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Two-Way Concrete Floor Slab with BeamsSystem Analysis and Desig(ACI 318-14)

Design the slab system showaelowfor an intermediate floor where the story height = 12 ft, column €estonal
dimensions = 18 inx 18 in., edge beam dimensions = 14X127 in., interior beam dimensions = 14 #20 in., and
unfactored live load = 100 psf. The lateral loads are resisted by shear walls. Normal weight concrete with ultimate
strength {¢' = 4,000 psi) is used for all members, respectively. And reinforcementywitB0,000 psi is usedlse the
Equivalent Frame Method (EFM) and compathe results withspSlab engineering software program from

StructurePoint
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Figureli Two-Way Slab with Beams Spanning between all Supports
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Code

Building Code Requirements for Structural Concrete (ACI-B4Band Commentary (ACI 318R4)
Minimum Design Loads for Buildings and Other Structures (ASCE/SHD)/

International Code Council, 2012 International Building Code, Washington, D.C., 2012

References

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

1 Notes on ACI 318l1 Building Code Requirements for Structural Concrete, Twelfth Edition, 2013 Portland

Cement AssociatigrExample 20.2

1 Simplified Design of Reinforced Concrete Buildings, Fourth Edition, 2011 Mahmoud E. Kamara and Lawrence
C. Novak

1 spSlabEngineering Software Program Manwal0., STRUCTUREPOINT 224

1 ATwo-Way Flat Plate Concrete Floor Systemnalysis and Design (ACI 3184)0 Design, Exampl
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1 ATwo-Way Flat Slab (Concrete Floor with Drop Panels) System Analysis and Design (AQUXI8 De si gn
Example STRUCTUREPOINT 205

1 ContactSupport@StructurePoint.otg obtain supplementary materiade Elabmodels:DE-Two-Way-Slabwith-
BeamsACI-318-14.slx)

Design Data

Floor-to-Floor Height= 12ft (provided byarchitectural drawings)
Columns = 18 x 18 in.

Interior beams = 14 x 20 in.

Edge beams = 14 x 27 in.

we = 150 pcf

f:6= 4,000psi

fy = 60,000psi

Live Load L, = 100psf (Office building) ASCE/SEI 710 (Table 41)
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1. Notations

This section (based on AGIL814 provisions) defines notation and terminology used in this design example:

A =

A’s,min:

g
1

bz =

C1 =

C2 =

m
I

Ees =

Es =

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

gross area of concrete section? ifor 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 reinforcemett, in.

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

prestressing reinforcement,n.

minimum area of flexural reinforcement,3n.

width of compression face of member, in.

perimeter of critical section for twaay shear in slabs and footings, in.
web width or diameter of circular section, in.

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

determined, in.

dimension of the critical sectidm 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 being determined, in.

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

perpendicular t@, in.

crosssectional constant to define torsional properties of slab and beam

distance from extreme 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 beam concrete, psi

modulus ofelasticity of slab concrete, psi

modulus of elasticity of reinforcement and structural steel, excluding prestressing reinforcement, psi
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Pn
Po
Pu
Cpu
Qru
Qu
Ve
Vu

Ve

specified compressive strength of concrete, psi

modulus of rupture of concrete, psi

specified yield strength for nonprestressed reinforcement, psi

overall thickness, height, or depth of member, in.

moment of inertia of gross section of beam alwamtroidal axis, ir.

moment of inertia of cracked section transformed to concrete, in.

effective moment of inertia for calculation of deflection?in.

moment of inertia of gross concrete section about centroidal axis, neglecting reinforcerhent, in.
moment of inertia of gross section of slab abmrritroidal axis, irf.

torsional stiffness of member; moment per unit rotation

span length of beam or omeay slab; clear projection of cantilever, in.

length of clear span measured faodace of supports, in.

length of span in direction that moments are being determined, measured@eetger of supports, in.
length of span in direction perpendiculat{omeasured centgéo-center of supports, in.

maximum moment in member due to service loads at stage deflection is calculdted, in.

cracking moment, inlb

factored moment at section, .

total factored static moment, ith

number of items, such as, bars, wires, monostrand anchorage devices, anchors, or shearhead arms
nominal axial compressive strength of member, Ib

nominal axial strength at zero eccentricity, Ib

factored axial force; to be taken as positive for compression and negative for tension, Ib

factored dead load per unit area, fo/ft

factored live load per unit area, 18/ft

factored load per unit area, IB/ft

stress corresponding to nominal tway shear strength provided by concrete, psi
maximumfactored tweway shear stress calculated around the perimeter of a given critical section, psi

nominal shear strength provided by concrete, Ib
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Vhn
Vs
Vu
We

Yt

¢

by

Lo

nominal shear strength, Ib

nominal shear strength provided by shear reinforcement, Ib

factored shear force at section, Ib

density, unit weight, of normalweight concrete or equilibrium density of lightweight concreté, Ib/ft
distance from centroidal axis of gross section, neglecting reinforcement, to tension face, in.

ratio of flexural stiffness of beam section to flexustiffness of a width of slab bounded laterally by

centerlines of adjacent panels, if any, on eachdfidee beam
U in direction ofl;

U in direction ofl,

constant used to calculatgin 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

ratio of torsional stiffness of edge beam sectioitetaural stiffness of a width of slab equal to spemgth

of beam, centeto-center of supports

factor relating depth of equivalent rectangular compressive stress block to depth of neutral axis
factor used to determine the fractionhd; transferred by slab flexure at stablumn connections
factor used to determine the fractionvbftransferred by eccentricity of shear at statbumn 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 letggm effects
time-dependent factor for sustained load

ratio of As' to bd

strength reduction factor
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2. Preliminary Slab ThicknessSizing

Control of deflections. AC1 31814 (8.3.1.2)

In lieu of detailed calculation for deflections, ACI 318 Code gives minimum thickness fawvawalab with
beams spanning between supports on all sidéalie 8.3.1.2

Beamto-slab flexural stiffness (relative stiffness) ratid) (s computed as follows:

=b ACI 31814 (810.2.7h

The moment of inertia for the effective beam and slab sections can be calculated as follows:

I.h® aba® o
l.==2— andl, = ;B
T 12 © T2 ?
Then,

ab a
a == @ o°f

o, &h 2

For Edge Beams:
The effective beam and slab sections for the computation of stiffness ratio for edge beam is showe2n

For NorthSouth Edge Beam:

3

,=2212 18 1 00in
2 2

a_27 450

h 6

b 14 533

h 6

f=1.47 usingtigure3.

_&14 23°

% =g O 3(%.47) £3.3(

For EastWest EdgeBeam:

17.53 12 18
= +=

l, £4.00 in
2
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f=1.47 usingtigure3.

_ala 52% °

ai—4 0@ 3(%.47) £6.4¢

]
b+(a-h)<b+4h l
|
|
|
]
[

Slab, Ig
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T

Figure2 i Effective Beam and Slab Sections (Edge Beam)
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Figure3i Beam Stiffness (Edge Beam)
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For Interior Beams:

The effective beam and slab sections for the computation of stiffness ratio for interior beam is shiowreif

For North Southinterior Beam:

[, =22 312 264.00ir

f=1.61 using-igure5.

_&414 528°

a, “Baq U@ 3(8.6]) 3.1€

For EastWest InteriorBeam:

[,=17.5312 210.00ir

olo

3.33

*|8

b

.33

Slo
I
olR

f=1.61 usingtigures.

_a14 528° B
% =, I 3(%.6]) 3.9¢

¢ ¢
L 4
|
Il | [ [Slab,ls |

4 TR [T =

° X Beam,

ulb

b

b+2{a-h}<b+Bh

Figure4i Effective Beam and SlaBections (Interior Beam)
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27 Wﬁ: b/h.g.,\\
26 : s _\\Qi
25 | ’ // 06| [
24 | Ip = (ba’12)t | | ‘ .‘
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1 e

Figure5i Beam Stiffness (Interior Beam)

Sincel > 2.0 for all beams, the minimum slab thickness is given by:

e a f, 0
11,88+~ §
h. =greater of —& 200,000 ACI 31814 8.3.1.2
i 36+9 ,
i 35 J

Where:

clear span in the longjrection measured face to face of columns = 20.5 ft = 246 in.

In

clear span in the long direction 22 18/1%1 o8
clear span in the short direction 17.5 18/
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§2463§é)8 60,000 &l
' - €5.69
h.,. =greater oé ¢ 200,000 %:greater o ¢ §5.69
i 36+9°128 | id5y
i 35 7

Use 6 in. slab thickness.
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3. Two-Way Slab Analysis and Desigri Using Equivalent Frame Method (EFM)

ACI 318 states that a slab system shall be designed by any procedure satisfying equilibrium and geometric
compatibility, provided that strength and serviceability criteria are satisfied. Distinction -afy/stems from one
way systems is given b&CI 31814 (R8.10.2.3 & R8.3.1.2)

ACI 318 permits the use of Direct Design Method (DDM) and Equivalent Frame Method (EFM) for the gravity
load analysis of orthogonal frames and is applicable to flat plates, flat slabs, and slabs with beams. The following
sections outline the solution peFM andspSlabsoftware. The solution per DDM can be found infifie/o-Way

Flat Plate Concrete Floor Systefmalysis and Design (ACI 3184)0 Design Exkample.

EFM is the most comprehensive and detailed procedure provided by the ACI 318 for the analysis and design of
two-way slab systems where the structure is modeled by a series of equivalent frames (interior and exterior) on

column lines taken longitudinally drtransversely through the building.
The equivalent frame consists of three parts:

1) Horizontal slabbeam strip, including any beams spanning in the direction of the frame. Different 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 joimtsolumn capitals shall be taken, and the moment of inertia of
the slabbeam at the face of the column, bracket or capital divide by the quantitff.ji shall be assumed
for the calculation of the moment of inertia of sladams from the center dfe 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 the slab. Different values of
moment of inertia along the axis of columns should be taken into account where the moment of inertia of
columns from top and bottom of the slabam at goint 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)

3) Elements of the structure (Torsional members) that provide moment transfer between the horizontal and
vertical members. These elements shall be assumed to have a constant cross section throughout their length
consisting of the greatest of the following) fortion 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 beam above and below the slatnédithic 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 four tinseghe slab thickness. ACI 31814 (8.11.5)

10
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3.1.

3.2.

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 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 lootitindinal and
transverse directions of the floor. ACI1 31814 8.11.2.2

Panels shall be rectangular, with a ratio of longer to shorter panel dimensions, measurem-center of
supports, not to exceed 2. ACI 31814 (8.10.2.3

Frame Members ofEquivalent Frame

Determine moment distribution factors and fixead moments for the equivalent frame members. The moment
distribution procedure will be used to analyze the equivalent frame. Stiffness fqatarsy over factors COF,
and fixedend moment factors FEM for the stabams and column members are determined using the design

aids tables af\ppendix 20A of PCA Notes on ACI 31Bl. These calculations are shown below.

a) Flexural stiffness of slabeams at both end&s.

Gu-_ 18 50357 @ G 18
l, Q7.2 12) [, (22312)
For ce1 = cry, stiffness factordne = ken = 4.123 PCA Notes on ACB18-11 (Table A)
E._ 31 E . sl
Thus, K, = Kye? CSI s 4,123 3°|575 PCA Notes on ACB1811 (Table A)
1 1

Wherelgyis the moment of inertia of slaieam section shown Figure6 and can be computed as follows:

(142 (20 -§) %207'6 -8((+22 13§ %ﬁg f;

- 90
yt (143 (20 _Q) (_( 22 13? ¢3 |n
3 2 ~
=20 e oo o) hmso 200
3 3 S o ~ 2.
%"((22 12 § 20 % 215905 252895.131
c¢ - b

11
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1 Sy J_
¢ panel — 14" = G panel

Figure6i CrossSection of SlaiBeam

3
Ky, =4.123 o ° 25,395.13 498.58

17.% 12
Carry-over factorCOF = 0.507 PCA Notes on ACB1811 (Table A)
Fixedend momentFEM =0.08433%; &, (3 PCA Notes on ACB1811 (Table A)

b) Flexural stiffness of column members at both ekds,

Referring toTable A7, Appendix 20A

For Interior Columrs:

t.= 207 6/2 =17.00in. t, = 6/2 =3.00in.

H = 12 ft = 144.00in. He=H - ta- to = 1447 171 3= 124.00in.
t, 17.00 H _144.00

2=l 5667 RS

t,  3.00 H, 124.00

Thus,Ke top= 6.824 K pottom= 4.984 CORgp= 0.513,andCOFyoom= 0.700by interpolation.

kcs ECC 3IC
K. = B PCA Notes on ACB1811 (Table A7)

c

_6.824 8,748.0C°E

Ketop = 144.00 © 145G,
K _4.984 8,748.00°E, 80276
c,bottom 14400 . c

4 4
where, 1, =S 418 e748 00 irt
12 12

lc =12ft = 144.00in.

12
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For Exterior Columrs:

ta= 277 6/2 =24.00in.
H =12ft = 144.00in.

fa - 2499 5 500
t,  3.00

t, = 6/2 =3.00in.
He=H-ta-t,=14471 247 3=117.00in.

H _144.00
H, 117.00

[

4.231

Thus, ke top = 8.589 e pottom= 5.293 CORgp= 0494 andCOFyorom= 0.802 by interpolation.

k.3 3l
KC = C IECC [

[

_8.58% 8,748.00°E

ctop = © BH21.7&E,
op 144.00
K _5.293 8,748.0C°E, 591 5
c,bottom 14400 " c
¢t (@8)

Where, |, =— =—2 8748.00ir"
12 12

lc = 12ft = 144.00in.

PCA Notes on ACB1811 (Table A)

13
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¢) Torsional stiffness of torsional membeks,

j— 93 ECS 3C
L

B
= |

For Interior Columrs:

_9%E, 31,697.65
" 2643(0.93)

Where
& 18 g3
N 223 12
o ~é. 3
C= 41 063 % B8V
¢ y +¢ 3
X = 14 in. x2:6in.
y1=141in. Yo =42 in.
C.=4,737.97 irt. C,=2,751.84 irt.

x C=4,737.97 + 2,751.84 = 7,489.81*

=92 8,

VA
| | I V2 I
< x
b ‘ {
=~ N
!
l"_xl_’i
/\/

ACI 31814 R.8.11.5

ACI 31814 (Eq. 8.10.5.2b

X1 =14 in. x2:6in.
y1=20in. yo = 14 in.
C1=10,225.97 irf. C>=73584in

x C=10,225.97 + 735.84 2 = 11,697.65n.4

V!
| =1 ;
é X2
yl ‘ ‘ f
=~ <
l"_ X1 _“i
/\/

42"

by + 2y < by + 8h P
| .

—hf= 6"

L

:

Torsional

/

—

|
>
%lh.: 14"
|
|

by = 14"

member

/\/

Figure7i Attached Torsional Member at Interior Column
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For Exterior Columrs:

3
_9E 317,8683.48 752 8E.
2643 (0.932

Where
1-% 9 18 (93
1, 223 12
o ~ O 3
c= 41 063 % LY
c y +¢ 3
X1 =14 in. Xo =6 in.
yi=211in. y>=35in.
Ci=11,140.64 i, C,= 2,247.84 irt.

x C=11,140.64 + 2,247.84 = 13,388 u8*

\/\

b} | ;

'_xl_’i

21" (b <4h)
-

ACI 31814 (Eq. 8.10.5.2b

x1 =14 in. X2 =6in.
y1=27in. y2=21in.
C.1=16,628.64 if. C>=1,239.84irf

x C=16,628.64 + 1,239.84 = 17,868 '

%

v — ‘ |
=

f
|

'_xl_'i

- hf= 6"

|
>
%hw=2l"
|

Torsional ~
member

b, =14"

N

Figure8i Attached Torsional Member at Exterior Column
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d) Increased torsional stiffness due to parallel be&®as,

For Interior Columrs:

3
K, = Kl _492.88E.3% 25,395.13 2 634.0E,
I 4,752.00

s

Where:

_1,3h® (22312 36

I 4,752.00 irf.
12 12

For Exterior Columrs:

_ K, _752.89E.3 25,395.13

K, 4,023 5E,
I 4,752.00
¢ panel A G panel
L=22"-0" = 264" — [ 6"
)
< 5 < 14

Parallel beam~" —H 14" H—

3

Figure9i SlabBeam in the Direction of Analysis

16
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e) Equivalent column stiffnedsec

_éi<(33 Kta
“aKk, + &,
Wherex Kl S torsional

for two

columns at the slabeam joint of an intermediate flaor

For Interior Columrs:

_ (3027, + 41456, ) (292,634.61 ) .. 3,
T (302.7&, + 414.56, )+ (232,634.@ )

ec

For Exterior Columrs:

_ (3215, + 52178, f (2340238 ).

me mb e r K. isdfar the upper aeddowvdr

o ~763.3E,
(321 5% + 521.78. )+ (234023.% )
c,lop
/ 1 ///"/}/
Kiq \+ /,/’/
/l //’/ T .
//"/ + Kfa

¢, bottom

Figurel0i Equivalent Column Stiffness

17
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f) Slabbeam joint distribution factor§F.
At exterior joint At interior joint
498.5%, 0.395 D 498.5%F, 0.306

= F=
(498.5E_ + 763.38, ) (498.5F, + 498.58, + 631.35

COF for slabbeam =0.507

=763.33 Ec
=631.36 E¢

Kee
Kec

Ky, = 498.59 Ex
K, = 498.59 Ec K, = 498.59 Ex

EXTERIOR COLUMN INTERIOR COLUMN

Figurelli Slab and Column Stiffness

)
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3.3. Equivalent Frame Analysis

Determine negative and positive moments for the-Bldms using the moment distribution method. With an

unfactored liveto-dead load ratio:

_ 100 433 3
(150° 6/12) 4

L
D

The frame will be analyzed for five loading conditions with pattern loading and partial live load as allowed by
ACI 31814 (6.4.3.3)

a) Factored load and Fixdeind Moments( F E M6 s )

Factored dead load, gp,=1.20% (75.00 + 9.28) = 101.14 psf

143 ( 20 -
Where (MS 1_50
144 22

=9.28 psfis the weight of beam stem per foot divided §y
Factored live load, qu,=1.60x 100.00 = 160.00 psf
Total factored load, qu=0pu+ s = 261.14 psf

FEMO6 s fbeam =rat xaybx |2 x |,2 PCA Notes on ACB1811 (Table A)

FEM due togpy + guu = 0.0842x (0.261 x 22) x 17%5= 148.32 fikip
FEM due togoy + 3/4 qu, = 0.0842x ((0.101 + 3/4 x 0.160) x 22) x 17.5 125.60 ftkip

FEM due togp, = 0.0842x (0.101 x 22) x 17%5= 57.44 ftkip
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b) Moment distribution.

Moment distribution for the five loading conditions is shownTiable 1. Counterclockwise rotational
moments acting on member ends are taken as positive. Maximum positive span moments are determined from

the following equation:

2
2 - - - - -
e = (@) 4 MM, M0 M) at distanca, = kML
8 2 23(q, 3,) ¥ 2 (q.21,) 9,
Where

1 max = Maximum positive moment in the span

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

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

(qu3|2) i _._ML' Mg v :(qu3 |2) i, M. - Mg
R

V =
- 2 I, 2 I,

Where

1 VL = Reaction (shear force) tite left support

1 VR Reaction (shear force) tte right support

Maximum positive moment in spans2land 34:

. _(0.26% 2) 2175 93.15+167.93 _ ( 93.15-167.93

e 8 2 23(0.261323 475

96.97 ft-kips

Max:ﬂ; (93.15 167.93 801 ft
2 (0.26® 23 3175

(0.26B 23 317.5 ( 93.15-167.93

= 46.00 kips
- 2 17.5 .
0.268 23 3175 ( 93.15-167.93
L = ( 2 ( P 54 .54 klpf
2 17.5
Where
My = 93.15 ftkips Mg = 167.93 ftkips
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Maximum positive moment in span3®

+

_(0.26® 23 2175 153.86+ 153.86 ( 153.86- 15356

66.06 ft-kips
e 8 2 23(0.261%23 475 P

17.5 (153.86- 153.8p

== 875 ft
s (0.268 22 317.5

3 -
v, = (0.268 23 317.5 ( 153.86- 153.86 50.27 kipe
2 175

_(0.268 23 317.5 ( 153.86- 153.86
" 2 17.5

50.27 kips

Where

M. = 153.86 ftkips Mg = 153.86 ftkips

Table 1 - Moment Distribution for Partial Frame (Transverse Direction)

Joint 1 2 3 4
Member 1-2 2-1 2-3 3-2 34 4-3 T T T

+
DF 0.395 | 0.306 | 0.306 | 0.306 | 0.306 | 0.395 C LL 1 1
COF | 0507 | 0.507 | 0.507 | 0.507 | 0.507 | 0.507

=

Loading (1) All spans loaded with full factored live load

FEM | 148.32| -148.32| 148.32| -148.32| 148.32| -148.32

Dist | -58.54| 0 0 0 0 | 5854
co | o |-2067| o0 0 | 2067| 0

Dist | 0 | 9.08 | 9.08 | -9.08 | -9.08 | 0 Colamnssssamed
CO | 460 | O | -460| 460 | 0 | -4.60 e

Wyt w

Dist -1.82 141 1.41 -141 | 141 1.82

CO 0.71 -0.92 | -0.71 0.71 0.92 -0.71
Dist | -0.28 0.50 0.50 -0.50 | -0.50 0.28

CO 0.25 -0.14 | -0.25 0.25 0.14 -0.25
Dist | -0.10 0.12 0.12 -0.12 | -0.12 0.10

M 'max | 93.15 | -167.93| 153.86| -153.86| 167.93| -93.15
M *max 90.97 66.06 90.97

Al R lRl R lc¢ b1 lnl

(1) Loading pattern for design moments in all spans with L. < 34D
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Loading (2) First and third spans loaded with 3/4 factored live load

FEM | 125.60] -125.60| 57.44 | -57.44] 125.60[ -125.60
Dist | -49.57| 20.87 | 20.87 | -20.87| -20.87 | 49.57
co | 1058 | -25.12 | -10.58| 10.58 | 25.12 | -10.58
Dist | -4.17 | 10.93 | 10.93 | -10.93| -10.93| 4.17
co | 554 | 212 | 554 | 554 | 212 | 554 i+ 4w,
Dist | -2.19 | 234 | 234 | 234 | 234 | 219 RN Ex====RREER
co | 119 | -1.11 | -119 | 119 | 111 | -129 | . ¢ P
Dist | -047 | 0.70 | 0.70 | -0.70 | -0.70 | 047 | 3 Louing patem o postive design moment i span AB'
coO | 036 | -024 | -036| 036 | 024 | -0.36
Dist | -0.14 | 018 | 0.18 | -0.18 | -0.18 | 0.14
Mmax | 86.72 | -119.15| 74.81 | -74.81| 119.15| -86.72
M *max 83.66 10.36 83.66
Loading (3) Center span loaded with 3/4 factored live load
FEM | 57.44 | -57.44| 125.60| 125.60 | 57.44| -57.44
Dist | -22.67 | -20.87 | -20.87 | 20.87 | 20.87| 22.67
CO | -10.58|-11.49| 1058 | -10.58 | 11.49| 10.58
Dist | 417 | 028 | 028 | -028 | -0.28| -4.17
cCo | 014 | 212 | 014 | 014 | 212 -0.14 w, + 34w,
Dist | -0.06 | -0.60 | -0.60 | 060 | 0.60 | 006 | FFFTTFANINL T T 73
co | -031|-003| 031 | 031 |003]| 031 | * b ¢ P
Dist | 012 | -0.09 | -0.00 | 0.09 | 0.09 | -0.02 | 7\ uuing patern b osiive desgn moment i pun B
CO | 004 | 006 | 004 | 004 | -0.06| 0.04
Dist | 0.02 | -0.03 | -003 | 003 | 0.03]| -0.02
Mmax | 28.24 | -88.10| 115.07| -115.07| 88.10| -28.24
M *max 29.64 71.17 29.64

Loading (4) First span loaded with 3/4 factored live load and bearslab assumed fixed at support two spans awa

FEM | 125.60| -125.60 | 57.44 | -57.44
Dist | -49.57 | 20.87 | 20.87 0
CO 10.58 | -25.12 0 10.58
Dist | -4.17 7.69 7.69 0
CO 3.90 -2.12 0 3.90
Dist | -1.54 0.65 0.65 0
CO 0.33 -0.78 0 0.33
Dist | -0.13 0.24 0.24 0.00
CO 0.12 -0.07 0 0.12
Dist | -0.05 0.02 0.02 0
Mmax | 85.06 | -124.21 | 86.91 | -42.52
M *max 82.12 21.91

w,+ 3/4 w

wy ]
ﬂ_rl_ﬂ_‘_’_‘_ﬂ /slah-hemn
assumed fixed at
A B C

support two spans
distance

(4) Loading pattern for negative design moment at support A"
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Loading (5) First and second spantbaded with 3/4 factored live load

FEM | 125.60] -125.60| 125.60] -125.60| 57.44] -57.44
Dist | -49.57| 0 0 | 2087 |2087| 22.67
co 0 | 2512|1058 0 |11.49| 1058
Dist | O 445 | 445 | 352 | 352 -4.17
co | 226 | o0 | -178| 226 | -212| -1.78 w3, |
Dist | -0.89 | 055 | 055 | -004 |-004| 070 | I A I VI 1T T T T vy
co | 028 | -045 | -002 | 028 | 036 -0.02| * b ¢ P
Dist | -0.11 | 0.15 | 0.5 | -0.10 | -0.19 | 0.0 | %} e paters o neasive oo momentt suppor 5
co | 007 | -006 | 010 | 007 | 0o | -0.10
Dist | -0.03 | 005 | 005 | -0.02 | -0.02| 0.04
Mmax | 77.60 | -146.04| 139.46| -105.90| 84.27| -29.52
M *max 75.99 63.93 30.48
S R N |
M “max 9315 | -167.93 | 15386 | -153.86 | 167.93 | -93.15
M *max 90.97 71.17 90.97
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3.4.Design Moments

Positive and negative factored moments for the slab system in the direction of analysis are gaftee ir?.

The negative design moments are taken at the faces of rectilinear supports but not at distances greater than 0.175

x |, from the centers of supports. ACI 31814(8.11.6.1)

18 in.
123 2

=0.75ft <0.175 47.5 3.06 (use face of support location)

w =261 psfx 22 ft = 5.75 kIf
I O O R
_:'\[_ .N_

.

NI Iy

Moment diagram (ft-kips)

167.93 15386 153.86 167.93
gm 15 93. 15)

9097 L7 90.97

X, ft

. . .
Span loaded with 3/4 design live load
- _ .
Moment values (@ columns centerlines

Shear diagram (kips)

46. U()R 5027 4596 R
|
T
—som—l\ﬂ \agmt—"
50.23 45.96 5027 41.69 46.00

, It

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

Moment diagram (ft-kips)

2 2

128.64 11778 117.78 128.64
60 27 60.27%
:WW :W

90.97
x, [t . .
Moment values @ columns faces

Figurel2i Positive and Negative Design Moments for SBdam (All Spans Loaded with Full Factored Live Load
Except as Noted
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3.5. Distribution of Design Moments

a) Check whether the moments calculated above can take advantage of the reduction peri@ic81igy14
(8.11.6.5)

Slab systera within the limitations ofACI 318-14 (8.10.2)may have the resulting reduced in such proportion

that the numericabum of the positive and average negative momentbadareater than thital static
momentM, given byEquation 8.10.3.4n the ACI 318-14. ACI 31814 (8.11.6.5)

Check Applicability of Direct Design Method:

1. There is a minimum of three continuous spans in each direction. ACI 31814 (8.10.2.1)
2. Successive span lengths are equal. ACI 31814 (8.10.2.2)
3. Long-to-Short ratio i22/17.5= 126 < 2.(0. ACI 31814 (8.10.2.3)
4. Column are not offset. ACI 31814 (8.10.2.4)

5. Loads are gravity and uniformly distributed with service-tieaelead ratio 0fl.33< 2.00

6. Check relative stiffness for slab panel. ACI 31814 (8.10.2.7)

Interior Panel:

a,, =3.16,1, =22 12 264.00i

a,,=3.981, =17.5 32 210.00i

a,l; 3.168 264
a|? 3.98 216

425 -0.2 425 s O.K. ACI 31814 (Eq. 8.10.2.7a)

Interior Panel:

a, =3.16,1, =22 12 264.00i

a,,=16.451, =17.5 32 210.00i

a,l; 3.6 264
a |? 16.45 216

.30 -0.2 930 & O.K. ACI 31814 (Eq. 8.10.2.7a)

All limitation of ACI 31814 (8.10.2)are satisfied and the provisions A€| 31814 (8.11.6.5may be
applied:

v =&l ¥ 0.26F 22°(17.5 -18/12)
o~ ) 3

£83.84 ft-kips ACI 31814 (Eq. 8.10.3.2)
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b)

End spans90.97+ %2128'64 =185.43 ft-kip:

Interior span:71.17+ %2117'78 =188.94 ft-kip:

To illustrate propeprocedure, the interior span factored moments may be reduced as follows:

185.43

Permissible reductior $.973
188.94

Adjusted negative design momentL£7.78x 0973= 114.60ft-kips

Adjusted positive design moment72.17x 0973 = 69.24ft-kips

M, =183.84 ft-kips

Distribute factored moments to column and middle strips:

The negative and positive factored moments at critical sections may be distributed to the column strip and

the two halfmiddle strips of the slabeam according to thBirect Design Method (DDM) in 8.10,
providedthatEg. 8.10.2.7(a)s satisfied. AC| 31814 (8.11.6.6)

Since the relative stiffness of beams are between 0.2 afgeB&Itep 3.5, the moments can be distributed
across slalbeams as specified &CI 31814 (8.10.5 and 6yvhere:

! =22 4.257
, 1

o

af1|2 _ » ‘
=3.16 31.254 =3.97

Il

, = C _17.868.48
‘21, 23 4,752.00

E880

2281236

Where I 2,752.00 irf.

C=17,868.48 irf.(seeFigure8)

Factored moments at critical sectiare®summarizedn Table below
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Table 271 Lateral Distribution of Factored Moments
Column Strip
Moments in
Factored Beam Column i
Location Moments i i [wo kiali
} Percent Mom'ents Strip Strip Middle Strips™
(ft-kips) (ft-kips) Moment | Moment (ftKips)
(ft-kips) (ft-kips)
Exterior 60.27 75 45.20 38.42 6.78 15.07
Negative
End Positive 90.97 67 60.95 51.81 9.14 30.02
Span
Interior 128.64 67 86.19 73.26 12.93 42.45
Negative
afer Negative 117.78 67 78.91 67.07 11.84 38.87
Span | positive 71.17 67 47.68 40.53 7.15 23.48

*

Sincel |2/l > 1.0 beams must be proportioned to resist 85 percent of column stAgpais-14 (8.10.5.7)

™ That portion of the factored moment not resisted by the column strip is assigned to the twiltilalfstrips
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3.6. Flexural ReinforcementRequirements

a) Determine flexural reinforcement required for strip moments

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

M, = 12.93ft-kips
Assume tensioigontrolled sectiont(= 0.90)

17.88 12

Column strip width,b = 14 €1.00in

Use averagd =61 0.757 0.50/2 =5.00 in.

!
A :0.853 f.i 30g e 2 M,
f, g f30.853f; B
3 a 3 3 0
A :0.853 4,000 91.003%.Oo 506 2312.93 312,000 O 05814
60,000 e 0.90 0.8 4,0003 91.0@

¢0.0018 b =h 080018 314 1319 0.983
&0 [} 2] [} 98 @%3 2

= maxa —max 4 ax 4
A §.0012 b °h { 09014 314 19 B 0744

®581 %
\ A =0.983ir?

Maximum spacin@max=2h=2x 6 =12 in. < 18 in.

Provide 8 #4 bars withAs=1.60in?ands= 91. 00 / 8ax= 11.38 in. 0
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The flexural reinforcement calculation for theamstrip of end spain interior negative location is provided

below

M, = 73.26ft-kips

Assume tensioigontrolled sectiont(= 0.90)
Beamstrip width,b = 14.00 in.

Use averagd = 207 0.757 0.50/2 =19.00 in.

0.8 fj ba 2 M,
A :—g G F30853fi B
f, & £30.853f; B
3 a 3 0
p =085 4,000 14.003§9_00 19.08 237326 312,000 0  oooe
60,000 g 0.98 0.85 4,000° 14.08

&3/T; B
/Ty 4y 2 e4000, ;) 50219.000
u

5 f 0 g 20.841
A, o = MaXg_ gmaé 00,000 T 3 .887 ih. 883
2200 <€ 200 u 887 ¢
€ spad U ¢ —314.00°%19.00 y
gf, §  €60,000 ¥
\ A =0.887ir’

Provide 5 #4 bars withAs = 1.00 in?

All the values inTable beloware calculated based on the procedure outlined above.
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Table 3 - Required Slab Reinforcement for Flexure [Equivalent Frame Method (EFM)]
A . A
Span Location Mu b* il fg\rS f?e;(au?eo er}‘ﬁ\s RGNS f(l)l-}sfli;ouvr'e
(ft-kips) | (in.) (in.) (in.2) (in.2) Provided (in.2)
End Span
2] 3842 | 14 | 19.00 | 0.456 0.608 47 #4 0.80
Negative
Beam Strip | Positive 51.81 14 18.25 0.645 0.852 51 #4 1.00
Interior 7326 | 14 | 19.00 | 0.883 0.887 57 #4 1.00
Negative
=ALELs 6.78 | 91 | 5.00 0.303 0.983 871 #4 1.60
Negative
gt‘;::m“ Positive 914 | 91 | 5.00 0.410 0.983 8i #4 1.60
LEIe! 1293 | 91 | 5.00 0.581 0.983 871 #4 1.60
Negative
2T 15.07 | 159 | 5.00 0.675 1.717 147 #4 2.80
Negative
g"t'r‘?g'e Positive 3002 | 159 | 5.00 1.355 1.717 147 #4 2.80
Interior .
Negative 42.45 159 5.00 1.928 1.717 147 #4 2.80
Interior Span
Beam Strip | Positive 40.53 14 18.25 0.502 0.670 47 #4 0.80
gt‘;::m“ Positive 745 | 91 | 5.00 0.320 0.983 8i #4 1.60
g‘t'gsle Positive 23.48 159 5.00 1.056 1.717 147 #4 2.80
* Column strip widthp = (17.5 x 12) 2 - 14 = 9100in.
* Middle strip width,b = 22x 127 (17.5x% 12)/ 2 = 15900in.
* Beam strip widthb = 14.00in.
" Use averagd =61 0.757 0.50/2 = 5.00 in. for Column and Middle strips
" Use averagd = 20- 1.5- 0.50/ 2 = 18.25 in. for Beam strip Positive moment regions
" Use averagd = 20- 0.75- 0.50/ 2 = 19 in. for Beam strip Negative moment regions
A Min. As=0.0018 >b x h = 0.0108 »b for Column and Middle strips ACI 31814 (7.6.1.1)
A Min. As= min (3¢:0 ) 0.5%f, x b x d, 200/ f, x b x d) for Beam strip ACI 31814 (9.6.1.2)
AAMin. As= 1.333 xAs Req'd ifAs provided >= 1.333 s Req'd for Beam strip ACIl 31814 (9.6.1.3)
Smax=2 xh=12in. <18 in. ACIl 31814 (8.7.2.2)
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b) Calculate additional slab reinforcement at columns for moment transfer between slab and column by flexure

Portion of the unbalanced moment transferred by flexugg M, ACI131814(8.4.23.)

Where

1

g =—————
1+E 3\/H
3 \b,

1 by = Dimension of the critical sectiom measured in the direction of the span for which moments are

ACI 31814 (8.4.2.3.2)

determined in ACI 318, Chapter 8 (d&gurel3).

1 b2 = Dimension of the critical sectiob, measured in the direction perpendicularbioin ACI 318,

Chapter 8 (sekigurel3).

1 b, = Perimeter of critical section for twaay shear in slabs and footings.

1 b, = Effective slab widthe c2+ 3 x h ACI 31814 (8.4.2.3.3)
w —Edge of slab
C D C Y D
N Tt | |
- I [ . I [
Cep| | b, Ccp| | Ci b
z L@ | z z i i z
| i cam] | e
Can l ~c > } AL ””””””””” JB
] i } M .
A, JB B
! by w | w
Critical shear perimeter for interior column Critical shear perimeter for exterior column

Figurel3i Critical Shear Perimeters for Columns
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For Exterior Column
_ d 5.00 . _ .
b=c¢ 43 =3} 4; 2050 in b,=c, «d ¥ 560 2300ir
—; $£.614
h=c 8 R 18 3 6.00 36.00i 91 1.2 42050
3 \23.00
M, 1 =0.614 393.15 H57.17 ft-kif
i & 23 g M
& :0853 fcl %b w sz - gf 3u,.net
f, ge 730853 B,
3 a 3 3 0
&:0.853 4,000 36.00%-00 508 2357.17 312,000 O 2975 iR
60,000 g 0.9 0.8% 4,0003 36.0@
20.0018 b 3h 0¢0018 314 19 0.983
&mm=maxe'0 3=max 9 vgmx e @.@3 ih. 9751
~ §.0014 b h | 00014 314 19 ¢ 0.7%4 ¢
\ A reqa =2.975 in
&, provided:(As providel)(bean) -(As provide b- bea|)1
A povidea =4 %0.20 8 ()*.ZOES;%1 1.187 ih. A, oS 2975
Addi ti onal sl ab reinforcement at the exterior col

A 00 = 2.975 -1.187 -1.788

Use 10i # 4 AYovided,ads= 10 X 0.20 = 2.00n.2< A ¢ q 6 & k. 488in.2

Based on the procedure outlined above, values for all supports ardrgihane below
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Table 4 - Additional Slab Reinforcement at columns for moment transfer between slab and column [Equivalent Frame Method
(EFM)]
Effective slab . Asr e q 6 As prov. for
. h d My o My o o Add
Span Location width, b : o - : within b flexure within by :
P i) > | (in) (ftkips) | (ft-kips) in?) b in?) ® | Reinf.
End Span
Column | Exterior Negative 36.00 500 | 0.614| 93.15 57.17 295 1.187 10-#4
Strip Interior Negative 36.00 5.00 | 0.600| 4434 26.60 1.2 1.387 -
* M, is taken at the centerline of the support in Equivalent Frame Method solution.

c) Determine transverse reinforcement required for beam strip shear

The transverse reinforcement calculation for the beam strip of end géerior location iprovidedbelow.

Shear diagram for Exterior Span (kips)

32.95
7 V
~—td=1521t= 184251n\%

4150

Figure14i Shear at Critical Sections for the End Span (at distance d from the face of the column)

d..
d=h -G, % 28 1.50 0;;9 18.25 in. (using #4 stirrug

The required shear at a distamcdeom the face of the supporting colurda 4= 31.64 kips Eigure14).

V.= 2 Jfj bsd ACI 31814 (22.5.5.)
fV.=0.7532 J 4,000 B4 18.25 24.24 kips/,, < 3285} Stirrups are rec

Distance from the column face beyond which minimum reinforcement is required:

V= ACI 31814 (22.5.10.1)

v, = 3295 2424 41 61 yips ¥ oo £29.27 kip OK.
0.75

V, =8 3/fi B d*® 8 4,000 14 18.25 129.27 ki ACI 31814 (22.5.10.1)
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Avega o Vs _116F 1000 o5 50i0 40 ACI 31814 (22.5.10.5.3)

S f,®d 60,000318.25

€0.75/f

A -

S ~50
e—b
Efy
€0.75/

A, - 400314“ ¢0.0111 g
Aumin _ 1 axé S 60,000 U=m g 9.0117 iA. /ir
s é 50 314 u a)%).0117

€60,000 i

A/,req‘d < A/,min _ \ USGM M

S s S s
n 3
Aunp  2° 0.20 34.29 in.

Seqa = Aega 00117
S

V,=9.85kips <4 Jfj b3d 3 44,000 14 28.25 64.64%

ed g o 913 g
\ s, —Lesseroiez U Lesserof ﬁLesser@ g =9.13 AC| 31814 (9.7.6.2.2
e24 a !

SiNCeSeqd™> SmaxY U Sl
Selectsyrovided= 8 in. #4 stirrups with first stirrup located at distance 3 in. from the column face.

The distance where the shear is zero is calculated as follows:

x=—— =215 4600 gelft 9657

V, +V 46.00 +54.54

u,L u,R
The distance from support beyond which minimum reinforcement is required is calculated as follows:

x=x X pv 801 SO o494 378t 45.44 ]
v, 46.00

The distance at which no shear reinforcement is required is calculated as follows:

X, = X VX ézl 8:01 fé—oolo 2—454 5904t 70.7&ir
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S .
x,-3 G w7576 318 8
#of stirrups= 2 2 4 = 2 2 14784 use8 stirrug
Sprc)vidx—.‘d 8

All the valuesin Table belowere calculated based on the procedure outlined above.

Table 5 - Required Beam Reinforcement for Shear
Spanlocston | e | fumds | S| S| Reploemen
End Span
Exterior 0.0117 0.0106 34.29 9.13 8-#4 @ 8in’
Interior 0.0117 0.0210 19.04 9.13 10-#4 @ 8.6 in
Interior Span
Interior 0.0117 0.0158 2530 | 913 | 9-#4@86in
* Minimum transverse reinforcement governs
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3.7.Column Design Moments

The unbalanced moment from the slamams at the supports of the equivalent frame are distributed to the actual
columns above and below the sladam in proportion to the relative stiffness of the actual columns. Referring to
Tablel, the unbalanced moment at joints 1 and 2 are:

Joint 1 = + 93.15%t-kips (Based on Loading (1))
Joint 2=- 119.15 + 74.81 =44.34ft-kips (Based on Loading (2))

The stiffness and cangver factors of the actual columns and the distribution of the unbalanced moments to the

exterior and interior columns are shown in thiowing Figure

LLLL r—
| /7\ .
|// 28.47 fi-kip g
1
/ =2
COF = 0.494 /0 ~
Ke=521.78 Ec 55.84 ft-kip~ 7| 5
DF - 0.619 57.63 ft-kip\ y | g
\L/ | =
— —— e
— I /7\ o E
COF = 0.802 |/ \\-35.52 fi-kip =
Kc = 321.55 Ec |/ 24.85 fi-kip 9
DF = 0.381 |/ 2
[P
e 2
/) =
28.48 fi-kip~, 7/ |
A\L/ |
/7777 —-
EXTERIOR COLUMN
f - Y974
_— \
£ 13.15 ft-kip \lk
k3 I
_ [\ o COF=0513
8 I\ 24.82 fi-kip K =414.56 Ec
£ | Y /2562 frkip DF =0.578
= |
- —k=
£ |
2 18.72 ft-kip/\\ | COF =0.700
< 13.41 fi-kip \ Ke =302.78 Ec
2 \l DF = 0.422
2, \
= I\
: \\y/—13.10 fi-kip
- 77777
INTERIOR COLUMN

Figurel5i Column Moments (Unbalanced Moments from SBeam)
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In summary:

Design moment in exteriootumn = 55.84 ftkips

Design moment in interioratumn = 24.82 ftkips

The moments determined above are combined with the factored axial loads (for each story) anarfanierdd
in the transverse direction for design of column sections. A detailed analysis to obtain the wadussnat the

face of interior, exterior, and corner columns from the unbalanced moment values can e foefitwo-\Way

Flat Plate Concrete Floor Systefmalysis and Design (ACI 3184)0 Design Example.

4. Design of Interior, Edge, and Corner Columns

The design of interior, edge, and corner columns is explained il the-\Way FlatPlate Concrete Floor System

Analysis and Design (ACI 3184)0 Design Exkample.

37


https://structurepoint.org/publication/pdf/DE-Two-Way-Flat-Plate-Concrete-Floor-System-Analysis-and-Design-ACI-318-14-spSlab-v1000.pdf
https://structurepoint.org/publication/pdf/DE-Two-Way-Flat-Plate-Concrete-Floor-System-Analysis-and-Design-ACI-318-14-spSlab-v1000.pdf
https://structurepoint.org/publication/pdf/DE-Two-Way-Flat-Plate-Concrete-Floor-System-Analysis-and-Design-ACI-318-14-spSlab-v1000.pdf
https://structurepoint.org/publication/pdf/DE-Two-Way-Flat-Plate-Concrete-Floor-System-Analysis-and-Design-ACI-318-14-spSlab-v1000.pdf

Structure/Point

CONCRETE SOFTWARE SOLUTIONS

slab

5. Two-Way Slab Shear Strength

Shearstrength of the slab in the vicinity of columns/supports includes an evaluationebgrehear (beam action)
and twoeway shear (punching) in accordance with ACI 318 Chapter 22.

5.1.One-Way (BeamAction) Shear Strength

Oneway shear is critical at a distandt&om the face of the columfigurel6 shows thé/, at the critical sections
around each column. Since there is no shear reinforcement, the design shear capacity of the section equals to the
design shear capacity of the concrete:

N, = X, +\Vf =2V, ACI 31814 (Eq. 22.51.1)
Where:

N, = f2 3 /\/cha b, =d AC| 31814 (Eqg. 22.5.5.1)
& = 1 for nor mal wei ght concrete

fV,=0.753%2 1.0 {%,000( 22 12 3)413003 118.59 k

Because Y>V,at all the critical section, the slabdsk.in oneway shear.

Shear diagram (kips)

54.54

50.27—
32.95 FQ 41.50
— 152 n\g \ﬁ |
41.50 37.22

46.00—

32 \
—50.27 32.95 —46.00

‘J\

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

Figure16i Oneway shear at critical sectiofat distancel from the face of the supporting column)
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5.2. Two-Way (Punching) ShearStrength

Two-way shear is critical on a rectangular section locatdgkgl®2 away from the face of the column. Tiaetored
shear force/, in the critical section is calculated as the reaction at the centroid of the critical seicticnthe

selfweight and any superimposed surface dead and live load acting within the critical section.

The factored unbalanced moment used for shear trahfey,is calculated 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.

For the Exterior column:

V, =46.00 -0.340 32050 23000 4, g5y
& 12

0.50- 9.09—gs

_ 2
Myn =93.15 -44.88 26— 2

g

84.15 ft-kif

- O: O: O: O

© 8

klab

| 1 |

1.Int

|
’ ! d\]i]l‘
/ ! dhcm

L——d

dl\c;un,l»xl

hl\‘.ml Ext /

1

)l Ext ~ hheilm.rxt

Fiqurel71 Critical Section of Exterior support of Interior Frame

For the exterior column iRigure abovehe location of theentroidal axis z is:
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_ moment of area of the sides about AR® (14 326 (36.50 B4/p 645 5(3 6. 5))2 809 in
"8 area of the sides s 18 26+ 65F5 44 29 245 53
A =214 26 65 53 14+19 32 4465 3 1104.06]
The polar momenli; of the shear perimeter is:
— ébnearn Ext dsbeam Ext d beam Extsﬁ beam Ext 3 é- b 3beam EX] 6 6
‘Jc =2 3% 12 + 12 (q)-eam Ext dbeam E>) %T ( beamE)( C AB 08
Q - =
2 :g;(bl_ boeam Ext) 3d3slab Ext slab Ext (q bbeaml?)< ((‘bl h) _ ) d 3 gé: 3 bl_ bueamExt 2(?
ga 12 12 eam Ext, slal (} AB 2 9
+(bneam Int d beam Int ('*bz b_beam Il) d :sglal 6 Ag
a % 6
20.50- 14 38 5 320.50
+2 é 4 + ;)21 (2050 13 5 &0.00295% 148
& 12 ¢ Q
+(14 219 (223 14 %3 9.0
J, =95,338.01ir.
g=1-g ¥ 0614 038 ACI 31814 (Eq.8.4.4.2.2)
Where:
1
9 =——— ACl 31814 8.4.2.3.2
1+g 3 g
3 \b,
o= 1 20614
2 .120.50
142 3/
3 \23.00
b =g % 18 %“ 20550 in

b,=c, 4 18 5+2300in

The length of the criticgberimeter for the exterior column:

b,=2 % B 2=2050 2360 64.80]
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The twoway shear stressy) can then be calculated as:

v, =\;t -l% ACI 31814 R.8.4.4.2.3

312 3
v, = 44.8% 1,000 0.38¢ (84.15° 12 31,000) . 0%:0 65 37.20 7%.86p
1,104.00 95,338.01

N
w
~
w
—h

ACI 31814 (Table22.6.5.2)

go »oa)mo
o ofs

’Tm
+
N

| %pz
.

— =) =) =) —— = —
w

O
o

(=)

14,000
+‘11 82 /4,000

e252 980
mi 879.47 125298

\ I2'7472y
o 5.00,

F64.00

——) =) =) —/—) —) —> (:
"O 9)° "O%Q-W -b

.|.%1

< —) — = e =) =) oy

fv,=0.753252.98 489.74 psiv> 77.86|

Because y> v, at the critical section, the slab has adequateviay shear strength at this joint.
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For the Interior column:

V, =54.54 +50.27 -0.3405 3'0$423'008 193.56 ki
g -

M, =167.93 -153.86 -103.5¢ §0  14.07 ft-ki

klab

| l]I'\l /
Ve

7
)

/
4

dl\mm Int

T | T
).
\ beam.Int /
AN

(hl Ext -b )3

beam Ext

Figurel81 Critical Section of Interior support of Interior Frame

For theinterior columnin Figure abovehelocation of thecentroidal axis z is:

B 2800 4 5o
2 2

A =414 39 953 1244.00 ih
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The polar momeni. of the shear perimeter is:

d é‘ b @eam Int ébl - l-‘!J(-:‘am Int 6

a n d3 n n 36 m In 6
3 =2 gboeam | 112 beam It beam |£2 beam Int (q;eam e Ao m) a 2 3 5 6Cas 63
¢ ) )

1-0:0: Ot

aab - boeam Int % 2 kla bbeam Int 0
lab, In lah In e ~
+4 @ sen i _: e C 2 %bl boeam In 6 & bl bo_eam Int

12 12 5 2 Gy é 28 2

|- O“"Oz

+2 {bneam Int ébeam Int (bz- bb_eam I; d slgb I)t ¢ AB3

14316 19314 814 423-14 5. .60
z M OAP 57 g g1158 0
12 P gagz g2 29770

(&

1

N
one

8423- 14 5, o, 28-14" ©
+4§ez 2 S 823 14 55 .0, A 314
& 12 12 e 2 2 c

-I-O‘“’

&
¢

+2 {14 29 (23 13 % =113

J, =114,993.17 if.

g,=1- g E 0600 040 ACI 31814 (EQ.8.4.4.2.2)

Where:

1 ACI1 31814 8.4.2.3.2

g =————
1+g 3\/E
3 \b,

9= ___ 0600

2 ,/23.00
+ 3

3 123.00

b=¢ +# ¥ 5+ 2300in
b,=c, 1. ¥ 5+ 2300in

The length of the criticgberimeter for the exterior column:

b,=2% 2 b® 222360 2 28.00 92.0Gi
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The twoway shear stressy) can then be calculated as:
3
v, =Y G Mun o ACI 31814 R.8.4.4.2.3
A Je
3 3
v, = 10356 1,000 0.406 (14.073 1231,000) 41505, wc o800 0
1,244.00 114,993.17
€ !
243 1 3 {
v, = min?"g‘g 4—% 8k [T 1. ACI 31814 (Table22.6.5.2)
ic * ’|
T 2 3 A i
i G2 g T
ic b + {
e a
| 13 |
74°1 54,000 I 5008
.18, 4 0 1 #
vV, =minj o2 -l-1 (-_jf 2,000 U ) 879.4 u25298[
1¢ T dhazzy T
1830° 500, ) & ]
{&6400 2 {,

fv, =0.753252.98 489.74 psiv> 90.00|

Because y> v, at the critical section, the slab has adequateviay shear strength at this joint.
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6. Two-Way Slab Deflection Control (Serviceability Requirements)

Since the slab thickness was selected based on the minimum slab thickness tables in XCtI8d 8eflection
calculations are not required. However, the calculations of immediate anddpeadent deflections are covered

in this section for illustratioand comparison witepSlabmodel results.
6.1. Immediate (Instantaneous)Deflections

The calculation of deflections for twweay slabs is challenging even if linear elastic behavior can be assumed.
Elastic analysis for three service load lev@®s D + Lsustained D + Lrun) is used to obtain immediate deflections
of the tweway slab in 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 inertide) is used to account for the cracking effect on the flexural stiffness of the slab.
lefor uncracked sectiorMc > Ma) is equal tolg. When the section is crackebld < Ma), then the following

equation should be used:

3

o ~ é o 3

|e:%'\\% 91, a M B s, ACI 31814 (Eq. 21.2.3.54)
ORE

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 lreetslculated from structural analysis as

shown previously in this document. These momargsshown irFigure19.
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® ©
_j\[_ _Jy_
b B @ a . ‘ z .4_ 0 Au. o =
AL _]\V__
Moment diagram (ft-kips)
1. DL
2.DL + LLsuatmued
>8.33 52.92 52.92 °8.33
&3 1.12 31 .IZW
x, ft
" Moment values @ columns centerlines
Moment diagram (ft-kips)
3.DL + LLgy
127.55 127.55
115.72 115.72
&68.05 68.052
59.43 948 59.43
x, ft
* Moment values (@ columns centerlines
Figure19i Maximum Moments for the Three Service Load Levels
For positive moment (midspamsgectionof the exterior span
Mcr = cracking moment.
f 3l
M, =-"2 47438 2539513, 1 63.14 ft-kips ACI| 31814 (Eqg. 21.2.3.5b)
Y, 15.90 12 1,000
+ = Modulus of rapture of concrete.
f,=75% ffi 75 1.0./4000 47434¢ ACI 31814 (EQ.19.2.3.1)
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I3 = Moment of inertia of the gross uncracked concrete section
lg=25,395.13 irf.for T-section (se€igure20)
y: = Distance from centroidal axis of gross section, neglecting reinforcement, to tensian.face,

yt = 15.90 in.(seeFigure20)

410" — | 22'-0" = 264"

! o !

15.90"

1]

Figure207i |4 Calculations for Slab Section Near Support

ler = moment of inertia of the crackegctiontransformedo concrete PCA Notes on ACB1811 (9.5.2.9

As calculated previously, the positive reinforcement for the end span frame strip is 22 #4 bars located at 1.0 in.
along the slab section from the bottom of the slab and 4 #4 bars located at 1.75 in. along the beam section from

the bottom of the bearkive of the slab section bars are nottowmus and will be excluded from the calculation

of I¢r. TheFigure belowshows all the parameters needed to calculate the moment of inertia of the cracked section

transformed to concrete at midspan.

h | kd 7 diap ‘ N.A.
e @ © @ @, © @ * T |
db eam nd sslab
hb am
n=E:/E;.
® 0,0 © — - |
Tension A

s,beam

|<_ b beam _>|

Figure21i Cracked Transformed SectioRositive MomentSection)

Ecs= Modulus of elasticity of slab concrete.

E.=w.">333[fj #0° 38,4000 3,834 f03 ACI 31814 (19.2.2.1.3)
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E. 29,000,000

n= = PCA Notes on ACI 3181 (Table 182)
E. 3,834,000
3
a:g L2212 £32.00in.

b=n3A,m B Ry 7.56 (4 V208 7.56(+17 6.20 331.774
c= 1 (an '@,beam dssbeam n ‘A,ssr:’m d,ssl):k:

c=4 (756 (2 020 1825 7.5¢ 1730p0° 5003 23900

_-b o 4ac -31.77 °/31.77 -4 £32.00( 22390

o E231in
2a 23 132.00
b (kd’
Icr = (3 ) A Pg,slab (dslab kd}z n ﬂbegm ( dbean?; qu
3 3
) =w 756 (17 02) (500 12§ 7.5¢ 4°02¢ 1825 1)33% 282,02

For negative momergection(near the interior support of the end span)

The negative reinforcement for the end span frame strip near the interior support is 27 #4 bars locaited at 1.0
along the section from the top of the slab.

fosly 4743#4 9,33333, 1

M, = ;i 10 % Logop SE80ftrkips ACI 31814 (Eq. 21.2.3.5b)
f,=75% (i 75 1.8/4000 47434y ACI 31814 (Eq.19.2.3.1
I, =9,333.33irf.

y, =10.00in.
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Figure221i 14 Calculations for Slab Section Near Support

E.=w" 83 ffj 150° 33,4000 3,834 f0 ¢ AC| 31814 (19.2.2.1.3)
= E 29,000,000

= PCA Notes on ACI 3181 (Table 182)
E 3,834,000

CS

Bz Dheam - 14 @34in* PCA Notes on ACI 3181 (Table 162)
N3 Ag. 756927 9.2)

kd:\/zsol 3B H# 1- 2 1200 0.34 1 %

&01in. PCA Notes on ACI 3141 (Table 102)
B 0.34
_ Bpean® (kd)® 2
IC,—T A A . (B ko PCA Notes on ACI 3181 (Table10-2)
3
I =w +.56 (327 03.29) (139.00 89)?1 7,831.24%
I b I
. nd.
Tension s, 7o1al
00060@0&0}@08  EE— —-— I
h
n— Es‘/Ec
hb am d
! NA.
17 _ A\
I‘_bbenm_—l kd_f

Figure23i Cracked Transformed Sectioimierior NegativeM omentSectionfor End Spai
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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 inertla, was developed to provide a transition between the upper and
lower bounds ofly and I as a function of the ratiMc/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 for simple and continuous
spans, and at the support for cantilevers ACI 31814 24.2.3.7

For continuous onway slabs and beanigshall be permitted to be taken as the average of values obtained from
Eq. (24.2.3.5a) for the critical positive and negative moment sections. ACI 31814 (24.2.3.6)

For theexteriorspan (span withreeend continuous) with service load levBl £ LLg):

SinceM¢, = 36.89 ftkips <M, = 127.55 ftkips

é o
01, a & §. ACI 31814 (24.2.3.52
2 g M

Wherele is the effective moment of inertia for the critical negative moment section (near the support).

\q:f

_436.89 % 36.89°
©,333.33 &1 7331.24 7:379.69
“&2755 9 12755 Lg

DD

12 =1, 25,395.13id. ,sindd , =63.14ft-kipd, =&3ft-kips

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

Since midspan stiffness (including the effect of cracking) has a dominant effect on deflections, midspan section
is heavily represented in calculationlgand this is considered satisfactory in approximate deflection calculations.
Theaveragecdffective moment of inertifle avg iS given by:

loag=0.8537 @.151 2 for end spe PCA Notes on ACI 3141 (9.5.2.4(1))

lo g =0.85 25,395.13 +0.15 37,37969 22,692.81

e avg

Where:
1 le = The effective moment of inertia for the critical negative moment section near the support.

1 le" = Theeffective moment of inertia for the critical positive moment section (midspan).
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For theinterior span (span witbothends continuous) with service load levéd ¢+ LLg):

SinceM¢r = 36.89 ftkips <M, = 115.72 ftkips

@ M, s
e | G}. - ggcr ACI 31814 (24.2.3.5a
: g

_436.89 % 36.89°

&
9,333.33 61 - §7:831.24 7:896.12%
"H1572 9 ¢ 1§72 g

C“’r&o@

I} =1, 25395.13id. ,sindd , =63.14ft-kipd>, =88 ft-kips

€ 9

Theaverageckffective moment of inertiélc avg is given by:

loag=0.7047 ©.15 (15, | 3 for interior spa PCA Notes on ACI 3141 (9.5.2.42))

=0.70 { 25,395.18 +0.15 37,396.12 ¥,399.12 %9,49n’

e avg

Where:

1 ley = The effective moment of inertia for the critical negative moment section near the left support.

1 le;= The effective moment of inertia for the critical negative moment section near the right support.
Thefollowing Tableprovides a summary of the required parameters and calculated values needed for deflections

for exteriorand interior equivalent frame. It also provides a summary of the same values for column strip and

middle stripto facilitate calculation of panel deflection.
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Table 6 - Averaged Effective Moment of Inertia Calculations
For Frame Strip
Ma (ft-kips) le(in.%) leavg(in.?)
Span |  zone (irlfzx) (ilnfl) 5 D+ | D+ (::/_I f0) 5 D+ D+ 5 D+ D+
LL sus L fun LL sus L fun LL sus L fun
Left 9,333 7,147 | -30.60| -30.60| -66.91 | 36.89 9,333 9,333 7,513
Ext Midspan 25,395 2,282 | 27.18 | 27.18 | 59.43 | 63.14 25,395 25,395 25,395 22,762 22,762 22,693
Right 9,333 7,331 | -58.33| -58.33| -127.55| 36.89 7,838 7,838 7,380
Left 9,333 7,331 | -52.92| -52.92| -115.72| 36.89 8,009 8,009 7,396
Int Mid 25,395 1,553 | 18.06 | 18.06 | 39.48 | 63.14 | 25,395 25,395 25,395 20,179 20,179 19,995
Right 9,333 7,331 | -52.92| -52.92| -115.72| 36.89 8,009 8,009 7,396
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Deflections in tweway slab systems shall be calculated taking into account size and shape of the panel, conditions
of support, and nature of restraints at the panel edges. For immediate deflectiomsvay slab systemshe
midpaneldeflection is computed as the sum of deflection at midspan of the column strip or column line in one
direction(gax or qry) and deflection at midspan of the middle strip in the orthogonal direchisof gany). Figure

24 shows the deflectiomomputationfor a rectangular panelThe averagep for panels that have different

properties in the twdirection is calculated as follows:

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

\ of Analysis
Acx
\

v ~x v /\ X
v Assumed Assumed ¥
/ Support Line Support Line L
Direction
of Analysis
a) X Direction Bending b) Y Direction Bending

B (Acx + Anw) + (Acy + Amx)
B 2

c) Combined Bending

Figure24i Deflection Computation for a Rectangular Panel
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To calculate each term of the previous equation, the following procedure should béiaisex5 shows the
procedure of calculating the temy. Same procedure can be used to find the other terms.

Acx = Acx.ﬁxe(i + Agch + Ag

cx.L

l | l

[ Srame
Ar.ﬁ.wd = LDF; X Aﬁ‘nm.ﬁmd x 7
g

C

1pp- o LDE +LDE,

0 _ (*Mizer.R )mmm”
z SR

ec

- » IDF =

wx[*
Aﬁ‘mue fixed =
S 384xE x1

Siame . average

L >

1 (1,
A, =6, x| —|x| =
» » 8 ]E‘ column

M,y )
H—M
C.

K

ec

Figure257 g3y CalculationProcedure

For exterior span service dead load case:

wa |4
Dframe fixed =
384 E, 3

PCA Notes on ACB1811 (9.5.3.4 Eq. 1D

frame averaged

Where:

Orame.fixed= Deflection of column strip assuming fixeshd condition.

: 1508 (20-9 145
w = slab weight + beam weightge 150g 4—( e g
c 12 22 144 -

E.=w.">333[fj #0° 38,4000 3,834 03

22 ];854.1%7

AC131814(19.2.2.1.a)

Irame,averaged The averaged effective moment of inertiga{g for the frame strip for service dead load casenfro

Table 6= 22,761.52n.*

1,854.17 ( 17.5- 18/1¢: {2
384° (3,834218 ) 322,761.52

frame, fixed

6.0063 in

al ¢
D. ey ADF. * D s 4™ ¢ PCA Notes on ACB1811 (0.5.3.4 Eq. 1]
G 'c g
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WherelLDF is the load distribution factor for the column strip. The load distribution factor for the caliipn

can be found from the following equation:

_DE* + LD +LDF;

LDF =
Cc

And the load distribution factor for the middle strip can be found from the following equation:
LDF,, =1 -LDF,

For the end spahDF for exterior negative regioh.DF.5), interior negative region.DFr), and positive region
(LDF_ ) are 0.75, 0.67, and 0.67, respectively (Ffable 2of this document). Thus, the load distribution factor

for the column strip for the end span is given by:

0674+ 075+ 0.67
LDF. = 5 2 2.690

1 lcg= The gross moment of inertig) for the column strip (for T section)20,040.49 irf.

1 lirame,g= The gross moment of inertiky) for theframestrip (for T section) =2,39513in.*

D, fyeq 0.690 9.0063 ws 00055 ii
’ 20,040.49
—- (Mnet, L) frame
g.. = K PCA Notes on ACB1811 (9.5.3.4 Eq. 1?
Where:

dc,L = Rotation of the span leftupport
(MnetDrrame = 31.12 ftkips = Net frame strip negative moment of the left support

Kec = Effective column stiffness for exterior column = 763:38; = 2,927x 1P in.-Ib (calculated previous)y

3
g, =312 1271000 o o0 oy
T 2,927°10

PCA Notes on ACB1811 (9.5.3.4 Eqg. 1%

_']OOz

Dg,. =g, % 8%
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Where:
gxle,. = Midspan deflection due to rotation of left support.

(Ig/ le)wrame = Gross to effective moment of inertia ratio for frame strip.

(17.5- 18/13 312 25,395.13

Dg,, =0.00013 0:8034 ir
' 8 22,761.52
M 3 3
%R=( net ) frame _(58.33- 52.92)3 12 31,000 600003 rac
’ K, 2,428 16
Where:

dcr = rotation of the span right support.
(Mnetr)rame = Net frame strip negative moment of the right support.

Kec = Effective column stiffness for interior column = 6318&. = 2,421x 10° in.-lb (calculated previous)y

Da.r =4r %Ié ':'

Where:

al,
.

e

(@}

17,5- 18/13 312 25,395.13
8 22,761.52

0.60003 ( 0.00872 il

1-O:O
O

g

me

g g = Midspan deflection due to rotation of right support.

Do = Rived ol @&. PCA Notes on ACB1811 9.5.3.4 Eq. 9

D, 0.0055 ©.0034 ©.00072 6.010

X

Following the same proceduresx can be calculated for the middle strip. This procedure is repeated for the
equivalent frame in the orthogonal direction to obtaipandqay for the end and middle spans for the other load

levels O + LLsysand D+ LLsui).
Assuming square panehyx= ory= 0.010in. andgmx= gmy= 0.021in.

The averagepfor the corner panel is calculated as follows:

= ) 0.m0 6021 0:031i

cy

b (b, + @)2(+CYD i} [z:CXD 4) o
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‘ Table 7 - Instantaneous Deflections |
| Column Strip || Middle Strip |
D D
Span LDF cp.rame— qlfixed dcl ch Cp dl Cp G-Z Cnx' LDF q?rame— Cpn—fixed d-ml dmZ Cp Gﬁl Cp Gﬁz Cpnx
(fi’;fd) (in.) (rad) (rad) (in.) (in.) (in.) (fixned) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.69 0.0063 | 0.0055 | 0.00013 | 0.00003 | 0.0034 0.0007 0.010 0.31 0.0063 | 0.0172 | 0.00013 | 0.00003 | 0.0034 0.0007 0.021
Int 0.67 0.0071 | 0.0060 | 0.00003 | 0.00003 | -0.0008 | -0.0008 0.004 0.33 0.0071 | 0.0207 | 0.00003 | 0.00003 | -0.0008 | -0.0008 0.019
D+LL gus D+LL sus
Span LDF q).rame- ql-fixed dcl dcz CP dl CP dz qlx LDF (p.(ame- q)n-fixed dml dmz Cp G;l q) Gﬁz Cth
(fiﬁd) (in.) (rad) (rad) (in.) (in.) (in.) (fixne”) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.69 0.0063 | 0.0055 | 0.00013 | 0.00003 | 0.0034 0.0007 0.010 0.31 0.0063 | 0.0172 | 0.00013 | 0.00003 | 0.0034 0.0007 0.021
Int 0.67 0.0071 | 0.0060 | 0.00003 | 0.00003 | -0.0008 | -0.0008 0.004 0.33 0.0071 | 0.0207 | 0.00003 | 0.00003 | -0.0008 | -0.0008 0.019
D+LL full D+LL full
Span LDF Cﬂ.rame- ql-fixed dcl dcz Cp dl Cp dz qlx LDF q].'ame- q)n-fixed dml dmz q) @1 q) q:lz q)nx
(fixne") (in.) (rad) (rad) (in.) (in.) (in.) (fixned) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.69 0.0137 | 0.0120 | 0.00028 | 0.00006 | 0.0075 0.0016 0.021 0.31 0.0137 | 0.0378 | 0.00028 | 0.00006 | 0.0075 0.0016 0.047
Int 0.67 0.0156 | 0.0132 | 0.00006 | 0.00006 | -0.0018 | -0.0018 0.010 0.33 0.0156 | 0.0457 | 0.00006 | 0.00006 | -0.0018 | -0.0018 0.042
LL LL
Span | LDF ® LDF O
(in.) (in.)
Ext 0.69 0.011 0.31 0.025
Int 0.67 0.005 0.33 0.023
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6.2. Time-Dependent Long-Term)De f | ec#t)i ons (

The additional timedependent (longerm) deflection resulting from creep and shrinkéme may be estimated

as follows:

D. Fp € o s PCA Notes on ACI 3181 (9.5.2.5 Eq. ¥

The total timedependent (longerm) deflection icalculated as:

(Cua)y { R (& 70} & ©a)R ( asdu CSA A23.304 (N9.8.2.5)

Where:

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

f=— X ACI 31814 24.2.4.1.]
1+50 3"

(qaota)t = Time-dependent (longerm) totaldeflection, in.

(qaota)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

$N§ 0, conservatively.

2
/5=
1+50 20

D, = 0.010 G019ir

(D

total

), 0.010 (1 % (0021 0.6)J0 0.640

The following Table showslong-term deflections for the exterior and interior spans for the analysis in-the x

direction, for column and middle strips.
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Table 8 - Long-Term Deflections
Column Strip
Span ( &R)mst (in.) Qs (in.) (' @@)mst (in.) ( @@ (in.)
Exterior 0.010 0.019 0.021 0.040
Interior 0.004 0.009 0.010 0.018
Middle Strip
Exterior 0.021 0.043 0.047 0.090
Interior 0.019 0.038 0.042 0.080
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7. spSlab Software Program ModelSolution

spSlabprogram utilizes the Equivalent Frame Method described and illustrated in details here for modeling,
analysis and design of twway concrete floor slalsystems.spSlabuses the exact geometry and boundary
conditions provided as input to perform an elastic stiffness (matrix) analysis of the equivalent frame taking into
account the torsional stiffness of the slabs framing into the column. It also takes into accountpleations
introduced by a large number of parameters such as vertical and torsional stiffness of transversthdeams,
stiffening effect ofdrop panels, column capitals, and effective contributibcolumns above and below the floor

slab using the equivalent column conc@€l 31814 (R8.11.4).

spSlabProgrammodelsthe equivalent frame as a design strip. The design strip is, then, separategidiynto
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 Bis@s)taneous and losigrm 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 ad of the ial lied
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:\..\DE-Two-Way-Slab-with-Beams-ACI-318-
14.slbx

Project Slab on beams

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 = 75%

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

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

Deflections are based on cracked section properties.

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

0% of live load is sustained.

Compression reinforcement calculations NOT selected.

Default incremental rebar design selected.

User-defined slab strip widths NOT selected.

User-defined distribution factors NOT selected.

One-way shear in drop panel NOT selected.

Distribution of shear to strips NOT selected.

Beam T-section design NOT selected.

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

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

We 150 pcf
it 4 ksi
E. 3834.25 ksi
i 0.474342 ksi

1.3.2. Concrete: Columns

We 150 pcf
Tit 4 ksi
E; 3834.25 ksi
£ 0.474342 ksi

1.3.3. Reinforcing Steel
T 60 ksi
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fu 60 ksi
Es 29000 ksi
Epoxy coated bars No

1.4. Reinforcement Database

Size Db Ab Wb Size
in in? Ib/ft

#3 0.38 0.11 0.38 #4

#5 0.63 0.31 1.04 #6

#7 0.88 0.60 2.04 #8

#9 1.13 1.00 3.40 #10

#11 1.41 1.56 5.31 #14
#18 2.26 4.00 13.60

1.5. Span Data
1.5.1. Slabs

Notes:

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 Loc L1 t wL wR
ft in ft ft

1 Int 0.750 6.00 11.000 11.000

2 Int 17.500 6.00 11.000 11.000

3 Int 17.500 6.00 11.000 11.000

4 Int 17.500 6.00 11.000 11.000

5 Int 0.750 6.00 11.000 11.000

1.5.2. Ribs and Longitudinal Beams

Notes:
Span Ribs Beams

b h Sp b h Offset

in in in in in in
1 0.00 0.00 0.00 14.00 20.00 0.00
2 0.00 0.00 0.00 14.00 20.00 0.00
3 0.00 0.00 0.00 14.00 20.00 0.00
4 0.00 0.00 0.00 14.00 20.00 0.00
8 0.00 0.00 0.00 14.00 20.00 0.00

1.6. Support Data
1.6.1. Columns

Support cla c2a Ha c1b
in in ft in

1 18.00 18.00 12.000 18.00

2 18.00 18.00 12.000 18.00

3 18.00 18.00 12.000 18.00

4 18.00 18.00 12.000 18.00

1.6.2. Transverse Beams

Supports b h Ecc
in in in

1 14.00 27.00 -2.00

2 14.00 20.00 0.00

L2L

ft
22.000
22.000
22.000
22.000
22.000

c2b

18.00
18.00
18.00
18.00

L2R

22.000
22.000
22.000
22.000
22.000

Page | 5
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Ab Wb
in? Ib/ft
0.20 0.67
0.44 1.50
0.79 2.67
1.27 4.30
2.25 7.65
Huin
in
- LC*i
581 —
5.79 -—-
5.81 -
--- RC*i
Hb Red %
ft
12.000 100
12.000 100
12.000 100
12.000 100
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Supports b h
in in
3 14.00 20.00
4 14.00 27.00
1.6.3. Boundary Conditions
Support Spring Far End
K, Ky Above
kips/in kip-in/rad
1 0.00 0.00 Fixed
2 0.00 0.00 Fixed
3 0.00 0.00 Fixed
4 0.00 0.00 Fixed

1.7. Load Data
1.7.1. Load Cases and Combinations

Case Dead Live
Type DEAD LIVE
u1 1.200 1.600

1.7.2. Area Loads

Case/Patt Span Wa
psf
Dead 1 84.28
2 84.28
3 84.28
4 84.28
5 84.28
Live 1 100.00
2 100.00
3 100.00
4 100.00
5 100.00
Live/Odd 1 75.00
3 75.00
5 75.00
Live/Even 2 75.00
4 75.00
Live/S1 1 75.00
2 75.00
Live/S2 2 75.00
3 75.00
Live/S3 3 75.00
4 75.00
Live/S4 4 75.00
5 75.00
1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs
Units Top Bars
Min. Max.
Bar Size #4 #8
Bar spacing in 1.00 18.00

Ecc

in
0.00
2.00

Below

Fixed
Fixed
Fixed
Fixed

Bottom Bars

Min.
#4
1.00

Max.
#8
18.00
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Units
Reinf ratio %
Clear Cover in

Top Bars Bottom Bars
Min. Max. Min. Max.
0.14 5.00 0.14 5.00
0.75 0.75

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

1.8.2. Beams

Units
Bar Size
Bar spacing in
Reinf ratio %
Clear Cover in
Layer dist. in
No. of legs
Side cover in
1st Stirrup in

Top Bars

Min. Max
#4 #8

1.00 18.00

0.14 5.00

0.75

1.00

Bottom Bars

Min. Max.
#4 #8

1.00 18.00

0.14 5.00

1.51

1.00

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

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

for two-way slab systems.

2.1. Strip Widths and Distribution Factors

Notes:

*Used for bottom reinforcement. **Used for top reinforcement.

Width

Span Strip Left * Right **
ft ft ft
1 Column 7.58 7.58 7.58
Middle = 13.25 13.25 13.25
Beam 117 147 1.17
2 Column 7.58 7.58 7.58
Middle 13.25 13.25 1325
Beam 117 1A7 1AT
3 Column 7.58 7.58 7.58
Middle = 1325 13.25 13.25
Beam 1.17 1.17 1.17
4 Column 7.58 7.58 7.58
Middle = 1325 13.25 13.25
Beam 117 1.17 1.17
5 Column 7.58 7.58 7.58
Middle = 1325 13.25 13.25
Beam 1.17 1.17 1.17

Moment Factor

Bottom * Left** Right** Bottom *

0.122  0.122 0.113
0.188  0.188 0.250
0.690  0.690 0.637
0.113  0.101 0.101
0.246  0.327 0.327
0.641 0.572 0.572
0.101 0.101 0.101
0.327 0.327 0.327
0.572  0.572 0.572
0.101 0.113 0.101
0.327  0.246 0.327
0.572  0.641 0.572
0.122  0.122 0.113
0.188  0.188 0.250
0.690  0.690 0.637
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Stirrups
Min. Max.
#4 #5
6.00 18.00
2 6
1.50
3.00
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2.2. Top Reinforcement

Notes:

*3 - Design governed by minimum reinforcement.

*5 - Number of bars governed by maximum allowable spacing.

Span Strip Zone Width Max Ximax A; min A, max A req SPprov Bars
ft kip-ft ft in? in? in? in
1 Column Left 7.58 0.02 0.217 0.983 8.218 0.001 11.375 8-#4 *3'5
Midspan 7.58 0.06 0.402 0.983 8.218 0.003 11.375 8-#4 *3*5
Right 7.58 0.14 0.619 0.983 8.218 0.006 11.375 8-#4 *3'5
Middle Left 13.25 0.03 0.217 1.717 14.360 0.001 11.357 14-#4 *3*5
Midspan 13.25 0.10 0.402 1.717 14.360 0.004 11.357 14-#4 *3*5
Right 13.25 0.22 0.619 1.717 14.360 0.010 11.357 14-#4 *3*5
Beam Left 14T 0.11 0.217 0.372 4.805 0.001 8.664 2-#4 *3
Midspan 147 0.35 0.402 0.372 4.805 0.004 8.664 2-#4 *3
Right 1147 0.79 0.619 0.372 4.805 0.009 2.888 4-#4 *3
2 Column Left 7.58 7.06 0.750 0.983 8.218 0.316 11.375 8-#4 *3'5
Midspan 7.58 0.00 8.750 0.000 8.218 0.000 0.000
Right 7.58 14.23 16.750 0.983 8.218 0.640 11.375 8-#4 *3'5
Middle Left 13.25 15.36 0.750 1.717 14.360 0.688 11.357 14-#4 *3*5
Midspan 13.25 0.00 8.750 0.000 14.360 0.000 0.000
Right 13.25 46.12 16.750 1.717 14.360 2.099 11.357 14-#4 *5
Beam Left 1.17 40.00 0.750 0.632 4.805 0.475 2.888 4-#4 *3
Midspan 1.17 0.00 8.750 0.000 4.805 0.000 0.000
Right 1.17 80.63 16.750 0.887 4.805 0.975 2.166 5-#4
3 Column Left 7.58 12.91 0.750 0.983 8.218 0.580 11.375 8-#4 *3'5
Midspan 7.58 0.15 11.150 0.983 8.218 0.007 11.375 8-#4 *3*5
Right 7.58 12.91 16.750 0.983 8.218 0.580 11.375 8-#4 *3*'5
Middle Left 13.25 41.84 0.750 1.717 14.360 1.900 11.357 14-#4 *5
Midspan 13.25 0.48 11.150 1.717 14.360 0.021 11.357 14-#4 *3*5
Right 13.25 41.84 16.750 1.742 14.360 1.900 11.357 14-#4 *5
Beam Left 1.17 73.14 0.750 0.887 4.805 0.881 2.166 5#4 *3
Midspan 1.17 0.83 11.150 0.372 4.805 0.010 8.664 2-#4 *3
Right 1.17 73.14 16.750 0.887 4.805 0.881 2.166 544 *3
4 Column Left 7.58 14.23 0.750 0.983 8.218 0.640 11.375 8-#4 *3*5
Midspan 7.58 0.00 8.750 0.000 8.218 0.000 0.000
Right 7.58 7.06 16.750 0.983 8.218 0.316 11.375 8-#4 *3*5
Middle Left 13.25 46.12 0.750 1.717 14.360 2.099 11.357 14-#4 *5
Midspan 13.25 0.00 8.750 0.000 14.360 0.000 0.000
Right 13.25 15.36 16.750 1.717 14.360 0.688 11.357 14-#4 *3*5
Beam Left 1.17 80.63 0.750 0.887 4.805 0.975 2.166 5-#4
Midspan 1.17 0.00 8.750 0.000 4.805 0.000 0.000
Right 117 40.00 16.750 0.632 4.805 0.475 2.888 4-#4 *3
5 Column Left 7.58 0.14 0.131 0.983 8.218 0.006 11.375 8-#4 *3'5
Midspan 7.58 0.06 0.348 0.983 8.218 0.003 11.375 8-#4 *3'5
Right 7.58 0.02 0.533 0.983 8.218 0.001 11.375 8-#4 *3'5

68



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

STRUCTUREPOINT - spSlab v10.00 (TM) Page | 9
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/8/2025
F:\StructurePoint\spSlab\DE-Two-Way-Slab-with-Beams-ACI-318-14.slbx 3:55 PM
Span Strip Zone Width Miax Xinax As min As max Asreq Sperov Bars
ft kip-ft ft in? in? in? in
Middle Left 13.25 0.22 0.131 1.7117 14.360 0.010 11.357 14-#4 *3*5
Midspan 13.25 0.10 0.348 1717 14.360 0.004 11.357 14-#4 *3*5
Right 13.25 0.03 0.533 1.7 14.360 0.001 11.357 14-#4 *3*5
Beam Left 1.17 0.79 0.131 0.372 4.805 0.009 2.888 4-#4 *3
Midspan 1.17 0.35 0.348 0.372 4.805 0.004 8.664 2-#4 *3
Right 1.17 0.11 0.533 0.372 4.805 0.001 8.664 2-#4 '3

2.3. Top Bar Details

NOTES:

* - Bar cut-off location does not meet ACI 318, 12.10.5.1. Revise location, unless the requirements of either 12.10.5.2 or 12.10.5.3 are
manually checked and satisfied.

Left Continuous Right
Span Strip Bars Length Bars Length Bars Length Bars Length Bars Length
ft ft ft ft ft
1 Column - --- 8-#4 0.75 - -
Middle - - 14-#4 0.75 - -
Beam - - 2-#4 0.75 1-#4 075 1-#4 0.75
2 Column 5-#4 375 3-#4 1.75 - 5-#4 6.75  3-#4 1.75
Middle 14-#4 3.75 - - 14-#4 6.75 -
Beam 4-#4 4.33 - - 5-#4 7.33 -
3 Column - - 8-#4 17.50 - -
Middle - - 14-#4 17.50 - -
Beam 2-#4 * 4.01 1#4 * 2.59 2-#4 17.50 2-#4 4.01 1#4 * 2.59
4 Column 5-#4 6.75 3-#4 1.75 5-#4 3.75 3-#4 1.75
Middle 14-#4 6.75 - - 14-#4 3.75 -
Beam 5-#4 7.33 - - 4-#4 4.33 -
5 Column -— - 8-#4 0.75 - -
Middle - - 14-#4 0.75 - -
Beam 1-#4 0.75 1-#4 0.75 2-#4 0.75 - -

2.4. Top Bar Development Lengths

Left Continuous Right
Span Strip Bars DevLen Bars DevLen Bars DevLen Bars DevLen Bars DevLen
in in in in in
1 Column - - 8-#4 12.00 - -
Middle - - 14-#4 12.00 - -
Beam - 2-#4 12.00 1-#4 12.00 1-#4 12.00
2 Column 5-#4 12.00 3-#4 12.00 - 5-#4 12.00 3-#4 12.00
Middle 14-#4 12.00 - - 14-#4 12.00 -
Beam 4-#4 12.00 - --- 5-#4 13.87 -
3 Column - - 8-#4 12.00 --- -
Middle - 14-#4 12.00 - -
Beam 2-#4 1254  1-#4 12.54 2-#4 12.00 2-#4 1254 1-#4 12.54
4 Column 5-#4 12.00 3-#4 12.00 - 5-#4 12.00 3-#4 12.00

69



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

STRUCTUREPOINT - spSlab v10.00 (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4

F:\StructurePoint\spSlab\DE-Two-Way-Slab-with-Beams-ACI-318-14.slbx

Span Strip

Middle
Beam

5 Column
Middle
Beam

Bars

14-#4
5-#4

Left
DevLen Bars
in
12.00 -
13.87 -
12.00 1-#4

2.5. Bottom Reinforcement

Notes:

*3 - Design governed by minimum reinforcement.
*5 - Number of bars governed by maximum allowable spacing.

Span Strip

-

Column
Middle
Beam

N

Column
Middle
Beam

w

Column
Middle
Beam

IS

Column
Middle
Beam

o

Column
Middle
Beam

2.6. Bottom Bar Details

Span

-

N

w

N

Strip Bars
Column
Middle -
Beam -
Column 8-#4
Middle = 9-#4
Beam 4-#4
Column 8-#4
Middle = 9-#4
Beam  4-#4
Column  8-#4
Middle = 9-#4
Beam  4-#4

Width
ft

7.58
13.25
1.17

7.58
13.25
1.17

7.58
13.25
1.17

7.58
13.25
1.17

7.58
13.25
1.17

Long Bars
Start Length Bars
ft ft
0.00 17.50  --
0.00 17.50 5-#4
0.00 17.50 -
0.00 1750  --
0.00 17.50 5-#4
0.00 1750 -
0.00 1750 -
0.00 17.50 5-#4
0.00 1750 -

DevLen

12.00

Mmax xnux
kip-ft ft
0.00 0.309
0.00 0.309
0.00 0.309
8.50 8.000
27.55 8.000
48.16 8.000
6.47 8.750
20.96 8.750
36.65 8.750
8.50 9.500
27.55 9.500
48.16 9.500
0.00 0.441
0.00 0.441
0.00 0.441
Short Bars
Start Length
ft ft
0.00 14.88
263 12256
263 14.88

Continuous
Bars DevLen
in
8-#4 12.00
14-#4 12.00
2-#4 12.00
As.mln A'.mn
in? in?
0.000 8.218
0.000 14.360
0.000 4613
0.983 8.218
1.717 14.360
0.797 4613
0.983 8.218
1.717 14.360
0.603 4613
0.983 8.218
1.717 14.360
0.797 4613
0.000 8.218
0.000 14.360
0.000 4.613

Bars

Asreq

in?
0.000
0.000
0.000

0.381
1.242
0.599

0.289
0.942
0.454

0.381
1.242
0.599

0.000
0.000
0.000

Right

DevLen

12.00
12.00

S Perov

0.000
0.000
0.000

11.375
11.357
2.888

11.375
11.357
2.888

11.375
11.357
2.888

0.000
0.000
0.000

8-#4
14-#4
4-#4

8-#4
14-#4
4-#4

8-#4
14-#4
4-#4
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DevLen

*3*5
*3*6

*3*5
*3*5

*3*5
*3*6
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Span Strip

5 Column
Middle
Beam

Span Strip

-

Column
Middle
Beam

N

Column
Middle
Beam

w

Column
Middle
Beam

»

Column
Middle
Beam

(3]

Column
Middle
Beam

2.8. Flexural Capacity

Span Strip

1 Column

Middle

Beam

ft

Comb Pat

U1 All
U1 All
Ut All
Ut All
U1 All
U1 All
U1 All
U1 All
U1 All
U1t Al
U1 All
U1 All
U1 All
U1 All
U1 All
U1t All
U1 All

Long Bars Short Bars
Bars Start Length Bars Start Length
ft ft ft
2.7. Bottom Bar Development Lengths
Long Bars Short Bars
Bars DevLen Bars DevlLen
in in
8-#4 12.00 -
9-#4 12.00 5-#4 12.00
4-#4 12.00 -
8-#4 12.00 -
9-#4 12.00 5-#4 12.00
4-#4 12.00 -
8-#4 12.00 -
9-#4 12.00 5-#4 12.00
4-#4 12.00 -
Top
X Agop  OM,- M-
ft in? kip-ft kip-ft
0.000 1.60 -34.88 0.00
0.217 160 -34.88 -0.02
0.375 1.60 -34.88 -0.05
0402 1.60 -34.88 -0.06
0.619 1.60 -34.88 -0.14
0.750 1.60 -34.88 -0.20
0.000 2.80 -61.04 0.00
0217 280 -61.04 -0.03
0375 280 -61.04 -0.08
0.402 280 -61.04 -0.10
0619 280 -61.04 -0.22
0.750 2.80 -61.04 -0.30
0.000 0.80 -66.58 0.00
0.217 0.80 -66.58 -0.11
0.375 0.80 -66.58 -0.31
0402 0.80 -66.58 -0.35
0.619 0.80 -66.58 -0.79
0.750 0.80 -66.58 -1.12

U1 All

Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Asbot

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

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
0.00
0.00
0.00
0.00
0.00
0.00

Bottom

M.+ Comb Pat
Kkip-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 U1t Al
0.00 U1 Al
0.00 Ut All
0.00 U1 All
0.00 U1 Al
0.00 U1t All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1t All
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Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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Span Strip

2 Column

Middle

Beam

3 Column

Middle

X Asiop

ft in?
0.000 1.60
0.750  1.60
1.750 1.00
2750 1.00
3.750 0.00
6.350 0.00
8.000 0.00
8.750 0.00
10.750  0.00
11.150  0.40
11.750  1.00
15.750  1.00
16.750  1.60
17.500 1.60
0.000 2.80
0.750 2.80
2750 2.80
3.750 0.00
6.350  0.00
8.000 0.00
8.750 0.00
10.750  0.00
11.150 1.12
11.750 2.80
13.875 2.80
14.875 2.80
16.750  2.80
17.500 2.80
0.000 0.80
0.750 0.80
3.333 0.80
4.333 0.00
6.350 0.00
8.000 0.00
8.750  0.00
10.167  0.00
11.150 0.85
11.322  1.00
16.750  1.00
17.000 1.00
17.500 1.00
0.000 1.60
0.750 1.60
6.350 1.60
8.750  1.60
11.150 1.60
16.750  1.60
17.500 1.60
0.000 2.80
0.750 2.80
2625 2.80
3.625 2.80
6.350 2.80

oM,
kip-ft
-34.88
-34.88
-22.06
22.06
0.00
0.00
0.00
0.00
0.00
-8.93
22.06
22.06
-34.88
-34.88
61.04
61.04
61.04
0.00
0.00
0.00
0.00
0.00
24.89
-61.04
-61.04
-61.04
61.04
61.04
-66.58
-66.58
-66.58
0.00
0.00
0.00
0.00
0.00
-70.70
-82.66
-82.66
-82.66
-82.66

-34.88
-34.88
-34.88
-34.88
-34.88
-34.88
-34.88
-61.04
-61.04
-61.04
-61.04
-61.04

Top
M-
kip-ft
-10.78
-7.06
-2.95
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-9.45
-14.23
-18.14
-22.97
-15.36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-8.12
-17.70
-46.12
-59.82
-61.07
-40.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-80.63
-87.84
-102.79

-16.55
-12.91
-0.15
0.00
-0.15
-12.91
-16.55
-53.64
-41.84
-16.97
-9.01
-0.48

Comb Pat

U1 All
U1 All
U1 Even
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1t All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
Ut All
U1 All
U1 All
u1 All
U1 All
U1 All
U1 Odd
Ut All
U1 All
Ut All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1t All
U1 All
U1 All
U1 All
U1 All

U1 All
U1t All
U1 Even
U1 All
U1 Even
U1 All
U1 All
U1 All
U1t All
u1 All
U1 s1
U1 Even

Status

Asbot
in?
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
1.80
1.80
1.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.80
1.80
1.80
2.80
2.80

OM,,+

kip-ft
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
39.69
39.69
39.69
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86

34.88
34.88
34.88
34.88
34.88
34.88
34.88
39.69
39.69
39.69
61.04
61.04

Bottom

M,+ Comb Pat
kip-ft

0.00 U1 All
0.00 U1t All
0.00 U1t All
0.83 U1t All
3.52 U1 All
7.81 U1 All
8.50 U1 All
8.29 U1t All
6.46 U1 Even
5.94 U1 Even
5.02 U1 Even
0.00 U1 All
0.00 Ut All
0.00 U1t All
0.00 U1t All
0.00 u1 Al
2,68 U1 All
11.41 U1 All
25.30 U1 All
27.55 U1 All
26.87 U1 All
20.94 U1 Even
19.25 U1 Even
16.26 U1 Even
1.02 U1 Even
0.00 U1 All
0.00 U1t All
0.00 Ut Al
0.00 U1 All
0.00 U1 All
13.97 U1 All
27.31 U1 Al
4423 U1 All
48.16 U1 All
46.98 ut Al
40.07 U1 Even
33.65 U1 Even
32.25 U1 Even
0.00 U1 All
0.00 U1t All
0.00 Ut All
0.00 U1t All
0.00 U1t All
5.05 U1 Odd
6.47 U1 Odd
5.05 U1 Odd
0.00 U1 All
0.00 U1 All
0.00 U1t All
0.00 U1 All
0.00 U1 All
1.12 U1 83
16.37 U1 Odd

Page | 12
5/8/2025
3:55 PM

Status

72



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

STRUCTUREPOINT - spSlab v10.00 (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4
F:\StructurePoint\spSlab\DE-Two-Way-Slab-with-Beams-ACI-318-14.slbx

Span Strip

Beam

4 Column

Middle

Beam

8.750
11.150
13.875
14.875
16.750
17.500

0.000

0.250

0.750

1.542

2.587

2.963

4.008

6.350

8.750
11.150
13.492
14.537
14.913
15.958
16.750
17.250
17.500

0.000
0.750
1.750
5.750
6.350
6.750
8.750
9.500
11.150
13.750
14.750
15.750
16.750
17.500
0.000
0.750
2625
3.625
5.750
6.350
6.750
8.750
9.500
11.150
13.750
14.750
16.750
17.500
0.000
0.500

0.80
0.80
0.40
0.40
0.40
0.40
0.40
0.80
0.80
1.00
1.00
1.00
1.00

1.60
1.60
1.00
1.00
0.40
0.00
0.00
0.00
0.00
0.00
1.00
1.00
1.60
1.60
2.80
2.80
2.80
2.80
2.80
1.12
0.00
0.00
0.00
0.00
0.00
2.80
2.80
2.80
1.00
1.00

oM,

kip-ft
61.04
61.04
-61.04
-61.04
-61.04
61.04
-82.66
-82.66
-82.66
-82.66
-66.58
-66.58
-33.75
-33.75
-33.75
-33.75
-33.75
-66.58
-66.58
-82.66
-82.66
-82.66
-82.66

-34.88
-34.88
-22.06
-22.06
-8.93
0.00
0.00
0.00
0.00
0.00
-22.06
-22.06
-34.88
-34.88
-61.04
-61.04
-61.04
-61.04
-61.04
-24.89
0.00
0.00
0.00
0.00
0.00
-61.04
-61.04
-61.04
-82.66
-82.66

Top
M-
kip-ft
0.00
-0.48
-9.01
-16.97
-41.84
-53.64
-93.78
-86.70
-73.14
-53.37
-30.43
-23.03
-12.84
-0.83
0.00
-0.83
-12.84
-23.03
-30.43
-53.37
-73.14
-86.70
-93.78

-18.14
-14.23
-9.45
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-2.95
-7.06
-10.78
-59.82
-46.12
-17.70
-8.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-15.36
-22.97
-102.79
-87.84

Comb Pat

U1 All
U1 Even
U1 s4
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1t All
U1 All
U1 All
U1 s1
U1 Even
U1 All
U1 Even
U1 s4
U1 All
Ut All
U1 All
U1 All
u1 All
U1 All

U1 All
Ut All
U1 All
Ut All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 Even
U1t All
U1 All
U1 All
U1 All
U1 All
U1 Odd
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1t All
u1 All
U1 All
U1 All

Status

OK
OK
OK
OK

Asbot
in?
2.80
2.80
2.80
1.80
1.80
1.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.60
1.80
1.80
1.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
0.80
0.80

OM,,+

kip-ft
61.04
61.04
61.04
39.69
39.69
39.69
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86

34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
34.88
39.69
39.69
39.69
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
61.04
63.86
63.86

Bottom

M,+ Comb Pat
kip-ft
20.96 U1 Odd
16.37 U1 Odd
1.12 U1 s2
0.00 U1t All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1t All
0.00 U1t All
0.00 U1 All
0.00 U1t All
0.00 U1 All
6.74 U1 S3
28.61 U1 Odd
36.65 U1 Odd
28.61 U1 Odd
6.74 U1 s2
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 Ut All
0.00 U1t All
0.00 U1 Al
0.00 U1t All
0.00 U1t All
5.02 U1 Even
5.94 U1 Even
6.46 U1 Even
8.29 U1 All
8.50 U1 Al
7.81 U1 All
3.52 U1 All
0.83 ut Al
0.00 U1t All
0.00 U1t All
0.00 U1 All
0.00 U1 All
0.00 U1t All
0.00 Ut All
1.02 U1 Even
16.26 U1 Even
19.25 U1 Even
20.94 U1 Even
26.87 U1 All
27.55 U1t All
25.30 U1 All
11.41 U1 All
2.68 U1t All
0.00 U1 All
0.00 U1 All
0.00 U1 Al
0.00 U1 All
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Status

OK
OK
OK
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Span Strip

2.9. Longitudinal Beam Transverse Reinforcement Demand and Capacity
2.9.1. Section Properties

5 Column

Middle

Beam

Span

a s WN =

d

in
18.24
18.24
18.24
18.24
18.24

X Asiop

ft in?
0.750  1.00
6.178 1.00
6.350 0.85
7.333  0.00
8.750  0.00
9.500 0.00
11.150 0.00
13.167  0.00
14.167 0.80
16.750 0.80
17.500 0.80
0.000 1.60
0.131  1.60
0.348 1.60
0.375 1.60
0.533 1.60
0.750 1.60
0.000 2.80
0.131 2.80
0.348 2.80
0.375 2.80
0.533 2.80
0.750 2.80
0.000 0.80
0.131  0.80
0.348 0.80
0.375 0.80
0.533 0.80
0.750 0.80

(AV/S)min
in?/in
0.0117
0.0117
0.0117
0.0117
0.0117

oM,
kip-ft
-82.66
-82.66
-70.70
0.00
0.00
0.00
0.00
0.00
-66.58
-66.58
-66.58

-34.88
-34.88
-34.88
-34.88
-34.88
-34.88
-61.04
-61.04
-61.04
-61.04
-61.04
-61.04
-66.58
-66.58
-66.58
-66.58
-66.58
-66.58

OV,

kips
24.23
24.23
24.23
24.23
24.23

Top

M-
kip-ft
-80.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-40.00
-61.07

-0.20
-0.14
-0.06
-0.05
-0.02

0.00
-0.30
-0.22
-0.10
-0.08
-0.03

0.00
-1.12
-0.79
-0.35
-0.31
-0.11

0.00

Comb Pat

U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All

U1 All
U1 All
U1 All
U1 All
Ut All
Ut All
Ut All
U1 All
U1 All
U1 All
U1 All
U1 All
U1 All
Ut All
U1 All
U1t All
U1 All
U1 All

2.9.2. Beam Transverse Reinforcement Demand

Notes:

*8 - Minimum transverse (stirrup) reinforcement governs.

Span

Start
ft
0.000

1.000
4122
5.973

End
ft
0.000

4.122
5973
7.824

Xu
ft
0.000

2270
4.122
5.973

Required

V, Comb/Patt A/ls
kips in?in
0.00 U1/All 0.0000
32.32 U1/All 0.0099
21.68 U1/All 0.0000
11.37 U1/Even 0.0000

Demand
A/ls
in%in
0.0000
0.0117 *8

0.0117 *8
0.0000

Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Asbot

in?
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

oM, +
kip-ft
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86
63.86

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Bottom

M.+ Comb Pat
kip-ft

0.00 U1 All
32.25 U1 Even
33.65 U1 Even
40.07 U1 Even
46.98 U1 All
48.16 U1 All
44.23 U1 All
27.31 U1t All
13.97 U1t All
0.00 U1 All
0.00 U1t All
0.00 Ut All
0.00 U1t All
0.00 U1t All
0.00 u1 Al
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 U1 All
0.00 Ut All
0.00 u1 Al
0.00 U1 Al
0.00 u1 Al
0.00 U1t All
0.00 U1t All
0.00 Ut Al
0.00 U1 All
0.00 U1 All
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Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
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Span Start
ft

7.824

9.676

11.527
13.378

3 1.000
4.122
5.973
7.824
9.676

11.527
13.378

4 1.000
4.122
5.973
7.824
9.676

11.527
13.378

5 0.750

2.9.3. Beam Transverse Reinforcement Details
Span Size Stirrups (2 legs each unless otherwise noted)

End

ft
9.676
11.527
13.378
16.500

4.122
5.973
7.824
9.676
11.527
13.378
16.500

4.122
5.973
7.824
9.676
11.527
13.378
16.500

0.750

Xy

ft
9.676
11.527
13.378
15.230

2270
4.122
5.973
9.676
11.527
13.378
15.230

2270
4.122
5.973
7.824
11.527
13.378
15.230

0.750

Required
V., Comb/Patt

kips
10.23
20.86
31.50
42.14

37.23
26.59
15.95

6.78
15.95
26.59
37.23

42.14
31.50
20.86
10.23
11.37
21.68
32.32

0.00

U1/All
U1/All
U1/All
U1/All

U1/All
U1/All
U1/All
uU1/83
U1/All
U1/All
U1/All

U1/All
U1/All
U1/All
U1/All
U1/Even
U1/All
U1/All

U1/All

#4 8@80+<-444->+10@ 86

10 @8.6 +<-222-->+10 @8.6

#4 10@86+<-444->+8@8.0

1 #5 --None ---
2

3 #4

4

5 #5 --None -—-

Als
in?in
0.0000
0.0000
0.0089
0.0218

0.0158
0.0029
0.0000
0.0000
0.0000
0.0029
0.0158

0.0218
0.0089
0.0000
0.0000
0.0000
0.0000
0.0099

0.0000

Demand

A/ls
in?in
0.0000
0.0117
0.0117
0.0218

0.0158
0.0117
0.0117
0.0000
0.0117
0.0117
0.0158

0.0218
0.0117
0.0117
0.0000
0.0000
0.0117
0.0117

0.0000

2.9.4. Beam Transverse Reinforcement Capacity

Notes:

*8 - Minimum transverse (stirrup) reinforcement governs.

Span

Start
ft
0.000

0.000
1.000
5973
9.676
16.500

0.000
1.000
7.824
9.676
16.500

0.000

End

ft

0.750

1.000
5.973
9.676
16.500
17.500

1.000
7.824
9.676
16.500
17.500

1.000

xu
ft
0.000

2.270
2.270
5.973
15.230
15.230

2.270
2.270
9.676
15.230
15.230

2.270

vll
kips
0.00

32.32
32.32
11.37
42.14
4214

37.23
37.23

6.78
37.23
37.23

42.14

Required

Comb/Patt

U1/All

U1/All
U1/All
U1/Even
U1/All
U1/All

U1/All
U1/All
U1/s3
U1/All
U1/All

U1/All

A/Js
in?/in

0.0099
0.0000
0.0218

0.0158
0.0000
0.0158

Sp

Provided
A/ls
in?/in

0.0503

0.0464

0.0464

0.0464
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