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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 short 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 comparisorthgigimalysis and desigmsultsfrom spSlab
engineering software program ByructurePoint
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Code

Building Code Requirements for Structural Concrete (ACFB4Band 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

References

1 Notes on ACI 318.1 Building Code Requirements for Structural 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 Edition, 2011 Mahmoud E. Kamara and Lawrence

C. Novak

I spSlabEngine&ing Software Prgram Manuak10.00, STRUCTUREPOINT 2024

1 ContactSupport@ StructurePoint.otg obtain supplementamaterials §pSlabmodel:DE-Two-Way-Flat-Plate
ACI-31814.slbx)

Design Data

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

Superimposed Dead Load, SDI26 psf for framed partitions, wood studs plaster 2 sides
ASCE/SEI 710 (TableC3-1)

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

f.6= 4,000psi (for slabs)
f.6= 6,000psi (for columns)
fy = 60,000psi

Required fire resistance rating = 2 hours



https://structurepoint.org/publication/manuals.asp
http://www.structurepoint.org/
mailto:Support@StructurePoint.org
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1. Notations

This section (based on ACI 318l provisions) defines notation and terminology used in this design example:

Ast =

As,min:

g
1

bz =

C1 =

Co =

db =

Ec =

Es =

f& =

depth of equivalent rectangular stress block, in.
area of an individual bar or wire, in.

gross area of concrete section? ror a hollow sectiondy is the area of the concrete only and does not

include the area of the void(s)
area of nonprestressed longitudinal tension reinforcemeht, in.

total area of nonprestressed longitudinal reinforcement including bars or steel shapes, and excluding

prestressing reinforcement,n.

minimum area of flexural reinforcement,n.

width of compression face of member, in.

perimeter of critical section for twavay shear in slabs and footings, in.
web width ordiameter of circular section, in.

dimension of the critical sectiob, measured in the direction of the span for which moments are

determined, in.

dimension of the critical sectidin measured in the direction perpendiculabioin.
distance from extreme compression fiber to neutral axis, in.

clear cover of reinforcement, in.

dimension of rectangular or equivalent rectangular column, capital, or bracket measured in the direction

of the span for which moments are beitegermined, in.

dimension of rectangular or equivalent rectangular column, capital, or bracket measured in the direction

perpendicular ta;, in.

crosssectional constant to define torsional properties of slab and beam

distance fromextreme compression fiber to centroid of longitudinal tension reinforcement, in.
nominal diameter of bar, wire, or prestressing strand, in.

modulus of elasticity of concrete, psi

modulus of elasticity of slab concrete, psi

modulus of elasticity of reinforcement and structural steel, excluding prestressing reinforcement, psi

specified compressive strength of concrete, psi
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fr = modulus of rupture of concrete, psi
fy = specified yield strength for nonprestressed reinforcement, psi
h = overall thickness, height, or depth of member, in.
le« = moment of inertia of cracked section transformed to concrete, in.
le = effective moment of inertia for calculation of deflection? in.
lg = moment of inertia of gross concresection about centroidal axis, neglecting reinforcemerit, in.
Ki = torsional stiffness of member; moment per unit rotation
I = span length of beam or omeay slab; clear projection of cantilever, in.
I = length of clear span measurfageto-face of supports, in.
I+ = length of span in direction that moments are being determined, measuredaeenteéer of supports, in.
I = length of span in direction perpendiculattomeasured cent¢o-center of supports, in.
Ma = maximum moment in member due to service loads at stage deflection is calculdbed, in.
Me = cracking moment, iAlb
M, = factored moment at section,-if.
Mo, = total factored static moment, it
n = number of items, such as, bars, wiresnostrand anchorage devices, anchors, or shearhead arms
P, = nominal axial compressive strength of member, Ib
P, = nominal axial strength at zero eccentricity, Ib
P, = factored axial force; to be taken as positive for compression and negatieedion, Ib
Oou = factored dead load per unit area, fb/ft
g = factored live load per unit area, 18/ft
qu = factored load per unit area, IB/ft
Vc = stress corresponding to nominal tway shear strength provided by concrete, psi
Vo = maximumfactored tweway shear stress calculated around the perimeter of a given critical section, psi
V. = nominal shear strength provided by concrete, Ib
Vn» = nominal shear strength, Ib
Vs = nominal shear strength provided by shear reinforcement, Ib
Vu = factored shear force at section, Ib
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We

&:(

bs

Lo

density, unit weight, of normalweight concrete or equilibrium density of lightweight concretg, Ib/ft
distance from centroidal axis of gross section, neglecting reinforcement, to tension face, in.
constant used to calcula¥ein slabs and footings

ratio of long to short dimensions: clear spans for-tvay slabs, sides of column, concentrated load or

reaction area; or sides of a footing

factor relating depth of equivalergctangular compressive stress block to depth of neutral axis
factor used to determine the fraction\f; transferred by slab flexure at slablumn connections
factor used to determine the fractionvbf transferred by eccentricity of shear at statumn connections

net tensile strain in extreme layer of longitudinal tension reinforcement at nominal strength, excluding

strains due to effective prestress, creep, shrinkage, and temperature

modification factor to reflect the reduced mechanical properties of lightweight concrete relative to normal

weight concrete of the same compressive strength
multiplier used for additional deflection due to letegm effects
time-dependent factor for sustained load

ratio of As to bd

strength reduction factor
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2. Preliminary Member Sizing

2.1 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 beamsTiable 8.3.1.1

Exterior Panelsh = I—” =2ﬂ) 6.67 in.
30 30

But not less than 5 in ACI 31814 (8.3.1.1(a))
. [, 200 .

Interior Panelsh = 33 =§ 606 in. ACI 31814 (Table 8.3.1.1)

But not less than 5 in ACI 31814 8.3.1.1(a)

Wherel, = length of clear span in the long direct®216.007 16.00=200.00 in.

Try 7 in. slab for all panels (selfeight= 87.5psf)
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2.2. Slab Shear Strengthi One Way Shear

Evaluate the average effective degy(ire2):

d =t. -Cia € d—zb 7 =0.75 0.50 0—50 - 5500

d =t.p Coear 9 7=0.75 0.50 6.0G=in

2 2
d,, = d+d _5.50+6.00 575in
2 2

Where:

Celear = 3/4 in. for # 4 steel bar ACI 31814 (Table 20.6.1.3.1)

dy = 0.9 in. for # 4 steel bar

|
d,=06.00 in. J 575 .
mg=3-75 in. d,=5.50 in.
Figure2i Average Effective Depth for Flat Plate

Factored dead load, q,, =1.20 3(87.5 £0) £29.00 p:

Factored live load, ¢, =1.60 340 #4.00 ps ACI 31814 (5.3.1)

Total factored load, q, =193.00 ps

Check the adequacy of slab thickness for beam actiorwageshear) ACI 31814 (22.5)




Structure Point

CONCRETE SOFTWARE SOLUTIONS SIab

At an interior column:

Consider a 12n. wide strip. The critical section for otveay shear is located atdistanced, from the face of

support (se€igure3).
Tributary area for onvay shear is

€318 o 46 678 9_ 0
=218 BB 0, B
Artsary & 92 ¥y %

V, = 4 Aupuay ©193 785 152 ki

V.=29 ffj & d ACI 31814 (Eq. 22.5.5.1)

where / =1 for normal weight concrete
V,=0.7532 1.0 /34,000 12%% 6.55 kipsV, >1.52i

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

)

N
- 9!_0" - - 9?_0" -

:

7!_0”

[] B)

70" el davg =575

Figure3 - Critical Section for OneWay Shear
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2.3. 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

A =008 18) 227575 g
¢

V, = 0 *Aupuay ©193 24871 48.00 ki

V,=4 ¥ $fi b2 d (For squarénterior column) ACI 31814 (Table 22.6.5.2(a))
4,00 5 735 126:55 ki

f\V, =0.75 3126.55 =94.92 kips\>  48.00 ki

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

A
“\\2,/

S S —

70" 21.75"
P~
n r — | ‘«/7‘\‘
+ s D B
7r_0n e 2 88

Figure4i Critical Section for Twé/WNay Shear




Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

2.4. Column Dimensionsi Axial Load
Check the adequacy of column dimensions for axial load:

Tributary area for interior column:is

Aoy = (18 314)  252.00 ft

P.=q Ay ©193 252 48.64 ki

P =080 680 (8.85f;3 {2 A, )-f, At (Forsquare interior column)
P =0.803(0.85 %,000 {16 16 0) 0)+1,044.48 k

fP, =0.6531,044.48 =678.91kipsP>  48.64 k

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

ACI 31814 (22.4.2)
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3. 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 slabs, and slabs with beams. The following

sectionoutline the solution per DDMEFM, andspSlabsoftwarerespectively.
3.1. 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.

3.1.1. 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 offset 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 (8.10.2.7)

Since all the criteria are met, Direct Design Method can be utilized.

10
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3.1.2. DesignMoments

a) Calculate the total factored static moment:

_q,%¢, %7 0193 14316.67

M, = 5 5 93.82 ft-kips ACI 31814 8.10.3.2
b) Distribute the total factored momeri¥l,, in an interior and enspan ACI 31814 (8.104)
Table 17 Distribution of Mo along the span
Location Total Design Strip Moment, Mps (ft-kips)

Exterior Negative 0.26x Mo = 24.3
Exterior Span Positive 0.52%x M, = 48.0
Interior Negative 0.70x M, = 6567
Interior Span Positive 0.35x M, = 32.84

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 to corresponding two fmaidldle strips. ACI 31814 (8.10.6.1)
Table 27 Lateral Distribution of the Total Design Strip Moment, Mps
Location Total Design Strip Column Strip Moment in Two Half
Moment, Mps (ft-kips) Moment, (ft-kips) Middle Strips, (ft-kips)

Exterior _ _
Negative 24.3 1.00x Mps=24.32 0.00x Mps= 0.0

Exterior Span Positive 48.0 0.60x Mps=29.27 0.40x Mps=19.22
Interior _ _
Negative 6567 0.75x Mps= 4925 0.25x Mps=16.22

Interior Span | Positive 32.8 0.60x Mps=19.0 0.40x Mps=13.4

* All negative moments are at face of support.

11
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3.1.3. Flexural Reinforcement Requirements
a) Determineflexural reinforcement required feolumn and middlstrips at allcritical 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 reduction facteequal to

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

3
Column strip width,b :14le B84 in.

3
Middle strip width, b = 14le B84 in.

M, 24.3% 12,000
& -—

= . @99 in?
f3f,3d 0.90 80,000 6.95 546

Recalculatesd f or $F0.994n&t u a l

Az f,  0.9% 60,000

a= 6208 in.
0.85 fj ® 0.85 %,000 84
c=i =0—208 6245 in.
b, 085
30.003 4, 02003 5
e = 24 0.003 = o75 0.0603 0.067 0.0
e & 0245 %

Therefore, the assumption that sectioterssiorcontrolled is valid.

P ) 24.39 12:’0000 e
31, & g 20.90 69,000 @5'7 8
¢ + ¢ *

12



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

A nn=0.018384 ¥ 106 if.

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

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

0296 fr

o

ACI 31814 (24.4.3.2

AC| 31814 8.7.2.9

Based on the procedure outlined above, values for all span locations are digéte

Table 37 Required Slab Reinforcement for Flexure (DDM)
ST (LBt (ft-l\lfiTos) (ir?.) (ig.) (Am";; ﬁ;mZ)n Regw:(())\r/?deergent A?iprgo.g;ed
End Span
Exterior Negative 24.38 84 | 575| 0.96 | 1.06 61 #4 1.20
Cg'tlr’ig‘” Positive 2027 | 84 |575| 1.16 | 1.06 61 #4 1.20
Interior Negative 4925 84 | 575 | 1.9 1.06 107 #4 2.00
Exterior Negative 0.00 84 | 575 | 0.00 | 1.06 61 #4 1.20
Msif[jr(ijpl)e Positive 1952 84 | 575 0.77 | 1.06 61 #4 1.20
Interior Negative 16.42 84 | 5.75| 0.&4 1.06 61 #4 1.20
Interior Span
Cg't‘r’ig‘” Positive 190 | 84 | 575| 0.77 | 1.06 6i #4 1.20
MSi(tjr?ée Positive 13.14 84 | 575 | 051 | 1.06 61 #4 1.20

13



Structure Point

CONCRETE SOFTWARE SOLUTIONS SIab

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 columrclmser 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. 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)

9 =0
1+g SJE
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 (degureb).

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

Chapter 8 (seEigure5b).

1 by, = Effective slab width= c; + 3xh ACI 31814 (8.4.2.3.3)
w w Edge of slab
c. . D C ' D
| | T T
| | | |
Ccp i i b, Ccp ! Cll ! b,
z G 1 . ! | ,
| | canl | P
capl | 1 ) AL N 5
: | ~ |
] .
A, B .
‘ b, w ‘ W
Critical shear perimeter for interior column Critical shear perimeter for exterior column
—Edge of slab
C W D ’,
|
Ccp Sl i
b
z 1 z
Can C2 |
A B
- -
/ b,
Edge of slab—/

Critical shear perimeter for corner column

Figure5i Critical Shear Perimeters for Columns

14
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The additional reinforcement calculation for the column strip of end spaxterior negative location is
provided below.

Mu = 2439ft-kIpS As,provided: 120 |n2

bl=cl+g 16 557_5 1888 in b=c 4 1 575 2275ir
=1 e
h=c, 8 A 16 37 37in o l+23/18.88 '
3 \22.75
i a 239, M
LR Q/dz 3 gfs.u
f, 2 £30.853f; B,
3 a 3 0
A = 0:85' 4,000 37%_75 578 2°0.62 2439 0 .
60,000 & 0.9 0.85 4,000° 378

3 .
AS, provided within bb: As provided 3% 1:20 gAZ]. 053 Irf'

Whereb = 84 in. is the column strip width
A - A povided witningy 060 0.53  G:07 iR

Provide 1#4 bars with A=0.20 in?

Table 47 Additional Slab Reinforcement required for moment transfer between slab and column (DDM)
. Asr e q (  Asprov. For N
. Mu o My bo d o L Add@g
Span Location (ft-kips) X (ftkips) | (in) | (n.) W|th|r21 bb flexure_wzlthln by Reinf.
(in?) (in?)
End Span
Xeror | 24® |062| 1510 | 37 [575| 0.8 0.53 17 #4
Column egative
Strip :
ISl 0.0 |060| 00 | 37 |575| 0.0 0.97 -
Negative
" M, is taken at the centerline of the support in Equivalent Frame Method solution.

15
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3.1.4. Factored Moments inColumns

a) Interior columns:

AC| 31814 8.10.7.2

A 2
Mu :007 3§©Du 95 un ) '023’62‘;1 3uni - '62 I(gn) l

M =0.07 é.'].29 6 63) 143291.83 16 26 129 18 @1632 qj-17 ki
“o Ség c 12 ¢ C 12 @ ' Pe

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

_17.75

M =5~ .87 ftkips

column

b) Exterior Columns:

Total exterior negative moment from slab must be transferred directly to the cdlum24.39ft-kips. With

the same column size and length above and below the slab

M cotumn = %39 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.

16
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3.2. 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 and transversely through the building.
The equivalent frame consiststbfee parts:

1) Horizontal slabbeamstrip, including any beams spanning in the direction of the fraiféerent values of
moment of inertia along the axis of slabams 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 slab
beam at thdace of the column, bracket or capital divide by the quantitg{2)? shall be assumed 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

2) Columns or other vertical supporting members, extending above and below thRiffkient values 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 is permitted to be used to determine the moment of inertia of columns at any cross sedgoof outs
joints or column capitals. ACI 31814 8.11.4

3) 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 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 span for wdii moments are being determined, (2) portion of slab specified in (1) plus that
part of the transverse beam above and below the slabdioolithic 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, but not greater than fedhdirsab thickness.

ACI 31814 8.11.5

3.2.1. Equivalent Frame Method Limitations

In EFM, live loadshall be arranged 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, measured ceittecenter of
supports, not to exceed 2. ACI 31814 8.10.2.3

17
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3.2.2.

a)

b)

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 for the slbbams and column members are determined
using thedesign aid$ables aAppendix 20A of PCA Notes on ACI 3181

These calculations are shown below.

Flexural stiffness of slabeams at both endisy,

Cu_ 16 45474 Gne_ 16
0, 0

T (18 12) T (142 12)

For cr1 = Crp, stiffness factordne = ken = 4.127 PCA Notes on ACB18-11 (Table Al)
E. .31 =

Thus, K, =Ky °S€ s 24127 %S PCA Noteson ACI 31811 (Table Al

~1 ~1

3,834 10 24,802

Ky, =4.127 3 351,766,909 in.-|
216
3 K3
Where, | = f;*h 168 7 4,802 in’
12

E.=w" 83 ffj 150° 33,/4000 3,834 f0 ¢ ACI 31814 (19.2.2.1)
Carry-over factorCOF = 0.507 PCA Notes on ACB1811 (Table Al)
Fixedend moment-EM =0.084293, &, (2 PCA Notes on ACB1811 (TableAl)

Flexural stiffness of column members at both eKds,

Referring toTable A7, Appendix 20A

ta=h/2=7/2=3.9in. tb =h/2=7/2= 3.Bin.
H=9ft=108in. He=H-ty -t, =108i 3.57 3.5=101 in.
Then,

:—::1, :C =1.06¢

Thus,kas = ksa = 4.74 by interpolation.

18
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AT E, A,
c - ,

c

3
K, =4.74 696 10 °5,461 £125,592,936 in.-|

108

sy’

5,461 in’
12

Where |,

E.=w® 83 Jfj 150° 33, 63000 4,696 f0 ¢

(,=9ft 408in

c) Torsional stiffness of torsional membeks,

K=_PE X
e g )
€l,%a = 0
£ ¢ l, =+
3 3
« =9 3834 16 31325367 484,240 in -
a 0
gel 143 12 Q

WhereC= &1 0.63 5 3
¢ v

o ~2 3 ~
c=3 -0.63 126 087° 16 8 1 sos i

¢ ¢

C,=16in., and(, =14 ft 468 in.

PCA Notes on ACB1811 (Table A)

16"

ACI 31814(19.2.2.1a)

ACI 31814 (R.8.11.5

ACI 31814 (Eq. 8.10.5.2b

7"

——\f\——

Figure6i Torsional Member
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d) Equivalent column stiffned$e..

_ak &
©oaK, + &

ec

3 3
- (221125.59)° (2 %867.48) 5 s g5y 174 058 in -
[(23 1,125.59) +(2 B67.48)]

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

K

c.lop

Kru | .

"1 ' ‘ K

K

¢, bottom

Figure7i Column and Edge of Slab

e) Slabbeam joint distribution factor§F.

At exterior joint At interior joint

351.77 .388 DE 351.77

= 2.280
(351.77+ 554.07)

 (351.77+ 351.77+ 554.07)

COF for slabbeam= 0.507

ksl “
S Ky=351.77x10° 3
7 K=35177x 10° B Ke=35177x 10°
I, I,
v o
EXTERIOR COLUMN INTERIOR COLUMN

Figure8i Slab and Column Stiffness
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3.2.3. 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
L__ 40 437 3
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, ¢, =1.60 340 #4 ps ACI 31814 (5.3.1)

Total factored load, g, =193 psf

FEM6 s f eeamsFEMbm, 3q &, (2 PCA Notes on ACB1811 (Table Al)

FEM =0.0842920.193 314 #8 73.79 ft-ki

b) Moment distribution. Computations are showi able5. Counterclockwiseotational moments actiran the

member ends are taken as positiviaximum positive span moments are determined from the following

equation:
2
| 02 - - M, - Mg M.
M;axz(qu3€2) 3C1 ML+MR +( L R) atdiStanCQmax él‘_ _+—ML MR
8 2 23 (q, ¥,) @ 2 (q.3¢,) %,
Where

1 Mma = Maximum positive moment in the span

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

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

(qu3'€2) 361 _._ML' MR- V. —(qu3'€2) 361 ML' MR-
} =

Vv, =
2 0 2 0
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Where
1 VL = Reaction (shear force) tite left support

1 VR

Reaction (shear force) tite right support

Maximumpositive moment in spans2land 34:

. _(0.193 14 °18 46.65+ 83.91 ( 46.65-8391
™ 8 2 23(0.19331) 18

4494 ft-kip

Xmax:@ (46.65- 83.9) 823 ft
2 (0193 14 318

_2.70° 18 (46.65 83.9)
2 18

\'A 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

M _(0.19% 14 218 76.21+ 76.21 _ ( 76.21-76.21
e 8 2 23(0.193313 38

33.23 ft-kip

18 (76.21 76.2)
e 0 0@ 7

Xmax:_

$:00 ft
2 (0.193 14 318

_2.70° 18 (76.2- 76.2)

V 24.32 kips
- 2 18 P
76.21- 76.2
V, = 270 18 { ) 24.32 kips
2 18
Where
My = 76.21 ftkip Mg = 76.21 ftkip
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Table 57 Moment distribution for equivalent frame method (EFM)
Sy SR, b, \\T
¢ = — —
Ao oo T ‘L\\
Joint 1 2 3 4
Member 1-2 21 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 | o0.01 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
Vv 2225 | 26.39 | 24.32 | 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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3.2.4. DesignMoments

Positive and negative factored moments for the slab system in the direction of analysis are laiteé in
9. The negative momentssed for desigmaretakenat the faces ofupports (rectangle section or equivalent
rectangle for circular or polygon sectiori®)t not at distances greater thad75x |; from the centers of
supports.

ACI 31814(8.11.6.1)

16 in.

17 2- 0.67 ft <0.175 18 3.2 f (use face of support location)

w = 193 psf=2,702 fi-Ib
T O
__\./‘?__ _T\L\__

ary

Moment diagram (fi-kips)

76.21

< 46.65 /%}x %)\ 46.65 )

4494 4494

x, fi .
Moment values (@ columns centerlines

Shear diagram (kips)

26.39 2459

2432
. N E\
E\ V
F-—S%ﬁ—-l\a \d’?ﬂ'?f{——l [
24.59 2252 2045

26.39 2432 | 77

V @ Column Centerline
——== V @ Column Face

Moment diagram (ft-kips)

66.99 66.99
60.61 60.61
32.42 3242
2N
44.94 323 44.94

" Moment values @ columns faces

Figure9 - Positive and Negative Design Moments for SBdam (All Spans Loaded with Full Factored Live Load)
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3.2.5.

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 moments need not exceed the value obtained from the following
equation:
3 3 2
M, :% #0.193 34 ( 6'867)2 9382 ft-kip ACI 31814 (Eqg. 8.10.3.2)
End spans44.94+ (32.L266.99) =94.65 ft-kip:
Interior span:33.23+ (60.61+ 60.61) =93.83 ft-kip:
The total design moments from the Equivalent Frame 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 determined for thbesab stripthe ACI codepermits
thedistribuion of the moments at critical sections to dodumn strifg, beams (if any)and middlestrips in
accordance with thBDM. ACI 31814 (8.11.6.6)
Distribution of factored moments at critical sections is summariz&elie6.
Table 67 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 33.3 60 19.9 40 13.9
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3.2.6. 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 hate tnade 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, tensiecontrolled section will be assumed so the reduction facterequal 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 :14le B84 in.

3
Middle strip width, b= 14le B84 in.

M, 32.42 12,000
& -—

= . E32in’
73 f,3d 0.9 60,000 6.95 546

Recalculatesd fthe®actualhs=1.2in.%

A3 f,  1.32 60,000

a= 6277 in.

085 fj ® 0.85 ¥4,000 84
Cc :3 :0_277 3326 in

b, 0.85

a0.003 Qd 08003 a .
e = : 0.003 = %75 0.003 0.0499 0.0
TE e 02326 %

Thereforethe assumption thaection igensiorcontrolledis valid.

M _ 32.42 1231,000

0.277

! £28 in?
2 809 6v,000 Hys5 2L
2 c 2

|-O:On
|-O:On
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A, =0018384 ¥ 106 in.

Maximum spacings,,, =2 %h 2 73 144n.

128 fr

18 in

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

G

ACI 31814 (24.4.3.2

ACI 31814 8.7.2.9

Basedon the procedure outlined above, values for all span locations are givebldY.

Table 77 Required Slab Reinforcement for Flexure (EFM)
Span Location (ft-l\lili?:)s) (irtl).) (ig.) 535; ﬁrsmrg) B Aziﬂ?;i)decj
End Span
Exterior Negative 3242 84 | 575 | 1.28 | 1.06 77 #4 1.40
Column Strip | Positive 2696 84 | 575 | 1.06 | 1.06 61 #4 1.20
Interior Negative 5024 84 | 575 | 2.02 | 1.06 117 #4 2.20
Exterior Negative 0.00 84 | 575 | 0.00 | 1.06 61 #4 1.20
Middle Strip | Positive 1798 84 | 575 | 0.70 | 1.06 61 #4 1.20
Interior Negative 16.5 84 | 575 | 066 | 1.06 61 #4 1.20
Interior Span
Column Strip | Positive 199 84 | 575 | 0.78 | 1.06 61 #4 1.20
Middle Strip | Positive 13.09 84 | 575 | 0.52 | 1.06 61 #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@mr® 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. AC| 31814 8.4.2.3
Portion of the unbalanced moment transferred by flexuge ¥sM ACI 31814 8.4.2.3.)
Where
1
g =———— ACI 31814 (8.4.2.3.2)
1+E 3 g
3 \b
7 b1 = Dimension of the critical sectiom measured in the direction of the span for which moments are
determined in ACI 318, Chapter 8 (degureb).
1 b, = Dimension of the critical sectiob, measured in the direction perpendicularbion ACI 318,
Chapter 8 (seEigure5b).
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.

My = 46.65ft-Kips As(proyy= 1.40 in?
d 5.75 . _ .
b =g +§ 6 —-5— 1888 in b=c, d ¥ 5#5 2Z75ir
- 1 £.62
h=c 8 R 16 3# B7in G 142 5[1888
3 \22.75

. a 23 M
& — 0.85 fc| :t% 3&1 d2 gf u
f (? £30.853f; 1§,

y

3 a 3 0
&:0.853 4000 373%.75 578 230.62 46.65 O 127 iR
60,000 e 0.9 0.8% 4,000:3 37@
AS, provided within bb: As provideds% 1:40 gﬁ 062 Inz
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A - A povided witninby 1-17  ©.62 G55 iR

Provide3i #4 bars withAs = 060 in2

Table 81 Additional Slab Reinforcement required for moment transfer between slab and column (EFM)

« Asr e q (  Asprov. For N
. Mu 2 Mu b d o L Addqg
Span Location (ft-kips) X (ft-kips) | (n) | (n.) Wlt(?r:g)bb erxureEinw;)thm b Reinf.
End Span
EIXte”tc.’r 4666 | 0.62| 2878 | 37 | 575| 117 0.62 3 #4
Column egative
Strip :
ureror 771 |060| 463 | 37 |575| 0.18 0.97 .
egative

" My is taken at the centerline of the support in Equivalent Frame Method solution.
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3.2.7. 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 moment 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 showthafollowing Figure

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 Moments from SBsam)
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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 Figureshows the moment
diagrams in the longitudinal and transverse direction 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 wads can be obtainedhese values are shown in the following table.

24.09

17.80

63.81 5416

20.66

Figurelli Moment Diagrams (kip#)
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M. Column number (Seethe previousFigure)
(kipS-ft) 1 2 3 4
Mux 3.66 2215 2.06 1247
Muy 2.27 1.24 1226 6.78

4. 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 thefiOneWay Wide Modulg(Skip Jois) Concrete FlooBystemDesicq (ACI 31814)0 Design Eample.

4.1. 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

—a

<
c
x
|

= 3.66 ftkips (see the previous Tal)le

—a

<
c
<
|

= 2.27 ft-kips (see the previous Tal)le

Edge (Exterior) ColumfColumn #2):

Tributary area for interior column 8y, .y = 2&1%3 314 8 £26 ff
C -

1 Py = 4 xquXAnibutay = 4 x 0.193 x 126 = 97.27 kips
1 Mux = 22.15ft-kips (see the previous Talle
1 Myy = 1.23ft-kips (see the previous Table
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Edge(Exterior) Column (Column #3):

1-O:On

Tributary area for interior column 8y, .y = 318 31?4 5 126 ft
¢

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

2.05ft-kips (see the previous Table

1 Mu,x

1 Myy = 12.26ft-kips (see the previous Table

Corner Column (Column #4):

418 14

Tributary area for interior column 8y, ., = & 63 ft?
¢

-O:On

1 Pu = 4 xquX Arnibutary = 4 x 0.193 x 63 = 48.64 kips

1 Mux = 12.47ft-kips (see the previous Table

1 Myy = 6.78ft-kips (see the previous Table

The factored loads are then input istgColumnto construct the axial loddmoment interaction diagram.
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4.2.Column Capacity Diagram (Axial-Moment Interaction Diagram)

Interior Column (Column #):

STRUCTUREPOINT - spColumn v10.10a (TM)

Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4
F:\StructurePoint\spColumn\Interior Column (#1).colx

16 x 16 in

General Information
Project

Column
Engineer

Code

Bar Set

Units

Run Option

Run Axis
Slendemess
Column Type
Capacity Method

Materials
fe
E

fY
E,

Section
Type

Width
Depth

A

I

IY
Reinforcement
Pattern

Bar layout
Cover to
Clear cover
Bars

Confinement type
Total steel area, A,

Rho
Min. clear spacing

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

SP

ACI 318-14
ASTM A615
English

Design

Biaxial

Not Considered
Structural
Moment capacity

6 ksi
4415.21 ksi

60 ksi
29000 ksi

Rectangular
16 in
16 in
256 in?
5461.33 in*
5461.33 in*

All sides equal

Rectangular

Longitudal bars
1.88 i

4#8

5

Tied

3.16 in?
123 %
10.24 in

Page | 1
5/6/2025
9:19 AM
(Pmax) ) 170907 —-"Pr[krip] - (Pmax)
800 +
600 +
‘ 400 + ‘
[
200 4 ‘
M [k-ft]
-250 -200 -150 -100 - _-50 50 100 150 200 250
(Pmin) ~ (Pmin)
PM at 32.0 [deg]
No. Py Mo M,y dP, M, OM,, Capacity
kip k-ft k-ft kip k-ft k-ft Ratio
1 194.5 37 23 194.54 130.78 81.11 0.03

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

STRUCTUREPOINT - spColumn v10.10a (TM)

Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4
F:\StructurePoint\spColumn\Edge Column (#2).colx

16 x 16 in

General Information
Project

Column
Engineer

Code

Bar Set

Units

Run Option

Run Axis
Slendemness
Column Type
Capacity Method

Materials
fe
E

fy
E,

Section
Type
Width
Depth

A

I

IY
Reinforcement
Pattern

Bar layout
Cover to
Clear cover
Bars

Confinement type
Total steel area, A,

Rho
Min. clear spacing

Two-Way Fl...late System
Edge #2

SP

ACI 318-14
ASTM A615
English

Design

Biaxial

Not Considered
Structural
Moment capacity

6 ksi
4415.21 ksi

60 ksi
29000 ksi

Rectangular
16 in
16 in
256 in?
5461.33 in*
5461.33 in*

All sides equal

Rectangular

Longitudal bars
1.88 i

4#8

5

Tied

3.16 in?
1.23 %
10.24 in

Page | 1
5/6/2025
9:21 AM
(Pmax) 170?07":’;7[‘?9! ~ (Pmax)
800 +
600 +
[ 400 + ‘
| |
200 +
A
M [k-fi]
-250 -200 -150 -100 ~.-50 50~ 100 150 200 250
(Pmin) 200+ (Pmin)
PM at 3.0 [deg]
No. Py Mx M,y ®P, M, oM, Capacity
kip k-ft k-ft kip k-ft k-ft Ratio
1 97.3 221 12 97.27 142.21 7.90 0.16

Max. Capacity Ratio: 0.16
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EdgeColumn (Column 8):

STRUCTUREPOINT - spColumn v10.10a (TM) Page | 1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/6/2025
F:\StructurePoint\spColumn\Edge Column (#3).colx 9:22 AM

[ ] [

LX
(Pmax) 170?0:'"’;7[‘?9! ~ (Pmax)
® ®
800 T
16 x 16 in
General Information G-
Project Two-Way Fl...late System
Column Edge #3 \
Engineer SP \
Code ACI 318-14 400.F |
Bar Set ASTM A615
Units English \
Run Option Design “‘
Run Axis Biaxial 2001 §
Slendemness Not Considered 1
Column Type Structural %
Capacity Method Moment capacity " : i N ; n 2 i M [!“ﬁ]
k + t ¥ t t —4 t t !
Materials -260 -200 -150 -100 ~.-50 50100 150 200 250
s 6 ksi
Ec 4415.21 ksi
(Pmin) -200 - (Pmin)

b sl PM at 81.0 [deg]
E. 29000 ksi
Section
Type Rectangular
Width 16 in
Depth 16 in
A 256 in? No. Py Mux M.y P, M, oM, Capacity
I 5461.33 in® Kip k-t feft kip keft Kt Ratio
I, 5461.33 in® 1 97.3 20 123 97.27 23.62 141.25 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 1.23 %
Min. clear spacing 10.24 in
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CornerColumn (Column #):

STRUCTUREPOINT - spColumn v10.10a (TM) Page | 1

Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/6/2025

F:\StructurePoint\spColumn\Corner Column (#4).colx 9:22 AM
[ ] [

(Pmax) 1000 T P [kip] (Pmax)
® ®
B 800 T
16 x 16 in
General Information G-
Project Two-Way Fl...late System
Column Corner #4 [ \
Engineer SP |
Code ACI 318-14 [ 400.F
Bar Set ASTM A615 \ |
Units English \ |
Run Option Design | |
Run Axis Biaxial 2001 i
Slendemness Not Considered /
Column Type Structural X ' +1
Capacity Method Moment capacity : : ; = . . ; ; ; : M [!(-ft]
k + t + t + + t t !
Materials -250 -200 -150 -100 . -50 50 100 150 200 250
s 6 ksi 3
Ec 4415.21 ksi
(Pmin) -200 + (Pmin)

% 80l PM at 29.0 [deg]
E. 29000 ksi
Section
Type Rectangular
Width 16 in
Depth 16 in
A 256 in? No. Py Mux M.y P, M, oM, Capacity
I 5461.33 int Kip k-t keft kip kAt k-ft Ratio
I, 5461.33 in® 1 48.6 125 6.8 48.64 111.57 60.66 0.11
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 1.23 %
Min. clear spacing 10.24 in
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5. Two-Way Slab Shear Strength

Shear strength dheslab inthevicinity of columns/supports includes an evaluation ofwag shear (beamction)
and tweway shear (punching) in aaoance withACI 318 Chapter 22

5.1. One-Way (BeamAction) ShearStrength

ACI 31814 (22.5)

Oneway shear is critical at a distamté&om the face of the column as showrrigure3. Figurel12 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:

= X, +\VE .f( V. FO} ACI 31814 (Eq. 22.51.1)

Where:

= f2 2/[1h, *d ACI 31814 (Eq. 22.5.5.1)

/ =1 for normal weight concrete

v, =0.7532 3.0 13000

(1% 12§ 575 91.64 ki

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

Shear diagram (kips)

_____ 24.32 26.39

V . ~ v
~—— 077 fi—= |
| 19.15

24.32 s

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

Figurel2i OneWay Shear aiCritical Sections (aDistanced from theFace of theSupportingColumn)
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5.2. 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 selfieight and any superimposed surface dead and live load acting within the critical section

(d/2 away from column face)
V, =22.25-0.193 21'7152418'888 21.70 ki
g -

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

into account.

= 46,65 - 2170@1888— 5.99-16/28
g 12

M, 6 37.81 kips-

For the exterior column iRigure5, the location of theentroidal axis z is:

bﬁCﬂ% 16 54273 1888in  b,=c, 1 ¥ 5#5 2E75ir

2
Cpg = B = 1886 599 in.
23p b, 2 28.88 24.75

The polar moment. of the shear perimeter is:

dpd® d o’ & 50
J. =2 %hllT iqu (q' )383% CAB_QBQ & CAB?'
C -z
a 0
=2 %—8 88 5.78 +5'7531218'38 (1-8 88 5. 7$ %8 88 5.99'8 8 21.76 5.7535%093 14,109
G T E
g =1-pg ¥ 0617 038 ACI 31814 (Eq.8.4.4.2.2

39



Structure Point

CONGCRETE SOFTWARE SOLUTIONS slab
Where:
1
9 =———— ACI| 31814 8.4.2.3.2
1+g 3 E
3 \b,
9=t __ 0617

1+ 2, ,18.88
3 \21.75
The length of the critical perimeter for the extegotumn:
b=2% B 2=188B8 21¥5 59.50i

The twoway shear stress ) can then be calculated as:

V, +gv3 Munb 3CAB

v, = v ACI 31814 (R.8.4.4.2.3)
b, d J,
3 3
y, = 2L7C 1000, 0383 (37.81° 12°1,000) B9%; 13 7577 13720
59.5* 5.75 14,109
€ !
43 1 3 :
v, =min] & 4% % [T ! ACI 31814 (Table 22.6.5.2)
ic + i
T° 3 A i
ic b + {
é a
1431 3/ |
14 144,000 1 8252.98(
_ 14, 40 R J .
vV, =minj 2 +1 0% 2,000 u mn 879.47 (1252.98
}‘5303 A I ;3bossy !
T >0 81 $4,0007
ic’ 59.5 b2 y

fv,=0.753252.98 489.74 p

Since fv, 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) -0.1033417> 21758

8 59.08 ki
144 2

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

For theinterior column inFigure5, the location of theentroidal axis z is:

b=c 4 ¥ 55 2E75ir hb,=c, 40 ¥ 5#5 2E75ir

AB

:E 2175 ¥0.88 in.
2 2

The polar momeni, of the shear perimeter is:

é 3 3 33 o 2,
g2 &9 (g gpedlag, §
& 12 12

421,75 5.78
J,=2 &
T 12

+5'75;221'75 (2.75 575 (2§ 2 21.75 575210788 40,134

g=1-g E 060 0.4(

ACI 31814 (Eq.8.4.4.2.2)
Where:

g =

ACI 31814 8.4.2.3.2

=

g =

- = 0.60
1+3 5 ,21.75
3 \21.75
The length of the criticgderimeter for the interior column:

b =2 2175 2 2175 87i
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The twoway shear stressj can then be calculated as:

vV = Vu +gv3 Munb 3CAB
““p3d J

ACI 31814 (R.8.4.4.2.3)

C

_50.08 1,000, 0.4¢ (7.7312 3,000) 10. 8%00 10 16.02 12012 p

\'
" 873575 40,431
€ (
| p |
) / SJf_' i
_ta, 406, = |
Vo =minig2 + - P Jii ACI 31814 (Table22.6.5.2)
¢ * i
[ i
1aar 3d 49 %/ i
¢ b 1
8 a
| 3[ |
If’ A:’ 000 1 e252 980
vC:min‘:g@fi" 3 /2,000 Lomin 379.47 125298
¢ = - T 2b3eoy
14403 5.75, %1 50
lee—o— 017
¢ 87 = y

fv,=0.753252.98 489.74 p

Since fv, 2 v, at the critical section, the slab has adequateviay 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 twaay shear strength 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 -0.103 3888 18. 888 H.71 ki

& 144

=26.08 1171%}888— 4.72-16/26
g 12

M.n 6 20.07 kips-

For thecornercolumn inFigure5, the location of theentroidal axis z is:

bl=q+;— 16 537_5 1888 in bZZCZ% 16 557—5 1888 in
b’ _ 18.88

Cas = 53 £72 in.
23h #, 2 8.88 18.88

The polar momeni; of the shear perimeter is:

b3 o d oy ) 50
J—z% brd)ﬁge%sqaggq g .
418.88 578 575 18.88 & 138 88 , .00
Jo=2g U £ 0 (18.88 57 472 , 18.88 5.75% 4723 8,354
9 =1-g E 060 04 ACI 31814 (Eq.8.4.4.2.2)
Where:
1
9 == ACI 31814 8.4.2.3.3
1+— 3 E
3 \b,
g=— 1 __ 2060
2 ,[18.88
1+2 3
3 \18.88
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The length of the criticgderimeter for the exterior column:
b, =18.88 +18.88 =37.75Iil
The tweway shear stressy can then be calculated as:
3 3
= 9 M % ACI 31814 (R.8.4.4.2.3)
b,3 d J.
3 3
v, = 11.78 1000 0.4 (20.073 12 31,000) 347%‘396 54.41 168.37 p
37.7% 5.75 8,354
e (
i43 /3T :
v, :min¥g@ +% A INER 1. ACI 31814 (Table22.6.5.2)
¢ - i
T 2 3 A ’|
15 Y2 &
¢ b, - 1
& a
I 43 3[ |
1? 154,000 1 e252 981
v, =minj 32 & < of J%,000 L min 879.47 uz&z 98 |
16 I shaey
1820° 5.75 gl 1
{®3775 9 {,

fv,=0.753252.98 489.74 p

Sincefv, 2 v, at the critical section, the slab has adequateviawp shear strength at this joint.
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6. 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 immediate andepeadent deflections are covered

in this section foillustration and comparison wittpSlabmodel results

6.1. Immediate (Instantaneous)Deflections

The calculation of deflections for twway slabs is challenging even 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 cracking effect 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:

w

o ~ e o 3

lf%'\\% 93, & M B s, ACI 31814 (Eq. 2.2.3.54)
M. 20 g M

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 inthefollowing Figure
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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 %\ /%>X -
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 th&hree Service Load Levels
Mcr = cracking moment.
f31
M, =—2 A4743% 4802, 1 54.23 ft-kip ACI 31814 (Eq. 2.2.3.5b)
A 3.5 12 1,000
f = Modulus of rapture of concrete.
f,=75% Jfi 75 1.0/ 4600 47434 ACI 31814 (Eq.19.2.3.1

I3 = Moment of inertia of the gross uncracked concsetgion
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_1,2h® (14% 19 37

4,802 in’
¢ 12 12

7

= &5in.
2

N

Yo =

- = 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 ofthese parameters for column

and middle stripsire shown imable9.

As calculated previous)ythe exterior sparframe stripnearthe interiorsupportis reinforced with T #4 bars
located at 1.25 in. along the section from tbe of the slab Figure 14 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
I MO\ 4
| b |
Figurel4i Cracked Transformed Section
E.s= Modulus of elasticity of slab concrete.
E.=w." 83 ffi 150° 33,4000 3,834 f0 ¢ ACI 31814 (19.2.2.1.a)
n= 5 29,000,000 %56 PCA Notes on ACI 3141 (Table 182)
E. 3,834,000
3
B= b - 112 6.53in:* PCA Notes on ACI 3141 (Table 182)
n3A 756317 0.2
[ 3 3 - -
kd = 22°d B ¥ 1-42 575 6.58 1 }1:.18 in. PCA Notes on ACI 3141 (Table 182)
B 6.53
_ b3 (kd)® 2
I, = 3 1 A (¢ kd PCA Notes on ACI 3141 (Tablel10-2)

SW12°039) g6 @7 oy (575 198 2ot

cr
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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) unless obtained 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 end continuwith)service load levell¥ + LLu):
SinceMcr = 54.23 ftkips <M, = 64.13 ftkips
3. 2 3
am,, 8:1 a M zél o2 ACI 31814 (24.2.3.5a)

Tay ot & GE b
¢%a = e g
Wherel¢ is the effective moment of inertia for the critical negative moment section (near the support).

. 354.23% e 53.23° o .
I = 24,802 &1 - w629 3,152ih
96%4.13 + é @.17 o

12=1_, =,802in’ ,sinc® , =54.23 ft-kipsV¢, =34.3ips

e g
Wherel" is theeffective 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 inertigafy is given by:

=0.8537 @.151 23 forend sp: PCA Notes on ACI 3141 (9.5.2.4(1))

I e,avg

=0.85 4,802 ©.15(B,1)8 4554

I e avg

Where:
1 l¢ =The effective moment afiertia for the critical negative moment section near the support.

1 le" = 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 load levell + LLs):

cS?

cr

I =a % 05l .3 sincdd , 5423 ft-kipsM , =58.24 ft-ki ACI 31814 (24.2.3.5a)
HZ—

e

3,
My O,
0

@D~ @ (D~

a
Q

_ab4.23 o

~ g0 00802 é'l %

@ 629 3,998 if

Io =1, #,802in" ,sincel . =54.23ft-kipsv#, = 258%ips

The averaged effective moment of inertigafg is given by:

loay=0.70 217 ©.15 (I3, | ;3 for interior spa PCA Notes on ACI 3141 (9.5.2.4(2))

e avg

=0.70 {4,80) ©.15( 8,993 39p3 4559

e avg
Where:
le” = The effective moment of inertia for the critical negative moment section ndafttiepport.
leg = The effective moment of inertia for the critical negative moment section negglthsupport.

The Table9 provides a summary of the required parameters and calculated values needed for deflections for
exterior and interior equivalent frame. It also provides a summary of the same values for column strip and middle

strip to facilitate calculation of panel deften.

Table 91 Averaged Effective Moment of Inertia Calculations
For Frame Strip
| | Ma (ft-klp) M le (in.“) leavg (In .4)
g cr cr
Span Zzone (in.“) (in.“) D D + D + (k-ft) D D + D + D D + D +
LL sus | Lun 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 acceaet and shape of the panel,
conditions of support, and nature of restraints at the panel edges. For immediate deflectiony tlab
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 15 shows the deflectionomputationfor arectangular panelthe averagepfor panels that have

different properties in the two directiondalculated as follows:

D, + +.D .
D —( = @) 2( Y ;) PCA Notes on ACB1811 (9.5.3.4 Eq. 8
Assumed Direction Assumed
Support Line ™ ~~ Support Line

\ of Analysis
Acx
\

Assumed Assumed

/ ) Support Line Support Line

a) X Direction Bending b) Y Direction Bending

Direction
of Analysis

B (At Anw) Ayt Amx)
B 2

c) Combined Bending

Figurel5i Deflection Computation for Rectangqular Panel

51



Structure Point

CONCRETE SOFTWARE SOLUTIONS SIab

To calculate each term of the previous equation, the following procedure should Heiused.6 shows the

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

A

A=A

ox ex, fixed

l l l

+AO_ , +AO

I
- Jrame average ] I I
c=ﬁ\'a':f_LDF(><Aﬁ'me=ﬁwdx I = ABC.RZBC.RX[flx e Agclzeclx{i]x _g
c.g 7 7 8 Ie frame ) ) 8 IG frame
LDF +LDF,;
ILDE™ + % ( net R )_ﬁ"ame (Mmzri )ﬁ-amg
L+ IDF, = = O =——F— Or=——7——
€ 2 ' Kec - Ke(
A B wxl*
—_— frame. fived —
384 X E(‘ X Iﬁ'ameﬂwmgy

Figurel6i oqx CalculationProcedure

For exterior span service dead load case:

w3 |4

Diame et 373 E 3 PCA Notes on ACB1811 (9.5.3.4 Eg. 1)

frame averaged
Where:
Rrame_fixea= Deflection of column strip assuming fixeohd condition.

w=220 450 £ 812 1,505°
c 12 = ft

E.=w" 83 ffi 150° 33,4000 3,834 f0 ¢ AC| 31814(19.2.2.1.a)

Irame,averaged The averaged effective moment of inertigalg for the frame strip for service dead load case
from Table9 = 4,802 in*

Dy freg =20 18- 12 6.039 in
3843 (3,834318 ) 34,802
|
D, ted LDF; 2 (Do preq —2ooveraged PCA Notes on ACB1811 9.5.3.4 Eg. 11

c.g
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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:

LDE* + LDF” +LDF;
2

LDF =
C

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

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

region (DF_ ) are 1.00, 0.75, and 0.60, respectively (Ffiathle6 of this document Thus, the load distribution

factor for the columstrip for the end spais given by

,1.0+0.75
LDF =f2 2.738

lcg= Thegrossmoment of inertial() for the column strip for service dead loa@,401in.#

D, .., 0.738 ©.039 4892 o575
' 2,401
— (M net, L) frame
o= PCA Notes on ACB1811 9.5.3.4 Eq. 1
Where:

d:. = Rotation of the left support
(MnetDrrame = 25.99 ftkips =Net frame strip negative moment of the left support

Kec = Effective column stiffness = 3807 x 10°in.-Ib (calculated previous)y

_25.99 1231,000

= =.0006 rac
ot 554.3 16
al gal, o6
Dg., =g, g% o T PCA Notes on ACB1811 (9.5.3.4 Eq. 1%
9 T(} e flﬁme
Where:
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g, = Midspan deflection due to rotation of left support.

(Ig/ le)rame = Gross to effective moment ofertia ratio for frame strip.

g 3812 4,802
8 4,802

09152 ir

Dg,, =0.000

M 3 3
9.r _ Mocir) fame (46.74- 42.45)° 12 #1000 @.00010 rac
, K 554.3 16

ec

Where
d: = rotation of the span right support.

(Mretp)irame = Net framestrip negative moment of the right support.

o

DY, = g %

3
0.6001 18°12 4,892 0.0025 ir
8 4,802

iede
Qo
o —

“©
[¢]
3 oo

Where:

kg = Midspan deflection due to rotation of right support.

PCA Notes on ACB1811 9.5.3.4 Eq. ®

Dcx = cQ fixed ﬂcXQ? @; L
D, .057 €.0152 &.0025 60747

Following the same procedurep.x can be calculated for the middle strip.i§procedurds repeated for the
equivalent frame in the orthogonal directionotatain qpy, and gay for the end and middle spafw the other

load levels D+LLsysandD+LL su).
Assuming square panehx= qy= 0.0747 in. and = gany= 0.0386in.

The averagepfor the corner panel is calculated as follows:

cy

b (Do + r@)z(*cyD o} [z:CXD #)D( 4= R) ©.07¥47 =0.0386 +0.113 |
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‘ Table 107 Immediate (Instantaneous) Deflections in the xdirection ‘
‘ 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 direction the deflection iadles are obtained:
ForDL loading case:
my
cy
ForDL+LLgstloading case:
my
cy
For DL+LL i loading case:
my
cy

These values for thedirection are shown ithe previousable. Then, the total midpanel deflection is calculated

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

ou v ) (+a0

5 PCA Notes on ACB1811 0.5.3.4 Eq. 3
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6.2. Time-Dependent Long-Term) Deflections( &p

The additional timedependent (longerm) deflection resulting from creep and shrink@ge may be estimated

as follows:

Do Fp € oD st PCA Notes on ACI 3141 (9.5.2.5 Eq. ¥

The total timedependent (longerm) deflection i€alculated as:

Do) L Dt @ 70¥ [ # R (s nk CSA A23.304 (N9.8.2.5)

Where:

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

X
[o=— X ACI 31814 04.2.4.1,
° T 1450 3 @ 1

(qaotan)it = Time-dependent (longerm) totaldeflection, in.
(cpota)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

4 =0, conservatively.

2
/D_1+5o 30

D. =2 0.0747 @:1493ir

(D

total

), 0.0747 (1 3 (0104 0.07)7 0.254

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

direction for column and middle strips.
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Table 117 Long-Term Deflections
Column Strip
Span ( &R)mst (in.) ap qas(in.) (" @)mst (in.) ( @) (in.)

Exterior 0.0747 2 0.149 0.104 0.254
Interior 0.0471 2 0.094 0.063 0.157

Middle Strip
Exterior 0.0380 2 0.076 0.054 0.130
Interior 0.0201 2 0.040 0.026 0.066
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7. spSlab Softwae Program Model 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 stiffness of transversthédeams,
stiffening effect ofdrop panels, column capitals, agffiective contributiorof columns above and below tfieor
slabusingthe equivalent column concefACI 31814 (R8.11.4).

spSlabprogrammodelsthe equivalent frame as a design strip. The design strip is, then, separatstidijnto
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 reinforcement for column and middle strips.
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slab.

spSlab v10.00 (TM)

A Computer Program for Analysis, Design, and Investigation of
Reinforced Concrete Beams, One-way and Two-way Slab Systems
Copyright © 1992-2024, STRUCTUREPOINT, LLC.

All rights reserved

Structure Point
Licensee stated above acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied
as input for processing by the spSlab computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to the
correctness of the output prepared by the spSlab program. Although STRUCTUREPOINT has endeavored to produce spSlab error free the program is not and
cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, STRUCTUREPOINT

disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with the use of the spSlab
program.Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4
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1. Input Echo
1.1. General Information

File Name F:\Struc...\DE-Two-Way-Flat-Plate-ACI-318-
14.slbx

Project Two-Way Flat Plate Floor

Frame Interior Frame

Engineer SP

Code ACI 318-14

Units English

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

W 150 pcf
i 4 ksi
Ec 3834.25 ksi
T 0.474342 ksi

1.3.2. Concrete: Columns

We 150 pcf
o 6 ksi
E: 4695.98 ksi
i 0.580948 ksi

1.3.3. Reinforcing Steel
i 60 ksi
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fu
Es

Epoxy coated bars

60 ksi
29000 ksi
No

1.4. Reinforcement Database

Size

#3
#5
#7
#9
#11
#18

1.5. Span Data

1.5.1. Slabs

Notes:

Db
in
0.38
0.63
0.88
1.13
1.41
2.26

Ab

0.11
0.31
0.60
1.00
1.56
4.00

Wb
Ib/ft
0.38
1.04
2.04
3.40
531
13.60

Db

0.50
0.75
1.00
1.27
1.69

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

Qs WN =

Loc

Int
Int
Int
Int
Int

L1

ft
0.667
18.000
18.000
18.000
0.667

1.6. Support Data

1.6.1. Columns

Support

BWOWN -

cla
in
16.00
16.00
16.00
16.00

1.6.2. Boundary Conditions

Support

AW -

1.7. Load Data

Spring
K,
kips/in
0.00
0.00
0.00
0.00

t wL
in ft
7.00 7.000
7.00 7.000
7.00 7.000
7.00 7.000
7.00 7.000
c2a Ha
in ft
16.00 9.000
16.00 9.000
16.00 9.000
16.00 9.000
Far End
Ky Above Below
kip-in/frad
0.00 Fixed Fixed
0.00 Fixed Fixed
0.00 Fixed Fixed
0.00 Fixed Fixed

1.7.1. Load Cases and Combinations

Case
Type

u1

SELF
DEAD
1.200

Dead Live
DEAD LIVE
1.200 1.600

wR

ft
7.000
7.000
7.000
7.000
7.000

clb

16.00
16.00
16.00
16.00

L2L

ft
14.000
14.000
14.000
14.000
14.000

c2b

16.00
16.00
16.00
16.00

L2R

14.000
14.000
14.000
14.000
14.000

Page | 5
5/7/12025

8 PM
Ab Wb
in? Ib/ft
0.20 0.67
0.44 1.50
0.79 2.67
1.27 4.30
225 7.65
Hmh
in
— LC*i
6.67 -
6.06 -—
6.67 -
— RC*i
Hb Red %
ft
9.000 100
9.000 100
9.000 100
9.000 100
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1.7.2. Area Loads

Case/Patt Span Wa

psf
87.50
87.50
87.50
87.50
87.50
20.00
20.00
20.00
20.00
20.00
40.00
40.00
40.00
40.00
40.00

SELF

Dead

Live

QB WN-=2 O WN=2 O WON =

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

Min. Max. Min. Max.
Bar Size #5 #8 #5 #8
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50
Layer dist. in 1.00 1.00
No. of legs
Side cover in
1st Stirrup in

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

2. Design Results*

Stirrups
Min. Max.
#3 #5
6.00 18.00
2 6
1.50
3.00

*Unless otherwise noted, all results are in the direction of analysis only. Another analysis in the perpendicular direction has to be carried out

for two-way slab systems.

2.1. Strip Widths and Distribution Factors

Notes:
*Used for bottom reinforcement. **Used for top reinforcement.

Width Moment Factor
Span Strip Left * Right** Bottom * Left** Right** Bottom *
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 0.400
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Width

Span Strip
ft ft
2 Column| 7.00 7.00
Middle 7.00 7.00
3 Column| 7.00 7.00
Middle 7.00 7.00
4 Column 7.00 7.00
Middle 7.00 7.00
5 Column| 7.00 7.00
Middle 7.00 7.00

2.2. Top Reinforcement

Notes:

7.00
7.00

7.00
7.00

7.00
7.00

7.00
7.00

Moment Factor

1.000
0.000

0.750
0.250

0.750
0.250

1.000
0.000

*3 - Design governed by minimum reinforcement.

Span Strip

1 Column

Middle

N

Column

Middle

w

Column

Middle

4 Column

Middle

(%)

Column

Zone

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Width
ft

7.00
7.00
7.00

7.00
7.00
7.00

7.00
7.00
7.00

7.00
7.00
7.00

7.00
7.00
7.00

7.00
7.00
7.00

7.00
7.00
7.00

7.00
7.00
7.00

7.00
7.00
7.00

0.750
0.250

0.750
0.250

1.000
0.000

1.000
0.000

Mimax
kip-ft
0.06
0.19
0.43

0.00
0.00
0.00

32.66
0.00
50.21

0.20
0.00
16.74

45.47
0.00
45.47

15.16
0.00
15.16

50.22
0.00
32.66

16.74
0.00
0.20

0.43
0.19
0.06

Left * Right** Bottom* Left** Right** Bottom *
ft

0.600
0.400

0.600
0.400

0.600
0.400

0.600
0.400

As min

in?
1.058
1.058
1.058

1.058
1.058
1.058

1.058
0.000
1.058

1.058
0.000
1.058

1.058
0.000
1.058

1.058
0.000
1.058

1.058
0.000
1.058

1.058
0.000
1.058

1.058
1.058
1.058

in?
8.724
8.724
8.724

8.724
8.724
8.724

8.724
8.724
8.724

8.724
8.724
8.724

8.724
8.724
8.724

8.724
8.724
8.724

8.724
8.724
8.724

8.724
8.724
8.724

8.724
8.724
8.724

Aﬁ.-q

in?
0.002
0.007
0.016

0.000
0.000
0.000

1.293
0.000
2.015

0.008
0.000
0.655

1.818
0.000
1.818

0.592
0.000
0.592

2.015
0.000
1.293

0.655
0.000
0.008

0.016
0.007
0.002

Sperov

14.000
14.000
12.000

14.000
14.000
14.000

12.000
0.000
7.636

14.000
0.000
14.000

7.636
0.000
7.636

14.000
0.000
14.000

7.636
0.000
12.000

14.000
0.000
14.000

12.000
14.000
14.000
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Bars

6-#4

6-#4

7-#4

6-#4

6-#4

6-#4

7-#4

11-#4

6-#4

6-#4

11-#4

11-#4

6-#4

6-#4

11-#4

7-#4

6-#4

6-#4

7#4

6-#4
6-#4

*3

*3
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Span Strip Zone Width Mpnax Wonax A min A max As req Sprrov Bars
ft kip-ft ft in? in? in? in
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 6.17 5-#4 4.00
Middle 6-#4 4.33 - --- 6-#4 5.19 -
3 Column 6-#4 6.17 5-#4 4.00 - 6-#4 6.17 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 6.17 1-#4 4.00
Middle 6-#4 5.19 - - 6-#4 4.33
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 DevLen
in in in in in
1 Column - - 6-#4 12.00 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 12.00 5#4 12.00 6-#4 1200 5#4 12.00
Middle 6-#4 12.00 - 6-#4 12.00 -
4 Column 6-#4 12.00 5#4 12.00 6-#4 12.00 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 Mumax ) As min Al Asreq SPprov Bars
ft kip-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
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Span Strip Width M nax
ft kip-ft
Middle 7.00 17.91
3 Column 7.00 19.90
Middle 7.00 13.27
4 Column 7.00 26.87
Middle 7.00 17.91
5 Column 7.00 0.00
Middle 7.00 0.00
2.6. Bottom Bar Details
Long Bars Short Bars
Span Strip Bars Start Length Bars
ft ft ft
1 Column -—- -
Middle -—
2 Column | 6-#4 0.00 18.00 -
Middle = 6-#4  0.00 18.00 -—
3 Column | 6#4 000 18.00 -
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 — s

9.124
9.124

9.871
9.871

0.392
0.392

Start Length

2.7. Bottom Bar Development Lengths

Short Bars

DeviLen Bars DevlLen

Long Bars
Span Strip Bars
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 12.00
5 Column -
Middle

ft

As min
in?
1.058

1.058
1.058

1.058
1.058

0.000
0.000

Asmax
in?
8.724

8.724
8.724

8.724
8.724

8.724
8.724

A-nq
in?
0.701

0.780
0.518

1.059
0.701

0.000
0.000

SPprov

14.000

14.000
14.000

14.000
14.000

0.000
0.000

6-#4

6-#4
6-#4

6-#4
6-#4

*3
*3
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2.8. Flexural Capacity

Span Strip

1 Column

Middle

2 Column

Middle

3 Column

X

ft
0.000
0.192
0.333
0.357
0.550
0.667
0.000
0.192
0.333
0.357
0.550
0.667

0.000
0.444
0.667
3.000
4.000
5.167
6.167
6.500
8.129
9.000
11.500
11.833
12.833
14.000
15.000
17.333
17.778
18.000
0.000
0.667
1.662
3.333
4.333
6.500
8.129
9.000
11.500
12.809
13.809
17.333
18.000

0.000
0.667
3.000
4.000
5.167
6.167
6.500
9.000

Al.loﬂ
in?
1.40
1.40
1.40
1.40
1.40
1.40
1.20
1.20
1.20
1.20
1.20
1.20

1.40
1.40
1.40
1.40
1.20
1.20
0.00
0.00
0.00
0.00
0.00
0.00
1.20
1.20
2.20
220
2.20
2.20
1.20
1.20
1.20
1.20
0.00
0.00
0.00
0.00
0.00
0.00
1.20
1.20
1.20

2.20
2.20
2.20
1.20
1.20
0.00
0.00
0.00

oM,

kip-ft
-35.30
-35.30
-35.30
-35.30
-35.30
-35.30
-30.37
-30.37
-30.37
-30.37
-30.37
-30.37

-35.30
-35.30
-35.30
-35.30
-30.37
-30.37
0.00
0.00
0.00
0.00
0.00
0.00
-30.37
-30.37
-54.64
-54.64
-54.64
-54.64
-30.37
-30.37
-30.37
-30.37
0.00
0.00
0.00
0.00
0.00
0.00
-30.37
-30.37
-30.37

-54.64
-54.64
-54.64
-30.37
-30.37
0.00
0.00
0.00

Top

M,-
kip-ft
0.00
-0.06
-0.17
-0.19
-0.43
-0.60
0.00
0.00
0.00
0.00
0.00
0.00

-47.36
-37.39
-32.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.05
-13.33
-50.21
-58.08
-62.11
0.47
0.00
-0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-16.74
-21.82

-57.18
-45.47
-11.60
-0.45
0.00
0.00
0.00
0.00

Comb Pat

u1
u1
u1
U1
U1
u1
u1
U1
u1
u1
u1
u1

U1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1

u1
u1
u1
u1
u1
u1
u1
U1

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

All
All
All
All
All
All
All
All

Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As pot

in?
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

OM, +
kip-ft
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37

30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37

Bottom
M,+ Comb Pat
kip-ft
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
4.62 U1 All
12.31 U1 All
19.23 u1 All
23.40 U1t All
24.42 U1 All
26.87 U1 All
26.40 U1 All
18.24 U1 All
16.40 U1 All
9.76 U1 All
0.00 U1 All
0.00 U1t All
0.00 U1t All
0.00 U1 All
0.00 U1t All
0.00 U1t All
0.00 U1 All
0.00 U1t All
4.91 U1 All
9.67 U1 All
16.28 U1 All
17.91 U1t All
17.60 U1 All
12.16 U1 All
6.63 U1 All
1.15 U1t All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
8.00 U1 All
13.40 U1 All
14.84 U1 All
19.90 U1 All
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Status

oK
oK
oK
OK
OK
oK
oK
oK
oK
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Span Strip

Middle

4 Column

Middle

5 Column

9.124
11.500
11.833
12.833
14.000
15.000
17.333
18.000

0.000

0.667

4.191

5.191

6.500

9.000

9.124
11.500
12.809
13.809
17.333
18.000

0.000
0.222
0.667
3.000
4.000
5.167
6.167
6.500
9.000
9.871
11.500
11.833
12.833
14.000
15.000
17.333
17.556
18.000
0.000
0.667
4.191
5.191
6.500
9.000
9.871
11.500
13.667
14.667
16.338
17.333
18.000

0.000

Astop
in?
0.00
0.00
0.00
1.20
1.20
2.20
2.20
2.20
1.20
1.20
1.20
0.00
0.00
0.00
0.00
0.00
0.00
1.20
1.20
1.20

220
2.20
2.20
2.20
1.20
1.20
0.00
0.00
0.00
0.00
0.00
0.00
1.20
1.20
1.40
1.40
1.40
1.40
1.20
1.20
1.20
0.00
0.00
0.00
0.00
0.00
0.00
1.20
1.20
1.20
1.20

1.40

OM,-
kip-ft
0.00
0.00
0.00
-30.37
-30.37
-54.64
-54.64
-54.64
-30.37
-30.37
-30.37
0.00
0.00
0.00
0.00
0.00
0.00
-30.37
-30.37
-30.37

-54.64
-54.64
-54.64
-54.64
-30.37
-30.37
0.00
0.00
0.00
0.00
0.00
0.00
-30.37
-30.37
-35.30
-35.30
-35.30
-35.30
-30.37
-30.37
-30.37
0.00
0.00
0.00
0.00
0.00
0.00
-30.37
-30.37
-30.37
-30.37

-35.30

Top
M,-
kip-ft
0.00
0.00
0.00
0.00
-0.45
-11.60
-45.47
-57.18
-19.06
-15.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-15.16
-19.06

-62.11
-58.08
-50.22
-13.34
-0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-32.66
-37.39
-47.36
-21.82
-16.74
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.20
0.00
0.47

-0.60

Comb Pat

u1
u1
u1
u1
u1
u1
u1
u1
u1
U1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1

u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
u1
U1
u1
u1
u1
u1
u1
U1
u1
u1
U1
u1
u1
u1
u1
u1
u1
u1
U1
U1

u1

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

All

Status

OK
OK
OK
OK
OK
OK
OK

Al.bot

in?
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

0.00

oM, +

kip-ft
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37

30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37
30.37

0.00

Bottom
M,+ Comb Pat
kip-ft
19.90 U1 All
14.84 U1 All
13.40 U1 All
8.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.77 U1 All
5.43 U1 All
9.89 U1 All
13.27 U1 All
13.27 U1 All
9.89 U1 All
5.43 U1 All
0.77 U1t All
0.00 U1t All
0.00 U1t All
0.00 U1t All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
9.76 U1 All
16.40 U1 All
18.24 U1t All
26.40 U1 All
26.87 U1t All
24.42 Ut All
23.40 Ut All
19.23 u1 All
12.31 U1 All
4.62 u1 All
0.00 U1 All
0.00 U1t All
0.00 U1 All
0.00 U1 All
0.00 U1 All
1.14 U1 All
6.62 U1 All
12.16 U1 All
17.60 U1 All
17.91 U1 All
16.28 u1 All
9.67 U1 All
4.91 U1 All
0.00 u1 Al
0.00 u1 Al
0.00 u1 All
0.00 U1 All
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Status

OK
OK
OK
OK
OK
OK
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Span Strip

Middle

x

ft
0.117
0.309
0.333
0.474
0.667
0.000
0.117
0.309
0.333
0.474
0.667

Astop
in?
1.40
1.40
1.40
1.40
1.40
1.20
1.20
1.20
1.20
1.20
1.20

2.9. Slab Shear Capacity

Span b

in
168.00
168.00
168.00
168.00
168.00

A b WN =

d

in
5.75
5.75
5.75
5.75
5.75

vntio

1.000
1.000
1.000
1.000
1.000

Top
OM,- M,- Comb Pat Stat
kip-ft kip-ft
-35.30 -0.43 U1 Al OK
-35.30 -0.19 U1 Al OK
-35.30 -0.17 U1 Al OK
-35.30 -0.06 U1 Al OK
-35.30 0.00 U1 Al OK
-30.37 0.00 Ut Al -
-30.37 0.00 U1 Al OK
-30.37 0.00 U1 Al OK
-30.37 0.00 U1 Al OK
-30.37 0.00 U1 Al OK
-30.37 0.00 U1 Al OK
oV, Vu Xy
kips kips ft
91.64 0.00 0.00
91.64 23.28 16.85
91.64 21.22 1.15
91.64 23.28 1.15
91.64 0.00 0.00

us

2.10. Flexural Transfer of Negative Unbalanced Moment at Supports
M, Comb Patt

Support Width
in

1 37.00

2 37.00

3 37.00

4 37.00

Width-c
in

37.00
37.00
37.00
37.00

d
in
5.75
5.75
5.75
5.75

2.11. Punching Shear Around Columns
2.11.1. Critical Section Properties

Support Type
1 Rect
2 Rect
3 Rect
4 Rect

by
in

18.88
21.75
21.75
18.88

2.11.2. Punching Shear Results

Support

B OON -

Vy
kips
23.51
50.06
50.06
23.51

2.12. Material TakeOff
2.12.1. Reinforcement in the Direction of Analysis
TopBars  336.6 Ib <=> 6.08 Ib/ft <=> 0.435 Ib/ft2

1
1

b,
in
2175
21.75
21.75
21.75

Vu
psi
68.7
00.1
00.1
68.7

Kip-ft
46.30 U1
7.69 U1
7.69 U1
46.30 U1
by davg
in in
59.50 5.75
87.00 5.75
87.00 5.75
59.50 5.75
M,,, Comb
kip-ft
36.72 U1
-7.69 U1
7.69 U1
-36.72 u1

All
All
All
All

CG

4.89
0.00
0.00
-4.89

Patt

All
All
All
All

Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Je
in*
14109.47
40130.73
40130.73
14109.47

Bottom
Aspot  OM+ M+ Comb Pat
in? kip-ft kip-ft
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1t All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
0.00 0.00 0.00 U1 All
e As req Aspov Add Bars
in? in?
0.617 1.159 0.617
0.600 0.180 0.969
0.600 0.180 0.969
0.617 1.159 0.617
Ciott) Ciright) Ac
in in in?
12.89 5.99 34212
10.88 10.88 500.25
10.88 10.88 500.25
5.99 12.89 34212
Yv Vu A
psi psi
0.383 140.4 189.7
0.400 110.1 189.7
0.400 1101 189.7
0.383 140.4 189.7
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Bottom Bars 432.9 b <=> 7.82 Ib/ft <=> 0.559 Ib/ft*
Stirrups 0.0 Ib <=> 0.00 Ib/ft <=> 0.000 Ib/ft*
Total Steel 769.5 Ib <=> 13.91 Ib/ft <=> 0.993 Ib/ft?
Concrete  451.9 ft* <=> 8.17 ft¥/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).

Mtv.
Span Zone Ig ler M.,
in* in* kip-ft
1 Left 4802 0 54.23
Midspan 4802 0 54.23
Right 4802 0 54.23
2 Left 4802 466 54.23
Midspan 4802 466 54.23
Right 4802 466 54.23
3 Left 4802 466 54.23
Midspan 4802 466 54.23
Right 4802 466 54.23
4 Left 4802 466 54.23
Midspan 4802 466 54.23
Right 4802 466 54.23
5 Left 4802 0 54.23
Midspan 4802 0 54.23
Right 4802 0 54.23
3.1.2. Frame Effective Section Properties
Load Level
Dead Sustained
Span Zone Weight M nax I Max
kip-ft in* kip-ft
1 Right 1.000 -0.33 4802 -0.33
Span Avg - e 4802 -
2 Middle 0.850 24.94 4802 24.94
Right 0.150 -46.75 4802 -46.75
Span Avg - e 4802 -
3 Left 0.150 -42.47 4802 -42 .47
Middle 0.700 18.47 4802 18.47
Right 0.150 -42.47 4802 -42.47
Span Avg - - 4802 -
4 Left 0.150 -46.75 4802 -46.75
Middle 0.850 24.94 4802 24.94
Span Avg - - 4802 -
5 Left 1.000 -0.33 4802 -0.33
Span Avg - e 4802 -

in*
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802

in*
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802
4802

M.y

Dead+Live

Minax
kip-ft
-0.46
34.23
-64.15
-58.27
25.35
-58.27
-64.15
34.23

-0.46

in*
466
499
499
499

629
629

629
629

499
499
499
466

Page | 13
5/7/2025
4:38 PM

Mer
kip-ft
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23
-54.23

in*
4802
4802
4802
3151
4554
3994
4802
3994
4560
3151
4802
4554
4802
4802
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3.1.3. Strip Section Properties at Midspan

Notes:

Load distribution 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

Span 15

in*
2401
2401
2401
2401
2401

A B WN =

LDF

0.800
0.738
0.675
0.738
0.800

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

Span Direction Value Unltsr

1 Down Def
Loc

Up Def

Loc

2 Down Def
Loc

Up Def

Loc

3 Down Def
Loc

Up  Def

Loc

4 Down Def
Loc

Up Def

Loc

5 Down Def
Loc

Up Def

Loc

3.2.2. Extreme Instantaneous Column Strip Deflections and Corresponding Locations

Span Direction Value Units

1 Down  Def in
Loc ft

Up Def in

Loc ft

2 Down  Def in
Loc ft

Up Def in

Loc ft

3 Down  Def in
Loc ft

Up  Def in

Loc ft

4 Down  Def in
Loc ft

Dead

-0.004
0.667

Ratio

1.600
1.475
1.350
1.475
1.600

Sustained

Live

Dead Sustained Unsustained

lﬂ

in*
2401
2401
2401
2401
2401

Middle Strip

Unsustained

-0.002
0.667

Total

LDF

0.200
0.262
0.325
0.262
0.200

Total

-0.002
0.667

Ratio

0.400
0.525
0.650
0.525
0.400

Total

Sustained

-0.004
0.667

Total

Sustained Dead+Live
-0.004 -0.006
0.000 0.000
0.072 0.103
8.627 8.627
0.045 0.064
8.876 8.876
0.000 0.000
0.222 0.222
0.072 0.103
9.373 9.373

Dead+Live
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Span Direction Value Units

Up Def in

Loc ft

5 Down  Def in
Loc ft

Up Def in

Loc ft

Dead

-0.004
0.667

Live

Sustained Unsustained

-0.002
0.667

-0.002
0.667

Total
Sustained Dead+Live
-0.004 -0.006
0.667 0.667

3.2.3. Extreme Instantaneous Middle Strip Deflections and Corresponding Locations

Span Direction Value Units

1 Down  Def in
Loc ft

Up  Def in

Loc ft

2 Down  Def in
Loc ft

Up Def in

Loc ft

3 Down  Def in
Loc ft

Up  Def in

Loc ft

4 Down  Def in
Loc ft

Up Def in

Loc ft

5 Down  Def in
Loc ft

Up Def in

Loc ft

3.3. Long-term Deflections

Dead_

Live

Sustained Unsustained

3.3.1. Long-term Column Strip Deflection Factors

Notes:

Total

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

Span Zone Asop
in?

1 Right -

2 Midspan e

3 Midspan -

4 Midspan -

5 Left -

M.

Rho' Lambda
%
0.000 2.000
0.000 2.000
0.000 2.000
0.000 2.000
0.000 2.000

Total
Sustained Dead+Live
-0.004 -0.006
0.000 0.000
0.038 0.054
7.881 8.129
0.019 0.027
8.876 8.876
0.000 0.000
0.667 0.667
0.038 0.054
9.871 9.871
-0.004 -0.006
0.667 0.667
M.

Asbot
in?

Rho' Lambda
%
0.000 2.000
0.000 2.000
0.000 2.000
0.000 2.000
0.000 2.000
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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.ve M.ie
Span Zone Asop b d Rho' Lambda As ot b d Rho' Lambda
in? in in % in? in in %
1 Right - - s 0.000 2.000 - e --- 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 — - o 0.000 2.000

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.

Span Direction Value Units cs cs+lu 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 9.373 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+lu 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
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Span Direction Value Units
2 Down Def in
Loc ft

Up Def in

Loc ft

3 Down Def in
Loc ft

Up Def in

Loc ft

4 Down Def in
Loc ft

Up Def in

Loc ft

5 Down Def in
Loc ft

Up Def in

Loc ft
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4. Screenshots
4.1. Extrude 3D view

Project: Two-Way Flat Plate Floor
Diagram:  Model View (Extrude)
Slabs
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4.2. Loads - Case A - SELF

Page | 19
5/7/2025
4:38 PM

Project: Two-Way Flat Plate Floor

Diagram:  Model View (Load Case: A - SELF)
Slabs; Columns
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4.3. Loads - Case B - Dead

Page | 20
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4:38 PM

Project: Two-Way Flat Plate Floor
Diagram:  Model View (Load Case: B - Dead)
Slabs; Columns
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