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Two-Way Flat Plate Concrete Floor System Analysis and DesigfACl 318-14)

The concrete flooslab system showbelowis for an intermediate floaio be designedonsideringpartition weight

= 20 psf, and unfactored live load = 40 g3&t plate concrete floor system does nstheamshetween columner
drop panels and is usually suited for lightly loaded floors with ath spans typically for residential and hotel
buildings The lateral loadareindependentlyesisted by shear wall§hetwo design procedures shownAg| 318
14: Direct Design Method (DDM) and the Equivalent Frame Method (EFM) are illustratiataiiin this example.
The hand solution from EFM is also used for a detailed comparisonthvéthanalysis and desigresults of the

engineering software prograspSlab
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Code

Building Code Requirements for Structural Concrete (808-14) and Commentary (ACI 318R4)
Minimum Design Loads for Buildings and Other Structures (ASCE/SHI)7

International Code Council, 2@ International Building Code, Washington, D.C.120

Reference

1 Notes on ACI 318L1 Building Code Requirements f&tructural Concrete, Twelfth Edition, 2013 Portland
Cement Association, Example 20.1

1 Concrete Floor Systems (Guide to Estimating and Economizing), Second Edition, 2002 David A. Fanella

1 Simplified Design of Reinforced Concrete Buildings, Fourth Editiod12@ahmoud E. Kamara and Lawrence
C. Novak

1 spSlabEngineering Software Program Manwéal5 STRUCTUREPOINT 2018

Design Data

Floor-to-Floor Height= 9 ft (provided by architectural drawings)

Superimposed Dead Load, SDI26 psf for framed partitions, wood studs plaster 2 sides
ASCE/SEI #10 (Table C31)

Live Load, LL= 40psffor Residential floors ASCE/SEI #10 (Table 41)
f.6= 4000psi (for slabs)

f.6= 6000psi (for columns)

fy = 60000psi

Required fire resistance rating = 2 hours



https://structurepoint.org/publication/manuals.asp
http://www.structurepoint.org/
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1. Preliminary Member Sizing

1.1 Slab Minimum Thicknessi Deflection
ACI 31814 (Table 8.3.1.1)

In this exampledeflection will be calculated and checked to satisfy project deflection limits. Minimum member

thickness and depths from ACI 318 will be used for preliminary sizing.

Using ACI 31814 minimum slab thickness for tweay construction without interior bees inTable 8.3.1.1

Exterior Panelsh = o 200 667 in.
30 30
But not less than 5 in ACI 31814 (8.3.1.1(a))
. I 200 .
Interior Panelsh=-~ =—— &06 in. ACI 31814 (Table 8.3.1.1)
33 33
Butnot less than 5 in ACI 31814 8.3.1.1(a)

Wherel, = length of clear span in the long directe2167 16 = 200 in.

Try 7 in. slab for all panels (selfeight= 87.5psf)




Structure Point slab

CONCRETE SOFTWARE SOLUTIONS

1.2. Slab Shear Strengthi One Way Shear
Evaluate the average effective depth (Figure 2):

dy 7 0.75 0.50-0'—2?0 - 5500

dl :tslab -Cclear db _2‘

d =t Cyu — 7=0.75 0-50 6 ocein
t lab clear 2 2

o

_d +d 550+ 6.00
avg 2 2

d 575 in.

Where:

ACI 31814 (Table 20.6.1.3.1)

Celear = 3/4 in. for # 4 steel bar

dp = 0.5 in. for # 4 steel bar

- ! :
d,=6.00 in. d,.=5.75 in. d;=5.50 in.

| T |

Figure2 - Two-Way Flat Concrete Floor System

Factored dead load, q,, =1.20 3(87.5 ®0) ¥29 ps

ACI 31814 (5.3.1)

Factored live load, ¢, =1.60 240 #$4 ps
Total factored load, ¢, =193 psf

ACI 31814 (22.5)

Check the adequacy of slab thickness for baation (oneway shear)
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At an interior column:

Consider a 12n. wide strip. The critical section for otveay shear is located at a distam;drom the face of

support (see Figur®).

Tributary area for onvay shear is

€18 § &6 6 75 2
- o 785 ft
A‘rnbutary gg 9_ zg 2 _12 (; :%

V, = 0 *Auuey 193 B85 152 kip

V,=2 9% Jfjs b, =d ACI 31814 (Eq. 22.5.5.1)

where / =1 for normal weight concrete
fV, =0.7532 1.0 /34,000 125—'070% 6.55 kipsV,  >1.52%k

Slab thickness of 7 in. is adequate for-evay shear.

AN
'\%/

. 9|_OM } 9v_0n .

] B)

70" Vel davg =575

Figure3 - Critical Section for OnéWay Shear
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1.3. Slab Shear Strengthi Two Way Shea
Check the adequacy of slab thickness for punching sheam(@yashear) at an interior colunfRigure4):

Tributary area for twavay shear is

Aoy = (18 714) 2&%58 24871 ft
G

V, = 0 *Auuey 193 248.71 48.00 kil

V,=4 % Jfi b2 d (For square interior column) ACI 31814 (Table 22.6.5.2(a))

V,=4 9.0 §A000 @ 21.75) 0 573:’ 126:55 ki
fV. =0.75 312655 =04.92 kips\>  48.00 ki

Slab thickness of 7 in. is adequatetiwo-way shear.

AN
\2)
- 91_0n } 91_0n .
7-0" 21.75"
-]
" r — ‘/(7‘\
;s D B

=2.88"

7!_0”

Figure4i Critical Section for Twé/WNay Shear
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1.4. Column Dimensionsi Axial Load
Check the adequacy of column dimensions for axial load:

Tributary area for interior column:is

Avpuary = (18 314) 252 ft

P.=0q, Ay &193 252 4864 ki

P =080 ©6.80 (®.85fj* /2 A, )-f2 At (Forsquare interior column)
P, =0.803(0.85 %,000 6 18 0y 0)+1,044.48k

P, =0.6531,044.48 =678.91 kipsP> 48.64 ki

Column dimensions of 16 in. x 16 in. are adequate for axial load

ACI 31814 (22.4.2)
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2. Two-Way Slab Analysis and Design

ACI 318 states that a slab system shall be designed by any procedure satisfying equilibrium and geometric
compatibility, provided that strength and serviceabditjeriaare satisfiedDistinction of tweway systemsrom
oneway systems is given ACl 31814 (R8.10.2.3 & R8.3.1.2)

ACI 318 permits the us of Direct Design Method (DDM)ral Equivdent Frame Method (EFM) for thgravity
load analysis of orthogonal frames and is applicable to flat plates, flat sldisabs with beamsThe following

sectionoutline the solution per DDMEFM, andspSlabsoftwarerespectively.
2.1. Direct Design Method (DDM)

Two-way slals satisfying the limits il\Cl 318-14 (8.10.2)arepermitted to be designed in accordance with the
DDM.

2.1.1. Direct DesignM ethod L imitations

There is a minimum of three continuous spans in daelation ACI 31814 (8.10.2.1)
Successive span lengths are equal ACI 31814 (8.10.2.2)
Long-to-short span ratio is 1.29 < 2 ACI 31814 (8.10.2.3)
Columns are not et ACI 31814 (8.10.2.4)
Loads are uniformly distributed over the entire panel ACI 31814 (8.10.2.5)
Service liveto-dead load ratio of 0.37 < 2.0 ACI 31814 (8.10.2.6)
Slab system is without bearasdthis requiremenis not applicable ACI 31814 (8.102.7)

Since all the criteria are met, Direct Design Method can be utilized.
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2.1.2. DesignMoments
a) Calculate the total factored static moment:
39 32 3
M, =% ‘; fn 0199 184 16.67 43 82 fi-kips ACI 31814 8.10.3.
b) Distribute the total factored momeritl,, in an interior and enspan ACI 31814 (8.104)
Table 1- Distribution of Mo along the span
Location Total Design Strip Moment, Mps (ft-kips)
Exterior Negative 0.26x Mo = 24.3
Exterior Span Positive 0.52x M, = 48.0
Interior Negative 0.70x M, = 6567
Interior Span Positive 0.35x M, = 32.8
c) Calculate the column strip moments ACI 31814 (8.105)

That portion of negative and positive total design strip moments not resisted by column strips shall be

proportionally assigned tmorresponding two hatiiddle strips. ACI 31814 (8.10.6.1)
Table 2- Lateral Distribution of the Total Design Strip Moment, Mbs
Location Total Design Strip Column Strip Moment in Two Half
Moment, Mbps (ft-kips) Moment, (ft-kips) Middle Strips, (ft-kips)

Exterior _ _
Negative 24.3 1.00% Mps=24.3 0.00x Mps= 0.0

Exterior Span Positive 48.@ 0.60x Mps= 29.27 0.40x Mps= 19.22
Interior _ _
Negativé 6567 0.75x% Mps = 4925 0.25x Mps = 16.2

Interior Span | Positive 32.% 0.60x Mps=19.710 0.40x Mps=13.14

* All negative moments are at face of support.
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2.1.3. Flexural Reinforcement Requirements
a) Determineflexural reinforcement required feaolumn and middletrips at all critical sections
The following calculation isdr theexterior span exterior negative location of todumn strip.
M, = 24.39ft-kips
Use averag€ayg = 5.75in.

To determine tharea of steelassumptios have to be made whether the section is tension or compression
controlled, andegardingthe distance between the resultant compression and tension forces along the slab
section d). In this example, tensiecontrolled section will be assumed so the redudaatort is equal to

0.9, andd will be taken equal t0.95d The assumptions will be verified once the area of steel in finalized
Assumed = 0.95 xd = 5.46 in.

3
Column strip Width,bzlﬂrT12 B84 in.

3
Middle strip width, b = 14le 84 in.

M, 24.3% 12,000
& -_—

= . €99 in?
f3 f,2jd 0.90 260,000 0.95 5.46

Recalculatgad f or #JF6.99an&t u al

A% f,  0.9% 60,000

a= 6208 in.
0.85 fj d 0.85 %,000 84

c=3 :@ 6245 in.
b, 0.85
20.003 § 03003

=%— &, 6.003 5¥5 0.003 0.067 0.0
Fec & 0245 g?

Therefore, the assumption that sectioteissioncontrolled is valid.

A< Mo 2439 12;0000 s
IE fyS%(gl i;‘ 6 0.90 0,000 3%75'T 8
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A .n=0.018384 ¥ 106 if.

Maximum spacin@max= 2 xh=14in. <18 in.

Provide 6- #4 bars withAs = 1.20in.2and s= %4 44 in.

0296 i

ﬁ'l ax

ACI 31814 24.4.3.2

ACI 31814 8.7.2.9

Based on the procedure outlined above, values for all span locations are given in Table 3.

Table 3- Required Slab Reinforcement for Flexure (DDM)
Span Location (ft-l\lfi:)s) (irt:.) (ig.) ﬁ;@; ﬁ;mZ)n A vl A?Frrmo.vzi;ed
End Span
Exterior Negative 24.3 84 | 575 | 0.96 | 1.06 6-#4 1.20
Cg't‘r‘ig‘” Positive 2027 | 84 | 575| 1.16 | 1.06 644 1.20
Interior Negative 4925 84 | 575| 1.8 1.06 10-#4 2.00
Exterior Negative 0.00 84 | 5.75| 0.00 1.06 6-#4 1.20
MSi?r?rl)e Positive 1952 84 | 575 0.77 | 1.06 6-#4 1.20
Interior Negative 16.42 84 | 575 | 0.4 1.06 6-#4 1.20
Interior Span
Cg't‘r‘ig‘” Positive 1970 | 84 | 575| 0.77 | 1.06 6-44 1.20
MSi?r?FIJe Positive 13.14 84 5.75| 0.51 1.06 6-#4 1.20

10
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b) Calculate additional slab reinforcement at columns for moment transfer between slab and column

The factored slab moment resisted by the colgmr M,) shall be assumed to be transferred by flexure.
Concentration of reinforcement over the column by closer spacing or additional reinforcement shall be used

to resist this moment. The fraction of slab moment not calculated to be resisted by flexureassaihied to

be resisted by eccentricity of shear. ACl 31814 8.4.2.3
Portion of the unbalanced moment transferred by flexuxex<i, ACI 31814 8.4.2.3.)
Where

1

ACI 31814 (8.4.2.3.2)

gf e —
1+g 3 E

3 \b

7 b1 = Dimension of thecritical sectionb, measured in the direction of the span for which moments are

determined in ACI 318, Chapter 8 (see Figure 5).

7 b, = Dimension of the critical sectiobh, measured in the direction perpendiculabton ACI 318,

Chapter 8 (seEigure 5).

1 by = Effective slab width= c; + 3xh ACI 31814 (8.4.2.3.3)
w w | Edge of slab
<. . D C J D
| | T T
| | I |
Ccp i i b, Cep i Cll i b,
z @ | z z | | z
| | I
capl | 1 ) AL S 15
< | ~ |
T .
A, B .
‘ by w w
Critical shear perimeter for interior column Critical shear perimeter for exterior column
—Edge of slab
C w D ’,
|
Ccp ¢ i
b
z 1 z
Cap [ |
. B
e
y b,
Edge of slab—/

Critical shear perimeter for corner column

Figure5i Critical Shear Perimeters for Columns

11
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The additional reinforcement calculation for the column strip of end spaxterior negative location is
provided below.

Mu = 2439ft'k|ps As,provided: 1.20 |n2
d 5.75 . _ .
b =g +5 6 —-5— 1888 in b,=c, #d ¥ 5#5 2275in
-1 e
h=c, 8 A 16 3+ B7in gf_l+23/18.88 '
3 \22.75

f £30.853fj B,

y

i a 23 g, M
&=0'853 fd Dy 2y sz g M,
&

3 a 3 0
A= 0.8 4,000 37§.75 578 2 30.62 24.39 78 050 iR
60,000 3 0.9 0.8% 4,0003 37%

3 .
AS, provided within bb: As provided 3% :'bzo g% 053 Irf'

Whereb = 84 in. is the column strip width
A% - Ag provided within bb ©.60 0.53 &:07iA

Provide 1#4 bars with A=0.20 in?

Table 4- Additional Slab Reinforcement required for moment transfer between slab and column (DDM)
. Asr e g ( Asprov. For N
. Mu 9t Mu (o] d o oo Add &
Span Location (ft-kips) Of (ft-kips) | (n.) | (in.) W|t(ri1r|]r;)bb flexur%nw;)thm bo Reinf.
End Span
Xeror | 24® |062| 1510 | 37 (575 0.8 0.53 1-#4
Column egative
Strip :
ureror 0.0 [060| 000 | 37 |575| 0.0 0.97 .
egative
* M, is taken at the centerline of the support in Equivalent Frame Method solution.

12
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2.1.4. Factored Moments inColumns

a)

b)

Interior columns:

\ 2
M, =0.07 £@,, ©5 02 ) (,30% ) -/, i(@n) i ACI 31814 8.107.2)

&

M, =007 %120 @ 63) 1084826 9 120 18 28 D177k
C 3? PR c12 @O

With the same colmn size and length above apelow the slab,

_17.75

M 5 =8.87 ft-kips

column

Exterior Columns:

Total exterior negative moment from slab must be transferred directly to the ctMymi24.39ft-kips. With

the same column size and length above and below the slab

2439

column
2

M 42.20 ft-kips

The momens determined above ambined with the factored axial laaffor each story) fodesign of

columnsections as shown later in this example.

13
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2.2,

1)

2)

3)

Equivalent Frame Method (EFM)

EFM is the most comprehensive and detailed procedure provided by the ACI 3184doalisis andlesign of
two-way slab systemwhere the structure is modeled &geries oéquivalent frameénterior and exteriorpn

column lines taken longitudinally driransversely through the building.
The equivalent frame consiststbfee parts:

Horizontal slabbeamstrip, including any beams spanning in the direction of the frdiféerent values of
moment of inertia along the axis of slabams should be takemtd® account where the gross moment of inertia

at any cross section outside of joints or column capitals shall be taken, and the moment of inertia of the slab
beam at the face of the column, bracket or capital divide by the quantiil,fi shall be assued for the
calculation of the moment of inertia of sthbams from the center of the column to the face of the column,
bracket or capital. ACI 31814 8.11.3

Columns or other vertical supporting members, extending above and below thRiffkient valies of moment

of inertia along the axis aolumnsshould be taken into account wadghe moment of inertia of columns from

top and bottom of the sldiieam at a joint shall be assumed to be infinite, and the gross cross section of the
concrete igpermitted to be used to determine the moment of inertia of columns at any cross section outside of
joints or column capitals. ACI 31814 8.11.4

Elements of the structu@orsional memberdjhat provide moment transfer between the horizontal and vertical

membersThese elements shall be assumed to have a constant cross section throughout their length consisting

of the greatest of the following: (1) portion of slab having a width equal to that of the column, bracket, or capital

in the direction of the spdor which moments are being determined, (2) portion of slab specified in (1) plus that

part of the transverse beam above and below the slab for monolithic or fully composite construction, (3) the

transverse beam includes that portion of slab on eacbfdide beam extending a distance equal to the projection

of the beam above or below the slab, whichever is greater, but not greater than four times the slab thickness.
ACI 31814 @8.11.5

2.2.1. Equivalent Frame Method Limitations

In EFM, live load shall be arrged in accordance with 6.4.3 which requires slab systems to be analyzed and
designed for the most demanding set of forces established by investigating the effects of live load placed in
various critical patterns. ACI 31814 8.11.1.2 & 6.4.3

Complete analysis must include representative interior and exterior equivalent frames in looiitindinal
and transverse directions of the floor ACl 31814 8.11.2.2

Panels shall be rectangularith a ratioof longer to shortepanel dimensions, meared centeto-center of
supports, not to exceed 2. ACI 31814 8.10.2.3

14
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2.2.2. Frame Members ofEquivalent Frame

Determine moment distribution factors and fisead moments for the equivalent frame members. The
moment distribution procedure will be used to analyzeethgvalentframe. Stiffness factork, carry over
factors COF, and fixeend moment factors FEM fahe slabbeams and column members are determined
using thedesign aid$ables aAppendix 20A of PCA Notes on ACI 3181

These calculations are shown below.

a) Flexural stiffness of slabeams at both endsg,

Cu_ 16 o7, G 16
€l

s 12) 0,  (14°12)

For cr1 = Crp, stiffness factordne = ken = 4.127 PCA Notes on ACB18-11 (Table Al)
E.3 | E_ sl

Thus, K, = K3 % =.127 3%5 PCA Noteson ACI 31811 (Table Al

1 1

3,834 16s 4,802

K, =4.127 3 351,766,909 in.-
216
) 3 h3
Where, | = t2h" 168 7 4,802 in!
12 12

E.=Ww3333[fj #0° 33,4000 3,834 f03 ACI 31814 (19.2.2.1a)
Carry-over factorCOF = 0.507 PCA Notes on ACB18 11 (Table Al)
Fixedrend momentFEM =0.084293%, £, (2 PCA Notes on ACB1811 (Table A1)

b) Flexural stiffness of column members at both eklds,

Referring toTable A7, Appendix 20A

ta=h/2=7/2=35in. t, =h2=7/2= 3.5in.

H=9ft=108in. Hc=H-ta -t = 1087 3.57 3.5=101 in.

Then,

—

g B4 06
tb HC

Thus,kag = kea = 4.74 by interpolation.

15
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478 E_ 3l
K. = % PCA Notes on ACB1811 (Table A)

K =474 4,696 10 25,461
¢ 108

£125,592,936 in.-

4 4
Wherel, =S 29 5 46100t
12 12

E,=w" 83 Jfi 150° 33, 63000 4,696 TO p ACI 31814(19.2.2.13)

(,=9ft 408in.

c) Torsional stiffness of torsional membeks,

ACI 31814 (R.8.11.5

O

2

I

|- oo’

3 3
K =2 2834 1?6 1325 567,484,240 in -1
a 0
168 54 -
?;el 14312 2

o ~ O 3
WhereC= 43 063 % 33%°Y

ACI 31814 (Eq. 8.10.5.2p
c Yy +C 3
o ~2 3 ~
c:% 063 1176 82@73?16 S 1,825,

c,=16in.,and ¢, =14 ft =68 in.

].6"
|
7\‘! J

——\;A——

Figure6i Torsional Member

16
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d) Equivalent column stiffned$e..

_aK, 3 &
aK, + &,

ec

3 3
- (2°1125.59)% (2 *867.48) s 554 (174,058 in.-|
[(23 1125.59) +(2 367.48)]

ec

WhereEK; is for two torsional members one on eate of the column, an@K. is for the upper and lower
columns at the slabeam joint of an intermediate floor.

K

c.lop

Kf(t | .

"1 P ' ‘ K

K

¢, bottom

Figure7i Column and Edge of Slab

e) Slabbeam joint distribution factor§F.

At exterior joint At interior joint

351.77 351.77

=W .388 =0.280
(351.77+ 554.07)

 (351.77+ 351.77+ 554.07)

COF for slabbeam= 0.507

= E
# #
5 K,=351.77 x 10° 5
7 K=35177x10° B K,=35177x10°
I, I,
v o
EXTERIOR COLUMN INTERIOR COLUMN

Figure8i Slab and Column Stiffness
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2.2.3. Equivalent Frame Analysis

Determine negative and positive moments for the-s&dims using the momaedlistribution method. Since

the unfactored live load does not exceed tlyesrters of the unfactored dead load, design moments are

assumed to occur at all critical sections witt factored live on all span ACI 31814 6.4.3.9
Lo 20 437 2
D (87.5+ 20) 4

a) Factored load and Fixdend Momenty( F E M6 s )

Factored dead loadg,, =1.20 3(87.5 £0) 29 ps

Factored live load, q,, =1.60 340 #$4 ps ACI 31814 (5.3.1)

Totalfactored load, ¢, =193 psf

FEMO s f ebeamsFEMbm, 3q £, (2 PCA Notes on ACB1811 (Table Al)

FEM =0.0842930.193 314 %8 73.79 ft-ki

b) Moment distribution. Computations are shown in T&l€ounterclockwiseotational moments actiran the
member ends are taken as positiviaximum positive span moments are determined from the following

equation:

_ \2
v (&2 l) ¥ M +M +(ML'MR) at distance,,, = p e
e 8 2 23 (q, %,) £ "2 (q30,) %,
Where

1 Mmax' = Maximum positive moment in the span

1 MU = Negative moment in the left support
1 Mg = Negative moment in the right support
1 ™ = The span length

The reactions (shear forces) at supports are given by the following equations:

(q,3¢,) 3, M- Mg \V/ _(a26) % M -Mg
T R~

V, =
2 Ll 2 4

18
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Where
1 VL = Reaction (shear force) tite left support
1 Vr = Reaction (shear force) #ite right support

Maximumpositive moment in spans2land 34:

. _(0.19% 1 318 46.65+ 83.91 _( 46.65-83.91
e 8 2 22(0.193%13 38

44.94 ft-kip

18 (46.65 83.9)

Xmax:_

T &23ft
2 (0.193 14 318

_2.70° 18 (46.65 83.9)
2 18

V. 22.25 kips

_2.70° 18 (46.65 83.9)

V.
R 2 18

26.39 kips

Where

M, = 46.65 ftkip Mg = 83.91ft-kip

Maximum positive moment in spanr3

. _ (0193 14 218 7621+ 76.21 ( 76.21-76.31

e 8 2 23(0.193313 33

33.23 ft-kip

18 (76.2% 76.2)
A S———— A

Xmax:_

$:00 ft
2 (0193 14 318

_2.70 18 (76.21- 76.2)

V, 24.32 kips
t 2 18 P
76.21- 76.2
Vg = 270 18 ( } 24.32 kips
2 18
Where
My = 76.21 ftkip Mgr = 76.21 ftkip

19
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Table 5 - Moment distribution for equivalent frame method (EFM)
by, S, Sy T
C ===
TR T RSSO ‘L
Joint 1 3 4
Member 1-2 2-1 2-3 32 34 4-3
DF 0.388 | 0.280 | 0.280 | 0.280 | 0.280 | 0.388
COF 0.507 | 0.507 | 0.507 | 0.507 | 0.507 | 0.507
FEM 73.79 | -73.79 | 73.79 | -73.79 | 73.79 | -73.79
Dist -28.66 | 0.00 0.00 0.00 0.00 | 28.66
CO 0.00 | -14.53 | 0.00 0.00 | 1453 | 0.00
Dist 0.00 4.06 406 | -4.06 | -4.06 | 0.00
CO 2.06 0.00 | -2.06 | 2.06 0.00 | -2.06
Dist -0.80 0.58 0.58 | -0.58 | -0.58 | 0.80
CO 0.29 -041 | -0.29 | 0.29 0.41 | -0.29
Dist -0.11 0.20 0.20 | -0.20 | -0.20 | 0.11
CO 0.10 -0.06 | -0.10 | 0.10 0.06 | -0.10
Dist -0.04 0.04 0.04 | -0.04 | -0.04 | 0.04
CO 0.02 -0.02 | -0.02 | 0.02 0.02 | -0.02
Dist -0.01 0.01 0.01 | -0.01 | -0.01 | o0.01
CO 0.01 0.00 | -0.01 | 0.01 0.00 | -0.01
Dist 0.00 0.00 0.00 0.00 0.00 0.00
M "max 46.65 | -83.91 | 76.21 | -76.21 | 83.91 | -46.65
Y 2225 | 26.39 | 2432 | 24.32 | 26.39 | 22.25
Xmax 8.23 9.00 9.77
M *max 44.94 33.23 44.94
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2.2.4. DesignMoments

Positive and negative factored moments for the slab system in the direction of analysis are Hajtee in
9. The negative momentssed for desigaretakenat the faces ofupports (rectangle section or equivalent
rectangle for circular or polygon semts) but not at distances greater th@rd75%; from the centers of
supports.

ACI 31814(8.11.6.1)

16 in.
123 2

=0.67 ft <0.175 48 3.2 1(use face of support location)

w = 193 psf=2.702 fi-Ib
I I
71./‘}7 714\7

'

Ll 1L

Moment diagram (ft-kips)

83.91 8391
76.21 76.21
o /é% //%x N

<z

2

22.20

44.94 44.94

X, ﬁ * _ .
Moment values @ columns centerlines

Shear diagram (kips)

2639 24.59

24.32
45 2252
V |
r——sv%ﬁ_q\a \57977&—-4 .
2459 o, 20.45
24.32

26.39

x f
V @ Column Centerline
——=— V(@ Column Face

Moment diagram (ft-kips)

66.99 66.99
60.61 60.61
32.42 1940
N
44.94 3323 4494
x, ft

* Moment values @ columns faces

Figure9 - Positive and Negative Design Moments &abBeam (All Spans Loaded with Full Factored Live Load)
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2.2.5.

Distribution of DesignMoments

a) Check whether the moments calculated above can take advantage of the reduction per@iesiliByl 4
(8.11.6.59:
If the slab system analyzed using EFM within the limitation&©f 31814 (8.10.2) it is permitted by the
ACI code to reduce the calculated moments obtained from EFM in such proportion that the absolute sum of
the positive and average negative design emsineed not exceed the value obtained from the following
equation:
3¢, 32 . .
M, :q“% £.193 34 ( 6867i 93:82 ft-kip ACI 31814 (Eqg. 8.10.3.2)
End spans44.94+ (32'#66'99) =94.65 ft-kip:
+
Interior span:33.23+ M) =93.83 ft-kips
The total design moments from the Equivalerame Method yield a static moment equal to that given by
the Direct Design Method and no appreciable reduction can be realized.
b) Distribute factored moments to column and middle strips:
After thenegative and positive moments have been determingdegalabbeam stripthe ACI codepermits
thedistribuion of the moments at critical sections to twdumn strig, beams (if any)and middlestripsin
accordance with thBDM. ACI 31814 (8.11.6.6)
Distribution of factored moments at critical sections is summarized in Bable
Table 6- Distribution of factored moments
Slab-beam Strip Column Strip Middle Strip
Location Moment percent | Moment | o | Moment
(ft-kips) (ft-kips) (ft-kips)
Exterior Negative 3242 100 3242 0 0
End Span Positive 4494 60 2696 40 1798
Interior Negative 66.99 75 5024 25 16.75
Negative 6061 75 4546 25 1515
Interior Span
Positive 33.23 60 19.% 40 13.9
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2.2.6. Flexural ReinforcementRequirements

a) Determine flexural reinforcement required for strip moments

The flexural reinforcement calculation for the column strip of end Spaterior negative location is provided
below.

M, = 32.42ft-kips
Use averagéag= 5.75in.

To determine the area of steel, assumptions have to be made whether the section is tension or compression
controlled, and regarding the distance between the resultant compression and tension forces along the slab
section jd). In this example, tensiecontolled section will be assumed so the reduction factsrequal to

0.9, andd will be taken equal t0.95d The assumptions will be verified once the area of steel in finalized.

Assumed = 0.95 xd = 5.46 in.

3
Column strip width,b:mT12 84 in.

3
Middle strip width, b= 14le 84 in.

A = M, . 32.42 12,000 £32 in?
f3 fy3 jd 0.9 360,000 V.95 5.46
Recalculatesd fthe®actualhs=1.2in.%
3 f
a=_ 20T, 13260000 oo,
0.85 fj  0.85 %,000 84
c=2 9277 g356i0n
b, 085
é0.003@d 03003 a
= ¢ 0.003 = 55 0.003 0.0499 0.0
EFec & 0326 8’

Thereforethe assumption thaection is tensicwontrolledis valid.

M _ 32.42 1231,000

faf.% 2 009 60,000 xys9277
¢ 2 ¢ 2

1-O:On
IO-OzN
[05]
=
N
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A.,.,,=0.018384 ¥ 106 iA.

Maximum spacings,., =2 3h 2 73 14Hn.

128 i

184n

Provide 7- #4 bars withAs = 1.40in.2and s= 874 42 in.

Basedon the procedure outlined above, values for all span locations are given in Table 7.

Qnax

ACI 31814 (24.4.3.2

AC| 31814 8.7.2.9

Table 7 - Required Slab Reinforcement for Flexure (EFM)
Span Locaion @hips) | @m) | (my | G5 | God | Provded | Gnd
End Span
Exterior Negative 3242 84 | 575 | 1.28 | 1.06 T-#4 1.40
Column Strip | Positive 2696 84 | 575 | 1.06 | 1.06 6-#4 1.20
Interior Negative 5024 84 | 575 | 2.02 | 1.06 11-#4 2.2
Exterior Negative 0.00 84 | 575 | 0.00 | 1.06 6-#4 1.20
Middle Strip | Positive 1798 84 | 575 | 070 | 1.06 6-#4 1.20
Interior Negative 16.75 84 | 575 | 066 | 1.06 6-#4 1.20
Interior Span
Column Strip | Positive 19.9 84 | 575 | 0.78 | 1.06 6-#4 1.20
Middle Strip | Positive 13.9 84 | 575 | 0.52 | 1.06 6-#4 1.20
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b) Calculate additional slab reinforcement at columns for moment transfer between slab andgdlaxure

The factored slab moment resisted by the col@gr® M, ) shall be assumed to be transferred by flexure.

Concentration of reinforcement over the column by closer spacing or additional reinforcement shall be used

to resist this moment. The fraction of slab moment not calculated to be resisted by flexureassaihied to

be resisted by eccentricity of shear. ACl 31814 8.4.2.3
Portion of the unbalanced moment transferred by flexuge M, ACl1 31814 8.4.2.3.]
Where
1
g =—(———F— ACI 31814 (8.4.2.3.2)
1+g 3 E
3 \b,
7 by = Dimension of the critical sectidm, measured in the direction of the span for which moments are
determined in ACI 318, Chapter 8 (see Figure 5).
7 b, = Dimension of the critical sectiobh, measured in the direction perpendiculabton ACI 318,
Chapte 8 (see Figure 5).
1 by = Effective slab width= c; + 3xh ACI 31814 (8.4.2.3.3)

The additional reinforcement calculation for the column strip of end sp&tterior negative location is
provided below.

M, = 46.65ft-kips Asprov)= 1.40 in?
d 5.75 . _ .
bl:Cl_;,_5 =3 AE_ 1888 in b2_C2+d ¥ 5#5 2Z75ir
-1 e
h=c, 8 A 16 3+ B7in gf_l+23(18.88 '
3 \22.75

i a 23 g M
A= 0.85 fj % & g g M,
f z £30.853f; B,

y

3 a 3 0
A= 0.85 4000 37?.75 5 78 230.62 46.65 O 147 A
60,000 8 0.9 0.8% 4,0003 37@

_ (o} 3 :
A%, provided within bb ™ As provided 3F E40 g% 0.62 Irf'
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'% - '% provided within bb 4.17 0.62 G55iA

Provide3- #4 bars with A= 060 in.2

Table 8- Additional Slab Reinforcement required for moment transfer between slab and column (EFM)

5 Asr e g (  Asprov. For |
. Mu o My bb d o Do Addqg
Span Location (ft-kips) O (ft-kips) | (n.) | (n.) Wlthlgbb erxure.Wzlthm bob Reinf.
(in%) (in%)
End Span
EIXte”t‘.’r 4666 |062| 2878 | 37 |575| 117 0.62 3-#4
Column S
Strip 3
Intenior 771 | 0.60| 463 37 | 575| 0.8 0.97 -
Negative

" M, is taken at the centerline of the support in Equivalent Frame Method solution.
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2.2.7. Column DesignMoments

The unbalanced moment from the skedlams at the supports of the equivalent frame are distributed to the
supportcolumns above and below the sladam in proportion to the relative stiffness ofshpportcolumns.

Referring toFigure9, the unbalanced mamt at joints 1 and 2 are:

Joint = +46.6 ft-kips

Joint 2= -83.91+ 76.2L = -7.71 ft-kips

The stiffness and cargver factors of the actual columns and the distribution of the unbalaladedoments

to the exterior and interior columns are showthanfollowingFigure

LIS
; \.12.87 fi-kip o
=1
COF = 0.552 a
Ke=1125.5% 10° 22.15 fi-kip— 5
DF = 0.500 23.33 ft-kip v §
) =
COF =0.552 \\-23.33 fi-kip 2
K.=1125.5x10° \-22.15 fi-kip !
DF =0.500 ke
L]
=
[54]
12.87 fi-kip-, f
LT )
EXTERIOR COLUMN
V27774
g 2.13 fi-kip/
&=
=) \ . COF =0.552
5 ,r3-66§-ip Ke=1125.5x 10°
E //~3.85 fi-kip DF =0.500
/ 5
: T
2 3.85 fi-kip-// % COF =0.552
o 3.66 fi-kip— K. =11255x 10°
5 \ DF = 0.500
2
=
N 213 fikip
L/ 77777
INTERIOR COLUMN

Figurel0 - Column Moments (Unbalanced Momsiitom SlabBeam)
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In summary:
McoI,Exterior: 22.15 fEkIpS

Mcol,lnterior = 3.66 f'EkIpS

The moments determined above are combined with the factored axial loads (for eachrstdiggtored
moments in the transverse directfon design of column section$he following Figure shows the moment
diagrams in the longitudinal and transverse dioador the interior and exterior equivalent frames. Following

the previous procedure, the moment values at the face of interior, exterior, and corner columns from the

unbalanced moment values can be obtaifibdse values are shown in the following table

24.09

17.80

63.81 5416

20.66

Figurelli Moment Diagrams (kip#)

28



Structure Point slab

CONCRETE SOFTWARE SOLUTIONS

Mu Column number (Seethe previousFigure)

(kips-ft) 1 2 3 4
M ux 3.66 2215 2.06 1247
M uy 2.27 1.24 1226 6.78

3. Design of Interior, Edge, and Corner Columns

This section includes the design of interior, edge, and corner columnsspSinlumnsoftware. The preliminary
dimensions for these columns were aédted previously in section onghe reduction of live load p&SCE *

10will be ignored in this examplélowever, the detailed procedure to calculate the reduced live loads is explained
in thefilOneWay Wide Module Joist Concrete Floor Desdesign Ekample.

3.1. Determination of Factored L oads

Assume 4 story building

Interior Column(Column #1)

Tributary area for interior column Brriputary = (18 x 14) = 252 ft

ﬂ Pu = 4 X qu X ATributary: 4 X 0193 X 252 = 19454 klpS
1 Muyx = 3.66 ftkips (see the previous Table
1 Muy = 2.27 ft-kips (see the previous Table

Edge (Exterior) Column (Column #2):

Tributary area for interior column 8y, .., = 2&213 14 3 126 ff
g -_—

1 Pu = 4 xqux Aributary = 4 x 0.193 x 126 = 97.27 kips

=
<
c
x
|

= 22.15ft-kips (see the previous Table

= 1.23ft-kips (see the previous Talle

=
<
c
<
|
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Edge (Exterior) Column (Column #3):

1-O:On

Tributary area for interior column iy, ... = %8 3% 26
¢

ﬂ Pu = 4 X qu X ATributary: 4 X 0193 X 126 = 9727 klpS
1 Mux = 2.05ft-kips (see the previous Table
1 Myy = 12.26ft-kips (see the previous Table

Corner Column (Column #4):

_ L , al8 14 ¢ 2
Tributary area for interior column gy, ... = — 563ft
ry (;% 2 =

ﬂ PU = 4 X qu X ATributary: 4 X 0.193 X 63 = 48.64 kIpS

—a

<
c
x
|

= 12.47ft-kips (see the previous Table

=a

<
c
<
|

= 6.78ft-kips (see the previous Talle

The factored loads are then input isf@Columnto construct the axial loadmomert interaction diagram.
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3.2.Column Capacity Diagram (Axial-Moment Interaction Diagram)

Interior Column (Column #):

STRUCTUREPOINT - spColumn v10.00 (TM)
S rrePoint, LLC. License ID: 00000-0000000-4-251C8-251C8

to: Stru

16 x 16in

General Information

Project Two-Way Fl...late System
Column Interior #1

Engineer SP

Code ACI 318-14

Bar Set ASTM A615

Units English

Run Option Design

Run Axis Biaxial

Slendemness Not Considered
Column Type Structural

Capacity Method Moment capacity
Materials

fe 6
E 4415.21
# 60
Es 29000
Section

Type Rectangular
Width

Depth

A 256 i
I 5461.33 i
l, 5461.33 i
Reinforcement

Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.88 i
Bars 4 48
Confinement type Tied
Total steel area, A, 3.16 i
Rho 1.23
Min. clear spacing 10.24 i

16 i
16 i

ksi
ksi

ksi
ksi

%
in

ructurePoint\sp Column\interior Column (#1).colx

1000

(Pmax) r P [kip] (Pmax)
800 T
600 +
[ »
[ \
[ |
‘ \
400 + |
|
‘a |
\ ;‘
\ 200 +1 /
\ /
M [k-ft]
250 -200 -150 -100\_-50 50 100 150 200 250
(Pmin) - 2004 (Pmin)
PM at 32.0 [deg]
Py Mux Moy $P, M OM,y Capacity
kip k-ft k-ft kip k-ft k-ft Ratio
194.5 37 23 194.54 130.78 81.11 0.03

Max. Capacity Ratio: 0.03
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EdgeColumn (Column #):

STRUCTUREPOINT - spColumn v10.00 (TM)
d to: StructurePoint, LLC. License ID: 00000-0000000-4-251C8-251C8
tructurePoint\spColumn\Edge Column (#2).colx

CAS!

(Pmax) 1000 1 P [kip] (Pmax)
® o
800 +
16 x 16in
General Information BA0-T
Project Two-Way Fl...late System
Column Edge #2
Engineer SP \
Code ACI 318-14 400 T \
Bar Set ASTM A615 ‘
Units English
Run Option Design
Run Axis Biaxial 200
Slenderness Not Considered 1
Column Type Structural ¥
Capacity Method Moment capacity ! | ! ! | | | ] [!(-ft]
I t + t + t f + t !
Materials 250 -200 -150 -100 “\:50 50 100 150 200 250
fo 6 ksi
Ec 4415.21 ksi
(Pmin) -200 + (Pmin)
% 60 ksi PM at 3.0 [deg]
Es 29000 ksi
Section
Type Rectangular
Width 16 in
Depth 16 in
A 256 in? No. Py Moy M,y P, M, oM, Capacity
I, 5461.33 in* kip k-ft k-ft kip k-ft k-ft Ratio
I 5461.33 int 1 97.3 22.1 1.2 97.27 142.21 7.90 0.16
Reinforcement Max. Capacity Ratio: 0.16
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.88 in
Bars 448
Confinement type Tied
Total steel area, A, 3.16 in?
Rho 123 %
Min. clear spacing 10.24 in
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EdgeColumn (Column 8):

STRUCTUREPOINT - spColumn v10.00 (TM)
d to: StructurePoint, LLC. License ID: 00000-0000000-4-251C8-251C8
tructurePoint\spColumn\Edge Column (#3).colx

CAS!

(Pmax) 1000 1 P [kip] (Pmax)
® o ’
7 800 +
16 x 16in
General Information BA0-T
Project Two-Way Fl...late System
Column Edge #3 /
Engineer SP (
Code ACI 318-14 [ 400 T
Bar Set ASTM A615
Units English \
Run Option Design
Run Axis Biaxial 200
Slenderness Not Considered 1
Column Type Structural *
Capacity Method Moment capacity ! | ! ! | | ] [!(-ft]
I t + t + t f + t !
Materials 250 -200 -150 -100 “\:50 50, 100 150 200 250
fo 6 ksi
Ec 4415.21 ksi
(Pmin) -200 + (Pmin)

% 60 ksi PM at 81.0 [deg]
Es 29000 ksi
Section
Type Rectangular
Width 16 in
Depth 16 in
A, 256 in? No. Pu M M,y P, M, M, Capacity
I 5461.33 in* kip k-ft k-ft kip k-ft k-ft Ratio
I 5461.33 int 1 97.3 20 123 97.27 2362 141.25 0.09
Reinforcement Max. Capacity Ratio: 0.09
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.88 in
Bars 448
Confinement type Tied
Total steel area, A, 3.16 in?
Rho 123 %
Min. clear spacing 10.24 in
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CornerColumn (Column #):

STRUCTUREPOINT - spColumn v10.00 (TM)

d to: StructurePoint, LLC. License ID: 00000-0000000-4-251C8-251C8

CA\S

tructurePoint\spColumn\Comer Column (#4).colx

[ ] [ ]
L.
(Pmax) 1000 1 P [kip] (Pmax)
® o
800 +
16 x 16in /1
General Information BA0-T
Project Two-Way Fl...late System \
Column Corner #4 ‘ \
Engineer sP | |
Code ACI 318-14 [ 400 T .
Bar Set ASTM A615 J
Units English \ "/
Run Option Design l |
Run Axis Biaxial 200
Slenderness Not Considered
Column Type Structural +1
Capacity Method Moment capacity ! | ! | | ] [!(-ft]
I t + t !
Materials 250 -200 -150 -100 200 250
fo 6 ksi
Ec 4415.21 ksi
(Pmin)

i 60 ksi PM at 29.0 [deg]
Es 29000 ksi
Section
Type Rectangular
Width 16 in
Depth 16 in
A, 256 in? No Pu Mo M,y P, M, M, Capacity
I 5461.33 in* kip k-ft k-ft kip k-ft k-ft Ratio
I 5461.33 int 1 486 125 6.8 48.64 111.57 60.66 0.1
Reinforcement Max. Capacity Ratio: 0.11
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.88 in
Bars 448
Confinement type Tied
Total steel area, A, 3.16 in?
Rho 123 %
Min. clear spacing 10.24 in
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4. Two-Way Slab Shear Strength

Sl 24.32 26.39

Shear strength dheslab inthevicinity of columns/supports includes an evaluation ofwag shear (beam action)
and tweway shear (punching) in aaetance with ACI 318 Chapter 22.

4.1. One-Way (BeamAction) ShearStrength
ACI 31814 (22.5)

Oneway shear is critical at dddanced from the face of the column as shown in FigsirEigure 2 shows the
factored shear force¥\( at the critical sections around each colummembers withouthear reinforcement,

the design shear capacity of the section equals to the design shear capacity of the concrete:

N, = X, +\f =VfF(V, FO¥ ACI 31814 (Eq. 22.51.1)
Where:
N, = f2 3/[ijb, *d ACI 31814 (Eq. 22.5.5.1)

/ =1 for normal weight concrete

V. =0.7532 1.0 ‘1%0%%0 (& 12y 5.75 9l1.64 ki

BecausefV, 2 V, at all the critical sections, the slhbs adequateneway sheastrength

Shear diagram (kips)

26.39 2432 ==

V @ Column Centerline
——~— V (@ Distance d from Column Face

Figurel2i OneWay Shear aiCritical Sections (aDistance d from th&ace of theSupportingColumn)
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4.2. Two-Way (Punching) ShearStrength

a)

ACI 31814 (22.6)

Two-way shear is critical on a rectangular section locatééRatway from the face of the column as shown in
Figure5.

Exterior column:

The factored shear forc®\) in the critical section is computed as the reaction at the centroid of the critical
section minus the selfeight and any superimposed surface deadiamtbad acting within the critical section
(d/2 away from column face)

V, =22.25-0.193 21'715;418'888 21.70 kif
g -

The factored unbalanced moment used for shear traikfgris computed as the sum of the joint moments to
the left and right. Moment of theertical reaction with respect to the centroid of the critical section is also taken

into account.

0%8.88 5.99- 16/28 37.81 kips-

M,, =46.65 -21.7
¢ 12 =

For the exterior column in Figug the location of theentroidal axis z is:

5.75

q:q% £ >3 1888in b =c ‘0 ¥ 575 2E75i
2
ozt = 1888 gaqy,

23b 4, 2 $8.88 2175

The polar momeni; of the shear perimeter is:

dphsd® g2 i’ ah 50 2
J =2 + s d G g ab =d
c g 12 12 (q ) ?2 A 9 g o] Ge
418.88 5.78 5.75 18.88 3 1888 _ 30
J =2 22 2999 (1888 5.7% 5992 4 21%5 5.73 50% 14,169
T8 2\ ’ &2 08
g,=1-g E 0617 038 ACI 31814 (Eq.8.4.4.2.2)
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Where:

gf -
1+g 3\/E
3 \b,

g = B $£.617

1+ 2, ,18.88
3 \21.75
The length of the critical perimeter for the exterior column:

b,=23% B 2=18388 21#5 59.80i

The twoway shear stress ) can then be calculated as:

ACI 31814 8.4.2.3.2

vV = Vu _r_gv unb AB
““h3d J

(4

ACI 31814 (R.8.4.4.2.3)

21.7¢ 1,000  0.383 (37.81° 12 °1,000) %. 9%_3 43 7877 137.20p

Vv =
Y 593 575

5303575 5
i& 595 2 g1 4.0

fv,=0.753252.98 89.74 p

14,109

ACI 31814 (Table 22.6.5.2)

€252.98.0
min 879.47 u2§298|
(3b9.85 y

< —) — = e = = o

Sincefv, 2 v, at the critical section, the slab has adequatevtay shear strength at this joint.
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b) Interior column:

V, =(24.32 +26.3) -0.103031:7% 21.758

o 59.08Kk
g -_—

M, =83.91-76.21 -50.08 {0) %70 kips

For theinterior column in Figureb, the location of theentroidal axis z is

b=c +d ¥ 575 2E75in b,=c, +d 6 575 2E75ir

b 2175

=2 =" 10.88in.
AB 2 2

The polar momeni; of the shear perimeter is:

Jc=zs‘§’%’ NS

J|-oot”

-CD: Ot

§2 h+dogy

j =, A21.75 578 575 21.75

=2 3 (21.75 535 (23 2 21.75 5751088 40,132
& 12 12 °

9,=1-g E 060 04 ACI 31814 (Eq.8.4.4.2.2)

Where:

g = ACI 31814 8.4.2.3.2
2
1+ = 3 | =+
3

The length othe critical perimeter for the interior column:

b,=2 32175 2 21.75 & i
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The twoway shear stressj can then be calculated as:

= % M, ACI 31814 (R.8.4.4.2.3)
b2d JC
,, = 50.08 1,000, 040 (7.7°12 1,000) 10880010 1000 13012
87 5.75 40,431
IS \
i43/ 3 [T :
v, = ming@ % o I 1{ ACI 31814 (Table 22.6.5.2)
16 * i
Tas < i
15570 § T
¢ bo - {
g a
143134 !
A 000 I 252980
v.=minj 2 £ 62 000 U mil §79.47 252.98
I 03575 ) : 120360 |
10 >z G 40007
ic - y

fv,=0.753252.98 489.74 p

Sincefv, 2 v, at the critical section, the slab has adequatevtawp shear strength at this joint.
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c) Corner column:

In this example, interior equivalent frame strip was selected where ihasdxterior and interior supports (no

corner supports are included in this strip). However, thevtap shear strength of corner supports usually
governs. Thus, the twaway sheastrength for the corner column in this example will be checked for educational
purposes. Same procedure is used to find the reaction and factored unbalanced moment used for shear transfer

at the centroid of the critical section for the corner supporh®ekterior equivalent frame strip.

V,=12.19 -0.193 8.88 18. 888 .71 ki

& 144

§8 88 4.72-16/2¢

M, =26.08 -11.71 O
Q 12

20.07 kips-

For thecornercolumn in Figures, the location of theentroidal axis z is:

h=c < 1 >° 1888in b=c < > 1888in
2 5 2 >
b? _ 18.8¢

Caz = 55 472 in.
23p H, 2 28.88 18.88

The polar momeni; of the shear perimeter is:

sd® g3 a %0
‘J =2 b112 4'7 (q' d)sa‘-:%a Gas OSQ d+ qu
¢ ¢ T
418.88 578 575 18.88 4 1888 , .50
Jo=2g U 2 220 (18.88 57 4.723 § 18.88 5.75% 4723 8,354
TTE o $ 08
g =1-g E 060 04 ACI 31814 (Eq.8.4.4.2.9)
Where:
1
g =———— ACI 31814 8.4.2.3.2
1+7 3 E
b,
g =1 ___ 060
1.2 ;[18:88
3 \18.88

40



Structure Point

slab
CONCRETE SOFTWARE SOLUTIONS
The length of the critical perimeter for the exterior column:
b, =18.88 +18.88 =37.75 il
The twoway shear stress{j can then be calculated as:
v, Y *g"s Mo e ACI 31814 (R.8.4.4.2.3)

"“hed J

(9

v _11.7® 1,000, 0.4C¢* (20.073 12 31,000) 34'7%'3.96 54.41 168.37 p
Y 37.7% 5.75 8,354

ACI 31814 (Table 22.6.5.2)

é a
%43 154,000 : 6252.98 (i
T8, 4 5 T 1 oo 7
vV, =minj 2 ? oF (3,000 u mn 879.47 {1252.98 ¢
;‘5203 coe I ysioaey !
15— 2+2 31 §4,0007
1C 37.75 - y

fv,=0.753252.98 =189.74 p

Sincefv, 2 v, at the critical section, the slab has adequatevtayp shear strength at thnt.
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5. Two-Way Slab Deflection Control Serviceability Requirementg

Since the slab thickness was selected based on the minimum slab thickness tables irIXCHR®1 8eflection
calculations are not required. However, the calculations of immediatevemdependent deflections are covered

in this section foillustration and comparison wittpSlabmodel results
5.1. Immediate (Instantaneous)Deflections

The calculation of deflections for twway slabs is challengingren if linear elastic behavior can be assumed.
Elastic analysis for thregerviceload levels D, D + Lsystaines D+Leun) is used to obtaimmediatedeflections
of the twoway slabin this example. However, other procedures may be used if they result in predictions of

deflection in reasonable agreement with the results of comprehensive tests. ACI 31814 24.2.3

The effective moment of inerti&) is used to account for the craaieffect on the flexural stiffness of the slab.
lefor uncracked sectiorM, > M,) is equal tdy. When the section is crackeldl4 < Ma), then the following
equation should be used:

3

o 3~ é o
|e:§e'\'\% 93, & M R ACI 31814 (Eq. 2.2.358)
¢ T B G

Where:

Ma = Maximum moment in member due to service loads at stage deflection is calculated.

The values of the maximum moments for the three service load &eetslculated from structural analysis as

shown previously in this document. These momargsshown irthe followingFigure.
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® © ©
_ — M I
i < ‘_‘f -t a a ? 5
L Ayl b
Moment diagram (ft-kips)
1.DL
2. DL + LLgygpaineq
64.13 64.13
58.24 58.24
o %\ /%>>\ -
25.39
34.35 34.35
x. ft . _ .
Moment values @ columns centerlines
Moment diagram (ft-kips)
3.DL+LLgy
30.97 , , 30.97
- )y N\ -
3.0
14.98 13.04 14.98
x. ft . )
Moment values @ columns centerlines
Figure13i Maximum Moments for the Three Service Load Levels
Mcr = cracking moment.
fsl 474.34 4,802 1 .
M, = o 4743 802 4 54.23 ft-kip ACI 31814 (Eq. 2.2.3.5b)
Y, 3.5 12 1,000
+ = Modulus of rapture of concrete.
f,=75% Jfi 75 1.8/ 4800 47434p ACI 31814 (Eq.19.2.3.1

lg= Moment of inertia of the gross uncracked concrete section
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_Leht (14019 57

4,802 in’
¢ 12 12

~

= 3Z5in.
2

N o

yI:

- = moment of inertia of the crackeectiontransformedo concrete PCA Notes on ACB1811 9.5.2.2

The calculations shown below are for thesign strip (frame stripfhevalues of these parameters for column

andmiddle stripsare shown in Tablé.

As calculated previous)ythe exterior sparframe stripnearthe interior supporis reinforced with T #4 bars
located at 1.25 in. along the section from tbe of the slab Figure ¥ shows all the parameters needed to

calculate the moment of inertid the crackedectiontransformedo concrete

1 Tension nAs
T 000000000000 —
h ; : jl n= Eg / Ec NA
4 O[N]
| b |
Figurel4i Cracked Transformed Section
E.s= Modulus of elasticity of slab concrete.
E.=w.">33 3[fj £0° 334,000 3,834 o3 ACI 31814 (19.2.2.1.a)
n= E 29,000,000 %56 PCA Notes on ACI 3141 (Table 182)
E. 3,834,000
3
B= b - 112 &53in:! PCA Notes on ACI 3181 (Table 162)
n*A 75617 9.2
3 3 - -
kd= V2 d BB ¥ 1-42 5'?2 52'53 L ¥igin, PCA Notes on ACI 3141 (Table 162)
_ b3 (kd)?® 2
I, = n A (& kd PCA Notes on ACI 3181 (Table 162)

cr 3

Iy :w #.56 (17 ¢ (575 1.8 628f
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The effective moment of inertia procedure described in the Code is considered sufficiently accurate to estimate
deflections. The effective moment of inertig, was developed to provide a transition between the upper and
lower bounds olg and I as a function of the ratiM/Ma. For conventionally reinforced (nonprestressed)
members, the effective moment of inertig,shall be calculated by Eq. (24.2.3.5a) aslebtained by a more
comprehensive analysis.

le shall be permitted to be taken as the value obtained from Eq. (24.2.3.5a) at midspan farglropidinuous
spars, and at the support for cantileser ACI 31814 (24.2.3.7)

For continuous onway slabs and beamk.shall be permitted to be taken as #werage ofvalues obtained

from Eg.(24.2.3.5a) for the critical positive and negative moment sections. ACI 31814 (24.2.3.6)
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For the exterior span (span with one endtinuouswith service load levell¥ + LLu):

SinceMcr = 54.23 ftkips <M, = 64.13 ftkips

° 3. e o 3
I :%'\\"T 9, a M B ACI 31814 (24.2.3.5a)
M, 20 g ML

Wherel¢ is the effective moment of inertia for the critical negative moment section (neargpert).

o 3 @ 3
I ~854.23 04 00p g1 23 %629 3,152 i
64.13 2 § 17

12=1, =,802in! ,sincH , =54.23 ft-kips\d, =34.3%ips

9
Wherel" is the effective moment of inertia for the critical positive moment section (midspan).

Since midspan stiffness (including the effect of cracking) has a dominant effect on deflections, midspan section
is heavily represented in calculation kf and this is considered satisfactory in approximate deflection

calculationsThe averaged effective moment of inertiga{y is given by:

=0.853, .15 3 for end spe PCA Notes on ACI 3181 (9.5.2.4(1))

I e avg

=0.8594,80) 0.15(33,148 45541

I e avg

Where:
1 l¢ =Theeffective moment of inertia for the critical negative moment section near the support.

1 l¢" = The effective moment of inertia for the critical positive moment section (midspan).
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For theinterior span $§pan with both ends continugugith service loadevel © + LLsu):

o 3~ e
. :%l\% 8 , & M S?ﬂ 3, sincéM ,  54=23ft-kipsM , =58.24 ft-ki ACI 31814 (24.2.3.5a)
M, 20 g M

6%7 034802 é—l % %629 3,898 ifi

12 =1, =,802in’ ,sincH , =54.23ft-kipsM, = 25.8%ips

€ 9

The averaged effective moment of inertigafg is given by:

=0.703, @.15 (I o e'} for interior spe PCA Notes on ACI 3181 (9.5.2.4(2))

e avg

=0.70 4,80} ©.15(%3,993 3:9p3 4559

e avg
Where:

le.” = The effective moment of inertia for the critical negative moment section ndaftteepport.
leg = The effective moment of inertia for the critical negative moment section nesdglthsupport.

The followingTable provides a summary of the required parameters and calculated values needed for deflections
for exterior and interior equivalent frame. Is@ provides a summary of the same values for column strip and

middle strip to facilitate calculation of panel deflection.

Table 91 Averaged Effective Moment of Inertia Calculations
For Frame Strip
| | Ma, (ft-klp) M le, (in.4) |e,avg (in.4)
(o]} Cry Cry
Span Zzone @in.%) | (in? D D+ D + (k-ft) D D+ | D+ D D+ | D+
LL sus | Liun LL sus | Lun LL sus | Liun
Left 499 | -25.99| -25.99| -35.65 4802 | 4802 | 4802
Ext | Midspan 466 | 25.03 | 25.03 | 34.35 4802 | 4802 | 4802 | 4802 | 4802 | 4555
Right 629 | -46.74| -46.74 | -64.13 4802 | 4802 | 3153
4802 54.23
Left 629 | -42.45| -42.45| -58.24 4802 | 4802 | 3999
Int Mid 466 | 1851 | 18.51 | 25.39 4802 | 4802 | 4802 | 4802 | 4802 | 4561
Right 629 | -42.45| -42.45| -58.24 4802 | 4802 | 3999
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Deflections in tweway slab systems shall be calculated taking into account size and shape of the panel,
conditions of support, and nature of restraints at the panel edges. For immediatéodeffeciway slab
systems the midpandé&flectionis computed as the sum of deflection at midspan of the column strip or column
line in one directiorfagax or qy) and deflection at midspan of the middle strip in the orthogonal directigol

ony)- Figure B shows the deflectionomputationfor arectangular panelthe averagepfor panels that have

different properties in the two directiondalculated as follows:

D, + +_ D
D —( = R) 2( g mﬁ PCA Notes on ACB1811 9.5.3.4Eq. 8
Assumed Direction Assumed
Support Line ™ + Support Line

X of Analysis
Acx
ANy

Assumed Assumed

/ ) Support Line Support Line

a) X Direction Bending b) Y Direction Bending

Direction
of Analysis

B (Aex+ Anw) (At Amx)
B 2

¢) Combined Bending

Figurel5i Deflection Computation for Rectangular Panel
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To calculate each term of the previous equation, the following procedure should be used.6F&goresithe

procedure of calculating the tem. same procedure can be used to find the other terms.

Acx = Ac‘x.ﬁ‘ced + Agf:‘c.R + Agf‘x-l
A - LDF A Iﬁ'ame=mvi'age l’ I ‘I I
— L% ﬁﬂmﬁm,><7Ar Agcngcxx[flx g AQLZQLX{—]X[_g]
s RN VR R VAR
e / feme l € S frame
LDF +LDF,;
ILDE™ + % ( net R )_ﬁ"ame (Mmzri )ﬁ-amg
| k- 2 Oa =g e
A B wxl*
_— frame. fived
38AXE X1 eraee

Figurel6i oqx CalculationProcedure

For exterior span service dead load case:

w3 |

D ed = PCA Notes on ACB1811 9.5.3.4Eq. 1
frame, fixed 3843 EC3 | ( d D

frame averaged

Where:

Rrame_fixea= Deflection of column strip assuming fixeohd condition.

w=220 450 £ Q18 108>
¢ 12 = ft

E.=ws333[fj #0° 33,4000 3,834 f03g ACI31814(19.2.2.1.a)

lrame,averaged The averaged effective moment of inertigalg for the frame strip for serviaead load case
from Table 9 = 4802 in*

1,505 18= 12

D = 6.039 in.
rame et 3843 (3,834310 ) 4,802

|
ADF, 3 D ted ff’f“lei“ PCA Notes on ACB1811 (9.5.3.4 Eq. 1}

c9

D,

¢, fixed
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WhereLDF. is the load distribution factor for the column strip. The load distribution factor for the column

strip can be found from the following equation:

LD+ + LDF ;LDFR'

LDF =
Cc

2
And the load distribution factor for the middle strip can bentbfrom thefollowing equation:
LDF, =1 -LDF,

For the end spar,DF for exterior negativeaegion (DF_5], interior negativeregion (DFr5j, and positive

region (DF_ ) are 1.00, 0.75, and 0.60, respectively (Fficahle6 of this document Thus, the load distribution

factor for the columstrip for the end spais given by

0.6 1:0% 0.75
LDF :f2 2.738

leg= Thegrossmoment of inertial) for the column strip for service dead loa@,401in.*

D, s 0.738 ©.039 ioz 0=057 iI
' 2,401
M
Qe = (%L)ﬂame PCA Notes on ACB1811 9.5.3.4 Eq. 1?
Where:

d:,. = Rotation of the left support

(Mnet)frame = 25.99 ftkips =Net frame strimegative moment of the left support

Kec = Effective column stiffness = 3807 x 1(f in.-Ib (calculated previously).

_25.99 1231,000

= =£.0006 ra¢
e 554.3 16
al pal, o
Dg,. =4 % 6’ 6 PCA Notes on ACB1811 9.5.3.4 Eq. 1%
9 TQ e f.ﬁme
Where:
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gL = Midspan deflection due tatation of left support.
(Ig/ le)rame = Gross to effective moment of inertia ratio for frame strip.

s 1812 4,802
8 4,802

Dg,, =0.000 09152 ir

q _ (M r) fame _(46.74- 42.45)3 12 31000
R K 554.3 16

ec

©.00010 ra«

Where
d: = rotation of the span right support.

(Mnetr)rame = Net framestrip negativanoment of the right support.

3l gal, © 183,12 4,8Q2 .
D = A A 0.6001 —3— 0.0025 ir
Ter = Gr %% 98% 2 8 4,802

Where:
qil.r = Midspan deflection due to rotation of right support.

Dex = Pixed  TolX @ PCA Notes on ACB1811 9.5.3.4 Eq. ®

D, =0.057 ©.0152 6.0025 6&.0747

Following the same procedurepn.x can be calculated for the middle strip.i§¥procedurds repeated for the
equivalent frame in the orthogonal directionotatain quy, and gay for the end and middle spaf the other
load levels D+LLsysandD+LL qyy).

Assuming square panehx= qy= 0.0747in. and = gy~ 0.0386in.

The averagepfor the corner panel is calculated as follows:

b (D + 4;;)2(+cyD ) Déch $)D( o= R) ©.0747 =0.0386 +0.113

my,
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‘ Table 107 Immediate (Instantaneous) Deflections in thexirection ‘
‘ Column Strip ‘ ’ Middle Strip ‘
D D
Span LDF (Prame-fixed OR-fixed de1 de2 [00] ¢ dez Rx, =bF (Prame-fixed Phn-fixed dm1 dm2 del CpGGz Pnx
(in.) (in.) (rad) (rad) (in.) (in.) (in.) (in.) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 0.0386 0.0570 | 0.0006 | 0.0001 | 0.0152 | 0.0025 | 0.0747 0.263 0.0386 0.0203 | 0.0006 | 0.0001 | 0.0152 | 0.0025 | 0.0380
Int 0.675 0.0386 0.0521 | -0.0001 | -0.0001 | -0.0025 | -0.0025 | 0.0471 0.325 0.0386 0.0251 | -0.0001 | -0.0001 | -0.0025 | -0.0025 | 0.0201
D+LL sus D+LL sus
Span LDF (Prame-fixed OR-fixed dcl dcz [00] Gﬁ (pdz Rx LDF Prame-fixed (Phn-fixed dml dmz de'll de;z Pnx
(in.) (in.) (rad) (rad) (in.) (in.) (in.) (in.) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 0.0386 0.0570 | 0.0006 | 0.0001 | 0.0152 | 0.0025 | 0.0747 0.263 0.0386 0.0203 | 0.0006 | 0.0001 | 0.0152 | 0.0025 | 0.0380
Int 0.675 0.0386 0.0521 | -0.0001 | -0.0001 | -0.0025 | -0.0025 | 0.0471 0.325 0.0386 0.0251 | -0.0001 | -0.0001 | -0.0025 | -0.0025 | 0.0201
D+LL fun D+LL fun
Span LDF (Prame-fixed OR-fixed dcl dcz [00] dl dez (0% LDFE (Prame-fixed Phn-fixed dml dm2 Cp@l CpGGZ Pnx
(in.) (in.) (rad) (rad) (in.) (in.) (in.) (in.) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 0.0559 0.0782 | 0.0008 | 0.0001 | 0.0208 | 0.0052 | 0.1042 0.263 0.0559 0.0278 | 0.0008 | 0.0001 | 0.0208 | 0.0052 | 0.0539
Int 0.675 0.0558 0.0715 | -0.0001 | -0.0001 | -0.0041 | -0.0041 | 0.0633 0.325 0.0558 0.0344 | -0.0001 | -0.0001 | -0.0041 | -0.0041 | 0.0262
LL LL
Span | LDF T LDF e
(in.) (in.)
Ext 0.738 0.0296 0.262 0.0159
Int 0.675 0.0161 0.325 0.0061
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From the analysis in the transverse directiordisféection values below are obtained:

ForDL loading case:

D

my

cy
For DL+LLustloading case:

D

my

cy
For DL+LL i loading case:

D

my

cy

These values for thedirection are shown ithe previousTable. Then, the total midparagflection is calculated

by combining the contributions of the column and middle strip deflections from the X and Y directions:

(v ) (50

5 PCA Notes on ACB1811 9.5.3.4 Eq. 3
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5.2. Time-Dependent Long-Term) Deflections( &p

The additional timelependent (longerm) deflection resulting from creep and shrinképe may be estimated

as follows:

D o € oD s PCA Notes on ACI 3181 (9.5.2.5 Eq. §

The total timedependent (longerm) deflection isalculated as:

(Dtotal)lt :( J(%t) Inst (P /D-} [( -t’c-)tab |Rt ( SIJS} InJJ CSAA23304 (N9825)

Where:

(qausinst = Immediate (instantaneous) deflection due to sustained load, in.

X
[o=— ACI 31814 24.2.4.1.
° 1+50 %" @ 1

(ot = Time-dependent (longerm) totaldeflection, in.
(qora)inst = Total immediate (instantaneous) deflection, in.
For the exterior span

3= 2, consider the sustained load duration to be 60 months or more. ACI 31814 (Table 24.2.4.1.8

} =0, conservatively.

o= 2 =
1+50 20

D, = 0.0747 @&1493ir

(D

total

), 0.0747 1 ¥ ( &:104 0.07)7 0.254

The following Table shows longerm deflections for the exterior and interior spéorsthe analysis in the-x

direction for column and middle strips.
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Table 11- Long-Term Deflections

Column Strip
Span ( e@)inst (in.) qas(in.) (" @@)inst (in.) ( g2 (in.)
Exterior 0.0747 0.149 0.104 0.254
Interior 0.0471 0.094 0.063 0.157
Middle Strip
Exterior 0.0380 0.076 0.054 0.130
Interior 0.0201 0.040 0.026 0.066
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6. Computer Program Solution

spSlabprogram utilizes the Equivalent Frame Methdekcribed and illustrated in details here for modeling,
analysis and desigof two-way concrete floor slalsystems spSlabuses the exact geometry and boundary
conditions provided as input to perform an elastiffness (natriX) analysis of the equivalent frame taking into
account the torsional stiffness of the slabs framing into the collirafso takes into account the complications
introduced by a large number of parameters such as vertical and torsional stfftestsverse beamghe
stiffening effect ofdrop panels, column capitals, asffiective contributiorof columns above and below the floor
slabusing the of equivalent column concéfACI 31814 (R8.11.4).

spSlabprogrammodelsthe equivalent frame as a design strip. The design strip is, then, separaptidiinto

column and middle strips. The program calculates the internal forces (Shear Force & Bending Moment), moment
and shear capacity vs. demand diagrams for column and middle istsi@sitaneouand longterm deflection

results, and required flexural rédncement for column and middle strips. The graphical and text results are
provided below for both input and output of #ESlabmodel.
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slab.

spSlab v5.50
A Computer Program for Analysis, Design, and Investigation of
Reinforced Concrete Beams, One-way and Two-way Slab Systems
Copyright - 1988-2023, STRUCTUREPOINT, LLC.
All rights reserved

SlructuremenI

Licensee stated above acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the
material supplied as input for processing by the spSlab computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed
nor implied with respect to the comectness of the output prepared by the spSlab program. Although STRUCTUREPOINT has endeavored to produce
spSlab error free the program is not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents
is the licensee's. Accordingly, STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or
engineering documents prepared in connection with the use of the spSlab program.Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-
251C8-251C8
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1. Input Echo

1.1. General Information

File Name C:\StructurePoint.. \Two-Way Flat Plate Floor.slb
Project Two-Way Flat Plate Floor

Fréfne Interior Frame

Engineer SP

Code ACI 318-14

Reinforcement ASTM A615

Database

Mode Design

Number of supports = 4 + Left cantilever + Right cantilever

Floor System Two-Way

1.2. Solve Options

Live load pattern ratio = 0%

Minimum free edge distance for punching shear = 4 times slab thickness.

Circular critical section around circular supports used (if possible).

Deflections are based on cracked section properties.

In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)
Long-term deflections are calculated for load duration of 60 months.

0% of live load is sustained.

Compression reinforcement calculations NOT selected.

Default incremental rebar design selected.

User-defined slab strip widths NOT selected.

User-defined distribution factors NOT selected.

One-way shear in drop panel NOT selected.

Distribution of shear to strips NOT selected.

Beam T-section design NOT selected.

Longitudinal beam contribution in negative reinforcement design over support NOT selected.
Transverse beam contribution in negative reinforcement design over support NOT selected.

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

We 150 Ib/ftd
i 4 ksi
E. 3834.3 ksi
f, 0.47434 ksi

1.3.2. Concrete: Columns

W, 150 Ib/fts
= 6 ksi
E. 4696 ksi
f, 0.58095 ksi
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1.3.3. Reinforcing Steel
1 60 ksi
fa 60 ksi
E 29000 ksi
Epoxy coated bars No
1.4. Reinforcement Database
Size Db Ab Wb Size Db Ab Wb
in in? Ib/ft] in in? Ib/ft
#3 0.38 0.11 0.38 w1 0.50 0.20 0.67
#5 0.63 0.31 1.04 #6 075 0.44 1.50
#7 0.88 0.60 2.04 #3 1.00 0.79 267
#9 1.13 1.00 3.40 #10 127 1.27 4.30
#11 141 1.56 531 #14 1.69 225 7.65
#18 2.26 4.00 13.60
1.5. Span Data
1.5.1. Slabs
Notes:
Deflection check required for panels where code-specified Hmin for two-way construction doesn't apply due to:
*i - cantilever end span (LC, RC) support condition
Span Loc L1 t wL wR L2L L2R H.in
ft in ft ft ft ft in
1 Int 0.667 7.00 7.000 7.000 14.000 14.000 — LC™i
2 Int 18.000 7.00 7.000 7.000 14.000 14.000 6.67
3 Int 18.000 7.00 7.000 7.000 14.000 14.000 6.06
4 Int 18.000 7.00 7.000 7.000 14.000 14.000 6.67
5 Int 0.667 7.00 7.000 7.000 14.000 14.000 — RC*i
1.6. Support Data
1.6.1. Columns
Support cla c2a Ha clb c2b Hb| Red
%
in in ft in in ft
1 16.00 16.00 9.000 16.00 16.00 9.000( 100
2 16.00 16.00 9.000 16.00 16.00 9.000| 100
3 16.00 16.00 9.000 16.00 16.00 9.000| 100
4 16.00 16.00 9.000 16.00 16.00 9.000| 100
1.6.2. Boundary Conditions
Support Spring Far End
K. Ky Above Below
kip/in Kip-in/rad
1 0 0 Fixed Fixed
2 0 0 Fixed Fixed
3 0 0 Fixed Fixed
4 0 0 Fixed Fixed
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1.7. Load Data
1.7.1. Load Cases and Combinations

- spSlab v5.50

Case SELF Dead Live
Type DEAD DEAD LIVE
U1 1.200 1.200 1.600
1.7.2. Area Loads
Case/Patt Span Wa
Ib/ft2
SELF 1 87.50
2 87.50
3 87.50
4 87.50
5 87.50
Dead 1 20.00
2 20.00
3 20.00
4 20.00
5 20.00
Live 1 40.00
2 40.00
3 40.00
4 40.00
5 40.00
1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs
Units Top Bars Bottom Bars
Min. Max. Min. Max.
Bar Size #4 #4 #4 #4
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.18 2.00 0.18 2.00
Clear Cover in 1.00 1.00

There is NOT more than 12 in of concrete below top bars.

1.8.2. Beams

Units Top Bars Bottom Bars Stirrups
Min. Max. Min. Max. Min. Max.

Bar Size #5 #38 #5 #8 #3 #5
Bar spacing in 1.00 18.00 1.00 18.00 6.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00

Clear Cover in 1.50 1.50

Layer dist. in 1.00 1.00

No. of legs 2 6
Side cover in 1.50

1st Stirrup in 3.00
There is NOT more than 12 in of concrete below top bars.
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2. Design Results*
*Unless otherwise noted, all results are in the direction of analysis only. Another analysis in the perpendicular direction has to be
carried out for two-way slab systems.

2.1. Strip Widths and Distribution Factors

nsed to: StructurePoint, LLC. License ID: 00000-0000000-4-251C8-251C8
Slab\Two-Way Flat Plate Floor.slb

Page | 7
3/31/2023
10:11 AM

Notes:
*Used for bottom reinforcement. **Used for top reinforcement.
Width Moment Factor
Span Strip Left** Right** Bottom* |Left ™ Right** Bottom *
ft ft ft ft ft ft
1 Column| 7.00 7.00 7.00| 1.000 1.000 0.600
Middle 7.00 7.00 7.00| 0.000 0.000 0400
2 Column| 7.00 7.00 700| 1.000 0750 0.600
Middle 7.00 7.00 7.00| 0.000 0250 0400
3 Column| 7.00 7.00 700| 0.750  0.750 0.600
Middle 7.00 7.00 700| 0250  0.250 0400
4 Column| 7.00 7.00 7.00| 0.750 1.000 0.600
Middle 7.00 7.00 7.00| 0.250 0.000 0.400
5 Column| 7.00 7.00 7.00| 1.000 1.000 0.600
Middle 7.00 7.00 7.00 | 0.000 0.000 0.400
2.2. Top Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
Span Strip Zone Width Monax Kimax A A AT SPerov Bars
ft k-ft ft in? in? in? in
1 Column Left 7.00 0.06 0.193 1.058 8.724 0.002 14.000 6-#4 *3
Midspan 7.00 0.19 0.358 1.058 8.724 0.007 14.000 6-#4 *3
Right 7.00 0.43 0.550 1.058 8.724 0.016 12.000 7-#4 "3
Middle Left 7.00 0.00 0.000 1.058 8.724 0.000 14.000 6-#4 *3
Midspan 7.00 0.00 0.275 1.058 8.724 0.000 14.000 6-#4 *3
Right 7.00 0.00 0.550 1.058 8.724 0.000 14.000 6-#4 *3
2 Column Left 7.00 3266 0.667 1.058 8.724 1.293 12.000 T-#4
Midspan 7.00 0.00 9.000 0.000 8.724 0.000 0.000 —
Right 7.00 50.21 17.333 1.058 8.724 2.015 7.636 11-#4
Middle Left 7.00 0.20 1.662 1.058 8.724 0.008 14.000 6-#4 *3
Midspan 7.00 0.00 9.000 0.000 8.724 0.000 0.000 -
Right 7.00 16.74 17.333 1.058 8.724 0.655 14.000 6-#4 *3
3 Column Left 7.00 4547 0.667 1.058 8.724 1.818 7.636 11-#4
Midspan 7.00 0.00 9.000 0.000 8.724 0.000 0.000 —
Right 7.00 4547 17.333 1.058 8.724 1.818 7.636 11-#4
Middle Left 7.00 15.16 0.667 1.058 8.724 0.592 14.000 6-#4 *3
Midspan 7.00 0.00 9.000 0.000 8.724 0.000 0.000 —
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Span Strip Zone Width Minax Xinax A min As max Asreq SPerov Bars
ft k-ft ft in? in? in2 in
Right 7.00 15.16 17.333 1.058 8.724 0.592 14.000 6-#4 *3
4 Column Left 7.00 50.22 0.667 1.058 8.724 2.015 7.636 11-#4
Midspan 7.00 0.00 9.000 0.000 8.724 0.000 0.000 —
Right 7.00 3266 17.333 1.058 8.724 1.293 12.000 T-#4
Middle Left 7.00 16.74 0.667 1.058 8.724 0.655 14.000 6-#4 *3
Midspan 7.00 0.00 9.000 0.000 8.724 0.000 0.000 —
Right 7.00 0.20 16.338 1.058 8.724 0.008 14.000 6-#4 *3
5 Column Left 7.00 0.43 0.117 1.058 8.724 0.016 12.000 T7-#4 "3
Midspan 7.00 0.19 0.309 1.058 8.724 0.007 14.000 6-#4 *3
Right 7.00 0.06 0.474 1.058 8.724 0.002 14.000 6-#4 *3
Middle Left 7.00 0.00 0.117 1.058 8.724 0.000 14.000 6-#4 *3
Midspan 7.00 0.00 0.392 1.058 8.724 0.000 14.000 6-#4 *3
Right 7.00 0.00 0.667 1.058 8.724 0.000 14.000 6-#4 *3

2.3. Top Bar Details

Left Continuous Right

Span Strip Bars Length Bars Length| Bars Length| Bars Length Bars Length

ft ft ft ft ft
1 Column — — 6-#4 0.67| 1-#4 0.67 -—
Middle - - 6-#4 0.67 - -—

2 Column 6-#4 6.17 1#4 4.00 -— 6-#4 617 5#4 4.00
Middle 6-#4 433 - -— 6-#4 519 -—

3 Column 6-#4 6.17 5#4 4.00 — 6-#4 617 5#4 4.00
Middle 6-#4 5.19 — — 6-#4 5.19 —

4 Column 6-#4 6.17 5#4 4.00 — 6-#4 617 1#4 4.00
Middle 6-#4 5.19 — — 6-#4 433 —
5 Column 1-#4 0.67 — 6-#4 0.67 — —
Middle — — 6-#4 0.67 — —

2.4. Top Bar Development Lengths

Left Continuous Right
Span Strip Bars DevLen Bars DevLen| Bars DevLen| Bars DevLen Bars DevlLen
in in in in in
1 Column - -— 6-#4 12.00f 1-#4 12.00 -—
Middle — -— 6-#4 12.00 — -—
2 Column 6-#4 12.00 1#4 12.00 -— 6-#4 1200 5#4 12.00
Middle 6-#4 12.00 — — 6-#4 12.00 —
3 Column 6-#4 1200 5444 12.00 -— 6-#4 1200 5#4 12.00
Middle 6-#4 12.00 — — 6-#4 12.00 -
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Left Continuous Right
Span Strip Bars DevLen Bars DevLen| Bars DevLen| Bars DevLen Bars DevlLen
in in in in in
4 Column 6-#4 12.00 5#4 12.00 — 6-#4 1200 1#4 12.00
Middle 6-#4 12.00 -— — 6-#4 12.00 -—
5 Column 1-#4 12.00 — 6-#4 12.00 — —
Middle — -— 6-#4 12.00 — -—
2.5. Bottom Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
Span Strip Width Mpa Xenax A min A max Asreq Sperov Bars
ft k-ft ft in? in? in? in
1 Column 7.00 0.00 0.275 0.000 8.724 0.000 0.000 -—
Middle 7.00 0.00 0.275 0.000 8.724 0.000 0.000 -—
2 Column 7.00 26.87 8.129 1.058 8.724 1.059 14.000 6-#4
Middle 7.00 17.91 8.129 1.058 8.724 0.701 14.000 6-#4 "3
3 Column 7.00 19.90 9.124 1.058 8.724 0.780 14.000 6-#4 "3
Middle 7.00 13.27 9.124 1.058 8.724 0.518 14.000 6-#4 "3
4 Column 7.00 26.87 9.871 1.058 8.724 1.059 14.000 6-#4
Middle 7.00 17.91 9.871 1.058 8.724 0.701 14.000 6-#4 *3
5 Column 7.00 0.00 0.392 0.000 8.724 0.000 0.000 —
Middle 7.00 0.00 0.392 0.000 8.724 0.000 0.000 —
2.6. Bottom Bar Details
Long Bars Short Bars
Span Strip Bars Start Length|Bars Start Length
ft ft ft ft
1 Column — -—
Middle — -—
2 Column| 6-#4 000 1800| --—
Middle | 6-#4 0.00 18.00 -—
3 Column| 6-#4 000 1800 -—
Middle | 6-#4 0.00 18.00 -—
4 Column| 6-#4 0.00 18.00 -—
Middle | 6-#4 0.00 18.00 -—
5 Column - -—
Middle —- -—
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2.7. Bottom Bar Development Lengths
Long Bars Short Bars
Span Strip Bars DevlLen |Bars DevlLen
in in
1 Column - -—
Middle - =
2 Column | 6-#4 12.00 -—
Middle | 6-#4 12.00 -
3 Column | 6-#4 12.00 -—
Middle | 6-#4 12.00 —
4 Column | 6-#4 12.00 -
Middle | 6-#4 1200 -—
5 Column - —
Middle — —
2.8. Flexural Capacity
Top Bottom
Span Strip X Ay OM,- M,- Comb Pat Status A OM+ M+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
1 Column 0.000 1.40 -35.30 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.193 140 -3530 -0.06 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.333 140 -3530 -0.17 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.358 140 -3530 -0.19 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.550 140 -3530 -0.43 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.667 140 -3530 -0.60 Ut Al — 0.00 0.00 0.00 Ut Al —
Middle 0.000 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.193 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.333 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.358 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.550 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.667 1.20 -30.37 0.00 Ut Al — 0.00 0.00 0.00 Ut Al —
2 Column 0.000 140 -3530 -47.36 Ut Al — 1.20 30.37 0.00 Ut Al —
0.444 140 -3530 -37.39 Ut Al — 1.20 30.37 0.00 Ut Al —
0.667 140 -3530 -32.66 U1 Al OK 120 30.37 0.00 U1 Al OK
3.000 1.40 -35.30 0.00 U1 Al OK 120 3037 462 U1 Al OK
4.000 1.20 -30.37 0.00 U1 Al OK 120 30.37 1231 U1 Al OK
5167 1.20 -30.37 0.00 U1 Al OK 120 3037 19.23 U1 Al OK
6.167 0.00 0.00 0.00 U1 Al OK 1.20 30.37 2340 U1l Al OK
6.500 0.00 0.00 0.00 U1 Al OK 120 3037 24.42 U1 Al OK
8.129 0.00 0.00 0.00 U1 Al OK 1.20 30.37 26.87 U1 Al OK
9.000 0.00 0.00 0.00 U1 Al OK 1.20 30.37 26.40 U1l Al OK
11.500 0.00 0.00 0.00 U1 Al OK 120 3037 1824 U1 Al OK
11.833 0.00 0.00 0.00 U1 Al OK 1.20 3037 16.40 U1 Al OK
12.833 1.20 -30.37 0.00 U1 Al OK 1.20 3037 976 U1 Al OK
14.000 1.20 -30.37 -0.05 U1 Al OK 1.20 30.37 0.00 U1 Al OK
15.000 220 -5464 -13.33 U1 Al OK 120 30.37 0.00 U1 Al OK
17.333 220 -5464 -50.21 U1 Al OK 1.20 30.37 0.00 U1 Al OK
17.778 220 -5464 -58.08 Ut Al — 120 30.37 0.00 Ut Al —
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Top Bottom
Span Strip X Ay OM,- M,- Comb Pat Status At OM+ M+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
18.000 220 -5464 -62.11 Ut Al — 120 30.37 0.00 Ut Al —
Middle 0.000 1.20 -30.37 0.47 Ut Al — 120 30.37 0.00 Ut Al —
0.667 1.20 -30.37 0.00 U1 Al OK 1.20 30.37 0.00 U1 Al OK
1.662 120 -30.37 -0.20 U1 Al OK 120 30.37 0.00 U1 Al OK
3.333 1.20 -30.37 0.00 U1 Al OK 120 3037 491 U1 Al OK
4.333 0.00 0.00 0.00 U1 Al OK 120 3037 967 U1 Al OK
6.500 0.00 0.00 0.00 U1 Al OK 120 30.37 16.28 U1 Al OK
8.129 0.00 0.00 0.00 U1 Al OK 1.20 3037 17.91 U1 Al OK
9.000 0.00 0.00 0.00 U1 Al OK 1.20 30.37 17.60 U1 Al OK
11.500 0.00 0.00 0.00 U1 Al OK 1.20 3037 12.16 U1 Al OK
12.809 0.00 0.00 0.00 U1 Al OK 120 3037 663 U1 Al OK
13.809 1.20 -30.37 0.00 U1 Al OK 120 3037 1.15 U1 Al OK
17.333 1.20 -30.37 -16.74 U1 Al OK 120 30.37 0.00 U1 Al OK
18.000 1.20 -30.37 -21.82 U1t Al — 120 30.37 0.00 Ut Al —
3 Column 0.000 220 -5464 -57.18 Ut Al — 120 30.37 0.00 Ut Al —
0.667 220 -5464 4547 U1 Al OK 120 30.37 0.00 U1 Al OK
3.000 220 -5464 -11.60 U1 Al OK 120 30.37 0.00 U1 Al OK
4.000 120 -30.37 -0.45 U1 Al OK 120 30.37 0.00 U1 Al OK
5.167 120 -30.37 0.00 U1 Al OK 120 30.37 8.00 Ut Al OK
6.167 0.00 0.00 0.00 U1 Al OK 1.20 30.37 13.40 U1 Al OK
6.500 0.00 0.00 0.00 U1 Al OK 1.20 3037 14.84 U1 Al OK
9.000 0.00 0.00 0.00 U1 Al OK 120 30.37 19.90 Ut Al OK
9.124 0.00 0.00 0.00 U1 Al OK 1.20 30.37 19.90 U1 Al OK
11.500 0.00 0.00 0.00 U1 Al OK 120 3037 1484 Ut Al OK
11.833 0.00 0.00 0.00 U1 Al OK 120 30.37 13.40 Ut Al OK
12.833 1.20 -30.37 0.00 U1 Al OK 120 30.37 800 U1 Al OK
14.000 120 -30.37 -045 U1 Al OK 120 3037 0.00 Ut Al OK
15.000 220 -5464 -11.60 U1 Al OK 1.20 30.37 0.00 U1 Al OK
17.333 220 -5464 4547 U1 Al OK 120 30.37 0.00 U1 Al OK
18.000 220 -5464 -57.18 Ut Al — 120 30.37 0.00 Ut Al —
Middle 0.000 1.20 -30.37 -19.06 Ut Al — 1.20 30.37 0.00 Ut Al —
0.667 120 -30.37 -15.16 U1 Al OK 120 30.37 0.00 U1 Al OK
4.191 1.20 -30.37 0.00 U1 Al OK 120 3037 0.77 Ut Al OK
5.191 0.00 0.00 0.00 U1 Al OK 120 3037 543 U1 Al OK
6.500 0.00 0.00 0.00 U1 Al OK 120 3037 9.89 U1 Al OK
9.000 0.00 0.00 0.00 U1 Al OK 1.20 3037 13.27 U1 Al OK
9.124 0.00 0.00 0.00 U1 Al OK 1.20 3037 13.27 U1 Al OK
11.500 0.00 0.00 0.00 U1 Al OK 120 3037 989 U1 Al OK
12.809 0.00 0.00 0.00 U1 Al OK 120 3037 543 U1 Al OK
13.809 1.20 -30.37 0.00 U1 Al OK 120 3037 077 U1 Al OK
17.333 1.20 -30.37 -15.16 U1 Al OK 120 30.37 0.00 U1 Al OK
18.000 1.20 -30.37 -19.06 Ut Al — 1.20 30.37 0.00 Ut Al —
4 Column 0.000 220 -5464 -62.11 Ut Al — 120 30.37 0.00 Ut Al —
0.222 220 -5464 -58.08 Ut Al — 1.20 30.37 0.00 Ut Al —
0.667 220 -5464 -50.22 U1 Al OK 120 30.37 0.00 U1 Al OK
3.000 220 -5464 -13.34 U1 Al OK 120 30.37 0.00 U1 Al OK
4.000 1.20 -30.37 -0.06 U1 Al OK 120 30.37 0.00 U1 Al OK
5167 1.20 -30.37 0.00 U1 Al OK 120 3037 976 U1 Al OK
6.167 0.00 0.00 0.00 U1 Al OK 1.20 3037 16.40 U1 Al OK
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Top Bottom
Span Strip X Ay OM,- M,- Comb Pat Status At OM+ M+ Comb Pat Status
ft in? k-ft k-ft in? k-ft k-ft
6.500 0.00 0.00 0.00 U1 Al OK 120 3037 1824 U1 Al OK
9.000 0.00 0.00 0.00 U1 Al OK 1.20 30.37 26.40 U1 Al OK
9.871 0.00 0.00 0.00 U1 Al OK 1.20 30.37 26.87 U1 Al OK
11.500 0.00 0.00 0.00 U1 Al OK 1.20 3037 2442 U1 Al OK
11.833 0.00 0.00 0.00 U1 Al OK 1.20 30.37 23.40 U1 Al OK
12.833 1.20 -30.37 0.00 U1 Al OK 120 3037 19.23 U1 Al OK
14.000 1.20 -30.37 0.00 U1 Al OK 1.20 3037 12.31 U1 Al OK
15.000 1.40 -35.30 0.00 U1 Al OK 120 3037 462 U1 Al OK
17.333 140 -3530 -32.66 U1 Al OK 1.20 30.37 0.00 U1 Al OK
17.556 140 -3530 -37.39 Ut Al — 120 30.37 0.00 Ut Al —
18.000 140 -3530 -47.36 Ut Al — 120 30.37 0.00 Ut Al —
Middle 0.000 1.20 -30.37 -21.82 Ut Al — 1.20 30.37 0.00 Ut Al —
0.667 1.20 -30.37 -16.74 U1 Al OK 120 30.37 0.00 U1 Al OK
4191 1.20 -30.37 0.00 U1 Al OK 120 3037 1.14 U1 Al OK
5.191 0.00 0.00 0.00 U1 Al OK 120 3037 6.62 U1 Al OK
6.500 0.00 0.00 0.00 U1 Al OK 120 3037 12.16 U1 Al OK
9.000 0.00 0.00 0.00 U1 Al OK 120 30.37 17.60 U1 Al OK
9.871 0.00 0.00 0.00 U1 Al OK 1.20 3037 17.91 U1 Al OK
11.500 0.00 0.00 0.00 U1 Al OK 120 3037 16.28 U1 Al OK
13.667 0.00 0.00 0.00 U1 Al OK 1.20 3037 967 U1 Al OK
14.667 1.20 -30.37 0.00 U1 Al OK 120 3037 491 U1 Al OK
16.338 120 -30.37 -0.20 U1 Al OK 120 30.37 0.00 U1 Al OK
17.333 1.20 -30.37 0.00 U1 Al OK 1.20 30.37 0.00 U1 Al OK
18.000 1.20 -30.37 0.47 Ut Al — 1.20 30.37 0.00 Ut Al —
5 Column 0.000 140 -3530 -0.60 Ut Al — 0.00 0.00 0.00 Ut Al —
0.117 140 -3530 -043 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.309 140 -3530 -0.19 U1 Al OK 0.00 0.00 0.00 U1l Al OK
0.333 140 -3530 -0.17 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.474 140 -3530 -0.06 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.667 1.40 -35.30 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
Middle 0.000 1.20 -30.37 0.00 Ut Al — 0.00 0.00 0.00 Ut Al —
0.117 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1t Al OK
0.309 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.333 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.474 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
0.667 1.20 -30.37 0.00 U1 Al OK 0.00 0.00 0.00 U1 Al OK
2.9. Slab Shear Capacity
Span b d V.60 oV, V, X,
in in kip kip ft
1 168.00 575 1.000 9164 0.00 0.00
2 168.00 575 1.000 9164 23.28 16.85
3  168.00 575 1.000 9164 21.22 1.15
4 168.00 575 1.000 9164 23.28 1.15
5 168.00 5.75 1.000 9164 0.00 0.00
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2.10. Flexural Transfer of Negative Unbalanced Moment at Supports

Support Width Width-c d M,., Comb Patt \ AT A. ;v Add Bars
in in in k-ft in2 in2

1 37.00 37.00 575 46.30 U1 All 0617 1.159 0.617 3#4

2 37.00 37.00 575 7.69 U1 All 0.600 0.180 0.969 -—

3 37.00 37.00 575 7.69 U1 All 0.600 0.180 0.969 -—

4 37.00 37.00 5.75 46.30 U1 All 0617 1.159 0.617 3#4

2.11. Punching Shear Around Columns
2.11.1. Critical Section Properties

Support Type b, b, b, dzvg CG Cllerty Cright) A, Jo
in in in in in in in in? in*

1 Rect 18.88 21.75 59.50 575 4.89 12.89 5.99 342.13 14110

2 Rect 21.75 21.75 87.00 575 0.00 10.88 10.88 500.25 40131

3 Rect 21.75 21.75 87.00 575 0.00 10.88 10.88 500.25 40131

4 Rect 18.88 21.75 59.50 5.75 -4.89 5.99 12.89 342.13 14110

2.11.2. Punching Shear Results

Support V. Vu M.., Comb Patt Yo Vu oV,
kip psi k-ft psi psi

1 2351 68.7 36.72 u1 All 0.383 140.4 189.7

2 50.06 100.1 -7.69 u1 All 0.400 110.1 189.7

3 50.06 100.1 7.69 u1 All 0.400 110.1 189.7

4 2351 68.7 -36.72 U1 All 0.383 140.4 189.7

2.12. Material TakeOff
2.12.1. Reinforcement in the Direction of Analysis

Top Bars 3366 Ib <=> 6.08 Ibft <=> 0.435 Ib/ft?
Bottom Bars 4329 Ib <=> 7.82 Ibfit <=> 0.559 Ib/ft?
Stirrups 00 Ib <=> 0.00 Ibft <=> 0.000 Ib/ft2
Total Steel 769.5 Ib <=> 13.91 Ibft <=> 0.993 Ib/ft?
Concrete 4519 ft <=> 8.17 ft3/ft <=> 0.583 ft¥/ft?

3. Deflection Results: Summary
3.1. Section Properties
3.1.1. Frame Section Properties

Notes:
M+ve values are for positive moments (tension at bottom face).
M-ve values are for negative moments (tension at top face).

M... M.
Span Zone Iy I M., = 1. M.,
in* in* k-ft in* int k-ft
1 Left 4802 0 5423 4802 466 -54.23
Midspan 4802 0 5423 4802 499 -54.23
Right 4802 0 5423 4802 499 -54.23
2 Left 4802 466 5423 4802 499 -54.23
Midspan 4802 466 5423 4802 0 -54.23
Right 4802 466 5423 4802 629 -54.23
3 Left 4802 466 5423 4802 629 -54.23
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M... M.
Span Zone Iy I M., Iy I M.,
in* in* k-ft in* in* k-ft
Midspan 4802 466 5423 4802 0 -54.23
Right 4802 466 5423 4802 629 -54.23
4 Left 4802 466 5423 4802 629 -54.23
Midspan 4802 466 5423 4802 0 -54.23
Right 4802 466 5423 4802 499 -54.23
5 Left 4802 0 5423 4802 499 -54.23
Midspan 4802 0 5423 4802 499 -54.23
Right 4802 0 5423 4802 466 -54 .23
3.1.2. Frame Effective Section Properties
Load Level
Dead Sustained Dead+Live
Span Zone Weight Mo I Mo I Monax |4
k-ft in* k-ft in* k-ft int
1 Right 1.000 -0.33 4802 -0.33 4802 -0.46 4802
Span Avg -— -— 4802 — 4802 — 4802
2 Middle 0.850 24.94 4802 24.94 4802 34.23 4802
Right 0.150 -46.75 4802 -46.75 4802 -64.15 3151
Span Avg T s 4802 S 4802 s 4554
3 Left 0.150 -42.47 4802 -42.47 4802 -58.27 3994
Middle 0.700 18.47 4802 18.47 4802 25.35 4802
Right 0.150 -42.47 4802 -42.47 4802 -58.27 3994
Span Avg — — 4802 — 4802 — 4560
4 Left 0.150 -46.75 4802 -46.75 4802 -64.15 3151
Middle 0.850 24.94 4802 24.94 4802 34.23 4802
Span Avg — — 4802 — 4802 — 4554
5 Left 1.000 -0.33 4802 -0.33 4802 -0.46 4802
Span Avg -—- -—- 4802 —— 4802 —— 4802
3.1.3. Strip Section Properties at Midspan
Notes:
Load distirubtion factor, LDL, averages moment distribution factors listed in Design Results.
Ratio refers to proportion of strip to frame deflections under fix-end condtions.
Column Strip Middle Strip
Span Iy LDF Ratio Iy LDF Ratio
in* in*
1 2401 0.800 1.600 2401 0.200 0.400
2 2401 0.738 1.475 2401 0.262 0.525
3 2401 0675 1.350 2401 0.325 0.650
4 2401 0.738 1.475 2401 0.262 0.525
5 2401 0.800 1.600 2401 0.200 0.400

3.2. Instantaneous Deflections
3.2.1. Extreme Instantaneous Frame Deflections and Corresponding Locations

Live Total
Span Direction Value| Units| Dead d U t d Total| Sustained Dead+Live
1 Down Def’ in — — = . 222 s
Loc ft - — = 5 o e
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Live Total

Span Direction Value| Units| Dead i Ur tained Total| Sustained Dead+Live

Up Def in| -0.004 — -0.002 -0.002 -0.004 -0.006

Loc ft|  0.000 — 0.000 0.000 0.000 0.000

2 Down Def in| 0.055 — 0023 0.023 0.055 0.078

Loc ft| 8.378 - 8378 8378 8.378 8378

Up Def in — - - — - -

Loc ft — — — — — —

3 Down Def in| 0.032 - 0014 0.014 0.032 0.046

Loc ft| 8.876 — 8876 8.876 8.876 8.876

Up Def in| 0.000 - 0.000 0.000 0.000 0.000

Loc ft| 0444 — 0444 0444 0.444 0444

4 Down Def in| 0.055 — 0023 0.023 0.055 0.078

Loc ft| 9.622 — 9622 9622 9.622 9622

Up Def in — — — — - —

Loc ft — — — — — —

5 Down Def! in — —- — — — —

Loc ft - - - - —= =

Up Def in| -0.004 - -0.002 -0.002 -0.004 -0.006

Loc ftl 0.667 — 0667 0667 0.667 0.667

3.2.2. Extreme Instantaneous Column Strip Deflections and Corresponding Locations

Live Total
Span Direction Value| Units| Dead| S d U 1ed Total| Sustained Dead+Live
1 Down Def in - - - - - -
Loc t - - - — - -
Up  Def in| -0.004 -— -0.002 -0.002 -0.004 -0.006
Loc ft| 0.000 - 0.000 0.000 0.000 0.000
2 Down Def in| 0.072 = 0.031 0.031 0.072 0.103
Loc ft| 8.627 - 8627 8627 8.627 8.627
Up Def in - -— -— — -— -—
Loc ft = = = —= = =
3 Down  Def in| 0.045 - 0.019 0019 0.045 0.064
Loc ft| 8.876 -— 8.876 8876 8.876 8.876
Up  Def in| 0.000 -— 0.000 0.000 0.000 0.000
Loc ft| 0.222 - 0222 0222 0.222 0.222
4 Down  Def in| 0.072 -— 0.031 0.031 0.072 0.103
Loc ft| 9373 - 9373 9373 9.373 9.373
Up Def in - -— -— — -— -
Loc ft — — — — -— -—
5 Down Def in - - - - - -
Loc ft — -— — — — -—
Up  Def in| -0.004 — -0.002 -0.002 -0.004 -0.006
Loc ft| 0.667 — 0.667 0.667 0.667 0.667
3.2.3. Extreme Instantaneous Middle Strip Deflections and Corresponding Locations
Live Total
Span Direction Value| Units| Dead| St d U tained Total| Sustained Dead+Live
1 Down  Def in —- -— -— — -— -—
Loc ft = - — - - —
Up  Def in| -0.004 -— -0.002 -0.002 -0.004 -0.006
Loc ft| 0.000 == 0.000 0.000 0.000 0.000
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Live Total
Span Direction Value| Units| Dead| Sust: d U tained Total| Sustained Dead+Live
2 Down  Def in| 0.038 -— 0.016 0.016 0.038 0.054
Loc ft| 7.881 — 8.129 8.129 7.881 8.129
Up Def in - -— -— — -— -—
Loc ft — -— -— — -— -—
3 Down  Def in| 0.019 -— 0.008 0.008 0.019 0.027
Loc ft| 8.876 -— 8.876 8876 8.876 8.876
Up  Def in| 0.000 -— 0.000 0.000 0.000 0.000
Loc ft| 0667 -— 0.667 0.667 0.667 0.667
4 Down  Def in| 0.038 — 0.016 0.016 0.038 0.054
Loc ft| 9.871 — 9871 9871 9.871 9.871
Up Def| in - -— -— — -— -—
Loc ft — -— -— — -— —
5 Down  Def in —- -— -— — -— -—
Loc ft — -— — — -— -—
Up  Def in| -0.004 — -0.002 -0.002 -0.004 -0.006
Loc ft| 0.667 -— 0.667 0.667 0.667 0.667
3.3. Long-term Deflections
3.3.1. Long-term Column Strip Deflection Factors
Notes:
Deflection multiplier, Lambda, depends on moment sign at sustained load level and Rho' in given zone.
Rho' is assumed zero because Compression Reinforcement option is NOT selected in Solve Options.
Time dependant factor for sustained loads = 2.000
M... M..
Span Zone A op b d Rho' Lambda Acbot b d Rho' Lambda
in? in in % in2 in in %
1 Right — — — 0.000 2.000 — — — 0.000 2.000
2 Midspan — — — 0.000 2.000 — — — 0.000 2.000
3 Midspan — — - 0.000 2.000 - - - 0.000 2.000
4 Midspan — — — 0.000 2.000 — — — 0.000 2.000
5 Left — — — 0.000 2.000 -— — -— 0.000 2.000
3.3.2. Long-term Middle Strip Deflection Factors
Notes:
Deflection multiplier, Lambda, depends on moment sign at sustained load level and Rho' in given zone.
Rho' is assumed zero because Compression Reinforcement option is NOT selected in Solve Options.
Time dependant factor for sustained loads = 2.000
M... M.
Span Zone Ao b d Rho' Lambda A po b d Rho' Lambda
in? in in % in2 in in %
1 Right — — — 0.000 2.000 -— -— -—- 0.000 2.000
2 Midspan = = - 0.000 2.000 = == - 0.000 2.000
3 Midspan — — — 0.000 2.000 — — — 0.000 2.000
4 Midspan — — - 0.000 2.000 -—- -— -— 0.000 2.000
5 Left — — — 0.000 2.000 — — — 0.000 2.000

72



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

STRUCTUREPOINT
nsed to: StructurePoint, LLC. License ID: 00000-0000000-4-251C8-251C8
ab\Two-Way Flat Plate Floor.slb

Li

C:\StructurePoint\s

3.3.3. Extreme Long-term Column Strip Deflections and Corresponding Locations

Notes:

Incremental deflections due to creep and shrinkage (cs) based on sustained load level values.
Incremental deflections after partitions are installed can be estimated by deflections due to:

- creep and shrinkage plus unsustained live load (cs+lu), if live load applied before partitions,
- creep and shrinkage plus live load (cs+l), if live load applied after partitions.

Total deflections consist of dead, live, and creep and shrinkage deflections.

- spSlab v5.50

Span Direction Value Units cs cs+u cs+l Total
1 Down Def in — — — -—
Loc ft — -— - -—

Up Def in -0.009 -0.011 -0.011 -0.015

Loc ft 0.000 0.000 0.000 0.000

2 Down Def in 0.145 0.176 0.176 0.248
Loc ft 8.627 8.627 8.627 8.627

Up Def in —- -— —- -—

Loc ft — -— — -—

3 Down Def in 0.089 0.109 0.109 0.153
Loc ft 8.876 8.876 8.876 8.876

Up Def in 0.000 0.000 0.000 0.000

Loc ft 0.222 0.222 0.222 0.222

4 Down Def in 0.145 0.176 0.176 0.248
Loc ft 9.373 9373 9.373 9.373

Up Def in — -— —- -—

Loc ft — -— - -—

5 Down Def in - — — —
Loc ft - - - -

Up Def in -0.009 -0.011 -0.011 -0.015

Loc ft 0.667 0.667 0.667 0.667

3.3.4. Extreme Long-term Middle Strip Deflections and Corresponding Locations

Notes:

Incremental deflections due to creep and shrinkage (cs) based on sustained load level values.
Incremental deflections after partitions are installed can be estimated by deflections due to:

- creep and shrinkage plus unsustained live load (cs+lu), if live load applied before partitions,
- creep and shrinkage plus live load (cs+l), if live load applied after partitions.

Total deflections consist of dead, live, and creep and shrinkage deflections.

Span Direction Value Units cs cs+u cs+l Total
1 Down Def in — — — -—
Loc ft - - - -

Up Def in -0.009 -0.011 -0.011 -0.015

Loc ft 0.000 0.000 0.000 0.000

2 Down Def in 0.076 0.091 0.091 0.129
Loc ft 8.129 8.129 8.129 8.129

Up Def in —- -— —- -—

Loc ft — — — -—

3 Down Def in 0.038 0.046 0.046 0.065
Loc ft 8.876 8.876 8.876 8.876

Up Def in -0.001 -0.001 -0.001 -0.001

Loc ft 0.667 0667 0.667 0.667

4 Down Def in 0.076 0.091 0.091 0.129
Loc ft 9.871 9.871 9.871 9.871

Up Def in —- -— —- -—

Loc ft — -— - -—

5 Down Def in — -— — -—
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Span Direction Value Units cs cs+u cs+l Total
Loc ft — — — —

Up Def in -0.009 -0.011 -0.011 -0.015

Loc ft 0.667 0.667 0.667 0.667
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4. Diagrams
4.1. Loads
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40 Ibft2 40 m‘w

w"ml\z 40 Ib/fi2 40 1l

[

CASE/PATTERN: Live/All

20 vi 20 |b/ft2 20 |b/ft2 20 1bft2. 20
- - R -
| |
CASE: Dead
87.5 |bift2. 87 5 bift2. 87 5 |bift2 875 |h/ft2 87 2
CASE: SELF
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