2; ACI 31808 ( ),13.1.2;ACI 31805 (
), 13.1.2; ACI 31802 ( ), 13.1.2; ACI 31899 ( ), 13.1.2; CSA A23.34, 2.2; CSA A23.34,
13.1
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soffit (see ). The modified column capital extension will be used when computing

column stiffness and in punching shear calculations.

= ~

N Maximum s/
N Capital Width %

%

Figure2.81 Maximum Capital Width
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The analysis of the reinforced concrete members performed by spSlab/spBeam conforms to the
provisions of the Strength Design Method and Unified Design Provisions and is based on the

following basic assumptions:

A All conditions of strength satisfy the applicable conditions of equilibrium and strain
compatibility

A Strainin the concrete and in the reinforcement is directly proportional to the distance from
the neutral axis. In other words, plane sections normal to the axis of bending are assumed

to remain plane after bending.

A An equivalentuniform rectangular concrete stress block is used with a maximum usable
ultimate strainat the extreme concrete compression fiber equal to 0.003 for ACI codes
and 0.0035 for CSA codes

A Tensilestrengthof concrete in flexural calculations is neglected
A For reinforcingstee] the elastigplastic stresstrain distribution is used

A Assumptions related to the analysis method, along with detailed provisions and equations
for the design codes and unit systems supported BlalsfspBeamare outlined in

224 and
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The equivalent frame method, as described in the*odeaused 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 supportswatnssals’

system, including the slab and its supporting beams, columns, and walls may be designed by either

of the following procedures

A The Direct Design Method

A 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 lllinois. Note also that there are no restrictions

on the number of slab spans or on deative load ratiogn this method of analysis.

The first step in the frame analysis is to divide the tdieeensional 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 showri-in . For vertical loads, each story (floor and/or roof)

may be analyzed separately with the supporting columns being considered fixed at their remote

ends [ ).

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.

3% ACI 31814, 8.11; ACI 31811, 13.7; ACI 31808, 13.7; ACI 31805, 13.7; ACI 31802, 13.7; ACI 3189, 13.7;
CSA A23.314, 13.8; CSA A23.34, 13.8; CSA A23.34, 13.9

37 Implies a slab supported by isolated supports which permits the slab to bend in two orthogonal directions.
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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 7,/2 or 1,/2,
Whichever 1s Smaller \
| |

One-Half | |
Middle smpw |
L L
|| -Edge
< 2
o )
] : O] 5 %
= =
E g
= = Length of Spans in
< E E I; = Direction Moments
g s are Being Determined
2 g
O : u g
- 83
€ of Panel ,—
< h
[ M iz 1/2 Col. Size ¢,
Slab Beam Strip |= [,/2 —=f=1,/2 = 1,/2 Width L input:
Pie ’ "\ . . : Left = /,/2; Right = ¢,/2
Width L input:
Lett =/1,/2; Right =/,/2
h h h

Figure2.91 Design Strips
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The moment of inertia of the slab beam elements between the faces of the columns (or column
capitals) is based on the uncraclsedtion 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 stiffness (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 frosugp®rt. This

is consistent with provisions of the cotfe. shows the changes in stiffness between a
slab, and a drop panel, and a column (or capital).

LLS £LS £L/

77 77 77

Figure2.107 Analytical Model for Vertical Loads for a Typical Story

slab

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, betalsdlexibility of the slab

away from the column. However, if a tvedimensional frame analysis is applied to a structure with
rigid columns, pattern loads will have little effect.

% ACI 31814, 8.11.3; ACI 31811, 13.7.3; ACI 3188, 13.7.3; ACI 3185, 13.7.3; ACI 3182, 13.7.3; ACI 318
99, 13.7.3; CSA A23:34, 13.8.2.3; CSA A23:84, 13.8.2.3; CSA A23:34, 13.9.2.3
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Slab System without Beams
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Figure2.111 Sections for Calculating SlaBeam StiffnessKsp
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To account for this difference in behavior between slab structures and frames, the equivalent
column torsional member, as shown-in , 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 ofthe 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
computation of column stiffness is in accordance with the requirements of tHé& code

shows a schematic representation of the stiffness of typical columns.

39 ACI 31814, 8.11.4; ACI 318.1, 13.7.4; ACI 3198, 13.7.4; ACI 3185, 13.7.4; ACI 3182, 13.7.4ACI 318
99, 13.7.4;, CSA A23:34, 13.8; CSA A23.34, 13.8; CSA A23.34, 13.9
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The column stiffness is based on the column heligmeasured from midepth of the slab above,

to the middepth of the slab below. spSlab calculates the stiffnetfee afolumn 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 ageored.

The computation of the torsional stiffness of the member requires several simplifying assumptions.
The first step is to assume dimensions of the transverse torsionabeslabb members.

Assumptions for dimensions of typical torsional members are showitin

The stiffnessK;, of the torsional member is given by the following expreg&ion

Ki=a °9E°3C 5 Eq. 220
- 2 ¢
(; t =
where:
F = denotes summation over left and right side torsional member,
Ecs = modulus of elasticity for slab concrete,
C = crosssectional constant defined in EG22,
c2 = size of rectangular column or capital measured transverse to the direction in which

moments are being determined,

It =l andl2gr, lengths of span transverselipmeasured on each side of tedumn for ACI
318; for CSA A23.3 value dfis taken as the smaller laf andl2a wherelia is the average
I1 andl2ais the averagk on each side of anterior column. In case of an exterior columns,
l1a andl2a are takenmespectively ak (if the column is exterior with respect to the direction
of analysis) and (if column is exterior in the transverse direction) of dltgacent span,

i.e. cantilevers, if any, are neglected.

40 ACI 31814, 8.11.5; ACI 31811, 13.7.5; ACI 3188,13.7.5; ACI 31805, 13.7.5; ACI 3182, 13.7.5ACI 318
99, 13.7.5; CSA A23:34, 13.8.2.8; CSA A23:84, 13.8.2.8; CSA A23:34, 13.9.2.8
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The constan€ is evaluated for the cross section by dividing it into separate rectangular parts and
by carrying out the following summatitin

c=5% 063 &Y Eq. 221
c y 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.

41 ACI 31814, 8.10.5.2; ACI 3141, 13.6.4.2; ACI 3188, 13.6.4.2; ACI 3185, 13.6.4.2; ACI 3182,13.0; ACI
31899, 13.0; CSA A23.34, 13.8.2.9; CSA A23:84, 13.8.2.9; CSA A23:84,13.9.2.9
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The program divides the section into rectangles in such a way that the value of cGristant

maximum { ).

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

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

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 totgb stidths, 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 vafya®tomputed in Eq.
2-20 is multiplied by the ratio of the moment of inertia of the slab with the blegrto(the moment
of inertia of the slab without the bearg (as shown

K, = Kt% Eq. 222

With reference tc , Is is computed from part A (slab without beam), whereass

computed from both parts A and B (slab with bgam

42 For walls running full width of the slake{ = I,), the program slightly adjusts the width of the wall to avoid
singularity in the denominator of E+2D.
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Having the column stiffnesk, and the stiffness of the attached torsional menkbgihe stiffness

of the equivalent columrtiKec, is computed from the equation

Kct + ch

—_ . tcb Eq. 22

Kec + Kct + ch q 3
Ktla + Ktra

where

Ket = top columnstiffness,

ch

bottom column stiffness,

Kwa = torsional stiffness of the leftq],) and the right K,) member.
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By default spSlab assumes that colusheb/beam joints can onkptate 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
be fixed at their far ends as shown-in . These default assumptions can be altered using

the Column andRestraint command.

By specifying vertical spring support constant vithvalue other than 0, you can allow the joint

to displace vertically. This movement is then controlled by the stiffness of the Kpnmagddition

to the stiffness of the column below. The column above is assumed not to constresrtitiaé
movement of the joint. Additional rotational spring support can be applied to the joint by

specifying the value dfy. Also, the far end column conditions can be selected as either fixed or

pinned as shown ithe . All elements controlling the displacements of a jointsdr@wn
in the . More information about creating support elements in spSlab/spBeam can be
found in
Y v Pinned Fixed <47
EI
K,y
g.—-
El C% El
K-
El
EA ) )
a) Yok b 7 Fixed Pinned A

Figure2.161 (a) Elementgontrolling joint displacements (b) Far End Column Boundary

Conditions
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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 antforeement on stiffness must be

accounted for in the lateral load analysis.

The selfweight of the system is automatically calculated and assigned to the reserved load self
weight 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 inleigékfcomputations. 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-talbeg the column
dimension in the dection of analysis. This will produce slightly less se#ight than actually

present for beams widerthey t he col umndés transverse di mensi

If load case SELF is removed then the program will ignoreveeifht 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 walkupported 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 monsgteddo the beam.
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For lateral loads, each frame should be analyzed as a unit for the entire height of the building
( ). Computer programs, such as spFrame, are available for performing such analyses.
It should be realized that, for lateral load analysis,-bkdm elements may have a reduced
stiffness due to cracking as well as other assumptions made for the effeattivedth 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.

— = 7 ST77 777 ST77
Figure2.171 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

through later in this chapter).
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The analysis of floor systemequires 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 paitems (
):

Pattern No. | (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,

o o o Do

Pattern No. 3+N (SN):Two spans adjacent to support No. N loaded with live load.
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The program reduces the magnitude of live load patterns No. 2 through No. (3+n) by a predefined
ratio. For tweway systems, the default live load pattern ragtected by the program equals 75%

as permitted by the cotfe The user has the ability to select different value for the pattern ratio
within the rang®-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.

43 ACI 31814, 6.4.3.3; ACI 3181, 13.7.6.3; ACI 3188, 13.7.6.3; ACI 3185, 13.7.6.3; ACI 3182,13.7.6.3;
ACI 31899, 13.7.6.3; CSA A23:34, 13.8.4; CSA A23:84, 13.8.4; CSA A23:34, 13.9.4
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slab

The codé&* defines the width of the column strip on each side of the column centerline as being

onefourth 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 )

A column strip

é ¢l 0 - 0
Tmln‘?ﬂ,l—l ﬂ +min ﬂg—l—l i
P44y f4 g

wo=minj oY a0 Eq. 224
{min‘?z—",l—1 H +min %%I—l q
I i 4 4 M1 4, ia_

A middle strip
me:min{IZ’i,IZM} W, Eq. 225

44 ACI 31814, 8.4.1.5; ACI 3181, 13.2.1; ACI 3188, 13.2.1; ACI 3185, 13.2.1; ACI 3182, 13.2.1ACI 318&
99, 13.2.1; CSA A23:34, 2.2; CSA A23.34, 2.2; CSA A23.324, 13.1
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The strip widths in the span are defined as {see ):

A column strip

- Y P R V- T
Wcs:mn|_ = u+m|n -1 =
i 44y 4

A middle strip

w. =1 w

Ccs

Eq. 226

Eq. 227
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where:

span length in the direction of analysis,

the input transverse strip widths on the left of column centerline,

~
Il

the input transverse strip widths on the right of column centerline,

N
o
1

= lp)/ 2 +12¢ / 2, the total input transverse strip width

N
|

Direction
of Analysis

Wins

Wes

12‘1/2 [, /2 —
Panel Panel

Figure2.2071 Strips Widths in Span

If a longitudinal slab band is defined (CSA A23.8/04 standard only) then the column strip width

is automatically adjusted to be equal to the band width
Wes = Whand Eq. 228

If a longitudinal beam exists then the adjusted column strip wigthjs calculated by subtracting

the beam widthwoeam from the width of the column strip

W, =W -W, Eq. 229

S cs bearn
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If the user selects tlBEEAM T-SECTION DESIGNoption inDesignOptions tab undeSolvecommand

in theRibbon, the beam widthieam used by the program will include portion of the slab on each
side of the beanequal to projection of the beam below the slab, but not greater than slab
thicknes&®. Otherwise, only web width is used. If the beam widifaan, is greater than the column

strip width,wcs, then the adjusted column strip width is set to zero and moment distribution factors
are adjusted to apply all column strip moment to the beam. This may occur when modeling a slab
band with a wide longitudinal beam for codes other than CSA ARZ34. Incase of CSA A23:3

14/04 standard, the dedicatedNGITUDINAL SLAB BAND option inthe Project Left Panel is

available to model slab band systems explicitly.

By selectinguSER SLAB STRIP WIDTHAaNdUSERSTRIPDISTRIBUTION FACTORSoOptions inthe Design
& Modeling panel undeDefine command in théRibbon, the user hathe 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 thad involves engineering judgment regarding
two-way behavior of the system and the applicability of the equivalent frame method.

45 ACI 31814, 8.4.1.8; ACI 3181, 13.2.4; ACI 3188, 13.2.4; AC| 3185, 13.2.4; AC| 3182, 13.2.4; ACI 318
99, 13.2.4; CSA A23:®4 Figure N13.1.2.(a) ia , CSA A23.394, 13.1
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slab

For design purpos&s 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 fheecofumn

capital, but in no case is it considered at a location greater than 0.175 of the longitudinal span
length,l1, away from the center of the colufriThis 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 momestare taken at the midpoint of the capital exten&i¢ina 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).

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 supporth@imaximum 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 rengamiddle strip.

Note: By checkin@/SERSTRIPDISTRIBUTION FACTORSoption inDesign & Modeling panel under
Define command in theRibbon, the user has the ability to manually adjust strip moment

distribution factors calculated automatically by the program.

46 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 eimilar provisions for onavay systems and beams in ACI and CSA standards, the

program consistently applies the same rules (with the exception of*9lirviiation) to oneway systems and
beams.

47 ACI 31814, 8.11.6.1; ACI 3141, 13.7.7.1; ACI 3188, 13.7.7.1; ACI 3185, 13.7.7.1; ACI 3182, 13.7.7.1;
ACI 31899, 13.7.7.1;, CSA A23:34, 13.8.5.1; CSA A23:84, 13.8.5.1; CSA A23:84,13.95.1

4 ACl 31814, 8.11.6.2, 8.11.6.3; ACI 3181, 13.7.7.2; ACI 3188, 13.7.7.2; ACI 3185, 13.7.7.2; ACI 3182,
13.7.7.2; ACI 31899, 13.7.7.2; CSA A23:34, 13.8.5.2; CSA A23:84, 13.8.5.2; CSA A23:84,13.9.5.2
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The column strips are proportioned to resist the portions in percent of interior negative factored

moments according to 0

0.5 1.0 2.0
75 75 75
90 75 45

Table2.27 Cdumn Strip Percent of Interior Neqgatitf@ctored Moments at Supports

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

moments according to 1

0.5 1.0 2.0
100 100 100
75 75 75
100 100 100
90 75 45

Table2.317 Cadumn Strip Percent of Exterior Negatifractored Moments at Supports

4 For CSA A23.394 standard, the program assumes by default values given by ACI code which fall within the
ranges specified in CSA A23%4, 13.12.2

50 ACI 31814, 8.10.5.1; ACI 3141, 13.6.4.1; ACI 3188, 13.6.4.1; ACI 3185, 13.6.4.1; ACI 3182, 13.6.4.1;
ACI| 31899, 13.6.4.1; CSA A23:34, 13.9.5; CSA A23:B4, 13.9.5; CSA A23:34, 13.9.5.1; CSA A23:84,

13.85.1

51 ACI 31814,8.10.5.2, 8.10.5.3; ACI 3181, 13.6.4.2; ACI 3188, 13.6.4.2; ACI 3185, 13.6.4.2; ACB18-02,
13.6.4.2; ACI 31899, 13.6.4.2



slab|sfbeam

The valuedh in and andby in are defined as

W = 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 waftle Ie/11) = 0,

b: = 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, cetst@enter of support® When no transverse

beams are preseffit,= O, otherwise

Eq. 230

where:

Ecb
Ecs
C

modulus of elasticity of beam concrete,

modulus of elasticity of slab concrete,

crosssectional constant, see Eg22,

moment ofinertia of the gross section of the slab about its centroidal axis.

s

For intermediate values @k /1), (U1 12/11) and b the values in and are

interpolated using equations Eq32 and Eq. B2.

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

da.l, 6
75+ Ban% 6l
¢ o+

a,
C'1

Eq. 231

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

Oa I ~ o
100- 1%, +1nge% 21, Eq. 232
¢h +¢h

52 ACI 31814, 8.10.5.2, 8.10.5.3; ACI 3181, 13.6.4.2; ACI 3188, 13.6.4.2; ACI 3185, 13.6.4.2; ACI 3182,
13.0; ACI 31899, 13.0; CSA A23.34, 13.0
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When a column widthgy, is equal to or greater than 75 percent of the tributary strip \yidihe
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 &grodsis extends

the requirement of the design cétléy 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.

When designing by the CSA A233! code, a portion of the total positive or interior negative

moment equivalent £

a
e Eq. 233

o

al,

1+
ch

€10 ot

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 adtasslab.

For ACI designs the longitudinal beams are proportioned to resist 85 percent of the column strip
moments ifU1 |2/11 is equal to or greater than 1.0. For valuestof. /|1 between 0 and 1.0, the

beam is designed to resist a proportionate percentage of the column strip moment between 0 and
855>°

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

resisted by the column strips.

53 ACI 31814, 8.10.5.4; ACI 3141, 13.6.4.3; ACI 3188, 13.6.4.3; ACI 3185, 13.6.4.3; ACI 31®2,13.6.4.3;
ACI| 31899, 13.6.4.3

54 CSA A23.394,13.13.2.1

%5 ACI 31814, 8.10.5.7; ACI 3141, 13.6.5; ACI 3188, 13.6.5; ACI 31805, 13.6.5; ACI 3182, 13.6.5; ACI
31899, 13.6.5
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The column strips are proportioned to resist the portions in percent of positive factored moments

according to 56

0.5 1.0 2.0
60 60 60
90 75 45

Table2.417 Cdumn Strip Percent of Positive Factored Moments

For intermediate values ¢&/11) and(U1 12/11) the values in are interpolated using Eq.

2-34 asfollows:

a
60+ 302’}5L 1§I_2 Eq. 234
¢ch +¢

Note: For flat plates, flat slabs, and waffle slalsl2/11 = 0.

5% ACI 31814, 8.10.5.5; ACI 3141, 13.6.4.4; ACI 3188, 13.6.4.4; ACI 3185, 13.6.4.4; ACI 3182, 13.6.4.4;
ACI 31899, 13.6.4.4
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For slabs without drop panels (with or without transverse beams) the following moment factors
are usetf:

A Negative moment at interior column, factor = 0.80

A Negative moment at exterior column, factor = 1.00

A Positive moment at all spans, factor = 0.60
For slabs with drop panels (with or without transverse beams) the following moment factors are
used®.

A Negative moment at interior column, factor = 0.825

A Negative moment at exterior column, factor = 1.00

A Positive moment at all spans, factor = 0.60
For slabs with longitudinal slab baréis

A Negative moment at interior column, factor = 0.90
A Negative moment at exterior column, factor = 1.00

A Positive moment at all spans, factor = 0.90

57 CSA A23.314,13.11.2.2; CSA A23:84, 13.11.2.2
%8 CSA A23.314,13.11.2.3; CSA A23:84, 13.11.2.3

59 CSA A23.314,13.11.2.4; CSA A23:84, 13.11.2.4
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For slabs with transverse slab bdfids

A Negative moment at interior column in widi) 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 orthird of the total factored moméhts applied to the band width
b.

A Negative moment at exterior column, factor = 1.00

A Positive moment at all spans whérgl) O 1. 0, factor = 0.55

A Positive moment at all spans whéirg 1) < 1.0, factor = 0.5%l1/12)

For slabs with beams between all the suppHrtbie positive and interior negative factored

moments are distributed as follows

a,

1, Eq. 235
0.3+a,

3,

O ?BAQJO

Factored negative moments at exterior supportassigned in 100% proportion to beams.

CSA A23.314/04 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 inr¢h@ys section where
longitudinal beams are proportioned to resist 85 percent of the column strip mortkang lif is

equal to or greater than 1.0. For valuebtol./ 11 between 0 and 1.0, the beam is designed to resist

a proportionate percenta@f the column strip moment between 0 and 85%.

80 CSA A23.314,13.11.2.5; CSA A23:84, 13.11.2.5
61 CSA A23.314,13.11.2.7; CSA A23:84, 13.11.2.7

62 CSA A23.314,13.12.2; CSA A23:84,13.12.2
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Redistribution of negative moments applies to-aag and beam systems only. It can be engaged
by checking thenOMENT REDISTRIBUTION optionin the Design & Modeling panel undebefine

commandn the Ribbon.

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 takesoumoeven

though it is allowed by the cotfe 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 fadtm's at

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 momegttowed by the codes.

For ACI 31814, ACI 31811, ACI 31808, ACI 31805, and ACI 3182%*

_ €0 if & <0.0075

=] . Eq. 236
i1,002 if & 0.0075

whereis net tensile strain in extreme tension steel at nominal strength.

83 ACI 31814, 6.6.5.1; ACI 318.1, 8.4.1; ACI 31808, 8.4.1; ACI 31805, 8.4.1; ACI 3182, 8.4.1; ACI318-99,
8.4.1;, CSA A23.314, 9.2.4; CSA A23-84, 9.2.4;, CSA A23:34,9.2.4

64 ACI 31814, 6.6.5.3; ACI 31411, 8.4.1 and 8.4.3; AC31808, 8.4.1 and 8.4.3; ACI 31@5, 8.4.1 an®.4.3; ACI
31802, 8.4.1 and 8.4.3
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For ACI 31899

€0 if (r- /r) 0.5 .
|
d=i_48_ r- 06 Eq. 237
1200 L= E it (r -0 05,
i ¢ v o+
where:
} = tension reinforcement ratio.
} '= compression reinforcement ratio.
}b = balanced reinforcement ratio.
For CSAA23.35
d=30 -50% Eq. 238
where
¢ = 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. Additidmallynited 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 iteratiypeocedure is repeated until the change in

distribution factor is negligle (does not exceed 0.01%), but no more than 10 times.

8 ACI 31899, 8.4.1 and 8.4.3

66 CSA A23.314,9.2.4; CSA A2394,9.2.4; CSA A23:34,9.2.4
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slab

Shear analysis in spSlab takes into account one way shear angwahear. For twavay shear,
the program considers contributions of factored shear %oreg, and fraction of unbalanced
moment transferred by sh€n,Mun,. spSlab does not consider torsional stresses in the slab. If in

the engineerds judgment this may control,

spSlab checks ongay shear at a critical sectidocated at a distance not less than the effective
depth away from the face of the suppoiif a concentrated load is applied closer than the effective
depth away from the face of the support then critical section is located at the faceugifibg.

Factored shear force at the critical section is obtained from the analysis of the equivalefit frame

67 ACI 31814, 8.4.4.2.3; ACI 3141, 11.11.7.2; ACI 3188, 11.11.7.2; ACI 3185, 11.12.6.2; ACI 3182,
11.12.6.2; ACI 3189, 11.12.6.2; CSA A23:34, 13.3.5.2; CSA A23:84, 13.3.5.2; CSA A23:94, 13.4.5.2

58 ACI 31814, 8.4.4.2.1; ACI 3141, 11.11.7.1; ACI 3188, 11.11.7.1; ACI 3185, 11.12.6.1; ACI 3182,
11.12.6.1; ACI 3189, 11.12.6.1; CSA A23:34, 13.4.5.3; CSA A23:84, 13.4.5.3; CSA A23:84,13.4.5.3

8 ACI31814,7.4.3.2,8.4.3.2,9.4.3.2; ACI 318, 13.5.4, 11.1.3; ACI 3188, 13.5.4, 11.1.3; ACI 3185, 13.5.4,
11.1.3; ACI 31802,13.5.4, 11.1.3; ACI 3189, 13.5.4, 11.1.3; CSA A23B4, 13.3.6.111.3.2; CSA A23.34,
13.3.6.1, 11.3.2; CSA A23:34, 13.4.6.1; CSA A23:84, 13.4.6.1; 11.3.2

0 ACI 31814, 8.11.1.1; ACI 3141, 13.7.1; ACI 3188, 13.7.1; ACI 3185, 13.7.1; ACI 3192, 13.7.1; ACI
31899, 13.7.1; CSA A23:84, 13.8.1.1; CSA A23:34,13.9.1.1
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Direction of
Analysis

" Not considered by program

Figqure2.211 Critical Section for TweNay Shear

shows the general twway shear arédused 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 tway shear as indicated i by areas B Bz, Bz, Bs, Bs,

and Bs. Ordinarily, transverse beams transfer unbalanced momém tlumn through torsion

along the beam and not through shear between the slab and column. However, the code leaves the
transfer method to the engineerds judgment <co
longer applicable and beam shear becotmesiominate 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 othe 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 ofalinafsit results in a critical section

that is still within the beam. Otherwise, distances to the critical section are not increased.

T ACI 31814, 22.6.4.1; ACI 3141, 11.11.1.2; ACI 3188, 11.11.1.2; ACI 3185, 11.12.1.2; ACI 3182,
11.12.1.2; ACI 3189, 11.12.1.2; CSA A23:34, 13.3.3; CSA A23:84, 13.3.3; CSA A23:34, 13.4.3



slab|sfbeam

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 supportsefohe, 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 attie 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 le€hgiine equivalent rectangular support is a square
with side length equal toD/4 & 0.78 whereD is the diameter of the circular support as shown

in

d/2 | D ' d/ZA-‘ ~ 1D /4 =

(nD/4)+d

P, =nD=P_

Figure2.221 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 tl@nduser discretion to judge the use of the circular shear
perimeter as it produces more conservative results compared with the traditional equivalent square

option.

72 See Fig.138(b) and Fig. 1%7 in , and Fig. 10.5(f) iri
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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 considesabtion closed. If the critical section does

not meet the distance requirement, it is considered open.

ACI 31808 code introduced the definition of the shear’tayhich, 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 exg 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 equivaierdlto ¢
section for a column with a shear cap. ACI d8dequires 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 gaacting as capital, the substituted capital should have depth/extension ratio equal
to 1.0.

7 ACI 31814, 2.3; ACI31811, 2.2; ACI 31808, 2.2

74 ACI 31814, 8.2.5; ACI 31811, 13.2.6; ACI 3188, 13.2.6
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slab
slab

The critical section{ ) consists of four vertical surfaces through the slab, located at

distances ofl/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 resisting shear as indicated by EeB2
A=aA Eq. 239

If beams fram@ into the column, then the critical section includes the dimensions of the beams
(B1through B in ).

ACI318 & CSA A23.3

Critical Section

r— - 1

| |

| |

| |

| [x |1 %

y

| |

| |

L a1
| by I

Punching Shear - Critical Section Punching Shear Stress (vu) Profile

Figure2.231 Interior Supports of Interior Frames

> A beam is considered as framing into the column if the beam is within a face of the column.
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slab
The critical section for exterior supports of interior franmies ( ) will be either closed (full
A7 and A for the first column or Aand A for the last column in ) 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 sgans greater than or equal to the distance defined by the user
beyond the column face. The default value of the distande\ighén an ACI code is selectéd

and Sl for the CSA standard The user can modify the default value to accommodate scenarios
when larger distances arequired, e.g. I0for slabs with openind& If beams frame into the
column then the critical section includes the contributions from the beam dimensidhso(Bh

Bsin ).

76 Critical Sections near Holes and at Edgesri , pp.672, Fig 189 (b) and (c)
7T CSA A23.304 Figure N13.3.3.4 (b) in ; CSA A23.394 Figure N13.4.3.4 (b) in

8 ACI 31814, 22.6.4.3; ACI 3141, 11.11.6; ACI 3188, 11.11.6; ACI 3185, 11.12.5; ACI 3185, 11.12.5; ACI
31805, 11.12.5; CSA A23:34, 13.3.3.4; CSA A23:84, 13.3.3.4; CSA A23:34, 13.4.3.4
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ACI 318

Critical Section
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Figure2.241 Exterior Supports of Interior Frames
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slab

shows the critical section for shear for an interior support of an exterior frame. Note
that the section is considered ashhped (A=0, Aa=0,B=0,B=0Iin ) 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 dimensioith(&igh B in ).
If the exterior cantilever spal, is greater than or equal to the distance defined by the user beyond
the column face (the default value i8 when an ACI code is selecfédcand i for the CSA
standaréf), the section is treated as closed, that is, the support is treated as an interior support of

an interior frame.

ACI 318
Slab
/ Edge
o |
<4h
P |
| |
| o
r: |
I y I
Critical | |
Section |_ J
| by |
Punching Shear - Critical Section Punching Shear Stress (vu) Profile
CSA A23.3
Slab
/_ Edge
SN-L a
!

Critical
Section

\ QU
[
o
=]

Punching Shear - Critical Section Punching Shear Stress (vu) Profile

Figure2.251 Interior Supports of Exterior Frames
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The critical section for an exterior support of an exterior frame will typically-bledpedis shown

in the . If the cantilever spar, (in the direction of analysis) is greater than or equal to

the distance defined by the user beyond the column face (the default védwenisrdan ACI code

is selecte?f and F for the CSA standafd), then the section is treated as @haped 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

frame into the column, then the critical section includes the contributions from the beam

dimensions.
ACI 318
Slab
/ Edge
|
<4h |
|
li[‘ < 4]7 |
b,
A ]
y |
Slab |
Edge |
by I\ s .
Critical Section
Punching Shear - Critical Section Punching Shear Stress (vu) Profile
CSA A233
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<54 J_ 459
B di2 | )
V
le< 5d ! | !
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dl_ l—: b, Myt
2 y :
/ 45° | 1
Slab ————T—J——
Edge | by | |
Critical Section

Punching Shear - Critical Section Punching Shear Stress (vu) Profile

Figure2.261 Exterior Supports of Exterior Frames
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slab

Oneway shear strength of slabs is limitétb 2/ \/f_d 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 shetr-moment ratio at slabolumn connections.

These variables are taken into account in the allowable shear giyessnputed at distances of
d/2 around the columns and drops (if applicable). For the ACI 318 eoddaken as the smallest
of the 3 quantiti€®:

- Sg 8 Eq. 240
(; -
& ad 0
=52 22 8 Eq. 241
¢ b =
v, =4/ 1] Eq. 242
where:

bc. = the ratio of the long to the short side of the column,

U, = a constant dependent on the column location, (40 for an intesinled effective critical

area, 30 for an exteri@sided critical area, 20 for a cornesi@gled effective critical area),

d = distance from the slab bottom to centroid of the slab tension reinforcement at support

(average value is useddfchanges along critical section perimeter),
bo = the perimeter of the critical section,

o = facto®! reflecting the reduced mechanical properties of lightweight concrete equal to 0.75
for all-lightweight concrete, 0.85 for satightweight concrete and 1.0 for normal weight

concrete. Refer to for determination of concrete type.

® ACI 31814, 22.5.5.1; ACI 3141, 11.2.1.1; ACI 3188, 11.2.1.1; ACI 3185, 11.3.1.1; ACI 31®2, 11.3.1.1;
ACl 31899, 11.3.1.1

80 ACI 31814, 22.6.5.2, 22.6.5.3; ACI 3181, 11.11.2.1; ACI 3188, 11.11.2.1; ACI 3185, 11.12.2.1; ACI 318
02,11.12.2.1; ACI 3189, 11.12.2.1

81 ACI 31814, 22.6.5.2, 22.6.5.3; ACI 3181, 11.11.2.1; ACI 3188, 11.11.2.1; ACI 3185, 11.2.1.2; ACI 318
02,11.2.1.2; ACI 3189, 11.2.1.2
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For the CSA A23.%, the allowable shear stresses are calculated as the minimum of the following

metric equations

V=g +2 }é/c(/ﬂ Eq. 243
g —_—

v;?%s—d " ?{(/f_d Eq. 244
¢ch =

v, =2h | A Eq. 245

where:

d = 0.19 for CSA A23.814/04 and 0.20 for CSA A2334,

U = aconstant dependent on the column location, (4 for an intesited effective critical
area, 3 for an edgmlumn, 2 for a corner column),

d = distance from the slab bottom to centroid of the slab tension reinforcement at support

(average value is useddfchanges along critical section perimeter),

L. = resistance factor for concrétequal to 0.60 for CSA A23-84 and for CSA A23-34/04
it is equal to 0.65 for regular and 0.70 for precast concrete,

e = facto® reflecting the reduced mechanical properties of lightweight concrete equal to
0.75 for structural lowdensity concrete, 0.85 structural sdow-density concrete and

1.0 for normal density concrete. Refer/ta for determination of concrete type,

O 8 MPa.

d

When the value ofl is greater than 306hm, allowable stresg obtained from the above three
equations shall be multiplied by 13001000+ d) as required by CSA A23.B4/04 cod.

82 CSA A23.314, 13.3.4; CSA A23:B4, 13.3.4; CSA A23:34,13.4.4
8 CSA A23.314 8.4.2,16.1.3; CSA A23:84 8.4.2, 16.1.3; CSA A23.34 8.4.2
84 CSA A23.314, 8.6.5; CSA A23-®4, 8.6.5; CSA A23:34, 8.6.5

8 CSA A23.314,13.3.4.3; CSA A23:84,13.3.4.3
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The allowable shear stress around drops when waffle slabs are used is computed as

&2/ [fj for ACI
v, =¥o.20‘c {fi  for CSA A23.3-9. Eq. 246

-

1019, A/fi  for CSA A23.3-0

For waffle slab systems with valid ribs defined earlier in ¢hispter, the allowable shear stress is
increased by 10% for ACI desidfis

slab

The factored shear forad& in the critical section, is computed as the reaction at the centroid of the
critical section (e.g., column centerline for interior columns) minus thewssdfht and any
superimposed surface dead and live load acting within the critical section. If diften sis
considered open, two 4%ines are drawn from the column corners to the nearest slab edge (lines
AF and DE in ) and the selfveight and superimposed surface dead and live loads
acting on the area ADEF are omitted fréin

8 ACI 31814, 8.8.1.5, 9.8.1.5; ACI 3181, 8.13.8; ACI 3188, 8.13.8; ACI 3185, 8.11.8; ACI 3182,8.11.8;
ACI 31899, 8.11.8
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slab

The factored unbalanced moment used for shear tral&fgyjs 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

Moo = (Myier M 4 ign) ViCq Eq. 247
where:

Muyet = factored bending moment at the joint on the left hand side of the joint,

Muyight = factored bending moment at the joint on the right hand side gditite

A = factored shear force in the critical section described above,

Cy = 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).
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slab
The punching shear stress computed by the program is based on the f8ltowing
Vv, _ Eq. 248
A
where:
Vu = factored shear force in the critical sectdwscribed above,
A: = area of concrete, including beam if any, resisting shear transfer.

Under conditions of combined she¥, and unbalanced momeMynb, 3/Munb iS 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 corresp&hd to

— Vu gv M uanA

Vg K +J—CB Eq. 249
V M
VCD —_u gv uanCD Eq 250
A Je
where:
Munb = factored unbalanced moment transferred directly from slab to colunhesasibed
above,
oY = (17 ), Eq. 251
is a fraction of unbalanced moment considered transferred by the eccentricity of shear
about the centroid of the assumed critical setjon
C = distance from centroid of critical section to the face of section where stress is being

8 ACI 31814, 8.4.4.2.3; ACI 3141, 11.11.7.2; ACI 3188; 11.11.7.2; ACI 3185, 11.12.6.2; ACI 3182,
11.12.6.2; ACI 3189, 11.12.6.2; CSA A23:34, 13.3.5; CSA23.3-04, 13.3.5; CSA A23:34, 13.4.5

8 ACI 31814, R8.4.4.2.3; ACI 3141, R11.11.7.2; ACI 3188, R11.11.7.2; ACI 3185, R11.12.6.2; ACI 31:82,
R11.12.6.2; ACI 3189, R11.12.6.2; CSA A23-B4, 13.3.5.5; CSA A23:84, 13.3.5.5; CSA A23:34, 13.4.5.5;

8 ACI31814,8.4.4.2.1,8.4.4.2.2; ACI 318, 11.11.7.1; ACI 3188, 11.11.7.1; ACI 3185, 11.12.6.1; ACI 318
02, 11.12.6.1; ACI 3189, 11.12.6.1; CSA A23-84, Eq. 138; CSA A23.394, Eg. 138



slab|sfbeam

computed,

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

Factora in Eq. 251 is calculated 8%

1
= Eq. 252
9 1+(2/3 b /b, |
where:
b1 = width of critical section in thdirection 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 increa¥ed value

of o. For edge and corner columns with unbalanced moment about an axis parallel to the edge, the
value can be increased to 1.0 if thetMfarctored
edge columns and 0.9; for corner columns. For ACI 3189, ACI 31802, and ACI 31805,
condition that reinforcement rati pmustalscibee ef f
satisfied to apply the increase. For interior columns and for edge columns with unbalanced moment
perpendicular to the edge can be increased 25% but the final valuexafannot exceed 1.0. The
increase can be appl i edV.Also,tha eet tenkile strain id thee s n 6 t
effective slab has to exceed 0.010 for the ACI-B83ACI 31811, and ACI 31814. For earlier

ACI 318 editions, the condition that reinforcement ratio does not exceed Pgdies.

spSlab calculateg, as the absolute maximum w{s andvcp. Local effects of concentrated loads

are not computed by spSlab and must be calculated manually.

% ACI 31814, 8.4.2.3.2; ACI 3141, 13.5.3.2; ACI 3188, 13.5.3.2; ACI 3185, 13.5.3.2; ACI 3182,13.5.3.2;
ACI| 31899, 13.5.3.2; CSA A23:84, Eq. 138; CSA A23.394, Eq. 137

9 ACI 31814, 8.4.2.3.4; ACI 3141, 13.5.3.3; ACB18-08, 13.5.3.3; ACI 31®5, 13.5.3.3; ACI 3182, 13.5.3.3;
ACI 31899, 13.5.3.3
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slab

For the CSA A23.3 code ithesign mode, the program performs-oveey 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 padetp

a supplementary check including the contribution of these components should be performed

manually.

For the CSA A23.84 edition, a critical shear section is locatié?i 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 thicknessh

For the CSA A23.314/04 edition, a critical shear section is located not furtherdftafrom the
edge of the column or column capital. The extension to the cantilevered portion is considered by

a length not to exceed effective slab thicknés$he factored shear resistance is calculated as

follows®%
v, =b 1 {fi Eq. 253
where:

b = factor accounting for shear resistance of cracked cofitrete

92 CSA A23.314,13.3.6.2; CSA A23:84, 13.3.6.2

% CSA A23.314,11.3.6.2 and 11.3.6.3; CSA A233, 11.3.6.2 and 11.3.6.3
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slab

When performing tweway shear analysis for models with roontinuous longitudinal slab bands

a nonstandard partial drop panel asticipated 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 ¥z 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 perpentjdhl@ugh slab band, is located

% d of the slab band from the face of column. For three remaining column faces critical section is

located ¥4 of the slab measured from the respective edges of drop panel or slab band.
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When longitudinal beams are present in a span, the program computes the shear reinforcement
requirements for the beamBeam Transverse Reinforcement Capacitydialog boxin the

program output provides values \df, V., andAv/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 respentely. The critical sectionare located at a distande 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 distartt&om the column face, critical section is selected at the column
face.

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

no distinction between shallow beathk I./11 < 1) and deeper beansh [2/11> 1).
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Shear strength provided by concréte,is computed bY:

C - I
i//fib,d/6 for ACI 318M-02/99

€2/ [fib,d for ACI 318
|

10.17/ [tip,d  for ACI 318M-11/08/0
-1 Vb, Eq. 254

|
10.207, 4[fjo,d  for CSA A23.3-94

where:

L

Cc

= resistance factor for concrétequal to 0.60.

In CSA A23.394 design, for beams without minimum stirrup reinforcement and greater than 300

mm deep). is calculated from the following equatin

_a 260
3;17 fib,d 20.10 /,/ff bj,d Eq. 255
WhenV, >t V. /2, the beam must be provided with at least a minimum shear reinforcerffent of
?max( 0.75/f; ,5@ for ACI 318-11/08/05/1
T50 for ACI 318-99

max{ 0.06 0.3 for ACI 318M-11/08/0
T ( 2/— )S Eq. 256

,min

i max( J/16,0.33  for ACI 318M-02
1 1/3 for ACI 318M-99

|

10.06/fj for CSA A23.3-94

94

95

96

97

ACI| 31814, 22.5.5.1; ACI 3141, 11.2.1.1; ACI 3188, 11.2.1.1; ACI 3185, 11.3.1.1; ACI 3182,11.3.1.1,
ACI| 31899, 11.3.1.1; ACI 318M08, 11.2.1.1; ACI 318MD5, 11.3.1.1; ACI 318MD2,11.3.1.1; ACI 318M99,
11.3.1.1; CSA A23.34, 11.35.1

CSA A23.394,8.4.2
CSA A23.394,11.3.5.2
ACI 31814, 9.6.3.3; ACI 3141, 11.4.6.3; ACI 3188, 11.4.6.3; ACI 3185, 11.5.6.3; ACI 3182,11.5.5.2;

ACI 31899, 11.5.5.2; ACI 318M08, 11.4.6.3; ACI 318MD5, 11.5.6.3; ACI 318M)2,11.5.5.2; ACI 318M99,
11.55.2; CSA A23.34,11.2.8.4
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where:

A, = area of all stirrup legs,

S = stirrups spacing,

bw = longitudinal beam width,

fyt = yield strength of the shear reinforcement.

In the investigation mode, if the AGIL8 spacing requirement for shear reinforceffeot
minimum shear reinforcement requirement are not met, the shear strength of the section is taken

as onehalf of the shear strength provided by concrete.

WhenV, >V, shear reinforcement must be provided sa that

AT for ACI 318-11/08/05/0.
A 1 ffd A
N Eq. 257
StV % for CSA A23.3-94
pf.fd  ffd
where:
Vu = factored shear force at the section being considered,
Vs = shear strengtprovided by shear reinforcement,
d = effective depth of the beam at the same location,

,_
I

strength reduction factor for shear calculatfesjual to 0.85 for ACI 3189 and equal to
0.75 for ACI 31814, ACI 31811, ACI 31808, ACI 31805, and ACI 3182,

resistance factor for reinforceméttequal to 0.85.

»
1

% ACI 31814, 9.7.6.2.2, 9.7.6.2.3; ACI 318l 11.4.5; ACI 3188, 11.4.5; ACI 3185, 11.5.5; ACI31802,
11.5.4; ACI 31899, 11.5.4

% ACI 31814, 21.2.1; ACI 3181, 9.3.2.3; ACI 3188, 9.3.2.3; ACI 3185, 9.3.2.3; ACI 3182,9.3.2.3; ACI
31899,9.3.2.3

100 CSA A23.394,8.4.3
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The capacity of shear reinforcemaatis limited toV, . =8,/ fib,d (V,,..,=0.8 £/ fib dfor
CSA A23.394). WhenV, exceeds Ve + L Vs max(Vc + Vs maxfor CSA A23.394), thebeam section

dimensions must be increased or a higher concrete strength must be pPavided

WhenV, ¢ flo\/f_cihNd, the spacing is computed: as

s:%(n A) Eq. 258
S

where:

Asp = stirrup bar area (one leg),

n number ofstirrup legs.

The maximum stirrup spacing for ACI cod®must not exceed/2 or 24 in wherV, ¢ 4\/f_gbwd

&, ¢0.33/fib,d . WhenV, >4./fib,d, the maximum stirrup spacing must be reduced by half,

to d/4 or 12 in. For the CSA A23-34 standartf® maximum spacing must not exceed the smaller
of 0.7d and 600 mm whernv, <0.V ffib,d or the smaller of 0.35and 300 mm when

V,2 0.1/ ffjp,d.

WhenV, >8,/fib,d &V, .66/ f.j,d for ACI codes and/, >0.8/ £,/fib,d for CSA A23.3

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

provided®

101 ACI 31814, 22.5.1.2; ACI 3141, 11.4.7.9; ACI 3188, 11.4.7.9; ACI 3185, 11.5.7.9; ACI 3182,11.5.6.9;
ACI| 31899, 11.5.6.9; CSA A23:94, 11.3.4

102 ACI 31814, 9.7.6.2.2, 9.7.6.2.3; ACI 318, 11.4.5; ACI31808, 11.4.5; ACI 3185, 11.5.5; ACI31802,
11.5.4; ACI 31899, 11.5.4; CSA A23:34, 11.2.11

103 CSA A233-94,11.2.11

104 ACI 31814, 22.5.1.2; ACI 3141, 11.4.7.9; ACI 3188, 11.4.7.9; ACI 3188, ACI 31805, 11.5.7.9ACI 318
02, 11.5.6.9; ACB1899, 11.5.6.9, CSA A23:94, 11.3.4
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The minimum shear reinforcement requirement is waRrddr joist construction and for beams

satisfying the following criteria
For ACI 31814, ACI 31811 and ACI 318908

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

A Beams integral with slabs (assumed by the program for all beams-imayvsystems and
beams within onavay 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 31805/02/99

A Beamaswith depth not exceeding the largest of 10 in. [250 mm], 2.5 times flange thickness,
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 A23.394:

A Beams with depth not exceeding 250 mm.

A Beams integral with slabs (assumed by the program for all beams-imayvsystems and
beams within onevay slabs with overall width larger than effective beam flange width),

with beam depth not exceeding the larger of 600anch0.5 times web width.

105 ACI 31814, 7.6.3.1, 9.6.3.1; ACI 3181, 11.4.6.1; ACI 3188, 11.4.6.1; ACI 3185, 11.5.6.1; ACI31802,
11.5.5.1; ACI 31899, 11.5.5.1; ACI 318MD8, 11.4.6.1; ACI 318MD5, 11.5.6.1; ACI 318MD2,11.5.5.1; ACI
318M-99, 11.5.5.1; CSA A23:34,11.2.8.1
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For CSA A23.304 code, the program calculates shear streviggimovided by concrete from the

following equatioi®®:

V. =f, 1 Pfib,d, Eq. 259

,_
I

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

& = factor to account for lovdensity concrete,

bw = beam web width,

dv = effective shear depth equal to greater otl@©0.7,

b = factor accounting for shear resistance of cracked concrete,
Jfi O 8 MPa.

When V, > V., the beam must be provided with at least minimum shear reinforcément
Additionally minimum shear reinforcement is required for beam sections with overall thickness
exceeding 750mm. Minimum area of shear reinforcement is calculated from the following

formulal®®

A, :o.oe\/ﬁb:—s Eq. 260
y

106 CSA A23.314, 11.3.4; CSA A23-84,11.3.4
107 CSA A23.314,11.2.8.1; CSA A23:84, 11.2.8.1

108 CSA A23.314,11.2.8.2; CSA A23:84, 11.2.8.2
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Shear strength provided by shear reinforcem@nis calculated from the following equatfGh

v = fAfdcot( § Eq. 261

Ls = resistance factor faeinforcement ste° equal to 0.85,

A, = area of shear reinforcement within distasce

fy = yield strength of reinforcement,

dv = effective shear depth equal to greater otl@©0.72,

S = spacing of transverse reinforcement,

d = the angle of inclination of diagonal compressive stresses.

Spacing of transverse reinforcemestmust not exceed the smalférof 0.7d and 600 mm when
V, ¢0.125 ffjpo,d or thesmallet!?of 0.3 and 300 mm wheW, >0.125 ffip d.

WhenV, >0.25 Q/Tgbwdv, the beam section dimensions must be increased or a higher concrete

strength must be provided

109 CSA A23.314, 11.3.5.1; CSA A23:84, 11.3.5.1
110 CSAA23.3-14, 8.4.3(a); CSA A23:84, 8.4.3(a)
111 CSA A23.314, 11.3.8.1; CSA A23:84, 11.3.8.1
112 CSA A23.314, 11.3.8.3; CSA A23:84, 11.3.8.3

113 CSA A23.394, 11.3.3
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The program recognizes special member types and assumes vdlue.8fl andd = 42° in the

following cases'*
A Slabs (including slab bands for CSA code) having thickness not exceeding 350 mm.
A Beams having thickness not exceeding 250 mm.
A Concrete joist construction.
A Beams cast monolithically with the slab draving the depth below the slab not exceeding

onehalf of the width or 35Gnm.

For other general cases the program utilizes the so called simplified method. The \clge of
assumed as 35For sections having or requiring at least minimum transverse reinforcbrment
0.18 is assumed. For sections with no transverse reinforcement the vélug cdlculated as

follows!!>:

230

p=_ 9 Eq. 262
1,000+ d,

114 CSA A23.314, 11.3.6.2; CSA A23:84, 11.3.6.2

115 CSA A23.314, 11.3.6.3(b); CSA23.304, 11.3.6.3(h)
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When no ribs are present, one way shear is proportioned to the slab and beam according to the

following ratios
agl,l,, 1- gl, N, Eq. 263

When ribs are present (joist systems), one way shear is proportioned to the slab and beam

according to the following ratios of cresection areas

Aibs ’ Abeam Eq 2'64
Aibs + Abeam Aribs +Abean

Per requirement® of CSA A23.314/04, the program allows distributing eway 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 trathgtetree beam

remains unchanged irrespective of the use of this feature. This functionality is also provided for

ot her design codes, to be selected at enginee

116 CSA A23.314, 13.3.6.1; CSA A23:84, 13.3.6.1
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Oneway shear calculations in slab bands are done similar to shear-imayvelabs, 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 distributiaators. Transverse reinforcement is

not considered.

When calculating onevay shear capacity for twway solid and waffle slabs, the contribution of

the drop panel crossection can be optionally selected. For such slabs, the shear capacity is
calculated in three regions, with increasaalues 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 cresgction area in each strip.
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Torsion analysis can be engaged for beam andaaryesystemsy selectingves for Consider

Torsion run option located in thBroject Left PanelunderProject command in th&ibbon.

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.omocsin 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.-gedfion with different flange widths is an
example of a cross section which is not sygirical. 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.df a flang

is wider than the effective width then only the effective width is taken into account.

The design for torsion is based on a thvalled 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 defanitgduced total value of the

torsional design moment is used in the design. In the compatibility ‘iptietored torsional

moments that exceed cracking momegnt (0.67T, for CSA) are reduced to the value T

(0.67T¢sf or CSA). However, it is userodos responsibi
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 cressction are also required to progitbrsional capacity.

17 ACI 31814, 22.7.5.1; ACI 3141, 11.5.2.2; ACI 3188, 11.6.2.2; ACI 3185, 11.6.2.2; ACI 3182,11.6.2.2;
ACI 31899, 11.6.2.2; CSA A23:34, 11.2.9.2; CSA A23:84,11.2.9.2; CSA A23.34,11.2.9.2
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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 simultaneousliy)ethese 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 depeis 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 alondheiittocation

and associated load combination are provided in the design results report.

Effect of torsion within a segment will be neglected if the factored torsional momeat,every

segment location is less than one fourth of the torsion cracking mofaemthich equals

for ACI codé'®

2
T =4f /\/Tci% Eq. 265
cp

for CSA A23.394 codé?®

2
T =0.4, /\/fj% Eq. 266
cp

for CSA A23.314/04 cod&®

2
T, =0.39, A/f_ciﬁ Eq. 267
pcp

Acpdenotes the area enclosed by outside perimeter of concrete secigsigadual to the outside

perimeter of concrete section.

118 ACI 31808, R11.5.1; ACI 3185, R11.6.1; ACI 3182, R11.6.1; ACI 3189, R11.6.1
119 CSA A23.394,11.2.9.1

120 CSA A23.304,11.2.9.1
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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

code this condition reads'as

J o ®Bn Eq. 268
Fd &1 B, 2
The simplified method of CSA A23.84 standard defines this relatiot%s
hNud+ “2“ 0.2 1, Eq. 269
Similar requirement for CSA A23.84 reads as follows$>

% ~
J"ﬁNd 0 11%21 cé.zs‘cfd- Eq. 270

In above relationsAon is the area enclosed by centerline of the outermost closed transverse
reinforcement angh is the perimeter of that area. By default, flanges do not contribéig smd

pn. For sections with flanges, flanges will only be taken into accoudf@ndpn 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 denoteciad the limit value ass.

121 ACI 31814, 22.7.7.1; ACI 3141, 11.5.3.1; ACI 3188, 11.5.3.1; ACI 31®5,11.6.3.1; ACI 31802,11.6.3.1;
ACl 31899, 11.6.3.1

122 CSA A23.394,11.3.9.8

123 CSA A23.314, 11.3.10.4(b); CSA A23-64, 11.3.10.4(b)
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The required intensity of stirrup area to provide required torsional capacity is calculated from the

following formula?*

e T

0 u for ACI 318

T 2f A, fyt
ﬁ =¥L for CSA A23.3-94 Eq. 271
S 1 ZfS fyt

! T

1 u for CSA A23.3-14/0:

TZfSAOfytcot( gy

where the grosarea enclosed by the shear p&hA,, is taken as 0.8%n x A; /s is the quantity
per stirrup leg. Concrete shear and torsion strength reduction'fdctorfor 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 &juals

Ao A oA Eq. 272
S S S

124 ACI 31814, 22.7.6.1; ACI 3141, 11.5.3.6; ACI 3188, 11.5.3.6; ACI 3185, 11.6.3.6; ACI 3182, 11.6.3.6;
ACI| 31899, 11.6.3.6; CSA A23:34, 11.3.10.3; CSA A23:84, 11.3.10.3; CSA A23-94, 11.3.9.4

125 CSA A23.314, 11.3.10.3; CSA A23:84, 11.3.10.3; CSA A23:94, 11.3.9.7

126 ACI 31814, 21.2.1; ACI 3141, 9.3.2.3; ACI 3188, 9.3.2.3; ACI 3185, 9.3.2.3; ACI 3182, 9.3.2.3; ACI
31899, 9.3.2.3

127 ACI 31814, R9.5.4.3; ACI 3141, R11.5.2.8; ACI 3188, R11.5.3.8; ACI 3185, R11.6.3.8; ACB18-02,
R11.6.3.8; ACI 3189, R11.6.3.8



slab|sfbeam

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

code requirements can be written in thikowing form'28

Emax( 0.75/7 50 for ACI 318-11/08/05/1
150 for ACI 318-99
|
LE 4max( 0.062/Tj ,0.35  for ACI 318M-11/08/0 cq. 273
+2t '

fv imax({/fi/16,033  for ACI318M-02
|
10.33 for ACI 318M-99
|
10.06/f; for CSA A23.3-04/94

In addition to stirrup spacing requirement defined for shear, program imposes one more torsion
specific requirement for all ACI cod&&which limits the spacing to the smallestpaf8, 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 motbe less thah:.

128 ACI 31814, 9.6.4.2; ACI 3141, 11.5.5.2; ACI 3188, 11.5.5.2; ACI 3185, 11.6.5.2; ACI 3182,11.6.5.2;
ACI| 31899, 11.6.5.2; ACI 318ML1, 11.5.5.2; ACI 318M8, 11.5.5.2; ACI 318MD5, 11.6.5.2ACI 318M-02,
11.6.5.2; ACI 318M99, 11.6.5.2; CSA A23:34, 11.2.8.2; CSA A23:84, 11.2.8.2; CSMA23.394, 11.2.8.4

129 ACI 31814, 9.7.6.3.3; ACI 3141, 11.5.6.1; ACI 3188, 11.5.6.1; ACI 3185, 11.6.6.1; ACI 31®2,11.6.6.1;
ACI 31899, 11.6.6.1
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The area of additional longitudinal reinforcemei,is calculated frof#®

T, B,
=_uth_ Eq. 274
A 2f AT, |

For ACI code it is also checked against the following mininvaioe3:

5 fi 2 5 f
A,min :@ -%é %1_yt Eq 275
y (; S - fy

whereA: / sis calculated from Eq.-86 but is not taken less thant®3 fy.. Longitudinal bars are
selected in such a way that their area is not lessAh&A min 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 lesisan 1/24 of stirrup spacing for ACI cod&sand 1/16 for CSA

standard?

130 ACI 31814, 22.7.6.1; ACI 3141, 11.5.3.7; ACI 3188, 11.5.3.7; ACI 3185, 11.6.3.7; ACI 3182, 11.6.3.7;
ACI 31899, 11.6.3.7, CSA A23:94, 11.3.9.5

BB1 ACI 31814, 9.6.4.3, 9.7.5.1; ACI 3181, 11.5.5.3; ACI 3188, 11.5.5.3; ACI 3185, 11.6.5.3; ACI31802,
11.6.5.3; ACI 31899, 11.6.5.3

132 ACI 31814, 9.7.5.1, 9.7.5.2; ACI 3181, 11.5.6.2; ACI 3188, 11.5.6.2; ACI 3185, 11.6.6.2; ACI31802,
11.6.6.2; ACI 31899, 11.6.6.2

133 CSA A23.314, 11.2.7; CSA A23:84, 11.2.7; CSA A23:34, 11.2.7
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The additional longitudinal reinforcemem,, will only be calculated for CSA A23.84/04 if
COMBINED M-V-T REINF. DESIGN option is unchecked in thBesign Options tab underSolve
command in th&ibbon. If this option is checked (default setting) then no additional longitudinal
reinforcement is calculated because the regular top and bottom reinforcemenitavitatically

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 cdevmdoped in this reinforcement. In sections

with no axial action = 0 andV, = 0) that force is equal ¥:

A flexural tension side

M, 2 a0.45p, T, ©
I:It = d_ -Eth (Vf 95/3) f‘T o] l:Itiexure Flt,SFlI(-EaI Eq 2176
y ¢ 2A -
I:It ,flexure Flt shear
A flexural compressiorside
M 80.450,T, B
F|c = Tf e'th\/(\/f 075/5)2 %% o] I:Ic, flexure Flc shétn Eq 277
y ¢ 2A =
I:Ic,flexure F

Ic,shear

134 CSA A23.314,11.3.9.2,11.3.9.3, 11.3.10.6; CSA A284 11.3.9.2, 11.3.9.3, 11.3.10.6
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These forces can be decompdsenhto flexure and shear components. The flexure components,
Fitfiexure @nd Fic fiexurs @ccount for the action of the bending momewit, whereas the shear
componentsFi shear aNd Fic,sheas @account for the action of the shear forgg,and the torsional
moment,Tr. The amounts of reinforcement needed to resist the flexure components are calculated
separately in the flexure and axial design procedure. The total amount of the additional longitudinal

reinforcementA;, needed to resist shear and torsion will be determined as follows

80.45p.T, B
! 0

2
2cotg, [V, - 0.5/
I:It shear + F|C, shear q\/( f ) (; ZA) 9
A =t = Eq. 278

f.f, Lt

If only torsionis presentVs = 0 andVs = 0), then (assuming®d = 359 Al would reduce to

40.45p,T, &
® 28 2 o,T
A =2cot(359& > “=1285 "' Eq. 279
£ f, 2A, £f,

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

due to torsion required in accordance with the previous edition of the CSA A23.3 stédard

135 See Eq. #42, pp 294 ir
136 CSA A23.314, 11.3.6.3; CSA A23:84, 11.3.6.3

137 CSA A23.394,11.3.9.5
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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 texgusretl and
provided reinforcement area. In other words, the provided area of reinforcement is compared to
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 requirementeratened, the approach of comparing

total reinforcement area is more convenient since it does not require dividing stirrup area into a
part that reists 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, nuniggitfdinal 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 iDébgyn Resultsection of the report.
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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 ting torresponds 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
deflectiort®® 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.
DLive = Ttal -Dé2c

The program results section provides detailed summary of the frame section properties, frame
effective section properties, column and middle strip properties at midspan, and a summary of

extreme deflection values for each load level along the span.

138 Example 95 Calculation of Immediate Deflections it , pp. 443, Step 5
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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 stiffnessssumed 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 ir2”. The

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

The effective moment of inertid, developed by Bransor:{ ) and incorporated into the
code equalts
aM_. 6 ¢ M, @ B
o= e 3, € - g Eq. 2102
CVimax s ax H—
where:

moment of inertia of the gross uncracked concrete section,

Q.
1

moment of inertia of the cracked transformed concrete séttion

5
I

cracking moment,

Mmax

maximum bending moment at the load level for which the deflection is computed.

To calculatde for two-way slabs, the values of all terms for the full width of the equivalent frame
are used in Eqg.-202. This approach averages the effects of cracking in the column and middle

strips.

139 ACI 31814, 19.2.3.1, 24.2.3.5; ACI 31BL, 9.5.2.3; ACI 3188, 9.5.2.3; ACI 3185, 9.5.2.3; ACI 3182,
9.5.2.3; ACI 31899, 9.5.2.3; CSA A23:34, 9.8.2.3; CSA A23:84, 9.8.2.3; CSA A23:34,9.8.2.3

140 See formulas for various cross sections in Tabie 9
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The value ofe at midspan for a simple span and at support for a cantilever isthkeaalculate
flexural stiffness of a member. For other conditions, an averaged effective moment oflinggtia,
is used. For spans with both ends continubudseis given by*Z

Ie,avg:0'70; -I-Olil él I+e_r) Eq 2103

where:

effective moment of inertia for the positive moment region,

effective moment of inertia for the negative moment region at the left support,

effective moment of inertia for the negative moment region at the right support.

For spans with one end continuous the valuiek is given by*>
l..,.=0.89% +0.15 Eq. 2104

e,avg

where:

effective moment of inertia for the positive moment region,

effective moment of inertia for the negative moment region ataghénuous end.

141 ACI 31814, 24.2.3.6, 24.2.3.7; ACI 3181, 9.5.2.4; ACI 3188, 9.5.2.4; ACI 3185, 9.5.2.4; ACI31802,
9.5.2.4; AC| 31899, 9.5.2.4

142 AC| 435R95 ( ), 2.5.1, Eq. (2.15a); CSA A23B4, 9.8.2.4(a); CSA A23:84, 9.8.2.4(a); CSA A23:3
94,9.8.2.4, Eq. 9.3

143 AC| 435R95 ( ), 2.5.1, Eq. (2.15b); CSA A23:34, 9.8.2.4(b); CSA A23:84, 9.8.2.4(b)CSA A23.3
94, 9.8.2.4, Eq. 9.4
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The program estimates additional letegm deflection resulting from creep and shrinkage,by

multiplying the immediate deflection due to sustained lgag; by the factoray equal td*

X

/.= Eq. 2105
° 1+50r] q
where:
3 = time dependent factor with the maximum value of 2.0 (the actual value is interpolated from

the values and the chart given in the ¢6tleased on the load duration specified by the
user in the input),

ratio of compressive reinforcement at midspan for simple and continuous spans and at

Y—
I

support for cantilevers.

Deflection due to the sustained loagdys; is the deflection induced by the dead load (including
self weight), plus sustained portion of the live load.

And longterm deflection resulting from creep and shrinkage equals

D. = D/y Eq. 2106

The program calculates incremental deflection which occurs @dititions 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 eqtféls

Dcs+|u = Q (+totaD su_s) Eq 2107

144 ACI 31814, 24.2.4.1.1, 24.2.4.1.2, 24.2.4.1.3; ACI 318 9.5.2.5; ACI 3188, 9.5.2.5; ACI 3185, 9.5.2.5;
ACl 31802, 9.5.2.5; ACI 3189, 9.5.2.5; CSA A23:34, 9.8.2.5; CSA A23:84, 9.8.2.5; CSA A23:34,
9.8.2.5A23.3

145 Fig. R24.2.4.1; Fig. R9.5.2.5in ACI 3118, ACI 31808; ACI 31805; ACI 31802, and ACI 3189;Fig. N9.8.2.6
in CSA A23.304 and CSA A23.34

146 CSA A23.304 N9.8.2.5, CSA A23:34 N9.8.2.5
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In the second approach, thesumption 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 t§".

Dot = B e Eq. 2108

cstl T

The total longterm deflection @)t is also calculated &§:

(DtOtal)lt = srngt(l /5-) ( -'t-otaID sus} Eq 2'109

147 See Example 10.1 in

148 CSA A23.304 N9.8.2.5; CSA A23-34 N9.8.2.5
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slab

Calculation of deflections of reinforced concrete tway 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 dropglamnd column capitals, cracking, and the
time-dependent nature of the material response. Based on studies’((- 2~ ), an approximate
method consistent with the equivalent frame method was develcped|{~) 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 spanref and those due to the known rotation at the two support f@eandgy . €alculation
of midspan deflection of the column strip or the middle strip under-#ex@tconditions is based
on M/EI ratio of the strip to that of the fulNidth panel

M

D. = strip Eclframe Eqg. 2110
f ,strip fef M E | .

frame c' strip

The ratio Mstif/Mtrame) Can be considered as a lateral distribution fatioF,.

For ACI and CSA A23.34 codes the lateral distribution factaDF, at an exterior negative

moment region is

LDF,

neg, ext

=100 -10b, 24% @:—2
¢ 1

Eq. 2111
12?1— q

TheLDF at an interior negative moment region is

a 1, 03
LDFneg, int = 75 _SO&Q fll_2 O:I'ai,lg Eq 2112
¢ hL =+

LDF,,,=60 8052, 2 ol 2 Eq. 2113
¢ + ¢
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where:

Uh

the ratio of flexure stiffness of a beamaction to the flexural stiffness of a width of slab

bounded laterally by centerlines of adjacent panels on either side of the beam,

o)
1

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

slab equal to thepan length of the beam, centercenter of the supports (see EeB®.

For CSA A23.314/04 code lateral distribution factors are based on tabulated values presented

earlier in the chapter.
Whenlh I2/11 is greater than 1.@} I2/11 will be set equal to 1.0.

The column and middle sitrip LDF6s can be comp

LDF.. +LDF, .
LDF s+ £ =

LDF, = 5 2 Eq. 2114

LDF, =100 -LDF, Eq. 2115

where:

LDFneg, = LDF for the negative moment region at the left end of the span,

LDFnegr = 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:

Dstrip = Qtrip ﬂID q‘ Eq 2-116
where:

pd, rgdnidspan 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.
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The deflections should be used in conjunction with the deflections obtained from an analysis in

the transverse direction. For square paflekslz), the midpanel deflection is obtained from the

following equation as shown in
D=bO +D = D, Eq. 2117
For rectangular panel@; | 12), the mid panel deflection is obtained from

Oy + B) (*nP o

D

Eq. 2118
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Direction

\ of Analysis
ACX
1>

Assumed
Support Line ™

Y X
. . Assumed
/ Support Line
a) X Direction Bending
Assumed
~~ Support Line

Assumed

Support Line " \

b) Y Direction Bending

Direction
of Analysis

A=Ax + Am}' = ACY + Amx

¢) Combined Bending

Figure2.271 Deflection Computation for a Square Panel
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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 stighdlmstrip and beam must equal

the factored design moment

M, =Ff Asé1 Af, Eq. 280
R ?j 2(0.85fj)b +
The reinforcement can therefore be computed from
iba
A5:0'85fc'b%j e =My Eq. 281
f, 8 70.85f jb
For CSA A23.3:
3 fAf
Mr=fsfyAsgéi L Eq. 282
¢ 2a ffib

Theeffective 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 nahbleided in the effective depth of

the column strip when the drop does not extend at leastigtiethe centeto-center span length

in all directions, or when the drop depth below the slab is less thagquamnier the slab depth. If

the drop extends &tast onesixth the centeto-center span length and the drop depth is greater
than onequarter 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 effectptle. dethe 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 considerteektends 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 alp panels. If transverse beam depth exceeds the limit, excess

depth is disregarded in the reinforcement calculations.

For twoway slabs with beams, an option exists when designing reinforcement for positive bending
moments, to include a portion of slab as beam fldAt@sSection). 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 gewetry 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 aSEction is selected, reinforcing bar desigpasformed

assuming that they are distributed across the beam width including the flanges.

For the ACI 31899 code the strength reduction factor for flexure calculations is specified as
0.90"°, For the ACI 31814, ACI 31811, ACI 31808, ACI 31805, and ACI 3182 codes the
strength reduction factor for tensienntrolled sectiond{©0.005) is equal =0.90. For transition
sections f;, / Es O ©0.005) the strength reduction factor can be linearly interpolated by the

formulat®t

0.90- 065
0.005 f, /E,

f=0.65 e %, IE) Eq. 283

149 See footnote 50
150 ACI 31899, 9.3.2

151 ACI 31814, 21.2.1; ACB1811, 9.3.2; ACI 3188, 9.3.2; ACI 3185, 9.3.2; ACI 31802, 9.3.2
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ACI 31814, ACI 31811, ACI 31808, ACI 31805, and ACI 3182 codes specify thgtrength
reduction factor for compression controlled sectidis {, / Es) 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 pinegram performs the calculations assuming a tension

controlled section ©0.005) or a section with compressive reinforcement (if enabled).

The ACI 31899 codé®? requires keeping the steel ratio below the maximum valug,equal to

75% of steel ratio producing balanced strain condifignvheré>>

fi 87
r, =0.85 p-=<
d pf_87+ f,

y

Eq. 284

with

€0.85 forfi¢ 4 ksi
b, =10.65 forfj 28 ksi
t1.05- 0.05;  for 4 ksi<f_ <8 ks

For CSA code the value pfaxequalg » and is calculated as follow$:

Eq. 285

where:

U, = 0.85 0.0015; 2 0.6,

b = 0.97- 0.0025, 2 0.6.

152 ACI 31899, 10.3.3
153 ACI1 31899, 8.4.3

154 CSA A23.314, 10.5.2; CSA A23:B4, 10.5.2; CSA A23:34, 10.5.2; Eq. 24, pp 110ir



slab|sfbeam

The AC131814, ACI 31811, ACI 31808, ACI 31805, and ACI 3182 codes control the amount
of reinforcement by limiting the value of net tensile str&irfQ( 0 .'%. The program satisfies
this condition by assuming a tensioned controlled sectionh 0. 005 . From this

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

. __ 0003 085
™" 0.003+ 0.005 f

y

Eq. 286

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 ardedndbe 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 stHs.

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 regnfi@nt yield strength exceeds 60

ksi, the minimum ratio is set to 0.08% 60 /fy. 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

)157. 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 reinforcéthent

155 ACI 31814, 7.3.3.1, 8.3.3.1, 9.3.3.1; ACI 318, 10.3.5; ACI 3188, 10.3.5; ACI 3185, 10.3.5; ACI 3182,
10.35

156 ACI 31814, 8.4.2.3.2, 8.4.2.3.3; ACI 318, 13.5.3.2; ACI 3188, 13.5.3.2; ACI 3185, 13.5.3.2ACI 31802,
13.5.3.2; ACI 31899, 13.5.3.2; CSA A23:34, 13.3.5.3; CSA A23:84, 13.3.5.3; CSM23.3-94, 13.11.2

157 ACI 31814, 7.6.1.1, 8.6.1.1; ACI 3181, 7.12.2.1; ACI 3188, 7.12.2.1; ACI 3185, 7.12.2.1; ACI 3182,
7.12.2.1; ACI 31809, 7.12.2.1

158 CSA A23.314, 7.8.1; CSA A23-®4, 7.8.1; CSA A23:34,7.8.1
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<60 0.0020
O 60 o.oofﬂoz 0.0014

y

Table2.517 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

f .
AS,min = 3\{3 hNd Eq 287
y

and not less than 2bB@d / fy whereb, is the web width of the section. For statically determinate

sections with flange in tensioby is replaced by the smaller abwand the width of the flange.

Similar equation prescribed by CSA A23.3 code has the'f§rm

0.2/}
A&,min = f CI hh Eq 2‘88
y

whereby is the width of the tension zone of the section. Additionally, fsedtions having flange
in tension the CSA code limits valuelwfto 1.5 for single sided flanges and to B.5or double

sided flanges.

When designing reinforcement for longitudinal slab bands according to CSA code, program

assumes identical minimum steel requirements as for beams.

159 ACI 31814, 9.6.1.1, 9.6.1.2; ACI 3181, 10.5.1; ACI 3188, 10.5.1; ACI 3185, 10.5.1; ACI 3182, 10.5.1;
ACI 31899, 10.5.1

160 CSA A23.314, 10.5.1.2(b); CSA A23:84, 10.5.1.2(b); CSA A23:94, 10.5.1.2(b)
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CSA A23.314/04 requires, in proportioning of longitudinal reinforcement, to inchdtétional
tension forces caused by shear and tot8toffo 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 edfal to

° 2,
h:"\:_f‘ Jeotq\/(yvf\ 0.5,) %9% g Eq. 289

On the flexural compression side the force in longitudinal reinforcement is e¢fifal to

2 40.45p,T, B |M,|
F. =cotqg,|||V.| -0.5/ 5 —— Eq. 290
ic = CO q\/(‘ f‘ s) W 6 d q

but not less than zero.

For these forces, longitudinal reinforcement area is calculated from the following eq§4tions

Fi
= Eq. 291
A 3 g
F
= e Eq. 292
Ac X g

161 CSA A23.314, 11.3.9; CSA A23-B4,11.3.9
162 CSA A23.314, 11.3.9.2 and 11.3.10.6; CSA A283, 11.3.9.2 and 11.3.10.6
163 CSA A23.314, 11.3.9.3 and 11.3.10.6; CSA A2®8, 11.3.9.3 and 11.3.10.6

164 CSA A23.314,11.3.9.1; CSA A23:84,11.3.9.1
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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

_gmax{ A A} itM,2 0

Eq. 293
tmax{A A} ifM, <0 a

Aop

_gmax{A A} ifM;20

Eq. 294
tmax{ A, A} ifM, <0 A

ot
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slab

spSlab computes the fraction of the unbalanced mom&nt, that must be transferred by flexure
within an effective slab width (a band) equal to the column width plus one arthiirtbe slab
or drop panel depth (Ihbon either side of the column whéte

g = L Eqg. 2100

1+§,/bl/b2

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 number
of bars that fall within the effective slab width multiplied by theaawéeach 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, 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 on selected supports can be automatically adjusted to the maximum
permitted value. The corresponding valuecf 11 & is adjusted accordingly. This option allows
relaxing stress levels for twway 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. bf given load case the corresponding-tmay sheak, exceeds the appropriate

limits 0.78 V. at an edge support, 0 at a corner oport, or 0.4V at an interior support,
adjustment of both factors is not performed. When the adjustmenamd o, factors is selected,

the reinforcement calculated within the transfer width should be limited according to the code to

165 ACI 31814, 8.4.2.3.2, 8.4.2.3.3; ACI 3181, 13.5.3.2; ACI 3188, 13.5.3.2; ACI 3185, 13.5.3.2; ACI 3182,
13.5.3.2; ACI 31899, 13.5.3.2; CSA A23:34, 13.3.5.3; CSA A23:84, 13.3.5.3; CSA A23:84, 13.11.2 and
13453
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reinforcement ratig < 0.375y, as stipulated in ACI 3:89/02/03°%, or limitation of nettensile
strainy > 0.010, as required by ACI 3118}, ACI 31811 and ACI 31808'%". Violation of this
requirement is reported by the software as exceeding maximum allowable reinforcement indicating
that the option to adjust the factarshould be turned off by the user at the support where the

violation occurs.

It should be noted that the ACI cdfferequires 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 crosction can be optionally selecteftselected, 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-timed of the total negative reinforcement for the entire
design strip at interior supports to be concentrated in the band bgdéxtending 1.Bs from the

sides of the columA®. The program fulfills this requirement by concentrating a portion of
reinforcement assigned to the design strip that includes Wwidthhis strip will typically be the

column strip. However, if longitudinal slab bands or diaindlike beams wider than band width

by are present, then reinforcement assigned to these elements is concentrated. At exterior supports,

the total negative reinforcement is placed intband widtd’® or if a beam narrower thdm is

166 ACI 31814, 8.4.2.3.4; ACI 3141, 13.5.3.3; ACI 3185, 13.5.3.3; ACI 3182, 13.5.3.3; ACI 3189, 13.5.3.3
187 ACI 31814, 8.4.2.3.4; ACI 3141, 13.5.3.3; ACI 3188, 13.5.3.3

168 ACI 31814, 8.4.2.3.5; ACI 3141, 13.5.3.4; ACI 3188, 13.5.3.4; ACI 3185, 13.5.3.4; ACI 3182, 13.5.3.4;
ACIl 31899, 13.5.3.4

169 CSA A23.314, 13.11.2.7; CSA A23:84, 13.11.2.7; CSA A23:94, 13.12.2.1

170 CSA A23.314, 13.10.3; CSA A23:84, 13.10.3; CSA A23:84, 13.12.2.2, 13.13.4.2
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present, then the total reinforcement is placed within the beam'@idthe reinforcement in the
by and the remaining portions of the design strip is also checked for compliance with spacing and

minimum reinforcement requirements.

171 CSA A23.304, 13.12.2.2; CSA A23:84, 13.12.2.2; CSA A23:94, 13.13.2.2
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Proper reinforcement detailing is a critical step in ensuring the performance and safety of structural
systems designed using spSlab and spBeam. The detailing process involves dbkecing
spacing, and extsion ofreinforcement in accordance with the requirements of design codes, such
as ACI 318 and CSA A23.3. Adhering to these guidelines ensures that the structural elements
achieve the intended capacities while maintaining durability, ductility, and resistatreekng

and progressive collapse.

This sectionoutlines the methodology and criteria employed by spSlab and spBeam to assist users

in determining optimal reinforcement layouts. It covers key aspects of reinforcdetailing

spacing limitations, development lengths, and structural integrity reinforcement. The iterative
design approach used by the programs incorporates considerations such as bar sizes, clear spacing,

and crack control requirements to meet both minimum andnmoax limits required by the code

Additionally, provisions for structural integrity and corner reinforcement are discussed to enhance
the redundancy and ductility of the structural system.

According to AC+318 codé’?, 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 didgnetet, in.
According to CSA codé3, 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 ddyratér2

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

172 ACI 31814, 25.2.1; ACI 318.1, 7.6.1; ACI 3188, 7.6.1; ACI 3185, 7.6.1; ACI 3182, 7.6.1; ACI 3189,
7.6.1

173 CSA A23.314, Annex A, 6.6.5.2; CSA A23-84, Annex A, 6.6.5.2; CSA A23.34, Annex A, A12.5.2
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tolerances for reinforcement placeméhand other project specific considerations.

For twoway systems, the maximum spacing of reinforcement is kept at two times the slab
thickness for the ACI cod® and three times the slab thickness for the CSA¢&dmut no more

than 18 in. or 500 mm respectively. For joist systems the limit is increased to 5 times the slab
thicknes$’”. When calculating negative support reinforcement for the CSA'€bdlee program
assumes that banded reinforcement over supports is spaced at a maximumaofdli® more

than 250 mm.

For oneway slabs, the maximum spacing is limited’tdhe smaller of three times the slab
thickness and 18 in. [500 mm]. Additionally, the maximum spacing of reinforcegy@mtjeams

and oneway slabs is selected so that the following crack control requirements of the ACI and the
CSA code€are met

. 4900,000 480,0000
st mlnﬁi’ 25 ———"5 ( ACl 318-11/08/0
C fy SCt fy - ( )5
_ 8900 432 0
s¢ min 250 — 4 ACI 318-02/9 Eqg. 295
Fr, 4, 8 ( ’ A
1
0.6f,(d.A)2 ¢ 7, ( CSA A23.3-14/04/9)
where;
174 See ACI317-06 ( )

175 ACI 31814, 8.7.2.2; ACI 3181, 13.3.2; ACI 3188, 13.3.2; ACI 3185, 13.3.2; ACI 3182,13.3.2; ACI 318
99, 13.3.2

176 CSA A23.314, 13.10.4; CSA A23:84, 13.10.4; CSA A23:34, 13.11.3(b)

77T ACI 31814, 7.7.6.2.1, 8.7.2.2; ACI 3181, 7.12.2.2; ACI 3188, 7.12.2.2; ACI 3185, 7.12.2.2; ACI 3182,
7.12.2.2; ACI 31809, 7.12.2.2; CSA A23:34, 7.8.3; CSA A23-84, 7.8.3; CSA A23.34, 7.8.3

178 CSA A23.314, 13.10.4; CSM23.3-04, 13.10.4; CSA A23:34, 13.11.3(a)

179 ACI 31814, 7.7.2.3, 8.7.2.2; ACI 3181, 7.6.5; ACI 3188, 7.6.5; ACI 3185, 7.6.5; ACI 3182, 7.6.5, ACI
31899, 7.6.5; CSA A2334,7.4.1.2; CSA A23:84, 7.4.1.2; CSA A23:34,7.4.1.2

180 AC| 31814, 24.3.2, 24.3.3; ACI 3181, 10.6.4; ACI 3188, 10.6.4; ACI 3185, 10.6.4; ACI 318€2,10.6.4;
ACI 31899, 10.6.4; CSA A23:34, 10.6.1; CSA A23:B4, 10.6.1; CSA A23:34, 10.6.1
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cc = least distance from the surface of bar to the tension face,
d. = distance fromextreme 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,

Zmax = 30,000 N/mm for interior exposure or 25,000 N/mm for exterior exposure, multiplied by a
factor of 1.2 for epoxycoated 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 reqégealy the area of one bar,

Asn, 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 limitatienaarmet, the number of bars

required to satisfy thlee limitations is computed and the iteration process terminates.

\/\

Side Cover

Wbend %

H e

——Longitudinal bar
IS .
tirrup
Figure2.281 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 stioruwifith calculations and this value
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can also be changed by the user. The program also assumes that the longitudinal bar makes contact
at the middle of the stirrup bend where the minimum inside diameter of the bend is four times
stirrup diametéf. Therefore, an additional width is added to the cover for longitudinal bars less
than size #14 (#45 for CAN/CS&30.18) | T ). This additional width due

to the bendwheng is equal to

& V2 & q,

Wes =@ —— & — Eq. 296
? 2 g 2

where:

d» = diameter of the longitudinal bar,

r insideradius of bend for stirrup.

Top Slab

[ Thickness
|

~ e 6 & =

e ]

. Surrup +
Side Cover

Beam Depth

Layer Spacing
C/akl
/
Y
— —~— Bar Spacing

| Width |

Figure2.291 Detail Reinforcement in Longitudinal Beams

— |=— Face Dist.

181 AC| 31814, 25.3.2; ACI 31811, 7.2.2; ACI 31908, 7.2.2; ACI 31905, 7.2.2; ACI 3192, 7.2.2; ACI318-99,
7.2.2; CSA A23.304, 7.1.1 and Table 16 in Annex A; CSA A233, 7.1.1 and Table 16 lnnex A
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Bar-length computations are performed for tway slabs and longitudinal beams. Rop

reinforcement at the supports, the length for long bars is given by

long

émax(lsg,) +

d Jong

:max¥ ma>(| pi) +mafd 1@, |, /3¢

|
T l fos +| cr,long

and the length for short bars is given by

short —

where:
max (50%)

max (pi)

In
|fos

ler

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

requirements for reinforcement specified by the c§diédditionally the program may select

gmax(lsgy,) + maxd ,18,}
[, . =maxj

T l fos + max{l d, shortl ct shor}

maximum distance to the points of 5@mand,
maximum distance to the points of inflection (P.1.),
bar development lengt#?,

effective depth,

bar diameter,

clear span length,

distance to the face of support (column),

minimum code prescribed extension.

Eq. 297

Eq. 298

182 Chapter 25 in ACI 3144; Chapter 12 in ACI 3181, ACI 31808, ACI 31805, ACI 31802, and ACI 3189;
CSA A23.314, Clause 12.2; CSA A23®4, Clause 12.2; CSA A23%4, Clause 12.2

183 Figure 8.7.4.3a in ACI 3184; Figure 13.3.8 in ACI 3181, ACI 31808, ACI 31805, ACI 31802, and ACI 318
99; CSA A23.314, Figure 13.1; CSA A23:84, Figure 13.1; CSA A23-94, Figure 13.1
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continuous top bars in those spans where steel is required by calculatiorspamidt 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 Haend configurations. If a bar starts (or ends) aolumn 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 beapported slabs, is based strictly on

the minimum values of thende.

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 expré&sweiow, but not les&® than 12 in

[300 mm}

€3 for ACI318-11/08
3 40/
11 for Aci318M-11/08
}1.1/
f
|, =d, o Yee X 430 4o aCi 318-05/02/99 Eq. 299
Jfidc,+K, 0740
d 07/
G b _Tﬁ for ACI 318M-05/02/99
;L
1[1.120 ! for CSA A23.3-14/04/9
where:
(: = reinforcement location factor equal to 1.3 if more than 12 in [300 mm] of fresh concrete is
cast in the member below tdevelopment length or splice, or equal to 1.0 otherwise,
Je = coating factor equal to 1.0 for uncoated reinforcement; for epoxy coated reinforcement

with covers less thandg or clear spacing less thadsghe factor is equal to 1.5 and for all

184 ACI 31814, 25.4.2.3; ACI 3141, 12.2.3; ACI 3188, 12.2.3; ACI 3185, 12.2.3; ACI 3182, 12.2.3; ACI
31899, 12.2.3; ACI 318M11,12.2.3; ACI 318MD8, 12.2.3; ACI 318MD5, 12.2.3; ACI318M-02, 12.2.3; ACI
318M-99, 12.2.3; CSA A23:34, 12.2.2; CSA23.3-04, 12.2.2; CSA A23:34,12.2.2

185 ACI 31814, 25.4.2.1; ACI 3141, 12.2.1; ACI 3188, 12.2.1; ACI 3185, 12.2.1; ACI 3192, 12.2.1; ACI
31899, 12.2.1; CSA A23:34, 12.2.1; CSA A23:84, 12.2.1; CSA A23:34, 12.2.1
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other epoxy coated bars it equals, 1.2

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

Qs

@
I

lightweight aggregate concrete factor equal to 1.0 for normal concrete and:
0.75 for lightweight concrete per ACI 318, ACI 31811 and ACI 31808

1.3 for lightweight concrete per ACI 318%/02/99

1.3 for lowdensity concrete per CSA A23131/04/94

1.2 for semi low density concrete per CSA A234804/94

Ker

transverse reinforcement index conservatively assumed zero,

smaller of the distance form bar surface to the closest concrete surface dradf ¢tveo
thirds for CSA®9) centerto-center bar spacing.

&
I

Additionally, the product o€:Ce is not taken greater than 1.7 and the development lelagis,
reduced®®by the factor ofs reqto As provWhere the provided area of flexural reinforcemégpyoy

exceeds the area required by analy&igsq

The final calculated or minimum development length for each bar is tabulated in the design results
section of the program results report. In tway slab systems without beams, the development

length presented is often controlled by the minimum developleegth.

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

shear capacity at the cutoff point for each bar is evaluated for satisfying the shear demand does not

186 Denoted asksin CSA A23.314, 3.2; CSA A23.34, 2.3 and CSA A23:94, 12.0
187 ACI 31805, 2.1; ACI 31802, 12.2.4; ACI 3189, 12.2.4

188 ACI 31814, 25.4.10.1; ACI 3181, 12.2.5; ACI 3188, 12.2.5; ACI 31895, 12.2.5; ACI 3182,12.2.5; ACI
31899, 12.2.5; CSA A23:34, 12.2.5; CSA A23:B4, 12.2.5; CSA A23:34, 12.2.5
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exceed permissible shear lifit Final bar length shall be extended beyond the minimum reported

to meet one of the three conditions outlined@l 318'°°

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.

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 support€. In continuous beams, including longitudinal beams in-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 lésantwo bars are continuotf. Also, at least one

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

beam&®

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

189 AC| 31814, 7.7.3.5(a) ACI 31811, 12.10.5.1 ACI 31808, 12.10.5.1 ACI 31805, 12.10.5.1 ACI 31802,
12.10.5.1 ACI 31899,12.10.5.1

190 ACI 31814,7.7.3.5, 7.7.3.5(a), 7.7.3.5(b), 7.7.3.5@&LI 31811, 12.10.5 12.10.5.1,12.10.5.2,12.10.5.3 ACI
31808,12.10.5,12.10.5.1,12.10.5.2,12.10.5.3 ACI 31805,12.10.5,12.10.5.1,12.10.5.2,12.10.5.3 ACI 318&
02,12.10.5,12.10.5.1,12.10.5.2,12.10.5.3 ACI 31899,12.10.5,12.10.5.112.10.5.2,12.10.5.3

191 ACI 31814, 8.7.4.2.1,8.7.4.2.2; ACI 318, 13.3.8.5; ACI 3188, 13.3.8.5; ACI 3185, 13.3.8.5ACI 31802,
13.3.8.5; ACI 31899, 13.3.8.5

192 ACI 31814, 9.7.7.1(a); ACI 3141, 7.13.2.2(a); ACI 3188, 7.13.2.2(a); ACI 3185, 7.13.2.2(a)ACI 31802,
7.13.2.2(a); ACI 3189, 7.13.2.2

193 ACI 31814, 9.7.7.1(b); ACI 3141, 7.13.2.2(b) and 7.13.2.4; ACI 308, 7.13.2.2(b) and 7.13.2.4; ACI 308,
7.13.2.2(b) and 7.13.2.4; ACI 31®, 7.13.2.2(b) and 7.13.2.4; ACI 399, 7.13.2.2 and 7.13.2.3
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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 shoukistaf at least two bars and meet the

conditiont®

5 A2 == Eq. 2101

whereVse is the larger of shear force transmitted to column or column capital due to specified

(unfactored) loads and shear force corresponding to twice thevesgliit of the slab.

Design Results - Integrity Reinforcement at Supports

NOTE: The sum of bottom reinforcement crossing the perimeter of the support on all sides shall not be less than the below listed values.

Support Vse Asbh
kM mm?

1 197.59 988

2 414,95 2075

3 414,95 2075

4 197.59 938

Fiqure2.3071 Integrity Reinforcement at Supports

slab

The program performs calculation of the amount of reinforcement in exterior corners of slabs with
stiff edge beamd]greater than 1.63°. 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
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.

194 CSA A23.314, 13.10.6.1 and 13.10.6.2; CSA A284, 13.10.6.1 and 13.10.6.2; CSA A2®48,13.11.5.1 and
13.11.5.2

195 ACI 31814, 8.7.3.1; ACI 318.1, 13.3.6; ACI 3188, 13.3.6; ACI 3185, 13.3.6; ACI 3182,13.3.6; ACI 318
99,13.3.6; CSA A23.314, 13.12.5; CSA A23:84, 13.12.5; CSA A23:-34, 13.13.5
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Conventionally reinforced concrete floor systems, including slabs and beams, contain a diverse
variety of parameters and considerations that could be achieved by the flexibility-iof pkste
concretdorming systems. Notwithstanding prestressing and{eostioning, engineers and design
professionals will encounter numerous special conditions to handle and deal with in the design of
a concrete floor system, ranging from the placement of concreteit@zpg of shapes and cross

sections for gravity and lateral load effects.

When analyzing lateral loads, each framay be evaluated as a single unit for the full height of

the building. Structural analysis software, such as spFrame and ETABS, can be used to perform
this type of analysis. It is important to recognize that for lateral load assessmedfiteasiab
elements mayexperience reduced stiffness due to cracking, along with modifications to the
effective slab width used in the analysis.

The bendingmoments generated at the two ends of a span due to lateral loads, such as wind or
seismic forces, can be obtained from such an analysis. These moments can then be incorporated
into the spSlab model as Lateral Load Effetgut, allowing for the determination of the

appropriate design moments when considering both gravity and lateral loading.

The scope of lateral load consideration in spSlab is limited to this process, where externally
computed lateral moments can be applied within the equivalent frame model to evaluate their
effects on the structural desiga shown in the following figurdore information about this topic

can be found in and
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Floor in
Consideration
Mg Mg
I N7 A\ 4
= = = < PAAN p,
L L M & Mg M Mg | Mp Mg
Input into spSlab
manually
Bending Moment Diagram from spFrame Analysis Lateral Load Effects input into spSlab
(due to Lateral Load) These turn into bending moment diagram
‘ automatically without spSlab analysis as
they already are spFrame analysis results
Mg Mg
M, Mg
Bending Moment Diagram from spSlab Analysis Bending Moment Diagram from spFrame Analysis
(due to Gravity Load) (due to Lateral Loads) being transferred into

spSlab via "Lateral Load Effects" Menu

Figure2.317 Incorporation of Bending Moments due to Lateral Loads from spFrame into spSlab

Gravity Load Analysis
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In some conditions, lateral loads acting on an equipment supported on a span may impose point
loads and/or moments in that given spime Program does not have a lateral sypenoad option

in order to accommodageich point force or moments at a span due to lateral loAéthough it

is neither ideal nor recommended, the user may consider utilizing Snow load case poianter
forces or moments imposed by suateral loadsalong the spam order to obtain the internal

forces and for the flexural arghear design purposes. In the Program, since Snow load case is a

Dead load type, its implications to deflection calculatiosild requireconsiderable engineering

judgment

Light post supported on
a beam

M due to Wind Load
input as Snow Load
Case

Figure2.321 Loads along the Span imposed by Lateral Loading

StructurePoint anticipates the inclusion of additional load cases to accommodate latsral load
being applied to the span in future releases once adequate consideration and research has been
done to the effects of live load patterning and deflection calculations for lateral forces. It is
anticipated that the inclusion of lateral forces will complicatatlyehe procedure of live load
arrangement and patterning, in addition to the added complexity of calculating sustained live loads

that are an essentialpaf the deflection calculations specifically long term.
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The spBeam program is a powerful tool for modeling-wag, multistory, twedimensional
concrete frames, allowing users to analyze individual stories as separate frames. Each story is
modeled with slab beam elements and columns above and below, emplogiggivalent column
concept and restraining horizontal translational degrees of freedom at the story level. However, in
scenarios where unsymmetrical vertical loading, variations in support stiffness, or boundary
conditions induce horizontal sidesway, thgFrame program provides a more comprehensive
analysis. Unlike spBeam, spFrame accommodates the entire height oflan@rsional frame,
accurately accounting for sidesway effects on internal force magnitudes. A comparative ,analysis
conduc Cadaidomo @

0 Techni ¢anm AlrrdPoigillustrates that while spBeam assumes
sidesway restraint, spFrame considers its effects, leading to more reliable results for design under

such conditions.


https://structurepoint.org/publication/pdf/Comparison%20of%20Gravity%20Loaded%20Concrete%20Frame%20Models%20in%20spBeam%20and%20spFrame%20under%20Sidesway.pdf
https://structurepoint.org/publication/pdf/Comparison%20of%20Gravity%20Loaded%20Concrete%20Frame%20Models%20in%20spBeam%20and%20spFrame%20under%20Sidesway.pdf
https://structurepoint.org/index.asp
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slab

Openings in concrete slabs significantly influence their structural behavior, particularly in terms
of shear strength and load distribution. The presence of openings alters the flow of internal forces,
potentially reducing the slab's capacity to resistashend flexure while introducing stress
concentrations around the perimeters of the openings. Theoretical approaches outleésghin
codes such aACl 318 and CSA A23.3rovide guidance on analyzing and designing slabs with
openings, emphasizing the ionance of maintaining adequate shear transfer mechanisms. The
scope of these provisions includes practical design scenarios for slabs with various types and sizes
of openings, ensuring that safety and functionality are preserved. The purpose of thelgeeguid
is to enable engineers to design reinforced concrete slabs with openings that meet structural
performance criteria while accommodating architectural or functional requirements, such as
ductwork, piping, and access points, without compromising #i@ssintegrity or serviceability.
More information about tedv iSsengt eplocreie @aabs vbile  f
0 anidar i o-Design

Exampledrom

Ineffective portion
\\//7 of perimeter by
s
/ 50% Inetfective

-— e
| | % |
|
L o———r _
(a) Slab with Drop Panel (b) Slab with Bar Reinforcement

Figure2.331 Effect of Openings on Slabs Shear Strength



https://structurepoint.org/publication/pdf/Shear_Strength_of_Concrete_Slabs_with_Openings_ACI%20318-14.pdf
https://structurepoint.org/publication/pdf/Shear_Strength_of_Concrete_Slabs_with_Openings_ACI%20318-14.pdf
https://structurepoint.org/publication/pdf/Shear-Strength-of-Concrete-Slabs-with-Openings-CSA-A23.3-14.pdf
https://structurepoint.org/index.asp
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In spSlab and spBeam, definiagpropriate support conditions is essential for accurate analysis
and design of structural elemeinsa concrete floor systerBy default, columsslab/beam joints

are assumed to rotate freely while restricting translational displacement. The rotational stiffness of
a joint is influenced by connected elemggstsch as slabs, beams, transverse beams, and cplumns
andcan be adjusted using tRestraint command. Columns are typically modeled with fixed far

end boundary conditions but can be adjusted usinGohemn command to meet specific design
needs. Engineers can specify vertical spring constagtsqléllow vertical displacement of joints

or adjust rotational stiffness usingtationalspring constant&,). Farend column conditions can

also be set as either fixed or pinned to match design assumptions. These options enable modeling
of support conditiongo achievea closer reflection of physical conditions into the analytical
models and generate maecurate results. For more details, réder ; ,
andcld 0 Technical Article

from


https://structurepoint.org/publication/pdf/Deflection-Consideration-for-One-Way-Beam-and-Slab-Models.pdf
https://structurepoint.org/index.asp
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Moment redistribution is a design approach applied to optimize reinforcement placement and
reduce material usage. The technique involves leveraging the plastic behavior of structures, which
allows for aredistribution of bending moments beyond the elastic analysis results. This
redistribution reduces peak negative moments at supports, typically shifting them to positive
moments in spans, enabling more efficient utilization of structural capacity. Gowgraghdards

such as ACI 31&nd CSA A23.3moment redistribution requires sufficient ductility in plastic
hinge regions to ensure stability and maintain static equilibrium. By reducing reinforcement
congestion in critical areas likbe support regionsthis methodas permissible by codesffers
advantages in material savings, labor efficiency, and improved constructability. Advanced
software tools, such apSlab andpBeam, streamline the iterative calculations involved, making

the process more accessible and precise

In some instances, while investigating existing buildings and their concrete floor systems for added
forces or loads and changing occupancy, this technique has proven to eliminate the need for very
costly and expensive repairs that may be vérge-consuming deeming the building
uninhabitable. Used properly and with caution, this technique can also result in thetability
repurposean existing building fotong-term, durable and safe use with new higher loads. This
alone can be the main difference betwagreasing the carbon footprint with new construction
compared with the reuse of an existing durable structure towards an additional cycle of service life

and contributing téhe sustainable development of the built environment.

For more details regarding moment redistributioefer to sy
0'Desi gn E x a mpdag/; an'd i
0 T e c Articlie toanl


https://structurepoint.org/publication/pdf/Continuous%20Beam%20Design%20with%20Moment%20Redistribution%20(ACI%20318-14).pdf
https://structurepoint.org/publication/pdf/Continuous%20Beam%20Design%20with%20Moment%20Redistribution%20(ACI%20318-14).pdf
https://structurepoint.org/publication/pdf/TA-Moment-Redistribution-Applications-spSlab-spBeam-v550.pdf
https://structurepoint.org/publication/pdf/TA-Moment-Redistribution-Applications-spSlab-spBeam-v550.pdf
https://structurepoint.org/index.asp

slablsfBeam

- 100.54 Moment Diagram (kip-ft)

50.00 . 60.00

- 40.23
4712

x, ft

----- Non Redistributed Redistributed

Figure2.341 Redistribution of Moments
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In spBeam and spSlab, the deflecticaiculations are performed by considering all assigned

|l oading belonging to Load Cases of nDeado and
1.0 automatically. This process is followed by default by the Program regardless of the Load Cases
utilized with nonzero load factors in the Load Combinations Menu for the ultieat design

of the model.

The models generated through the Template Module incorporate Dead and Live Load assignments
by default unless the load magnitude is modified to zero (0) by the user. These Load Cases with
default assigned load factors of 1.0 will be utilized in defleataloulations even if they are given

a zero (0) load factor in the Load Combinations Menu for prgjeetific reasons. Therefore, to
obtain accurate deflection results, the user is advised to review all the load assignments before
running the model and elinate any unnecessary default load assignments that may have been
assigned in the Templates ModuWhile this condition is not frequently needed in practical
analysis and design applications, the software approaches the deflection -calculations

systematically for the traditional deflection calculations.
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In spSlab and spBeam, reinforcing bemrangement playsnaimportant role in accurately
calculating deflections in concrete structural elements. These programs offer flexible solve
options, including the activation of the compression reinforcement, which influences how
reinforcing bars are considered in the calculatiorthef cracked moment of inertiacfl This

feature affects deflection results significantly, especially when both continuous and discontinuous
reinforcement types are present. By understanding the impact of these solve aptiotie
associated bar arrangements, engineers can optimize structural analysis and achieve design
outcomes tailored to project requirements. More information about this topic can be found in the

" “ITechnical Articlefrom


https://structurepoint.org/publication/pdf/TA-Reinforcing-Bar-Arrangement-Impact-on-Deflections-spSlab-spBeam-v550.pdf
https://structurepoint.org/index.asp

slab|sfbeam

The design of doubly reinforced beam sections incorporates both tension and compression
reinforcements, allowing for enhanced ductility and strength while maintaining the section within
the tensiorcontrolled region. This approach is particularly valuabie scenarios where
architectural constraints limit beam dimensions or where reducing beam weight is a priority. By
adding compression reinforcement, engineers can effectively utilize higher percentages of tension
reinforcement without exceeding strain limithereby achieving the required moment capacity
efficiently. This design methodology aligns with the principles outlined in 3083 and CSA

A23.3 codes, ensuring structural performance and safety. The process includes selecting an
appropriate tension reinforcement ratio, integrating compression reinforcement to enhance
ductility, and verifying section strength against design requirematsnore details regarding
doubly reinforced beam desigrefer to fi 0.Design

Examplefrom


https://structurepoint.org/publication/pdf/Doubly-Reinforced-Concrete-Beam-Design-ACI318-14.pdf
https://structurepoint.org/index.asp
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A waffle slab, also known as a tweay ribbed slab, is a structural system designed for applications
requiring long spans and the ability to carry heavy loads. Its unique geometry, consisting of ribs
in two directions, provides an efficient and economical solution for floors and roofs. The
Equivalent Frame Method (EFM) is commonly used to analyze and design waffle slabs,
simplifying the complexities of their ribbed structure while ensuring compliance wiigndes
standards. For a detailed explanation of the analysis and design methodology, including
considerations for rib dimensions, slab thickness, drop pé&elp heads)shear analysis, and
deflection calculations, refer t6 andwofi

0/ Techni froml Aurdroire | e

[frame strip width

Gross section — negative moment section
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Figure2.351 Immediate DeflectioiConsiderations for Negative Moment Sections



https://structurepoint.org/publication/pdf/Two-Way_Joist_Waffle_Slab_Design_Approach_and_Methodology.pdf
https://structurepoint.org/publication/pdf/Two-Way_Joist_Waffle_Slab_Design_Approach_and_Methodology.pdf
https://structurepoint.org/index.asp
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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 anthserggjuired 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 reinforaaent for the structure should also include the quantities obtained for the

appropriate transverse equivalent frames.

Design Results - Material TakeOff - Reinforcement in the Direction of Analysis

Top Bars 3204 b <= 534 Ib/fft <=> 5340 | b/
Bottom Bars 3204 | b <= 534 Ib/fft <=> 5340 | |b/ft*
Stirrups 1020 b <= 1.70 | Ib/fft <= 1700 | b/
Total Steel 7428 b <=3 1238 Ibfft €=3 12280 | |b/ft?
Concrete 200 fitf <=x 133 ftie <=> 1333 f5HS

Figure2.361 spSlab Material Takeoff Table
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When the Program is launched, a start screen appears as shown below. The Start Screen consists
of options to starNew Project Open existingProject, openExamplesfolder, openremplates

links to available programResourcesand a list oRecentfiles. The program name and copyright
information are located in the bottom right of the start screen.



S@Eb ‘ Sgge/am PROGRAMINTERFACE

Projects Resources
[ New project Manual.. spSlab Info..
Design Examples, Submit a Question..
= Open project
Tutorial Videas... Check for Updates...
& Examples I Release Notes...

! .E About spSlab

5 Templates % l:l
I =

Recent

01-1-Roof Level-Interior Frame-EW Direction.slb

C:\Program Files (x86)\Struc ACINTwo-Way Slabs\01-Flat Plate\No Spandrel Beams

02-Typical Floor-Exterior Left Frame-NS Direction.slb

C:\Program Files (x86)\Stru p P I\Two-Way Slabs\02-Flat Slab (Crop Panels)

03-Typical Floor-Interior Frame-NS Direction.slb

C:\Program Files tru NTwo-Way Slabs\03-Two-Way Slab with Beams

spSlab v10.00 (TM)
Clear all history Copyright © 1988-2024, STRUCTUREPOINT, LLC.

When selectingdNew Project, a dialog box appears allowing the user to choose between starting a

blank project or using a predefined template.

e =]
L =

Empty project From templates

Do not show this message again

| 164 |
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Quick Access Toolbar Title Bar
[ Home ~
Ribbon - & & = S = oy B = - &
Project  Define Grids Select Spans  Supports  Loads Rebars Solve Result:  Tables  Reporter Display  Viewports  Settings
SELECT Model View (Load Case: B - Dead) X
kL
[
[z 7
i+
s
. “Q
View Controls o
.
)
L&
Left Panel
Viewport
Left Panel —|
Toolbar
¥ OPTIONS
Distance location as ratio of span ®
v N
Bl
¥ DISPLAY OPTIONS w 3
=1 Status Bar
_ lowdCese B - Dead | KB | s
L I
ACI318-14 Two-Way Design X: 14.84 (ft) Units: English

TheMain Program Window shownaboveconsistof thefollowing:

TheQuick AccessToolbar includesNew, Open, SaveandUndo andRedocommands.

TheTitle Bar displaysthe nameof the program alongwith thefilenameof the currentdatafile in
use.If thefile is newandhasnotyetbeensavedthewordfi U n t iistdispéaykedn theTitle Bar.
ltal so di s pl aitkefild haSbeedchandgedrdl hatsaved yet.
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TheRibbon consistgile andHometabs.

File Tab consists of commands to Back to Home Tab, creatdNew file, Open an existing file,

Savea file, Save asandExit. In addition, the entir8tart Screenis presentinderthe File Tab.

Home Tab gives quick access to commands which are needed to complete the task of creating a
model,executing it and analyzing solutiofhesecommandsre:

Project: enabledo enterGENERAL, MATERIALS, RUN OPTIONS andPROJECTDESCRIPTION.

Define: enablego define Concrete and Reinforcing Steelmaterials Slabs & Ribs,
Beams Beam Stirrups, and Bar Set reinforcement criteria Design &
Modeling options;Load CasesandLoad Combinations.

Grids: enables tadd new or edit existing giscind spans
Select enables t@elect various model items.
Spans enables ta@reateslabs longitudinalbeamsandribs.

Supports:  enables to creamlumrs, drop panels, column capitals,transversdoeans and

restrains.

Loads: enables tassignarea loads, line loads, point loadspportloads, and lateral

load effects to the model

Rebars For twoway floor systems, thRebars command allows the user to specify
longitudinal reinforcement details for the column strip, middle strip, and beams,
as well as shear reinforcement for beams. In beam ewayeslab systems, the
user can specify flexural bars, stirrups, and torsionalgifodinal
reinforcement. Th&ebarscommand is disabled when the Design run mode is
selected in theuN opTIONSfrom theProject left panel. To enable it, select the

Investigation run mode.
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Note: When switching fronDESIGN Mode to INVESTIGATION Mode, spSlab
automatically assumes the results of thesiGN Mode as an input for

INVESTIGATION Mode.

Solve enables tospecify designoptions, deflection optionsand solve the model.
Please note that design options for tway systems are different from

beams/onavay slab systems.

Results after a successful ruenables taiew graphical results such agernal forces,

moment capacity, shear capacity, deflection and reinforcement.
Tables enables topenTablesmodule to view tabular input and output.
Reporter:  enables topenReportemodule to view the report.
Display: enables taoggle on/off model items.
Viewports: enables teelect from a predefined viewport configuration.

Settings enables tanodify various program settings.

The properties of active commands unHeme Tab or the properties of items selected in the
Viewport aredisplayedn theLeft Panelwhich canthenbeusedto executehe command®r edit
the selected itemg\fter execution thd_eft Panel also displays various commands and options

which can be used to investigate the solution diagrams iviidveport.

The Left Panel Toolbar contains commands that can be used to edit various items in the

Viewport.
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The Viewport coversthe majority of the main programwindow. It is the space where models can
be created and graphical results can be viewpdoWViewports can be used at oncéiewports
can be moved and docked in a number of predefined locations using the docking tool. A viewport

may be split out to a separate screen entirely for added flexibility and to enlarge the model view

work area providing more accurate drafting controls

@ E = 5|
Home ~
B ! — = il
B B = & 0 W O &~ B = 60
Praoject Define Grids Select Spans Supports Loads Rebars Solve Results Tables Reporter Display | Viewports ~ Settings
Model View (Load Case: C - Live) * x || Model View (Load Case: C - Live) = Top Front
o [

Top Front 3D Extruded
Top Front 3D Extruded =)
Display four equal viewports, Top and 3D view at the top and Front 00 Two Vertical

and Extruded view at the bottom — ~
== Two Horizantal

New window
- 5

o | ik | — 4, hirflo
7 7 1] st
50 kips — | 7] T 50 kip?
B e it |
121 L1z I
Thicio TX10% e 100 g0 SERRIR
60 psf 100 psf 60 psf 60 [pst
Model View (Load Case: C - Live) * ¥ | Model View (Extrude) * X

e MI-4 Thk-10 10x10-4 Thk-10 10x10-4 Thk-10 5.8Bk108
121 121

3 <

ACI318-14 Two-Way Design Units: Engli: »
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The View Controls containsvarious commandswhich can be usedto adjustthe views of

Viewport both duringmodeling orviewing thegraphicalresults.

The StatusBar displayskey information includingthe designcode runoptions cursorposition

and currenunits.
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&P Tables - Get to know the new spSlab.slbx

=
=

Sl ¥ InputEcho * Input Echo - General Information \_Toolbar

i ]

. File Name FAStructurePo..\Get to know the new spSlab.slbx
Solve Qptions
Project
Material Properties
i Frame
Reinforcement Database
Engineer P
» Span Data
Code ACI 318-14
> Support Data
Units English
» Load Data
Reinforcement Database ASTM AB15
Reinforcement Criteria
Mode Design
X Mumber of supperts = 4+ Left Cantilever + Right Cantilever
v Design Results

Floor System

Two-Way
stion Factors \, Table
\ Explorer Panel

Solver Messages

Top Bar Devel

Preview Area

ar Capacity

Flexural Transfer of Neg. Moments

> Punching Shear Around Columns
> Punching Shear Around Drops

> Material TakeOff
Deflection Results: Summary

4 »

TheTablesModule interfaceshownaboveenablegheuserto view programinputsandoutputsin
tablesand exporthemin differentformats.

The Tables Moduleis accessed from within the Main Program Window by clickingTthkles
button from theRibbon. Alternatively, Tables Module can also be accessed by pressing the F6
key. If the model has not been executed yet, theT aides Module will only contain alist of

input datatables.When a model hasbeensuccessfullyexecutedthe Tables Module will also
displaytheoutputdata tables.
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TheToolbar containscommandsvhich canbeusedto navigatethroughvariousTables

Previous table

Displaysthe previoustable.

Next table

Displays the next table.

Table number box

Displaysthetablewith thetablenumberenteredn thebox.

Auto fit column width to view area

Whentoggledon alwaysfits thewidth of tableto the Preview Area width.

Maintain maximum column width

Restoresll tablecolumnsto their defaultmaximumwidth.

Export current table

Exportsthetablebeingviewedin the selectedormat.
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Settings

Contains settings for tHexplorer Panel

Explorer

Location Left -

Hide inactive items

Keep explorer configuration

QK Cancel

1 LocATION: DisplaysExplorer Panel on the left or right side of screendependingon

sekection.
1 HIDE INACTIVE ITEMS: Hidesunusedablesfrom theexplorerview.

1 KEEP EXPLORER CONFIGURATIONSaves the explorer configuration i.e., information
about selected tables and opened/closed sections so that it is avheai#&t time

user open3ablesModule.

Explorer

Shows or hidethe Explorer Panel
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The Explorer Panel consistsof all the availableitems of the inputs and resultsclassifiedinto

sedionsandarrangecdhierarchically Any itemin the Explorer Panelcanbeclickedonto display

the correspondintpble inthe Preview Area

Expand all

Expands item list.

Collapse all

Collapses item list.

Explorer =
Expand all =] v InputEcho
Collapse all =1 General Information

Solve Options
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&P spReporter - Get to know the new spSlab.slbx — u]
4 1 |27 *Q Tq | e2e - % {'ﬂ S o =
Toolbar / L v ¥ Cover & Cantents =ik
2. (= -
Export Print &4 Contents

> v/ Input Echo

~ | Design Results

Type Export/Print Panel

| Strip Widths and Distribution Factors

Printer

Adobe PDF | Bottorn Bar Development Lengths

Properties | Fiexural Capacity

Settings ’
>
Paper Letter m ’
[ b
Crientation Portrait v . o
Margins Normak: 075" = P | Sloh Shear
e J | Flex:

Print range All pages - i 1‘" i

? « Punching Shear Around Columns

. ‘J. > ¥ Punching Shear Around Drops
Explorer Panel

2 & Material TakeOff

v ¢ Deflection Results: Summary

Report Preview »  « Section Properties

? « Instantaneous Deflections
>+ Long-term Deflections

> Detailed Results

> v Diagrams

Preview Area - >

TheReporter Module interface shown abovanables the user to view, customize, printexmubrt

reports in different formats.

The Reporter Module is accessed from within the Main Program Window by clicking the
Reporter buttonfrom the Ribbon. Alternatively, Reporter Module can also be accessed by
pressingheF7 key.If themodelhasnotbeensolvedthenthe Reporter Module will only contain

a list of input data reports. When a model has been successfully execuRdptnter Module

will also display the output data reports. Immediately after openingRéperter Module, you

can exportand/orprint the defaultreportby pressingexport/Print button. Various optionsto
customizethe report before printing and/or exporting it are also provided. Once the work in
Reporter Module is complete click the closebuttonin the top right cornerto exit Reporter

window.
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Previous page

Displaysthe previouspageof thereport.

Next page

Displaysthe nextpageof thereport.

Pagenumber box

Displaysthe pagewith the pagenumberenteredn thebox.

Zoom in

Zoomsin onthe repor{Ctrl + Mousewheelup).

Zoom out

Zoomsoutonthereport(Ctrl + Mousewheeldown).

Zoom box

Zoomsonthereportpreviewto theextenttypedin theboxor selectedrom thedropdownlist.

Fit to window width and enable scrolling

Fits thewidth of reportto the previewspacewidth andenablesscrolling.

Fit one full page to window

Fits onefull pagein the previewspace.

Pan

Whentoggledon andreportis biggerthanpreviewwindow, enablegpanningthereport.

Text selection

Whentoggledon enablesselectingtextin thereport.
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Settings

Modifies settingsfor Report andExplorer Panel

Report

Font size Large v

Regenerate automatically

« Split long tables
Explorer

Location Right -

Hide inactive items

Keep explorer configuration

OK Cancel

Report settings
A FoNT sizE: Providesthe optionsto usesmall,mediumor largefont sizesin thereport.

A REGENERATEAUTOMATICALLY : Enablesautomatiaegeneratiomf reportwhencontent

selections modified by thauser.

A spuIT LONG TABLES Displays table headings in all pages when tables are split along

severapages.
Explorer settings

A LocaTioN: DisplaysExplorer Panelon the left or right side of screendependingon

selection

A HIDE INACTIVE ITEMS: Hides unusedablesfrom theexplorerview.
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A KEEP EXPLORER CONFIGURATION Saves the exploresonfiguration i.e., information
aboutselected tables and opened/closed sections so that it is available the next time

user openfkeporter.

Explorer

Showsor hidesthe Explorer Panel

Export

Exports the report in the selecteamat, with an option to automatically open the report or
its file location
Print

Printsthereportin the selectedormatwhenthe optionis available.

Type

Providesb formatoptionsto print and/orexportthereports

A worbp: producesa Microsoft Word file with .docxextension.
A pDE producesinAdobeAcrobatfile with .pdf extension.

A TEXT: producesa Textfile with .txt extension.

A ExceL: producesa MicrosoftExcelfile with .xIsx extension.

A csv: producesa CommaSeparatedile with .csvextension.

Printer

Provideghe optionto selectavailableprintersandchangeprinterproperties.
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Settings

Providegthe optionsto modify print settings.

A paPER Providestheoptionsto selectfrom availablepapersizes.

A ORIENTATION: Provides the options to select between landscapeor portrait paper

orientation.

A mARGINS: Providesthe optionsto use narrow, normal, wide or custommarginsto the

report

'0 Custom Margins

Margins (Inches)

Tep 075 2 EBottom 075 =
Left 075 - Right 075 =
OK Cancel

A PRINTRANGE: Provides th@ptions to seledhe pages tprint and/or export.
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TheExplorer Panel consists of all the available report items classified into sectionaraaged
hierarchically. Each item listed in thexplorer Panel is preceded by a checkbokhe user can

check/uncheck the checkbox to include or exclude from the report, the itseions.

Expand all

Expandstem list.

Collapse all

Collapsestemlist

v« Cover & Contents =i Expand all
5 Cover =1 Collapse all
« Contents

v Input Echo

+ Design Results
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& Print / Export - Get to know the new spSlabislbx

Export Print
. st
Epert Export/Print Panel E
® EVF To Report
BMP To Clipboard
Printer 200 " |
1055 330 '
Adobe PDF . . \ !
5 - <
Properties i ™~ . L e
7 ~ < Ny
i . .
R N .
Settings i
! I
Paper Letter v 0t el
Orientation Portrait
Margins. Normal: 0.75" I -
| s e |
Pl \\ |
/ [ \ N .
T
FRRll I I I
g ! l ' - '
=l | | ™ |
| | | |
s
Diagram Preview agent

Project:

Diagram:  Internal Forces

Preview Area

Print/Export Module interface shown above enables the user to view, customize, priexgord

diagramsn differentformats.

The Print/Export Module is accessedrom within the Main Program Window by usingthe

Right Click Menu or from theReporter Submenuin theRibbon.

l} Select f‘\/ E —

Results Tables Reporter

Add to report Ctrl + R

a5

7 Addtoreport Ctrd + R Print / Bxport Ctrl + P

) Clean Report
|Ef| Print / Export Ctrd =« P

@ Settings
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Alternativelypressinghei C T R P @lsoopenghePrint/Export Module. Oncethe moduleis

openthe resof theprogramis lockeduntil thePrint/Export Module is closed.

Immediately after opening tHerint/Export Module, you can export and/or print the generated
diagram by pressingxport/Print button. Options to customize the diagram orientation, paper
sizeandmarginsareprovided.Oncethework in Print/Export Module is completeclick theclose

buttonin thetop rightcorner toexit the module.

Zoom in

Zoomsin onthe repor{Ctrl + Mousewheelup).

Zoom out

Zoomsoutonthereport(Ctrl + Mousewheeldown).

Zoom box

Zoomsonthereportpreviewto theextenttypedin theboxor selectedrom thedropdownlist.

Fit one full page to window

Fits onefull pagein the previewspace.

Pan

Whentoggledon andreportis biggerthanpreviewwindow, enablegpanningthereport.
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Export

Exports the report in the selected format, with an option to automatically open the report or

its file location

Print

Printsthe displayeddiagram.

Type

Provides4 formatoptions toexportthereports

A EMmF producesa file with .emfextension
A BMP producesafile with .ompextension
A 10 REPORTaddsthe diagramto thereport

A TO CcLIPBOARD copies thaliagramto clipboard to be pasted elsewhere

Printer

Provideghe optionto selectavailableprintersandchangeprinterproperties.
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Settings

Providegthe optionsto modify print settings.

A paPER Providestheoptionsto selectfrom availablepapersizes.

A oRIENTATION: Provides the options to select between landscapeor portrait paper

orientation.

A mARGINS: Providegheoptionsto usenarrow,normal,wide or custommarginsto the report

e Custem Margins

Margins (Inches)

Tep 075 - Bottom 075

Left 0.75 Right 075

OK Cancel
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The key to effectively implementing spSlab/sp
robust approach to modeling, analyzing, designing, and evaluating reinforced concrete slabs and
beams under a variety of loading conditio®$.utmost importance is the understanding of the
methods utilized in the program for the analysis of reinforced concrete floor slab syBesns.

section provides insights into the methods, assumptions, and factors that the design professional

must consider while modeling ugispSlab/spBeam for analysis, design, and detailing.

As a foundational guideline, the geometry of the analytical model should represent the physical

structure as closely as possible to ensure accurate analysis results.

Users must confirm that the project criteria align with applicable design codes and standards. This
includes considerations for load types, load factors, load combinations, material properties,
reinforcement requirements, deflection criteria, and detapirayisions, ensuring compliance

with industry standards and best practices
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In spSlab, the terminology around elements and members is critical for understanding how the
program models reinforced concrete slabs and beams. spSlab utilizes elements to represent
structural components in the Equivalent Frame Method (EFM). Elemertegnemary modeling

units within spSlab, corresponding closely to the physical structural members in the piogect.

EFM is a very well established analysis method used exclusively fomwayoconcrete floor
systems. In this method, a great variety obflsystems are covered in its scope. As a rédalty

structural elements contribuiethe making of a concrete floor systérhese elements allow users

to capture the geometry and material properties of slabs, beams, slab bands, columns, drop panels,
and column capitals within the analytical modéhese elements are used at #mineer's
discretion to combat design challenges pertaining tevemeshear, twavay shear, inadequate

flexural strength, ounacceptabléeflections.

The EFM in spSlab simplifies modeling by focusing on frame strips representing tHeealab
column system. Users only need to define the primary elements, which spSlab discretizes into
equivalent frame members for analysis. This streamlined modeling dnstnes time and

simplifies the design process.

By using the EFM, spSlab enables both efficient modeling and accurate structural behavior
prediction without requiring more elaborate and intricate analysis processes such as the Finite
Element Method (FEM) of analysis. Instead, users can focus on dedieimgnt properties and

ensuring that the geometry of the analytical model accurately reflects the physical structure.

It is crucial to understand the concept of elements in spSlab, as it forms the foundation for creating
effective and efficient models. Once familiar with this approach, users can appreciate the
simplicity and power of the EFM in modeling complex slab asahi systems.
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The spSlab program uses elements to represent physical structural members. When creating a
model, users begin by defining the geometry of slabs, beams, and other structural elements within
the program using drawing area common Compéided Design (CAD) dols and then assign

properties and loading to these elements, fully specifying the structural model for analysis.

To complete the model of a concrete floor system, two essential element types are required in
spSlab:

A Span Elements: Used to represent slabs, longitudinal beams, ribs, and longitudinal slab

bands.

A Support Elements: Used to represent columns, drop panels, column capitals, transverse

beams, and restraints.

As a general rule, the geometry of each element should represent that of the actual physical
member as closely as possible. This approach enhances visualization of the model and reduces
potential errors during inpuHowever, engineers can omit small changes in shape and geometry
where added model accuracy or complexity is not consequential to the analysis & design results.
A great deal of engineering judgment is involved in the conversion of a physical structume into
analytical model. However, signifinagains can be achieved by keeping model simple & practical

to the extent possihle

It is also essential that beginner users must establish smaller simpler models at first to gain a better
understanding of the program and its features. This will help greatly in understanding the method
of solution as well as figure out what to do whear¢his an issue to diagnose or verify in the
output.It is always much easier to discover the source of an error when working with a simple
model and a few loading conditions. Once a model becomes complicated with numerous loads and
load combinations, itdcomes increasingly difficult to discover the source of an issue or a concern

in the output, graphical or tabular.
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Material and geometric propertiegm model elements spSlab and spBeam are categorized into
two groupsDefined PropertiesandUnique Properties This distinction provides users with the
flexibility to manageelementsproperties consistently across the model while accommodating

variations for specific spans and supports.

Defined Properties refer to material properties,including concrete material properties
(compressive strengthNj, uni t ¢ Yoeng's madylus And rupture modulus)f and
reinforcing steematerialproperties(yield stress for flexural stee},fyield stress for stirrups:f

and Young's modulussg Concrete material properties are consistent across all slab and beam
elements but can differ for column elements, allowing for tailored input to reflect different
structural requirements. Reinforcingteel material properties, however, remain the same
throughout the model, including slabs, beams, and columns, ensuring uniformity in reinforcing
steel characteristic3he program enables users to define these properties globally, maintaining
consistency and alignment with design standards such as ACI 318 and CSA A23.3, while

accommodating necessary distinctions between slabs, beams, and columns where applicable.

Unigue Properties on the other hand, refer @dementgeometric properties that are specific to
individual spans and supports. These propefsesh asslab/beamwidth, thicknesscolumn

width, depth, or heightire assigned on a pelement basis, enabling the program to account for
variations in geometry that influence structural behavior. Each span and support can therefore have
distinct geometric attributes, allowing for a more refined and realistic représentd the

structure.
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If you do not find a suitable template to begin your project, you can start with a blank pkoject.
blank project requires a lot more care in the construction of the model and much more effort to
complete the details of the inpto begin,startby setting up the grids in theérid commando

define the layout. Next, use tBpanscommando add slabbeam or ribelements and adjust their
dimensions as needed. Finally, use $wports commandto add support elements such as
columns, beams, or restrained configure their properties, including height, size, and end

conditions. The following guidelines can be used in this scenario:

A To establish a comprehensive model for structural analysis, the user begins by defining
grids and specifying span lengths to ensure an accurate layout representation. If the span
lengths need to be adjusted later, the user can return@itheommand and modify the

span lengths using the Span table.

A The user must define frame location and evaluate wioichtion best aligns with the
design intentDetailed insights and guidance on selecting appropriate frame location can

be found in of the manual.

A A critical decision involves addressing cantilever extensiomkether they function as
true cantilevers (e.g., balcony or canopy projections) or are intended to encompass the
column to contribute to twavay shear resistance. In the Span tablgerGrid command
users can seleddseERDEFINED for cantilevers on the left and right to simulate a true

cantilever or chooseDJUST TO SUPPORT FACKD encompass the column.

A Building on the selection of cantilever behavior, choosinST TO SUPPORT FACH the
Span table allows the cantilever to align its geometry with the support face. When selected,
the program assigns a placeholder cantilever length of 5 ft until an exterior support is
defined. If the model is run without assigning the required supgh@tprocess will be
interrupted, and the program will display an error message, indicating the requirement for
a column or transverse beam at the cantilever edge joinfigilte below illustrates this

process.
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3 s4
30.00 500_
v SPAN +
Span Length | | 0 spsiab X
f [
| | ° Cannot solve the model.
1 - Cantilever Left Adjust to support face v | |
2 30.00 e | - Support 4: Model must contain a column and/or 3
transverse beam at edge joint(s) for cantilever to
3 30.00 adjust to support face.
4 3000
[5-Cantitever Right _ Adjust to support face . oK
When “Adjust to support face” is
selected in the Span Table.
When a slab element is assigned to the If the user attempts to run the model
cantilever, the program automatically without assigning an exterior support, the
adds a 5 ft placeholder cantilever until program will interrupt the process and
an exterior support is assigned. display the following error message.

Figure4.1i Adjust to Support Face Option

A WhennNoNE is selected for the right and left cantilevers in the Span table, the model
assumes that no cantilever extensions are requi@dthat case fithe user runs the
program without assigning any additional supports, the program will automatically assign
default pin supports at the slab joints. This allows the model to run without interruptions,

ensuring the structural analysis proceeds under digtpiupportconditions.
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When considering sway versus r&nay conditions in structural analysis, it is essential to account

for lateral effects in the model to ensure accurate results. hsway conditions, programs like
spSlab andpBeam assume horizontal translational restraint, excluding lateral effects directly from
the analysis. This approach simplifies the modeling process and is suitable for frames where lateral
displacements are minimal or restrained, such as satgig franes with balanced vertical loads

and consistarboundary conditions.

However, in sway conditions, where unsymmetrical vertical loading, support stiffness variations,
or boundary conditions induce lateral movements, the lateral effects must be explicitly included.
These can be added as meradxad forces, such as momentsmgtat the ends of each span, using
Lateral Load Effects, which can be assigned fraime Lateral command in th&eft Panelunder

Loads command This allows users to input lateral loads like wind or seismic forces as moments
at the ends of members, enablthg program to account for combined vertical and lateral effects

accurately.

For cases where significant lateral displacements or sidesway effects are expected, it is
recommended to use spFrame, which models the frame asdintwosional unit for the entire
building height. spFrame accurately captures the influence of sidesway on internal force

magnitudes, ensuring reliable results for design.

This dual approachleveragingspSlab andpBeam for simplified nosway analysis and spFrame
for swaysensitive scenariosensures flexibility and precision in addressing varying structural
conditions. Additional detailsabout this topican be found ir { ,and

n

0 TechnicalArticle from


https://structurepoint.org/publication/pdf/Comparison%20of%20Gravity%20Loaded%20Concrete%20Frame%20Models%20in%20spBeam%20and%20spFrame%20under%20Sidesway.pdf
https://structurepoint.org/publication/pdf/Comparison%20of%20Gravity%20Loaded%20Concrete%20Frame%20Models%20in%20spBeam%20and%20spFrame%20under%20Sidesway.pdf
https://structurepoint.org/index.asp
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Unbalanced moments in a floor system play a critical role in the design of columns located above
and below the slabeam structure. These moments arise from the distribution of loads and are
transferred from the slab to the support columns in proportidgheio relative stiffness. This
transfer creates forces in the columns, which must be accurately calculated and incorporated into

their design to ensure structural integrifdditional detailsabout this topiccan be found in

Column end moments and axial forces can be found in the results table. These forces for various
load combinations and live load patterns can be then exported to spColumn for detailed design or
investigation of a columrrosssection StructurePoint prepareskveraldesign examples for a
complete floor system including the calculation of unbalanced moments in columns and the

investigation of column section reinforcitgprovide the required strength in the column.

Detailed discussion of unbalanced moments in column design can be found in the following design

exampledrom


https://structurepoint.org/index.asp
https://structurepoint.org/publication/pdf/Two-Way-Flat-Plate-Concrete-Floor-System-Analysis-and-Design-ACI-318-14-v550.pdf#page=30
https://structurepoint.org/publication/pdf/Two-Way-Flat-Slab-Concrete-Floor-with-Drop-Panels-System-Analysis-and-Design-ACI-318-14-v550.pdf#page=40
https://structurepoint.org/publication/pdf/Two-Way-Flat-Slab-Concrete-Floor-with-Drop-Panels-System-Analysis-and-Design-ACI-318-14-v550.pdf#page=40
https://structurepoint.org/publication/pdf/DE-Two-Way-Concrete-Floor-Slab-with-Beams-System-Analysis-and-Design-ACI-318-14-spSlab-v550.pdf#page=36
https://structurepoint.org/publication/pdf/DE-Two-Way-Concrete-Floor-Slab-with-Beams-System-Analysis-and-Design-ACI-318-14-spSlab-v550.pdf#page=36
https://structurepoint.org/publication/pdf/DE-Two-Way-Joist-Concrete-Slab-Floor-Waffle-Slab-System-Analysis-and-Design-ACI-318-14-spSlab-v550.pdf#page=41
https://structurepoint.org/publication/pdf/DE-Two-Way-Joist-Concrete-Slab-Floor-Waffle-Slab-System-Analysis-and-Design-ACI-318-14-spSlab-v550.pdf#page=41
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Figure4.2i Column Moments (Unbalanced Moments from Skdam)
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In modeling onaevay slabs supported by transverse beams, several important and consequential
considerations must be addressed to ensure accurate analysis and design. The rotational resistance
of exterior supports plays a significant role in moment distiobu Two common conditions are

recognized:

A Unrestrained exterior supports: Treated as pin supports, they provide no rotational
resistance at the slab end. This is the default assumption in spSlab/spBeam, with the
rotational stiffness (k) set to zero.

A Integral exterior supports: Provide rotational resistance and are modeled asrigiohi
connections. For example, spandrel beams integrated with the slab can be assigned
rotational stiffness approximated iteratively using design codes provisions or other

sources for moment factorsifering a more realistic representation.

Additionally, modeling transverse beams or girders can incorporate their added stiffness, reducing
the effective slab span and yielding a closer approximation to actual conditions. While this
approach enhances the accuracy of moment distribution, it umesdadditional modeling
parameters, requiring careful engineering judgmewidi#onal detailsabout this topiccan be

found infi oDesign Example from


https://structurepoint.org/publication/pdf/DE-One-Way-Slab-Analysis-and-Design-ACI-318-14-spBeam-v550.pdf
https://structurepoint.org/index.asp
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Moment Diagram (kips-ft/ft)
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— = =Transverse Beams

Figure4.317 OneWay Slabs on Transverse Beams
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Boundary conditions significantly influence the deflection behavior of continuous beams in
reinforced concrete structures. Properly modeling these conditions in spBeam ensures accurate
analysis and design results. This section explores the effects oéniféaipport conditions:

A Beam Supported by Columns:The stiffness of columns above and below the beam is
modeled to calculate rotational stiffness at the joint. This accurately determines beam
end moments. Support stiffness is adjustable, with values ranging from 0 (pinned) to 999
(fixed support), providig flexibility in simulating various boundary conditions.

A Beam Supported by Transverse BeamsTransverse beams are modeled using
rotational stiffness values. ACIl and CSA codes approximate moments at transverse beam
supports as twthirds of those at column supports. For more precise design, dummy

columns can be used to define critical sectionsh@ar and moment calculations.

A Beam Supported by Transverse WallsBeams cast monolithically with shear walls are

modeled as having walls defined as elongated columns to simulate integral behavior.

A Beam Supported by Masonry Bearing Walls:Masonry walls are modeled as pinned
supports with zero stiffness, effectively simulating their bearing behavior without

rotational constraints.

A Beam Supported by Longitudinal Walls:Beams are modeled up to the face of the wall

with fixed supports at the wall face, ignoring wall width in the analysis.

Deflection comparisons highlight the variations due to boundary conditions. For example, beams
with transverse beam supports show higher deflections compared to those supported by walls,
emphasizing the importance of modeling boundary conditions accuratelfurther details, refer

~

t o f 0 Design fromix ampl e


https://structurepoint.org/publication/pdf/Reinforced%20Concrete%20Continuous%20Beam%20Analysis%20and%20Design%20(ACI%20318-14).pdf
https://structurepoint.org/index.asp
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Figure4.41 Plan Viewof Continuous Beams with Different Boundary Conditions

Figure4.517 Comparison of Continuous Beams with Differ@wtundary Conditions

(Deflections)










































































































































































































































































































































































































































































































































































































































































































































































































































































































