Structure Point Tslab

CONCRETE SOFTWARE SOLUTIONS

Two-Way Flat Plate Concrete Floor System Analysis and Design

Version:Aug-10-2017



Structure|Point

CONCRETE SOFTWARE SOLUTIONS

slab

Two-Way Flat Plate Concrete Floor System Analysis and Design

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

= 20 psf, ad unfactored live load = 40 p$flat plate concrete floor system does ns¢beamshetween columner

drop panels andt is usually suited for lightly loaded floors with short spans typically for residential and hotel
buildings The lateral loadareindependentlyesisted by shear wall$hetwo design procedures shownA! 318

14: Direct Design Method (DDM) and the Equivalent Frame Method (EFM) are illustrathetaii inthis example.

The hand solution from EFM is also used for a detailed comparisth the analysis and desigresults of the

engineering software prograspSlab
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Figurel - Two-Way Flat Concrete Floor System
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Code
Building Code Requirements for Structural Concrete (ACF34)B8and Commentary (8l 318R14)
Minimum Design Loads for Buildings and Other Structures (ASCE/SH))7
International Code Council, 2@ International Building Code, Washington, D.C.120
Reference

Notes on ACI 318L1 Building Code Requirements for Structural Concréteglfth Edition, 2013 Portland
Cement Association, Example 20.1

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

Simplified Design of Reinforced Concrete Buildings, Fourth Edition, 2011 Mahmoud E. Kamaravarehce
C. Novak

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

Superimposed Dead Log8DL =20 psffor framedpartitions, wood studs plaster 2 sides
ASCE/SEI 710 (TableC3-1)

Live Load LL = 40psffor Residential floors ASCE/SEI 710 (Table 41)

f:6= 4000psi (for slabs)

f:6= 6000psi (for columns)

fy = 60,000 psi

Required fire resistance rating = 2 hours

Solution

1. Preliminary Member Sizing

a. Slab minimum thikness Deflection ACI 31814(8.3.1.0)

In this example deflection will be calculated and checked to satisfy project deflection limits. Minimum
member thickness and depths fré&@l 318-14 will be used for preliminary sizing.

UsingACI 31814 minimumslab thickness for twavay construction without interior beamsTiable8.3.1.1

Exterior Panelsh :;—"0 =23%) 6.67in. ACI 31814 (Table 8.3.1.1
But not less than 5 in ACI 31814 (8.3.1.1(a))
Interior Panelsh =:|3—”3 =23%) 6.06in. ACI 31814 (Table 8.3.1.1
But not less than 5 in ACI 31814 8.3.1.1(a)
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Wherel, = length of clear span in therig direction= 2167 16 = 200 in.
Try 7 in. slab for all panelsélf-weight= 87.5psf)

b. Slab $ear strength one way shear

Evaluate theverage effective deptRigure 2)
dI :tslab _Cclear db Ezb‘ 7 :075 05 0_25 '550 FF

$ 7=0.7%5 05, 6.00=in
2 2

4 - d +d 550+ 6.00
avg~ 2 2

dt = tslab -Cclear

575 in.

Where:

Cclear = 3/4 in.for # 4 steelbar ACI 31814 (Table 20.6.1.3.1)

dyp = 0.5 in. for #4 steel bar

i
dt=6, 00 l'ﬂ. dﬂl’g=5‘ 75 l.n. d!=550 in‘{:;"}

Y

Figure2 - Two-Way Flat Concrete Floor System

Factored dead load, Oy, =1.2 3(87.5 20) X2psf
Factored live load, g, =1.6 340 $4psf ACI 31814 (5.31)
Total factored load q, =193psf

Check the adequacy of slab thicknemslfeam actioifoneway shear) ACI 31814 (22.5)

at an interior column:

Consider a 12n. wide strip The critical section forrme-way shear is locateat a distancel, fromthe face
of support (see Figur®

Tributary area for onvay shear iSAI’ributary:[(%a) (2316152 (—ST;% (—i‘i 7.854ft?

Vy = dy 3Al'ributary 6193 7854 1:kips

Ve = 2/,/fc' by,d ACI 31814 (Eq. 22.5.5.1
where / =1for normal weight concrete
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JV,=0.7532 1.0 /34000 12%% 6kips>V,

Slab thickness of 7 in. is adequate for-oveey shear.
c. Slabshear strength two-way shear

Check the adequacy of slab thickness for punching sheam{@yshear) at an interior colunfRigure4):

. , _ 6+5.75 2
Tributary area for twaway shear 'SAI'ributary =(18 314) %)2 248. 71t
Vy=day 3A|'ributary 6193 8.7 48.kips
Ve =4/Af fe' bod (Forsquare interior column) ACI 31814 (Table22.6.5.2(a))
5.75
Vo =4 3/4000 {4 21.75) 3>
¢ t ) 1000
JV,=0.753126.6 95Kips \;

128 kips

Slab thickness of 7 in. is adequate for tway shear.

! 9'-0" 9'-0" 1 - 90" 90"
7'-0 70
2175+ | k¢
E—1® \ (&)
7.854' Pt
o av.d=5.75" e 2175 ne
»j«av. d/2=2.88"
Figure3i Critical Section for On&Vay Figure4i Critical Section for TweWay

d. Column dimensions axial load

Check the adequacy of column dimensions for axial load:
Tributary area for interior column ify .., = (18 314) 252ft*

P.=0, *Ajpuy ©193 252 48.kips
Pn :0.80P0 =0.80 1(0.85(: Ag Ast) f;Ast (Forsquare interior column) ACI 31814 (22.4.2)

Pn =0.80 3(0.85(6000)(16 316 0) &) 1,944,480 18dds
J Pn =0.65 31,044 =67%ips F& 48.&ips

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

2. Two-Way Slab Analysis and Degjn

ACI 318 states that a slab system shall be designed by any procedure satisfying equilibrium and geometric
compatibility, provided that strength and serviceabdityeriaare satisfiedDistinction of twasystemdrom
oneway systems is given bACI 318-14(R8.10.2.3 & R8.3.1.2)
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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 slabs, and slabs withTthesfoifowing
sectonsoutline the solution per DDMEFM, and spSlab softwamespectively.

2.1. Direct Design Method (DDM)

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

2.1.1. Direct designmethod limitations

Thereis a minimum of three contirous spans in eachrection ACI 31814 8.10.2.2
Successig span lengths are equal ACI 31814 (8.10.2)
Longto-short span ratio i$.29 < 2 ACI 31814 (8.10.23)
Columns are not offset ACI 31814 (8.10.24)
Loads are uniformly distributed over the entire panel ACI 31814 (8.10.25)
Service liveto-dead load ratiof 0.37 < 2.0 ACI 31814 8.10.2.6
Slabsystem is without bean@dthis requiremenis not applicable ACI 31814 8.10.2.7

Since all the criteria are mddjrect Design Method can be utilized

2.1.2. Designmoments

a. Calculate the total factored static moment:

_q/,0(,2 0193 14316.67

M, . 5 93.6 ft-kips ACI 31814 (8.10.3.2
b. Distribute the total factored momenM_, in an interior and enspan ACI 31814 (8.104)
Table 1- Distribution of Mo along the span
. Total Design Strip Moment,
Location Mos (ft-kips)

Exterior Negative 0.26 x M =24.3

ExteriorSpan| Positive 0.52 x My =48.7

Interior Negative 0.70 x M=65.5

Interior Span| Positive 0.35xM =328
c. Calculate the column strip moments ACI 31814 (8.105)

That portion of negative and positive total desstnip moments not resisted by column strips shall be
proportionally assigned to corresponding two fmaifldle strips
ACI 31814 (8.106.1)
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Table 2- Lateral Distribution of the Total Design Strip Moment, Mps

Moment in Two

. Total Design Strip Column Strip ; ;
Location Moment, Mos (ft-kips) | Moment, (ft-kips) Half M'dd!e Strips,
(ft-kips)
Exterior _ -
Negativé 24.3 1.00 xMps=24.3 | 0.00 x Ms=0.0
Exterior Span| Positive 48.7 0.60 x Mbs=29.2 | 0.40 x Ms=19.5
Interior _ -
Negativé 65.5 0.75x Ms=49.1 | 0.25x Ms=16.4
Interior Span | Positive 32.8 0.60 x Ms=19.7 | 0.40 x Ms=13.1

* All negative moments are at face of support

2.1.3. Flexural reinforcement requirements

a.

Determineflexural reinforcement required faolumn and middistrips at all critical sections

The following calculation isdr theexterior span exterior negative location of todumn strip.

M, =24.3 ft-kips

Use averag€éag=5.75 in.

To determine thearea of steelassumptios have to be made whether the section is tension or
compression controlled, amelgardinghe distance between the resultant compression and tension forces
along the sb sectionj@). In this example, tensiecontrolled section will be assumed so the reduction

factor/ is equal to 0.9, angl will be taken equal t®.95d The assumptions will be verified once the

area of steel in finalized

Assurre jd =0.95d 5.4€in.

Column strip widthb=(14 312 /2 84in.

Middle strip width, b=14 312 84 8in.

My

24.3 12000

AS=

Recalculated a 6 f

Af,

J fyjd 0.9® 600003 0.95 35.75

or

_ 0.9% 60000

©:208in

_a 0.208

b

2 =024 0003

a=
0.85f 'b 0.85 4000° 84

©:244in

0.00

%— 5375 0003 0.6676
.244

6.99in?

sEB®inActual A

0.6
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Therefore, the assumption that section is tenrsamtrolled is valid.

A= Mu

24.3 12000

Min A =0.018384 ¥ EO0in? >0.96in?

J fy(d-al2)

0.9 360000 ¥5.75 0.208/2)

Maximum spacings,,, =2h =2 7 14in <18in

6.96in2

ACI 31814 (24.4.3.2

AC| 31814 8.7.2.9

Provide 6- #4 bars withA =1.20in?and s=84/6 =14in ¢s_,

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

Table 3- Required Slab Reinforcement for Flexure (DDM)
. Mu b d AsRe gfdrd | Min As | Reinforcement | As Prov. for
Span Location (ft-kips) | (in) | (in) | flexure (i) | (in? Provided flexure (in?)
End Span
ExteriorNegative | 24.3 | 84 | 5.75 0.96 1.06 6-#4 1.2
gg:;m” Positive 29 | 84 | 5.75 1.15 1.06 6-#4 12
Interior Negative 49.6 84 | 5.75 1.99 1.06 10-#4 2
_ ExteriorNegative 0 84 | 5.75 0 1.06 6-#4 1.2
g"t'gg'e Positive 197 | 84 | 5.75 0.77 1.06 6-#4 12
Interior Negative 15.9 84 | 5.75 0.62 1.06 6-#4 1.2
Interior Span
gt‘;:‘;m" Positive 19.7 | 84 | 5.75 0.77 1.06 6-#4 1.2
g”t‘gg'e Positive 131 | 84 | 5.75 0.51 1.06 6-#4 12

b. Calculate additional slab reinforcement at columns for moment transfer between slab and column
The factored slab moment resisted by the colugy® (M, ) shall be assumed to be transferred by

flexure. Concentration of reinforcement o¥lee 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 flexure

shall be assumed to be resisted by eccentricity of shear. ACI 31814 8.4.2.3

Portion of the unbalanced moment transferred by flexugg M, AC| 31814 8.4.2.3.1

Where

ACI 31814 8.4.2.3.2

_ 1
T2l 3o, /b,

b, =Dimension of the critical sectioh, measured in the direction of the span for which moments are

determined in ACI 318, Chapt8r(see Figure 5)
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b, =Dimension of the critical sectioh, measured in the direction perpendiculabtn ACI 318,

Chapter8 (see Figure 5)

b, = Effective slab width =, +3 3h ACI 31814 8.4.2.3.3
Edge of slab
W "
C D C | D
1 I H
| | | ¢ |
Ccp| | Lol by Ccp| | . | by
! 5 | | |
Z —— - —ped i 7 —t -z
W77 )| :
Cag| ! i i [ . 1Y
| | i AL J
AL I B >
b i
Critical shear perimeter for interior column Critical shear perimeter for exterior column
Edge of slab-
w \
C | D 1\
T T
' I
Ccp C “ & ! }
| P by
e L,
CAB |

< Edge of slab w

Critical shear perimeter for corner column

Figure51 Critical Shear Perimeters for Columns

Table 4 - Additional Slab Reinforcement required for moment transfer between slab and columnQDM)
. Effective slab Asr e q As prov. For
Span Locafon (ﬂ'_\"ki“ g | @ (ffj o ') | width, by (ig) within by | flexure within by Qe‘i’n?
P P (in.) L 5! (in?) '
End Span
Exterior Negative 24.3 0.62 15.1 37 5.75 0.6 0.53 1-#4
Column Strip
Interior Negatie 0.0 0.60 0.0 37 5.75 0.0 0.97 -
*M , is taken at the centerline of the support in Equivalent Frame Method solution.
2.1.4. Factored moments in columns
a. Interior columns:
2
Mu =0.07 3@, ©54q3) ¢, 3L’i 3un =/l (@n ) ] ACI 31814 8.10.7.2

Q

a ° 2 o 2 8
My =0.07 129 0.5 64) 13%,187° & 129-18 345 é 17ft-kips
83 ¢ 12 = ¢ 12
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With the same coimn size and length above and below the slab,

_17.75

column™ 5 8.87ft-kips
Exterior Columns:

Total exterior negative moment from slab must be transferred directly to the coliyrm24.3ft-

kips. With the same column size and length above and below the slab,

M = %)’ 42.15ft-kips

column —

The momens determined above ammmbined with the factored axial laagfor each story) fodesign

of columnsections as shown later in this example

2.2. Equivalent Frame Method (EFM)

EFM is the most comprehensive and detailed procedure provided by the ACI 318doalyss andlesign

of two-way slab systemghere the structure is modeled dgeries oéquivalent frame@nterior and exterior)

on colunn lines taken longitudinally and transversely through the building.

The equivalent frame consiststbfee parts:

1)

2)

3)

Horizontal slabbeamstrip, including any beams spanning in the direction of the frxfierent values

of moment of inertia along the axa$ slabbeams should be taken into 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 slalbeam at the face of the column, bracket or capital divide byuthetity (Ec./I2)? shall

be assumed for the calculation of the moment of inertia oftstalns 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 th®#fabent values

of moment of inertia along the axisailumnsshould be taken into account whehe moment of inertia
of columns from top and bottom of the sllabamat a joint shall be assumed to be infinite, and the gross
cross section of the concrete is permitted 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 memberghat provide moment transfer between the horizontal and
vertical membersThese elements shall be assumed to have a constant cross section throughout their
length consisting of thgreatest of the following: (1) portion of slab having a width equal to that of the
column, bracket, or capital in the direction of the span for which moments are being determined, (2)
portion of slab specified in (1) plus that part of the transverse beaweand below the slab for
monolithic or fully composite construction, (3) the transverse beam includes that portion of slab on each
side of the beam extending a distance equal to the projection of the beam above or below the slab,

whichever is greater,ub not greater than four times the slab thickness. ACl 31814 8.11.5
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2.2.1. Equivalent frame method limitations

In EFM, live load shall be arranged in accordance with 6.4.3 which requires slab systems to be analyzed and
designed for the mosedhanding 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 ingle representative interior and exterior equivalent frames in badtmigieudinal

and transverse directions of the floor ACI 31814 8.11.2.3

Panels shall be rectangulavith a ratioof longer to shortepanel dimensions, measured cetttecenter of
supports, not to exceed 2. ACI 31814 8.10.2.3

2.2.2. Frame members of equivalent fame

Determine moment distribution factors and fixexd moments for the equivalent frame members. The
moment distribution procedure will be used to analyzesthévalentirame. Stiffness factork, carry over
factors COF, and fexdend moment factors FEM for the sthbams and column members are determined

using thedesign aidsables atAppendix 20A of PCA Notes on ACI 31BL. These calculations are shown

below.

a. Flexural stiffness of slabeams at both end&, .

°N1_ 16 0 CN2 16

Ni-_ 2 o7, Ne=__ -7
(1812 l, (4 12)
Forc., = ¢, stiffness factorsk,. = k-, =4.13 PCA Notes on ACB1811 (Table A1)
- Ecsls Ecd ¢
Thus, K_, =k 2.13 = PCA Noteson ACI 31811 (Table Al
sb NF ,@1 Y
Ky, =413 33834 18 4802 355 Rin.-Ib
3
l
where, |g= sh* 68 (77 4802in*
12 12
= wk2 o 01.5 % ;
Ecs = we 33/ fi 15 83 (%000 3834 Ifpsi ACI 31814 (19.2.2.13)
Carry-over factor COE0.508 PCA Notes on ACB1811 (Table Al)
Fixed-end moment FEM: 0.0843v,(,(,? PCA Notes on ACB18-11 (Table Al)

b. Flexural stiffness of column members atlbends, K. .

Referring toTable A7, Appendix 20At, =3.5in.,t, =3.5in.,

H=9ft 408in., H :i_Olin.,:—a £ 1

b He




Structure|Point

CONCRETE SOFTWARE SOLUTIONS

slab

Thus, k,; =Kz, .74 by interpolation.

474, |
}(C — jECC C

Ke=4.744606 38 1 12255 finib

¢ (e

Wherelczl—2 5 5461in. *

Eoc = W33 fg =150 33 B000 4696 Lipsi

(, =9ft=108in.

c. Torsional stiffness of torsional membeis, .

(=SB
r,a- &y
- 2
3 3

(= 2834°10 13550 4y

168(0.905}

WhereC = 41 0.63° )@’ )
y

C=(1 -0.63 l)(?” 16 ) 132fin%
16 3

C, =16in., and (, =14ft =168in.

d. Equivalent column stiffneds,. .
_aKe® &

€T aKe + &

_ (2311255)(2°367) 46
ec—
[(23 1125.5) +(2 B867)]

PCA Notes on ACB1811 (Table A)

ACI 31814(19.2.2.1a)

ACI 31814 R.8.11.5

ACI 31814 (Eq. 8.10.5.2b

16"

e

M

Figure 6- Torsional Member

10
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Kec=553.7 318in.-Ib
KC
Wherea K is for two torsonal members one on each side of the
column, andi K_isfor the upper and lower columns at the slab Kt El
beam joint of an intermediate floor.
g1
e. Slabbeam joint distribution factor&F. K
At exterior joint,
352 K
F=—— _ =$£©.389 Figure 7i Column and Edge of Slak
(352+ 553.7)
At interior joint,
F= 352 0.280 < =
(352+ 352 +553.7) » o
e K,=352x 10°
—_ . wy
COF for slabbeam=0.509 ﬁ K4,=352 x 10° ] Ke352x 10¢
g v
EXTERIOR COLUMN INTERIOR COLUMN

fg et = =t et et = —ienn . [

2.2.3. Equivalent frame analysis
Determine negative and positive moments for the-Bksdms using the momeadistribution method. Since
the unfactored live load does retceed threguarters of the unfactored dead load, design moments are

assumed to occur at all critical sections with full factored live on allsspan ACI 31814 6.4.3.2

L__ 40 437 32
D (87.5+ 20) 4

a. Factored load and Fixeind Momentg(FE M 6.s )
Factored dead load,, =1.2(87.5 +20) A2psf

Factored live loady,, =1.6(40) =64psf
Factored loady, = q,, g, X93psf

FEMOs theams=3sn qM/, PCA Notes on ACI31811 (Table A1)

=0.0841 (0.19%° 14) B8 =73ft-kips

11
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b. Moment distribution. Computations are shown in Tabl€ounterclockwiseotational moments actingn
the member ends are taken as positive. Positiverspaments are determined from the follogiequation:
(MIJL + M IJR)

M, (midspanF M, >

Where M, is the moment at the midspan for a simple beam.

When the end moments are not equal, the maximum moment in the span dmzsinat the midspabut
its value is close to that midspan for this example.

Positive moment in spanZ:

(46.6+ 84.0)

+M, <0.193 14)% 44 ft-kips

Positive moment span2

+M, =0.193 14)1%32 (762 76.2) 33:ft-kips

Table 57 Moment Distribution for Equivalent Frame

S 2‘L\ 1\ :1\
Joint 1 2 3 4

Member | 1-2 2-1 2-3 3-2 34 4-3
DF 0.389| 0.280| 0.280 | 0.280 | 0.280 | 0.389
COF 0.509 | 0.509 | 0.509| 0.509 | 0.509 | 0.509

FEM +73.8| -73.8 | +73.8| -73.8 | +73.8 | -73.8
Dist -28.7| 0.0 0.0 0.0 0.0 28.7

CO 00 | -146 | 0.0 0.0 14.6 0.0
Dist 0.0 4.1 4.1 -4.1 -4.1 0.0
CoO 21 0.0 2.1 2.1 0.0 2.1
Dist -0.8 0.6 0.6 -0.6 -0.6 0.8
CoO 0.3 -0.4 -0.3 0.3 0.4 -0.3
Dist -0.1 0.2 0.2 -0.2 -.02 0.1
CcoO 0.1 -0.1 -0.1 0.1 0.1 -0.1

Dist 0.0 0.0 0.0 0.0 0.0 0.0
Neg.M | 46.6 | -84.0 | 76.2 | -76.2 | 84.0 | -46.6

M at 441 332 441
midspan

2.2.4. Desighmoments

Positive and negative factored moments for the slab system in the direction of analysis are [Hajted in
9. The negative momentsed for desigaretakenat the faces asupports (rectangle section or equivalent
rectande for circular or polygon sectionbyt not at distances greater thari 7%, from the centers of
supports. ACI 31814(8.11.6.1)

16in.
123 2

=0.67ft<0.175 318 3.t (use face of support location)

12



Structure|Point slab

CONCRETE SOFTWARE SOLUTIONS

1

2
|Wu:0.193x14:2.70 k\f|
HINEN IS NN NN EEEEENENE NN
I
[

18'-0” 18’-0"

_—) n-_|4
- rl_.

|._I
-—I

84.0
76.2 76.3

\\/ \/ ¥

FRAME MOMENTS (ft-kips)

22.2 24.3 26.4

24.6 26.4

FRAME SHEARS (kips)

| I
67.0 I 60.8 60.8 n670
| \/ N
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441
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Figure9 - Positive and Negative Design Moments for SBdam (All Spans Loaded with Full Factored Live Load)

2.2.5. Distribution of design moments
a.Check whether the moments calculated above can take advantage of the reduction per/i@iesilBy

14(8.11.6.5:
If the slab system analyzed using EFM within the limitationA®©f 31814 (8.10.2) it is pemitted 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 moments need not exceed the value obtained from the following

equation:

2
M, =% 0193 14 6':7)2 93 t-kips ACI 31814 (Eq. 8.10.3.2)
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End spans44.1+

—(32'3; 67-0) _g3 ft-kips

Interior span:33.2+

(60.8; 608) gt kips

The total design moments from the Equivalent Frame Method yield a static mesohto 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 determined for thbeslab stripthe ACI codepermits
thedistribuion of the moments at critical sections to twdumn strifg, beams (if any)and middlestripsin

accordance with thBDM.

ACI| 31814 (8.11.6.6)

Distribution offactored moments at critical sections is summarized in Table

Table 6- Distribution of factored moments
Slabbeam Strip Column Strip Middle Strip
Moment Percent Moment Percent Moment
(ft-kips) (ft-kips) (ft-kips)
Exterior Negative 323 100 32.3 0 0
End Span Positive 44.1 60 26.5 40 17.7
Interior Negative 67 75 50.3 25 16.7
. Negative 60.8 75 45.6 25 15.2
Interior Span —
Positive 33.2 60 19.9 40 13.2

2.2.6. Flexural reinforcement requirements

a. Determindlexural reinforcement required for stripoments

The flexural reinforcement calculation for the column strip of end spaterior negative location is

provided below.
My =32.3 ft-kips

Use averag@ag= 5.75in.

To determine the area of steel, assumptions have to be matleewthe 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, tensiecontrolled section will be assumed so the reduction faci®equal to

0.9, andd will be taken equal t60.95d The assumptions will be verified once the area of steel in finalized.

Assumejd =0.95d &.4¢€in.
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Column strip width,b=(14 312 /2 84in.

Middle strip width, b=14 312 84 8&in.

ASZ

Recalculated a 0 thef aotualAs = 1.31in.%: a=

M

u

32.3 12000

a 0.276

c=— =—— &325n.

b, 085

0.00

(—d -0.003 %—3} 575 0003 0.6501

J f,jd  0.9° 600002 0.95 35.75

E31in.2

f 3
A y _ 1.3 60000 . 276in.
0.85f 'b 0.85 4000° 84
0.6

Thereforethe assumption thakection is tensioontrolled is valid.

,%:

M

u

32.3 12000

j f,d- al2)

0.9 360000 ¥5.75 0.276/2)

Min A =0.018384 ¥ X0in? <1.28in.?

Maximum spacings,,, =2h =2 ¥ 14in. <18in.

E28in.2

Provide 7- #4 bars withAs = 1.40in.2ands = 84/7 =12n. ¢ s,

ACI 31814 (24.4.3.2

ACI 31814 8.7.2.2

Basedon the procedure outlined above, values for all span locations areigiVable 7.

Table 7 - Required Slab Reinforcement for Flexure [Equivalent Frame Method (EFM)]

Span Location Mu b d AsReq0d| Min A Reinforcement | As Prov. for
(ft-kips) | (in.) | (in.) | flexure (in?) (in? Provided” flexure (in?)
End Span

Exterior Negative 32.3 84 | 5.75 1.28 1.06 T-#4 1.4

Cg't‘r’i’;” Positive 265 | 84 | 5.75 1.04 1.06 6-#4 1.2

Interior Negative 50.3 84 | 5.75 2.02 1.06 11-#4 2.2

Exterior Negative 0 84 | 5.75 0 1.06 6-#4 1.2

Msi?r?g)e Positive 17.7 84 | 5.75 0.69 1.06 6-#4 1.2

Interior Negative 16.7 84 | 5.75 0.65 1.06 6-#4 1.2

Interior Span
Cg't‘rjig’” Positive 199 | 84 | 5.75 0.78 1.06 6-#4 1.2
Msi?r?pl)e Positive 13.2 84 | 5.75 0.51 1.06 6-#4 1.2

b. Calculate additional slab reinforcement at columns for moment transferebetiaé and columioy

flexure

15
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The factoredslab moment resisted by the columg ¢ M, ) shall be assumed to be transferred by flexure.

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

to resist this moment. The fraction of slab moment not calculated to be resisted by flexure shall be assumed

to be resisted by eccentricity of shear.

Partion of the unbalanced moment transferred by flexurg M,

Where

G

1

:1+(2/3) 3/b, /b,

ACI 31814 8.4.2.3

ACI 31814 8.4.2.3.)

ACI 31814 8.4.2.3.2

b, =Dimensionof the critical sectiorb, measured in the direction of the span for which moments are

determined in ACI 318, Chapt8r(see Figure).

b, =Dimersionof the critical sectiorb, measured in the direction perpendiculabi;m ACI 318, Chapter

8 (see Figure).

bb: Effective slab width €, +3 3h

ACI 31814 8.4.2.3.3

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

. Effective slab Asr eq As prov. For
Span Location (ﬂ'-\fl(iu s) bo" (f?fli\ill “S) width, by (ig) within by, | flexure within by Qe?mg
P P (in.) : (in?) (in?) :
End Span
Exterior Negative 46.6 0.60 28.9 37 5.75 1.17 0.62 3-#4
Column Strip
Interior Negative 7.8 0.60 4.7 37 5.75 0.18 0.97

*M, is taken at the centerline of the support in Equivalent Frame Method solution.

2.2.7. Column design moments

The unbalanced moment from the stalams at the supports of the equivalent frame are distributed to the

supportcolumns above arigelow the slabbeam in proportion to the relative stiffness of shiport

columns. Referring t&igure9, the unbalanced moment at joints 1 and 2 are:

Joint I= +46.6ft-kips

Joint 2= -84.0 + 76.2 =7.8ft-kips

The stiffness and cargver factors of thactual columns and the distribution of the unbalarstald

momentgMsg) to the exterior and interior columns are shown iruFéd Oa.
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s 12.86 ft-kip
: )
COF = 0.552 [a
Ke=1125.5x 10° 22,08 fi-kip &
DF = 0.500 /23 3ft-kip £
T =
" =
COF=0552 208 fikip E
Ke=1125.5 x 10° @2 1P =
DF =0.500 “
5
i £
o
7777 12.86 ft-kip
EXTERIOR COLUMN
2.15 fikip o
1)
< -
A . COF =0.552
= 3.60 ft-kip Ke=1125.5 x 10°
5 3.9 fikip DF = 0.500
20 — =
E 3.9 fi-kip COF=0552
2 3.66 fi-kip Ke~1125.5x 10°
S DF = 0.500
8
§
215 fe-kip 7777
INTERIOR COLUMN

Figurel0a- Column Moments (Unbalanced Moments from SBdam)

In summary:

Mecot exterio= 22.08 ftkips

Mecol,interior = 3.66 ftkips

The momens determined above amdmbined with the factored axial laaffor each storyjand factored
moments in the transverse directfon design of column sections. Figure 10b shows the moment diagrams

in the longitudinal and transversirection for 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 followiagle.
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Figure10bi Moment Diagrams (kip§t)
Mu Column number (See Figure 10b)
kips-ft 1 2 3 4
M ux 3.66 22.08 2.04 12.39
M uy 2.23 1.28 12.49 6.79

3. Design of Interior, Edge, and Corner Columns

This section includes the design of interior, edge ,camder columns using spColumn software. The preliminary
dimensions for these columns were cédted previously in section on€he reduction of live load pe&kSCE
7-10 will be ignored in this examplddowever, the detailed procedure to calculate the aedilive loads is

explained in théwide-Module Joist Systednexample.
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3.1. Determination of factored loads

Interior Column(Column #1)

Assume 4 story building
Tributary area for interior column sy, .., = (18 314) 252ft*

P =4°%, A, 4=0.F93 252 194kips
Mux = 3.66ft-kips (see the previous Table
Muy = 2.23ft-kips (see the previous Table

Edge (Exterior) Column (Column #2):

Tributary area for interior column ig\ ., =(18/2 314) Z26it*
P=4 3%, Ay, 4=0.293 126 97.kips

Mux = 22.08ft-kips (see the previous Table

My = 1.28ft-kips (see the previous Table

Edge (Exterior) Column (Column #3):

Tributary area for interior column ig\,, .., = (18 314/2) %26t
P.=4 3%, Auuw, 4=0.93 126 97kips

Mux = 2.04ft-kips (see the previous Table

Muyy = 12.49ft-kips (see the previous Table

Corner Column (Column #4):

Tributary area for interior column ify,, .., = (18/2 314/2) #3t*
P =43, Aupuy 4=0.293 632 48.kips

Mux = 12.39ft-kips (see the praous Tabl¢

Muy = 6.79ft-kips (see the previous Table

The factored loads are then input into spColumn to construct the axidl toathent interaction diagram.
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3.2.Column Capacity Diagram (Axial-Moment Interaction Diagram)

Interior Column (Column #):

20



























































































































