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Two-Way Joist Corcrete Slab Floor (Waffle Slab) System Analysis and DesigfACI 318-14)

Design the concrete floor slab system shown below for an intermediate floor with partition weight of 50 psf, and
unfactored live load of 100 psf. The lateral loads are independently resisted by shear walls. A flat plate system will be
considered first to illustrate the impact longer spans and heavier applied loads. A waffle slab system will be
investigated since it is economical for longer spans with heavy loads. The dome voids reduce the dead load and
electrical fixtures can be fixed in the voids. Waffystem provides an attractive ceiling that can be left exposed when
possible producing savings in architectural finishes. The Equivalent Frame Method (EFM) shown in ACI 318 is used
in this exampleThe hand solution from EFM is also used for a detailed comparisorth&ithodelresultsof spSlab

engineering software prografitom StrucureRoint.
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Code
Building CodeRequirements for Structural Concrete (ACI 313 and Commentary (ACI 318R4)
References
1 Concrete Floor System&(ideto Estimating and Economizing), Second Edit@002 David A. FanellaPortland

Cement Association

1 Notes on ACI 318.1 Building Code Requirements for Structural Concréteelfth Edition, 2013 Portland

Cement Association.

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

1 Control of Deflection in Concrete Structures (M35R95), American Concrete Institute

f Structural Concrete Theory and Desigff, Edition, 2015, Nadim Hassoun and Akthem-Mhanaseer, Wiley
Example 17.12

1 spSlabEngineering Software Program ManwaD.00, STRUCTUREPOINT 224

1 ATwo-Way Flat Plate Concrete Floor SysterAnalysis and Design (ACI 3184) Design, Exampl
STRUCTUREPOINT 205

7 fiTwo-Way Flat Slab (Concrete Floor with Drop Panels) System Analysis and Design (AQUXI18 Desi gn
Example STRUCTUREPOINT 205

1 fiTwo-Way Concrete FlooSlab with BeamsSystem Analysis and Design (ACI 3180 Desi gn, Exampl
STRUCTUREPOINT 205

1 ContactSupport@StructurePoint.or® obtain supplementary materialspElab models: DE-Two-Way-Joist
Waffle-SystemACI-318-14.sltx)

Design Data

Story Height= 13 ft (provided byarchitectural drawings)

Superimposed Dead Loa8DL = 50 psffor Framewalls, hollow concrete masonry unit wythe, 12 in. thick, 125
pcf unit density, with no grout ASCE/SEI 710 (TableC3-1)

Live Load LL =100 psffor Recreational usésGymnasiums ASCE/SEI 710 (Table 41)

f.6= 5,000psi (for slab
f:6= 6,000psi (for columns)

fy = 60,000psi
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1. Notations

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

a = depth of equivalent rectangular stress block, in.
A, = area of an individual bar or wire, #n.
Ay = gross area of concrete section? For a hollow sectiondy is the area of the concrete only and does not

include the area of the void(s)

F
1

area of nonprestressed longitudinal tension reinforcemeht, in.

Asmin=minimum area of flexural reinforcement,an.

b = width of compression face of member, in.
b, = perimeter of critical section for twavay shear in slabs and footings, in.
b, = width of cross section at contact surface being investigated for horizontal shear, in.

= web width or diameter of circular section, in.

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

determined, in.

b, = dimension of the critical sectidn measured in the direction perpendiculabtain.

¢ = distance from extreme compression fiber to neutral axis, in.

Cc = clear cover of reinforcement, in.

¢ = dimension of rectangular or equivaleattangular column, capital, or bracket measured in the direction

of the span for which moments are being determined, in.

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

perpendicular ta;, in.

C = crosssectional constant to define torsional properties of slab and beam

d = distance from extreme compression fiber to centroid of longitudinal tension reinforcement, in.

d» = nominal diameter of bar, wire, or prestressing strand, in.

E. = modulus of elasticity of concrete, psi

Ecs = modulus of elasticity of slab concrete, psi

Es = modulus of elasticity of reinforcement and structural steel, excluding prestressing reinforcement, psi
f¢ = 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.
hy = height of entire wall from base to top, or clear height of wall segment or watlgrisidered, in.
I = moment of inertia of gross section of beam about centroidal axis, in.
le« = moment of inertia of cracked section transformed to concrete, in.
le = effective moment of inertia for calculation of deflection?in.
lg = moment ofinertia of gross concrete section about centroidal axis, neglecting reinforcentent, in.
Is = moment of inertia of gross section of slab about centroidal axis, in.
Ki = torsional stiffness of member; moment per unit rotation
I = span length of beam or ome&y slab; clear projection of cantilever, in.
In = length of clear span measured fagdace of supports, in.
1 = length of span in direction that moments are being determined, measuredaenteer of supports, in.
I, = length of span in direction perpendiculattomeasured centéo-center of supports, in.
Ma = maximum moment in member due to service loads at stage deflection is calculdbed, in.
Mg = cracking moment, iAlb
Msc = factored slab moment that is resisted by the columrjaattain.-lb
My = factored moment at section,-ii.
M, = total factored static moment, it
n = number of items, such as, bars, wires, monostrand 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 negative for tension, Ib
Oou = factored dead load per unit area, f/ft
gw = 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 = maximum factored twavay shear stress calculated around the perimeter of a given critical section, psi
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Ve
Vh
Vs
Vu
We

Wt

by

Lo

nominal sheastrength provided by concrete, Ib

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 densitigbfweight concrete, Ibft
distance from centroidal axis of gross section, neglecting reinforcement, to tension face, in.

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 section to flexural stiffness of a width of slab equal to span length

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 fraction\f; transferred by slab flexure at stablumn connections
factor used to determine the fractioMbf 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.Preliminary Flat Plate (without Joists)

2.1.1. SlabMinimum Thicknessi Deflection
ACl 31814 (8.3.1.1)

In lieu of detailed calculation for deflections, ACI 318 Code gives minimum slab thickness fovatyvo

construction without interior beamsTiable8.3.1.1

For flat plate slalsystemthe minimum slab thickness p&€l 31814 are:

376

Exterior Panelsh, = :Ig_no -—-% F2.53in. ACI 31814 (Table 8.3.1.1)

But not less than 5 in ACI 31814 (8.3.1.1(a))
. I, _376 :

Interior Panelsh, ZE% =§ H.39in. 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 directe@3 x 127 20=376in.

Usel3in. slab for all panels (selfeight= 150 pcfx 13in. /12 =162.50 psf)
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2.1.2. Slab Shear Strength T One Way Shear

Evaluate the average effective deffy(ire?2):

d=h -G ¢ d—zb 13=0.75 0.750'—275 - 11.1345

dI :r‘g “Colear & 13 0.5 0_7§ 11.88ir
2 2

_d +d 11.13+11.88

d
9 2 2

F1.50 in

Where:

Cclear = 3/4 in.for # 6 steelbar ACI 31814 (Table 20.6.1.3.1)

dy = 0.75 in. for #6 steel bar

T ¢

dt:l 188 in. dm'gil 1.50 in. dl;_l 1.13 in.

J

Figure2i Average Effective Deptfor Flat Plate

Factored dead load, q,, =1.20 3(162.50 +£0.00) 255.00

Factored live load, g, =1.60 3100.00 60.00 p. ACl| 31814 (5.3.1)

Total factored load, ¢, =255.00 +160.00 =415.00 p
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Check theadequacy of slab thickness for beam action-{wag shear) ACI 31814 (22.5)

At an interior column:

Consider a 12n. wide strip. The critical section for omeay shear is located at a distacérom the face of

support (se€&igure3):
Tributary area for ongvay shear is

_&33 20 1150g 12

=822 28 2oV 5C 1471
82 2212 12 H12

Af ributary

V, =0, Ay G415 1871 670 kif

V,=2 % §fj b, °d ACI 31814 (Eq.22.5.5.1)
Wherea= 1 for normal weight concrete mor e i nf or mat iConoretecTape Clhseificaicmu nd i n
BasedonUnitDensity t echni cal article.

fV,=0.7532.0 1.0./35,000 12%—8 1464 kipsv, >6.16-k

Slab thickness af3in. is adequate for onway shear.

[~ 166" ——f—— 166" ———~

14 71—

16-6"
W0 =
0 ]
2ot
= == dype = 11.50"
16-6"

Figure3i Critical Section for On&Vay Shear
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2.1.3. Slab Shear Strength T Two-Way Shear
Check the adequacy of slab thickness for punching sheam(@yashear) at an interior colunfRigure4):

Tributary area fotwo-way shear is

o 2,
Afributary = (33 333) %?%0 8 1;08211&

V, =0, Ay, G415 13082.11 449.08 ki

V.=4 73 §fj b d (For square interior column) ACI 31814 (Table 22.6.5.2(a))

V=473 J5000 (4 (20 115) %%’ 40984 ki

V. =0.753409.84 =307.38 kipsVi<  449.08 k

Slab thickness ofdlin. is not adequate for twaway shearThis is expected as the sateight an applied loads

are very challenging for a flat plate system.

166" -|= 16-6" ———

16-6"
31:50" = |—-—%
=¥ 7 7
1 og 7 575" i i_ J:
2 A A
f Lo
l6?_61l

Figure4 i Critical Section for TwéWay Shear
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In this case, four optionsan be consideredl) to increase the slab thickndssther, 2) use headed shear
reinforcement in the slaB) apply drop panels at columns,frusetwo-way joist slab systenin this example,
the latter option will be used to achieve better understanding for the designwhtwoist slaboften called

two-way ribbed slab or waffle slab
Check heapplicable joistlimensioml limitationsas follows:

1) Width of ribs shall be at least 4 in. at any location along the depth. AC| 31814 (9.8.1.2)

Use ribs with 6 inwidth.

2) Overall depth of ribs shall not exceed 3.5 times the minimum width. ACI 31814 (9.8.13)
3.5 1 6 in. = 21 in. Y Use ribs with 14 in. depth.
3) Clear spacing between ribs shall not exceed 30 in. ACI 31814 (9.8.14)

Use 30 in. clear spacing.

4) Slabthickness (with removable forms) shall be at least the greater of: ACl 31814 8.8.3.2

a) 1/12 clear distance between ribs = 1/12 x 30 = 2.50 in.

b) 2in.

Use a slab thickness of 3.00 in2.9 in.

| 36.00" |

%

|=-8.33" = 3.00"

f

=—8.33" =

14.00"

—{ 6.00" = 30.00" = 6.00" |=—

Figure5i JoistsDimensions
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In waffle slabs a drop panel is automatically invoked to guarantee adequateaywpunching) shear

resistance at column supports. This is evident from the flat plate check conducted using 13 in. indicating

insufficient punching shear capacity above. Chiekdrop panel dimensional limitations as follows:

1) The drop panel shall project below the slab at leasfaumth of the adjacent slab thickness.

2)

ACI 31814 8.2.4(a)

Since the slab thickneds\( 1 calculatedm page 1his document) is 12 in., the thickness of the drop panel
should be at least:

hap,min=0.25 xhy = 0.25 x 12 = 3.00 in.

Drop panel depth are also controlled by the rib depth (both at the same level). For nominal lumber size (2x),
hap = hiip = 14.00 in. >hgp min= 3.00 in.

The total thickness including the actual slab and the drop panel thickgeshs(+ hgy = 3.00 + 14.00 =

17.00 in.

The drop panel shall extend in each direction fthmcenterline of support a distance not less than one
sixth the span length measured from cetderenter of supports in that direction.
ACI 31814 (8.2.4(b))

Il,dp_min:% q1 ‘% |13 %:33 3% 3‘B 131003f
I2,dp_min:% :12 %— |23 %:33 3% 3‘B 13100:t

Usel,y, =, 22.00 ft 134 | 1100 f

2,=dp_ min

Based on the previous discussiBimure6 shows the dimensions of the seledi@d-way joist system

10
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_] [] 150.00"
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~——85.00"

-~ 85.00" 150.00" ——=
85.00" 85.00" —

33.00'
S - A

— [~—20.00"

86.17"~—‘ r»152.33"
-~ |==20.00"| |
0

17.00"] U U U U U U \ 17.' 0" {_
-—65.00";‘ }765.00"——- ~— 65.00" ——
85.00" | 150.00" —=|

Figure6i Two-Way Joist (Waffle) Slab
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2.2.Preliminary Two -Way Joist Slab (Waffle Slab)

For slabs with changes in thickness and subjected to bending in two directions, it is necessary to check shear at

multiple sections as defined in tA€I 318-14. The critical sections shall be located with respect to:

1) Edges or corners of columns. ACI 31814 (22.6.4.1(a))

2) Changes in slab thickness, such as edges of drop panels. ACI 31814 (22.6.4.1(b))

2.2.1. Slab Minimum Thicknessi Deflection
ACI 31814 (8.3.1.1)

In lieu of detailed calculation for deflections, ACI 318 Code gives minimum slab thickness fovatyvo

construction without interior beamsTrable 8.3.1.1

For this slab systepthe minimum slab thicknesses petl 318-14 are:

Exterior Panelsh, :% % EL.39in. ACI| 31814 (Table 8.3.1.1)

But not less thad in. ACI 31814 (8.3.1.1(b))
. [, 376 :

Interior Panelsh, :3—”6 -—-% ¥0.44in ACI 31814 (Table 8.3.1.1)

But not less thad in. ACI 31814 (8.3.1.1(b))

Wherel, = length of clear span in the long direction3x31271 20= 376in.

For the purposes of analysis and design, the ribbed slab will be replaced with a solid slab of eqovadernt

of inertia, weight, punching shear capacity, andwag sheacapacity

The equivalent thickness based on moment of inertia is used to find slab stiffness considering the ribs in the
direction of the analysis only. The ribs spanning in the transverse direction are not considered in the stiffness

computations. This thicknedsy, is given by:

Q 13 13
al12s3 | 0 34123 . .
R :Eu . rib 6 :gé'z 53]('334 878 F2.00 in. spSlab Software ManuglEqg. 2-11)
rib - .
Where:

liv = Moment of inertia of one joist section between centerlines of ribg-{gae=7).

bib = The centetto-center distance of two ribs (clear rib spacing plus rib width)Kggee7).

12



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

Sincehy = 12.00 in. >hmin = 11.39 in., the deflection calculation can be neglected. However, the deflection

calculation will be included in this example for comparison withst®labsoftware results.

The drop panel depth for taway joist (waffle) slab is set equal to the rib depth. The equivalent drop depth
based on moment of inertidy, is given by:

=h, *H, .00 500 1700 il spSlab Software ManualEg. 212)

Where

hip = 3.00 + 14.00 12.00 = 5.00 in.

| b, = 36.00" |
= 541"
r y

I,,=513487 in*

Figure7 i Equivalent Thickness Based on Moment of Inertia

Find system selfveight using the equivalent thickness based on the weight of individual components (see the

Figure8). This thicknesd, is given by:

V., 66.037

h, :AHLW _—.99_000 8005 in. spSlab Software ManudlEq. 2-10)
od "
Where:

Vmod = The Volume of one joist module (the transverse joists are includédoists in the frame strip).

=V, ' A

Longitudinal Joist Transverse Joists feetion between Jois!

Vi ongiudinal Jo6 SGG"LTW’M 00 3.00 36. ooo( 33.00 120 4773
¢

VTransverse Joists 11 %6-'-—2833 2400 8 3600 2—2993‘:
C -
86°+8.33
Vlmersection between Joists~ F11% a?T 24 OO O 470 ﬁ
¢

13
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V, o =47.74 +22.99 -4.70 66.04>

Anod = The plan area of one joist module = 33 x 36/12 = 99200 ft
Self-weightfor slab section without drop parell50 pcfx 8.00in. /12 =100.057 psf

Selfweight forslab section with drop panel150pcf x (14.00 + 3.00 8.00)in. /12 =112.443 psf

Figure8i Equivalent Thickness Based on the Weight of Individual Components

14
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2.2.2. Slab Shear Strength T One Way Shear

For critical section at distancfrom the edge of the column (slab section with drop panel):

Evaluate the average effective depth:

d=h -q. € 929 1760 0.75 0.750'775- 15.134

d =h -Cua % 1Z00 0.75£§ 15.88 i
2 2

_d+d 15.13+15.88

A, E5.50 in
2 2
Where:
Cclear = 3/4 in. for # 6 steddar ACI 31814 (Table 20.6.1.3.1)

dy = 0.75 in. for # 6 steel bar

hs = 17.00 in. = The drop depth)

/) 0 0
%’///////////////////%V//////////////////////%%///////////f/%

d=1588in. g 1550 in. d=1513 i
N

Figure9i Average Effective Deptfor Slab Section with Drop Panel

Factored dead load, q,, =1.20 3(150 17.00/12 %0.00) 315.00 |

Factored live load, ¢, =1.60 100.00 =160.00 p: ACI 31814 (5.3.1)

Total factored load, ¢, =315.00 +160.00 =475.00 p

15
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Check the adequacy of slab thickness for beam actiorvwageshearfrom the edge of the interior column
ACI 31814 (22.5)

Consider a 12n. wide strip. The critical section for oeay shear is located at a distad¢cérom theedgeof

the column(seeFigure10)

Tributary area for ongvay shear is

_¢&33 20 15504 12

=92 _3° 14381t
g2 212 12 H12

AT ributary

V, =0, *Ajpuay G475 13.38 683kir

V,=2 7% §fj b, *d ACI 31814 (Eq.22.5.5.1)

Wherea= 1 for normal weight concrete

fV,=0.7532 3.0 /35,000 12%8 1973 kipsV, >6.83k

Slab thickness is adequate for emay sheafor the first critical section (from the edge of the column)

| 16-6" | 166" ———~

14,38 ———>

16'-6"

r- 7 - — 7

l |

| 270" — |

& ] )—I |

l |

| 20” j |

| |

[N N |
16'-6" ~= l=—d,.=1550"

FigurelQi Critical Sectiomat Distanced from the Edge of theColumnfor OneWay Shear

16
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For critical section at the edge of the drop panel (slab section without drop panel):

Evaluate the average effective depth

d=h -G ¢ d—zb 12=0.75 0.750'775 - 10.1345

dI :r‘g “Colear & 12 0.5 0_7§ 10.88 ir
2 2

_d +d 10.13+10.88

d,, ¥0.50 in
9 2 2
Where:
Celear = 3/4 in. for # 6 steel bar ACI 31814 (Table 20.6.1.3.1)

dp=0.75 in. for # 6 steel bar

7 () () |
di=10.88in. g, =1050in.  4,-10.13 in.

| | |

Figurelli Average Effective Depth for Slab Section without Drop Panel

Factored dead load, g, =1.20 3(100.057 450.00) £80.07 ¢

Factored live load, g, =1.60 3100.00 =160.00 p: ACI 31814 (5.3.1)

Total factored load, ¢, =180.07 +160.00 =340.07 p
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Check the adequacy of slab thickness for beam actiorwageshear) from the edge of the interior drop panel
ACI 31814 (22.5)

Consider a 12n. wide strip. The critical section for omeay shear is located #te face othe solid headsee

Figurel?)

Tributary area for neway shear is

A’ributary = e33 _12 g }2 1@:50 ﬁ'2

€2 2 H12
V, =0, Ay &340 10.50 357 ki

V,=2 3% §fjs b, d ACI 31814 (Eq. 22.5.5.1)

Wherea= 1 for normal weight concrete

fV,=0.7532.0 1.0 435,000 12%8 1336 kipsv, >3.5Fk

Slab thickness of2lin. is adequate for onsay sheafor the second critical sectioatthe edge of the drop

panel).

- J_6P_6II —_}__‘ 161_6” __I

=——"10"-6" —

16'_6"
120" ——
T or——————1
|
|
|
‘ ' "
I 12'-0 : L]
|
| R S
16'_6"

|

Figurel2i Critical Sectiomat theFace of theDrop Panelfor OneWay Shear
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2.2.3. Slab Shear Strength T Two-Way Shear

For critical section at distanci?2 from the edge of the column (slab section with drop panel):

Check the adequacy of slab thickness for punching sheam@yshear) at an interior columhigure13):

Tributary areaf two-way sheafor the slab without the drop panel is
Al'ributary_l = (33 333) ('12 122 945.00 %

Tributary areaf two-way sheafor the slab with the drop panel is:

o 2,
Al'ributary 2 = (12 312) &?%0 8 13525 ﬁ
_ Q 9

V, =0, *Auay &340 98500 0475 13525 385.61k

V,=4 3 §fi b d (For square interior column) ACI 31814 (Table 22.6.5.2(a))

V,=432.0 {5000 (4( 20 15450 iso'gg 622:54 ki

V. =0.753622.54 466.90 kipsV> 385.61k

Slab thicknesgs adequate for twavay sheafor the first critical section (from the edge of the column).

-~ 16-6" = 16-6" ———]

16-6"
" 7 7 7 F 777 A
| |
| 435 50"
s
r | Inige
| L] |
| j I M:‘??gn
- ") - .
3550 2
Vv »~ L LA S L L |
16-6"

F_

Figurel3i Critical Sectiomatd/2 from theEdge of theColumnfor Two-Way Shear

19



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

For critical section at the edge of the drop panel (slab section withoupainep):

Check the adequacy of slab thickness for punching sheam(@yshear) at an interior drop panéigure14):

Tributary area for twavay shear is

° 2,
—(3333) &2 10900 935937
ributary 12 (0]

(; -

V, =0, Avpuay &340 92323 3%3.96 kij

V.=4 73 §fj b d (For square interior column) ACI 31814 (Table 22.6.5.2(a))
B 10.5Q
V,=473.0 5,000 (4 ( M4 104 1,835.37 k

1,000
V. =0.7531835.37 =,376.52 kipsV>>  313.96 k

Slab thickness of2lin. is adequate for twavay shear for the second critical section (from the edge of the

drop panel).
}__7 16'_6" __}__ 16t_6" __I
1
16'-6" = 154 50—
1 F DRSS s ﬂ
|1 I
|1 I
r I I
- 154.50"1 [] I
I I
I I P,
| S
. Il__ e S s — ﬂ
16'-6" 525" T
1

Figurel4i Critical Sectiomatd/2 from theEdge of theDrop Panelfor Two-Way Shear
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2.2.4. Column Dimensions- Axial Load
Check the adequacy of column dimensions for axial load:

For live load, superimposed dead load, andwseifjht of the slalaround an interior column:
g, =340.07 psl (seeon page 1y

Aoy =33 333 £089.00 H

For selfweight of additional slab thickness due to the presence of the dropapamed] an interior column;

g, =475.00 - 340.07 =134.93 p(seeon page 1@andon page 1y

Arributary =12 %12 £44.00 ft

Assuming bur story building

P=n3% A, 4=(0340 1,089.00 0.135 14400 1,559.06

Assume 20 in. square column witB1 No. 11 vertical bars with design axial strengtt,, maxOf

fRmax=08037 ¢0.85 f3 &7 A} f, A ACI 31814 (22.4.2)

fP, e =0.80 30.65 (30.85 6,0000 20 20 12- 1)56 60,800 12 §.56598.22 kip:
fP . =159522 kips>P, =1,559.06 ki

n,max

Column dimensions &0in. x 20in. are adequate for axial load.

21



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

3. Flexural 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 serviceabdiiyeriaare satisfiedDistinction of twesystemdgrom one
way systems is given ACI 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 witfTbedol®wing
sectionsoutline the solution per EFMndspSlabsoftware For the solution per DDM, check tiiewo-Way Flat
Plate Concrete Floor Systelmalysis and Design (ACI 3184)0 Design Example

3.1. Equivalent Frame Method (EFM)

EFM is the most comprehensive and detailed procedure provided by the ACI 318dnalyss andlesign of
two-way slab system&here the structure is modeled &geries oequivalent frameginterior and exteriorpn

column lines taken longitudinally and transversely through the building.

The equivalent frame consists thfee partgfor a detailed discussion of this method, refefiforo-\Way Flat
Plate Concrete Floor Systehmalysis and Design (ACI 3184)0:

1) Horizontal slabbeamstrip.
2) Columns or other vertical supporting members

3) Elements of the structurglrorsional membersphat provide moment transfer between the horizontal and

vertical members
3.1.1. Limitations for Useof Equivalent Frame Method

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 lootyitinginal
and transverse directions of the floor ACI 31814 8.11.2.2

Panels shall be rectangulavith a ratioof longer to shortepanel dimensions, measured ceittecente of
supports, not to exceed 2. ACI 31814 8.10.2.3
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3.1.2. Frame Members ofEquivalent Frame

Determine moment distribution factors and fixetl moments for the equivalent frame members. The moment
distribution procedure will be used to analyzedhaivalenframe. Stiffness factolg carry over factors COF,
and fixedend moment factors FEM for the slabams and column members are determined usingdetign

aidstables afAppendix 20A of PCA Notes on ACI 31BL. These calculations are shown below.

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

Cay 20 G, _ 20
"1, (33312)

Slab thickness f = hy = 1200in. and drop thicknesséw i hw = 17.00i 12.00 = 5.00 in.

drop th.lckness: 5'00:0.4167
slab thickness 12.00

For cr1 = ¢y, stiffness factordne = ken = 5.541 PCA Notes on ACB1811 (Table &2 & A3)

3 3
Thus, K, = Ky 3E°S| s 5541 # PCA Notes on ACB1811 (Table 2 & A3)

1 1

4,287 10 357,024.00

K, =5.54173
396.00

3,420,614,448 in.-|

1,3h® 396 (12§

Where, I, = L 57.024.00i

E.=w" 83 Jffj 150° 33,/5000 4,287 10 § ACI 31814(19.2.2.1.a)

Carry-over factorCOF=0.576 PCA Notes on ACB18 11 (Table 2 & A3)

Fixedend momentFEM = § inzlrr}qu ' ¥ PCA Notes on ACB1811 (Table &2 & A3)

Uniform load fixed end moment coefficiembyr: = 0.0918

Fixed end moment coefficient for-@) = 0.2 when a = Gz = 0.01&2

Fixed end moment coefficient for-@) = 0.2 when a = 0.8wez = 0.0020
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b) Flexural stiffness of column members at both eRds,

Referring toTable A7, Appendix 20A

For theBottom Column(Below):

ta=3.00/ 2 + 14.00= 1550in. t,=3.00/ 2 =150in.

H = 13ft = 156.00in. Ho=H - ta- t, = 156,001 15.50i 1.50 = 139.00in.
t, _15.50 H _156.00

ta_ 337 =227 4122

150 0% H, 139.00

Thus,kag = 6.178andCag= 0.300 by interpolation.

A78 E . 3l
¢.bottom = % PCA Notes on ACB1811 (Table A)

[

4,696 10 313,333.33

K. potiom = 6.178 3 2,479,648,547 in.-
' 156
4 4
where,1_ =S 29 15 333334
12 12
E.=w® 83 ffi 150° 33,/6000 4,696 0 § ACI31814(19.2.2.1.a)
| = 13ft = 156in.

For theTop Column(Above)

t_ 150 oo H _156.00

t, 15.50 H, 139.00

Cc

4.122

Thus,ksa = 4.624andCsa= 0.667 by interpolation

46248 E__ °I
K, = % PCA Notes on ACB1811 (Table A)

c

4,696 16 313,333.33
156

K. =46243

c,top

£,855,923,419in.-
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c) Torsional stiffness of torsional membeks,

3
Koz ACI 31814 R.8.11.5
€ .a oF
e,|23 é % o'
g ¢ 2
3 3
K =9 4287°10 23 21392, 731,665,695 in.-
33 12 & 3
Sel 33 12 2
o ~ O 3
WhereC= 44 0.63 3 8;53—3’ ACI 31814 Eq. 8.10.5.2p
¢ Y =¢
o ~_ 3
c=4 063 4100 3a17.00° 20 008 15:213.92 if
z 2000 9 3

c;=20in.,l,=33ft =396 in.

20.00"

L 17.00" J

V'

Figurel5i Torsional Member

d) Equivalent column stiffnes&ec.

_akK *® &
“TAK, + K,

3
_ (2,479.65 185592} (2°1,73L67) v 4 goc aar i |
" [(2,479.65+ 1,855.92)+ (231,731.67)]

ec

Wherex 1§ for two torsional members one on each side of the columrx apls for the upper and lower
columns at the slabeam joint of an intermediate floor.
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Kc,rop
Zl /'4/
K —
~ ;/
l 'l// / B \+\ K,
o
Kc,borrom

Figurel6i Column and Edge of Slab

e) Slabbeam joint distribution factor§F.

At exterior joint At interior joint

_ 3,420.61 0,640 OF = 3,420.61 03
(3,420.6% 1,925.34) (3,420.6% 3,420.6%+ 1,925.34)

90

COF for slabbeam=0.57

% =

X X

% K,=3.420.61 x 106 ™

i T

. K=3.420.61x 10° % K,=3.420.61 x 10°
I, I

v o

EXTERIOR COLUMN INTERIOR COLUMN

Fiqurel771 Slab and Column Stiffness
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3.1.3. Equivalent Frame Analysis

Determine negative and positive moments for the-ls&ms usinghe momentistribution method. Since the
unfactored live load does not exceed thyearters of the unfactored dead load, design moments are assumed

to occur at all critical sections with full factored live on all span ACI 31814 6.4.3.9

Lo_100_
D~ (100+ 50) 4

Ao

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

For slab:

Factored dead loadg,, =1.20 3(100.00 +50.00) %80.00

Factored live load, ¢, =1.60 3100.00 =160.00 p: ACI| 31814 (5.3.1)

Total factored load, g, = q,, +q, 340.00 pst

Fordrop panels

Factored dead loadg,, =1.20 3(150.00 *.00/12) %35.00¢

Factored live load, ¢, =1.60 30.00 $.00 ps ACI 31814 (5.3.1)

Total factored load, q, = q,, +q, X35.00 psi

Fixed-end momentFEM = § lem sw P PCA Notes on ACB1811 (Table &2 & A3)

FEM =0.091330.340 333 33 (00162 03135 127333 0.0820 D.12 33

FEM =1,147.66 ft-kips
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b) Moment distribution. Computations are showrthie Table belowCounterclockwiseotational moments

actingon the member ends are taken as positive.

Table 1 - Moment Distribution for Equivalent Frame
e, Nadbady, Sadinh, \T
¢ = — —
TR TR TR L
Joint 1 2 3 4
Member 1-2 2-1 2-3 3-2 34 4-3
DF 0.640 0.390 0.390 0.390 0.390 0.640
COF 0.576 0.576 0.576 0.576 0.576 0.576
FEM 1,147.66| -1,147.66| 1,147.66| -1,147.66| 1,147.66| -1,147.66
Dist -734.33 0 0 0 0 734.33
CO 0 -422.89 0 0 422.89 0
Dist 0 165.01 | 165.01 | -165.01 | -165.01 0
CO 95.03 0 -95.03 95.03 0 -95.03
Dist -60.80 37.08 37.08 -37.08 -37.08 60.80
CO 21.35 -35.01 -21.35 21.35 35.01 -21.35
Dist -13.66 21.99 21.99 -21.99 -21.99 13.66
CO 12.67 -7.87 -12.67 12.67 7.87 -12.67
Dist -8.10 8.01 8.01 -8.01 -8.01 8.10
CO 461 -4.67 -4.61 4.61 4.67 -4.61
Dist -2.95 3.62 3.62 -3.62 -3.62 2.95
CO 2.09 -1.70 -2.09 2.09 1.70 -2.09
Dist -1.33 1.48 1.48 -1.48 -1.48 1.33
CO 0.85 -0.77 -0.85 0.85 0.77 -0.85
Dist -0.54 0.63 0.63 -0.63 -0.63 0.54
CO 0.36 -0.31 -0.36 0.36 0.31 -0.36
Dist -0.23 0.26 0.26 -0.26 -0.26 0.23
CO 0.15 -0.13 -0.15 0.15 0.13 -0.15
Dist -0.10 0.11 0.11 -0.11 -0.11 0.10
CO 0.06 -0.06 -0.06 0.06 0.06 -0.06
Dist -0.04 0.05 0.05 -0.05 -0.05 0.04
CO 0.03 -0.02 -0.03 0.03 0.02 -0.03
Dist -0.02 0.02 0.02 -0.02 -0.02 0.02
M “max 462.75 | -1,382.84| 1,248.72| -1,248.72| 1,382.84| -462.75
Y 166.97 | -222.73 | 194.85 | -194.85 | 222.73 | -166.97
Xmax 14.02 16.50 18.98
M *max 668.33 307.76 668.33

Maximum positive span moments are determined from the following equations
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Maximum positive moment in spans?land 34:

M-, =M, M, M, 689.17 16t78 1288 66833 ft-ki
V,=R =R, R, R, 15%25 8.84 0.88 166.87 ki
V,=R, =R, R, R, 21301 0.88 8.84 22273ki

33 (462.75 1,382.8

— .02 ft
2 (03400 33 333

Xnax =

Where:
My = 46275 ft-kips

Mg = 1,38284 ft-kips

(0.34C° 33 233 462.75+ 1,382.84 ( 462.75 - 1,382.§4

' 8 2 23(0.340333 33

(0.135 13 %%2 g
M, = €2 H5C 583 14.09 1678 ft-ki
2 23 33 &2 ol 3 P

(0.135 13 325152 g
— Y = ) _kin:
My = =, Q02 1238 fkip

And:

(0.340° 33 333 ( 462.75-1,382.84

£57.25 kips
2 33

R.=

_(0133 13 36 5 9333
? 2233 & 11

6+-_8 8.84 Kip:s

_(0.13% 13 36

3 33 {6) .88 kips

(0.34¢* 33 333 ( 462.75-1,382.84
2 33

Re, = 213.01 kips

(0135 13 %6

5 > 33 {6) .88 kips

_(0133 13 36 5 9333
0 233 & o1

6+-_8 8.84 Kip:s

639.17 ft-kips
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Maximum positive moment in sp&A3:

M-, =M, M, M, 278.60 1458 1468 30Z76 ft-ki
V,=R =R, R, R, 18513 8.84 0.88 194.85ki
V,=R, =R, R, R, 18513 0.88 884 194.85ki

33 (1,248.72 1,248.7p

— ¥6.50 ft
2 (0.34¢ 33 333

Xnax =

Where:
My = 1,248.72ft-kips

Mg = 1,248.7 2ft-kips

0.34C° 33 333 1,248.72 - 1,248 )2 _
( 3 1,248.72+ 1,248.72 (. g 276,60 ft-kips

! 8 2 23(0.340333 33
012 ~
(0.135 13 3335 0s12 & |
M, = 5 = 9(:83 16.5Q0 1458 ft-kip
012 ~
(0135 13 3%5 0512
M. = - 586.50 14.58 ft-kip:
? 23 33 &2 OF P
and
3 -
RLl:(0.340* 33 333 (1,248.72-1, 248.)72];85' 13 kips
, 2 33
3 2 0
- (0.13% 13 36 3 9 33 6+3 8.84 kip:
’ 23 33 C 11 -
0.13% 13 36 .
5 :% {6) .88 kips
3 -
RRl:(0.:-;403 33 333 ( 1,248.72 1,248.)721:85_13 Kipe
, 2 33
0.133 12 36 .
.= % {6) .88 kips
36 2 5
- (0.13% 12 36 3 92 33 6+ 8.84 kips
' 23 33 ¢ 11 -
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3.1.4. Factored MomentsUsed for Design

Positive and negative factored moments for the slab system in the direction of analysis are ploftedis.
The negative momentssed for desigrare takenat the faces ofupports (rectangle section or equivalent

rectangle for circular or polygon sectior®)t not at distances greater thawi75x |; from the centers of

supports. ACI 31814 (8.11.6.1)
20in. _ .
1555 0.83ft <0.175 B3 5.78 1(use face of support location)
Ultimate Load (kips/ft)
12.84 1122 12.84 1122 12.84 112 12.84

4

Y
E

Moment diagram (ft-kips)

1.382.84 . 1.382.84
1.248.72 1.248.72

462.75 462.75

668 33 307.76 66833

x, ft ) .
" Moment values @ columns centerlines

Shear diagram (kips)

166.97 156.27 194 .85 184.15 22273 212.03
L - . i .
— L — i \ﬁlgps ft —=1 I
212.03 184.15 194 85 156.27 166.97

x, ft

V @ Column Centerline
——~=— V(@ Column Face

Moment diagram (ft-kips)

1.201.69 109081 109081 1.201.69
32807 328.07
P
668.33 307.76 668.33
X, ft

“ Moment values @ columns faces

Figure18i Positive and Negative Design Moments for SBdam (All Spans Loaded with Full Factored Live Load)
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3.1.5. Factored Moments inSlab-Beam Strip

a) Check whether the moments calculated above can take advantage of the reduction perk@iegiliBy

14 (8.11.6.5

If the slab system analyzed using EFM within the limitationa®F 318-14 (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 ¢xedethl static momeri¥l, given by
Equation 8.10.3.2n the ACI 318-14.

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 is33/33=1.00 < 2.00. 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-liselead ratio 00.67 < 2.0

(Note: The selwveight of the drop panels is not uniformly distributed entirely along the span. However,
the variation in load magnitude is small). ACI 31814 (8.10.2.5 and 6)

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

Slab system is without beams and this requirement is not applicable.

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

applied:

3 2 3 -
M, =% Ié 1, 0340 33 é33 20112) £376.94 ft-kips ACI 31814 (Eq. 8.10.3.2)
End span3668.33+w4:1,591.13 ft-kips M,

1,248.72+ 1,248.72
2

Interior span:307.76+ =1,556.48 ft-kips M,
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b)

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

1,376.94

Permissible reductior £.885
1,556.48

Adjusted negative design momen1;24872 x 0.885 = 1,104.68ft-kips

Adjusted positive design momenB67.76x 0.835 = 27226 ft-kips

M, =272.26 1,104.68+ 1,104.68

4,376.94 ft-kip

ACI 318 allowsthe reduction of the moment values based on the previous procgohoesthe drop panels
may cause gravity loads not to be uniform (Check limitation #3-ande18), the moment values obtained

from EFM will be used for comparison reasons.
Distribute factored moments to column and middle strips:

After thenegative and positive moments have been determined for tHeeslabstripthe ACI codepermits
thedistribuion of the moments at critical sections to todumn stris, beams (if anyjand middlestripsin

accordance with thBDM. ACI 31814 (8.11.6.6)

Distribution of factored moments at critical sections is summaitzédble below

Table 2 - Distribution of Factored Moments
Slab-beam Strip Column Strip Middle Strip
Location Moment SN Moment S Moment
(ft-kips) (ft-kips) (ft-kips)
AR 328.07 100 328.07 0 0.00
Negative
End Positive 668.33 60 401.00 40 267.33
Span
Lnesor 1,201.69 75 901.27 25 30042
Negative
I Negative 1,000.81 75 818.10 25 27270
Span Positive 307.76 60 18466 40 123.10
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3.1.6. Flexural ReinforcementRequirements

a) Determine flexural reinforcement required for strip moments

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

provided below

My = 901.27 ft-kips
Used = 15.88in. (slab with drop panel whete= 17 in.)

To determine the area of steel, assumptions havermabe 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 fad®equal to

0.90, andjd will be taken equal t®.971x d. The assumptions will be verified once the area of steel in

finalized.
Assumegd = 0.971x d = 15.41in.

3
Column strip width,b = &212 498.00 in

Middle strip width, b=33 312 198.00 ¥98.00 i

M, 901.27 12,000
& —

= . £2.995 irt.
f2f,2jd 0.9¢° 60,0002 15.41

Recalculatesd f or WAF&29%me u al

s f

Lo Af, 12995 60,000 .

085 fj ® 0.85 5,000 298.00
c=2 997 4 090in

b, 085

40.003 5, 0003 5 .
=% gd, 0003 = 1888 0.003 0.0407 0.0

! ¢ c 2‘ 1550 %

Thereforethe assumption thaection igensioncontrolledis valid.

A Mo eo127 12,000O s
fs fyafég %‘ § 0.90° 60,0003%15.88 =208
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Two values of thickness must be considef@tke slabthickness in the column strip is 0D in. with the

drop panel and.B0in. for theequivalent slab whout the drop pandlased on the system weight

The weighted slab thickness:

17.00° (13 +8§}%3 128
3 :

h, = . __"4455in.
(12)+5° 12 §
c2 hd
| 12!_0!! H
j_Jgn 17.00" Iy =14.55" ’—%
I * 16'-6” I
Figurel9i The Weighted Slab Thickness
A min =0.0018% R, ACI 31814 (24.4.3.9

A ., =0.00183198 3455 5.1841. ¥2.995

h 5%3 =15in.
Snax = lEsser ofe6 . g= lesser of 3e “-315.00 AC| 31814(24.4.3.3
&8 in. g 1§|n. U

N

Provide30 T #6 bars withAs=1320in.2and s = %3 $.60in. ¢, 15.00in
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The flexural reinforcement calculation for the column strimtdrior spani_positivelocation is provided

below:
My = 184.66 ft-kips
Used = 15.88 in. (slab withib whereh = 17 in.)

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

0.90, andd will be taken equal t®.94x d. The assumptions will be verified once the area of steel in

finalized.
Assumed = 0.94x d = 1578in.

3
Column strip width,b = %12 498.00 in

Middle strip width, b=33 312 198.00 *98.00 i

M, 184.66 12,000
& —

= . 2,600 in®
f2f,5jd 0.9¢ 60,0002 15.78

Recalculatead f or A 2.60@irct u a l

A% f, 2606 60,000

a= 6.185in.
0.8 fj ® 0.85 5,000 198.00

c=2 9185 ooigin

b, 085

40.003 g 8003 3 .
e= 04 0.003 = 1888 0.003 0.2154 0.0
E 0318 %

Therefore, the assumption that section is tensa@ntrolled is valid.

A= M, - 184.66 12,0000 —ze00i
Fafagd 2 8090 60,0005:15.88=>" @
¢ 2= ¢ 2 =
Ann=0.00180 R, ACI 31814 (24.4.3.2
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A, =0.00183198 B.00 2.851fn. 26007
\ useA =A,, =2.851iA
Sincecolumrst ri p has 5 T#6basg2Narspribpvi de 10
A provided =10 30.44 A.40IA. A reqired 2:8511f
Basedon the procedure outlined above, values for all span locations aremiveble below
Table 3 - Required Slab Reinforcement for Flexure [Equivalent Frame Method (EFM)]
. Mu b d As req As min Reinforcement As provided
12t LRl (ft-kips) | @n) | Gn) | @(n.3) | (in?) Provided (in.)
End Span
Exterior 32807 | 198 | 15.88 | 4.641 | 5.184 147 #6* " 6.16
Negative
Column . 107 #7
Strip Positive 401.00 198 | 15.81 | 5.7 | 2.851 (2 bars / rib) 6.00
Interior 901.27 | 198 | 15.88 | 12.95| 5.184 307 #6 13.20
Negative
STl 000 | 198 | 1588 | 0 | 5.184 147 #6° 6.16
Negative
Middle " 127 #6
Strip Positive 267.33 198 | 15.88 | 3.774 | 2.851 (2 bars / rib) 5.28
L=y 30042 | 198 | 15.88 | 4.246 | 5.184 147 #6* 6.16
Negative
Interior Span
Column " 107 #6°
Strip Positive 184.66 198 15.88 | 2.600 | 2.851 (2 bars / rib) 4.40
Middle " 127 #6°
Strip Positive 123.10 198 15.88 | 1.730 | 2.851 (2 bars / rib) 5.28

Design governed by minimuneinforcement.

*k

Number of bars governed by maximum allowable spacing.
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b) Calculate additional slab reinforcement at columns for moment transfer between slab andydlerune

The factored slab moment resisted by the colggr# 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 flexureastsaitiped

to be resisted by eccentricity of shear. ACl 31814 8.4.2.3
Portion of the unbalanced moment transferred by flexuge $sM ACl1 31814 8.4.2.3.]
Where
1

g =———— ACI 31814 (8.4.2.3.2)

1+E 3 g

3 \b,

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

determined in ACI 318, Chapter 8 (degure20).

1 b, = Dimension of the critical sectiol, measured in the direction perpendiculabidan ACI 318,

Chapter 8 (seEigure20).

1 b, = Effective slab width= c; + 3xh ACI 31814 (8.4.2.3.3)
w —Edge of slab
C D C Y D
2 2 — 1T ; :
~ | |
Ccp % % by cp | Ci | b
3 a | ! I
z } :[: } z z Ca i o i z
CAR } } AL 77777777777777777 JB
< | ~ |
T T
A, T B B
‘ by ‘ w
Critical shear perimeter for interior column Critical shear perimeter for exterior column
—Edge of slab
C w D ’,

o
o
|}
(]
=y

CaB Ca
Al ‘B
-
4o
Edge of slab—/

W

Critical shear perimeter for corner column

Figure20i Critical Shear Perimeters for Columns
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For exterior support:

d=h ¢, & 17200 075°%7° 15881
2 2
Msc = 46275 ft-kips Asprov= 6.161n.2
bﬁq*% 20 E?EES 27-94 in b=c, d 20 153.88 35881
h=c, 8 B 26 347.80 7160i g =—1 ___ 20630

142 5 [27.94
3 \'35.88

. a 23 M
A =085 i 2 sz 3 9, M,
fy 89 730.853f; B,
3 a 3 3 0
A520.853 5,000 71'00%5.88 15.88 230.630 3462.75 O 4488 if
60,000 e 0.98 0.8 5,0003 71.0(@

However, the area afteel provided to resist the flexural moment within the effective slab yagdth

D 4.188 %(8)0 2209 iA.

A‘s, provided within bb: A s provided b

Then, the required additional reinforcement at exterior column for moment transfer between slab and

column:

A addiional = A=A provided witninoy 4188 2209 1879 it

Provide 5 #6 additional bars witlhs = 2.20in.2

Based on the procedure outlined above, values for all supports aréngivarie below

Table 4 - Additional Slab Reinforcement required for moment transfer between slab and column (EFM)

. Asr e g ( Asprov. For
. Msc o Msc bo d - L. Add
Span Location (ft-kips) o (ft-kips) | (n.) | @in.) wnhm bo erxure_w2|th|n bo Siefa
(in.?) (@in.?
End Span
E’“e”t‘?r 462.75 | 0.630| 291.35 | 71.00| 15.88| 4.188 2.209 5-#6
Column Heue
Strip .
Interior | 13415 | 0.600| 8047 | 71.00| 15.88| 2.029 4.733 -
Negative

* Mgcis taken at the centerline of the support in Equivalent Frame Method solution.
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3.1.7. Factored Moments inColumns

The unbalanced moment from the slamms at the supports of the equivalent frame are distributed to the
supportcolumns above and below the slabam in proportion to the relative stiffness of $hipportcolumns.

Referring toFigure18, the unbalanced momenttae exterior and interigoints are:

Exterior Joint= + 462.75ft-kips

Joint 2=-1,382.84+ 1,248.72=-134.12 ft-kips

The stiffness and cargver factors of the actual columns and the distribution of the unbalatad®doments

(Msg) to the exterior and interior columns are showthaFigure21.

LLLLS r— X
|/ .
| / 132.12 ft-kips =
/ e
on
1 E
/ =)
COF =0.667 /| :
Ke=1,855.92 < 10° 194.91 fi-kips /o 5
DF = 0.428 - /o g
198.09 ft-k1ps& ] <
—— 7\ _ g
COF =0.500 | 7 X \.264.66 ft-kips =
Ke=2.479.65 = 10° [ // 225.22 ft-kips (;
DF =0.572 | 2
|/ e
/V 2
132.33 fr-kips yd
\4/ |
ST777 —
EXTERIOR COLUMN
f - L
= 38.29 fi-kips \\I
g \
2 h
2 A COF = 0.667
= |\ 56.49 fi-kips Ke=1.855.92 » 108
g |\ /~57.41 fikips DF = 0.428
= |
g —=
s .. f v
= 76.71 tr-klps/ v COF =0.500
o 65.27 fi-kips \ Ke =2.479.65 « 10°
g v DF =0.572
5 \l
= !
:\\ A/38_35 ft-kips
- /7777
INTERIOR COLUMN

Figure21i Column Moments (Unbalanced Moments from Saam)
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In summary:

For Top columr(Above). For Bottomcolumn(Below):
Mcol Exterio— 194.91 ft-Kips Mcol exterio= 22522 ft-kips
Mool interior = 56.49 ft-kips Mol interior = 65.27 ft-kips

The momens determined above ammbined with the factored axial laaffor each storyjand factored
moments in the transverse directfondesign of column sectionEhe moment values at the face of interior,

exterior, and corner columns from the unbalanced moment valeethown inhefollowing Table

Bood
VN

1,382.84

334.49

1,382.84

1,248.72
160.12

1.248.72

334.49 160.12

Figure22i Moment Diagrams (kip#)
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Table 5 - Factored Moments in Columns

Column Location
Mu (kips-ft)
Interior Exterior Corner
Mux 65.27 225.22 225.22
Muy 65.27 65.27 225.22

4. Design of Columns by spColumn

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 theiOneWay Wide ModulgSkip Jois) Concrete FlooBystemDesian (ACI 31814)0 Design Example.

4.1. Determination of Factored L oads
Assume4 story building

Interior Column:
Tributary area for interior column for live load, superimposed dead load, andesght of the slab is
ATributary = (33 X 33) =1,08.00 ft2

Tributary area for interior column for seifeight of additional slab thickness due to the presence of the drop

panel is

ATributary = (12 X 12) =144.00 ft?

1 Py =4%0uX Avribuary = 4 % (0.340 x 1,089.®@ + 0135x 14400) = 1,55880 kips

1 Mux = 65.27 ft-kips (see the previous Tab)le

1 Muy = 65.27ft-kips (see the previous Talle

Edge (Exterior) Column:

Tributary area foexterior column for live load, superimposed dead load, andveeifht of the slab is

A’ributary :%3_3 M 833 51200 ﬁ
c2 12 =

Tributary area foexteriorcolumn for sedweight of additional slab thickness due to the presence of the drop

panel is
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a12 20/2

A’nbutary 2 O:E;2 82.00 ff
c .

=
)
c

|

= 4% Qu X Arributary = 4 % (0.340 x 57200 + 0135x% 82.00Q = 822.20kips

=
<
c
*

|

= 22522 ft-kips (see the previous Table

= 65.27 ft-kips (see the previous Table

=

<
c
<
|

Corner Column:

Tributary area focornercolumn for live load, superimposed dead load, andveeidht of the slab is

as3 20/20 B 20/2
Avvibutary = ae— TS 0 fge 3@@ 44 ft

Tributary area focornercolumn for seHweight of additional slab thickness due to the presence of the drop panel
is

al2 20/2 g, 1& 20/2 @
— 69 ft
ATnbutary ﬁ_ 12 0 ? 12 4%:6

T Py = 4%0ux Amibuary = 4 X (0.340 x 30044 + 0135 x 46.69) = 43382 kips

T Mux = 225.22ft-kips (see the previous Table

1 Myy = 225.22ft-kips (see the previous Table

The factored loads are then input isfilColumrto construct the axial loddmoment interaction diagram.
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4.2. Moment Interaction Diagram

Interior Column
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STRUCTUREPOINT - spColumn v10.10a (TM) Page | 1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/12/2025
F:\StructurePoint\spColumn\Interior Column.colx 12:10 PM
LX
Pmax . Pmax
. ‘ ( ) 2000 ---P-{kip} ( )
e o o o T
20x20in
1000 +
General Information f \
Project Waffle Slab | \
Column Interior J‘ 500 T
Engineer StructurePoint
Code ACI 318-14 [ \ M [keft
Bar Set ASTM A615 ' : . : : —— [,' 1
g S English 800  -600 | -400  -200 200 400 | 600 800
Run Option Investigation 3
Run Axis Biaxial
Slendemness Not Considered -500 +
Column Type Structural
Capacity Method Moment capacity
: -1000~1
Materials (Pmin) (Pmin)
fe 6 ksi
Ec 4415.21 ksi
-1500
f 60 ks PM at 45.0 [deg)
E 29000 ksi
Section
Type Rectangular
Width 20 in
Depth 20 in
A, 400 in? No. Py Mux M.y P, M, M, Capacity
1 13333.3 in* Kip kit k-ft kip k-ft k-ft Ratio
I, 13333.3 in* 1 1558.8 65.3 65.3 1558.80 180.38 180.38 0.36
Reinforcement Max. Capacity Ratio: 0.36
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.5 in
Bars 12 #11
Confinement type Tied
Total steel area, A, 18.72 in?
Rho 4.68 %
Min. clear spacing 3.79 in
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EdgeColumn

STRUCTUREPOINT - spColumn v10.10a (TM)

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

[ J [ ® [ J
[ J [
LX
o o
e o o o
- 20x20in

General Information
Project Waffle Slab
Column Exterior
Engineer StructurePoint
Code ACI 318-14
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis Biaxial
Slendemess Not Considered
Column Type Structural
Capacity Method Moment capacity
Materials
fe 6 ksi
Ee 4415.21 ksi
f, 60 ksi
E. 29000 ksi
Section
Type Rectangular
Width 20 in
Depth 20 in
A 400 in?
I 13333.3 in*
ly 13333.3 in*
Reinforcement
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.5 in
Bars 12 #11
Confinement type Tied
Total steel area, A, 18.72 in?
Rho 468 %
Min. clear spacing 3.79 in

Page | 1
5/12/2025
1215 PM
(Pmax) 2000 - Pkip] (Pmax)
1500 T \
1000 1+
4
500 T \
| | . : . , | Mpm
-800 -600~  -400 -200 200 400 600 800
-500 +
-1000>
(Pmin) (Pmin)
-1500 —
PM at 16.0 [deg]
No. Py My M,y $P, M, oM, Capacity
kip k-ft k-ft kip k-ft k-ft Ratio
1 822.2 225.2 65.3 822.20 455.46 132.00 0.49

Max. Capacity Ratio: 0.49
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CornerColumn

STRUCTUREPOINT - spColumn v10.10a (TM) Page | 1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/12/2025
F:\StructurePoint\spColumn\Corner Column.colx 12:16 PM
LX
Pmax . Pmax
. . ( ) 2000 ---P-{kip} ( )
e o6 o [ J 1500 +
20x20in
1000 +
General Information [ \
Project Waffle Slab | \
Column Corner | 500 T Al
Engineer StructurePoint
Code ACI 318-14 \ M [kefe
Bar Set ASTM AB15 ' ; , ' : — [,’ 1
il ErGlEh 800  -600 | -400  -200 200 400 | 600 800
Run Option Investigation
Run Axis Biaxial o
Slendemess Not Considered -500 +
Column Type Structural
Capacity Method Moment capacity
i -1000>1
Materials (Pmin) (Pmin)
fe 6 ksi
Ee 4415.21 ksi
-1500 —
b il PM at 45.0 [deg]
E 29000 ksi
Section
Type Rectangular
Width 20 in
Depth 20 in
A, 400 in? No. Py Mux M,y P, M, oM, Capacity
(F 13333.3 in* kip k-ft k-ft kip k-ft k-ft Ratio
I, 13333.3 in* 1 433.8 225.2 225.2 433.82 326.46 326.46 0.69
Reinforcement Max. Capacity Ratio: 0.69
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.5 in
Bars 12 #11
Confinement type Tied
Total steel area, A, 18.72 in?
Rho 468 %
Min. clear spacing 3.79 in
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5. ShearStrength

Shear strength dheslab inthevicinity of columns/supports includes an evaluation ofwag shear (beam action)
and tweway shear (punching) in aaeance with ACI 31&hapter 22.

5.1.One-Way (BeamAction) Shear Strength
ACI 31814 (22.5

Oneway shear is critical at a distandérom the face of the column as showrfigure3. Figure24 andFigure

26 show the factored shear forces/() at the critical sections around each coluamd each drop panel,
respectivelyln members withoughear reinforcement, the design shear capacity of the section equals to the design
shear capacity of the concrete:

V= X+ Lf(V, FOF ACI 31814 (Eq. 22.51.1)
Where:
N, = f2 3 /[%j2h, *d ACI| 31814 (Eq. 22.5.5.1)

Oneway shear capacity is calculated assuming the shearsgossn area consisting of the drop paneduiy),
the ribs, and the slab portion above them, decreased by concrete cover. Fsectiochthe equivalershear

width for single rib is calculated from the formula:

b,=b + spSlab Software ManudlEq. 2-13)

Where:
b = rib width, in.

d = distance from extreme compression fiber to tension reinforcement centroid.

5.1.1. At Distanced from the Supporting Column

d=h -G, 9 1#00 0.75 0.75 15.88 ir for middle span with #6 reinforcement.
2 2
15.88

b, =6.00 +—— #.32in
12
Wherea= 1for normal weight concrete

b=1,40 s B 12 1237 #3228 195.26 i (seethefollowing Figurg
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Solid Slab

WUU\

:_7 Ribbed Slab
|

i Frame Strip

| |
1 U U

Ribbed Slab ——:
|

Figure23i Frame Strip Cross Sectidat Distanced from theFace of theSupportingColumn)

The oneway shear capacity for the ribbed slab portions showfidare 23 is permitted to be increased by
10%. AC| 31814 (9.8.1.5)

fVC :( x/C)Solid Slab 1.10 (3 %) Ribbed Sla

fV,=0.7532.0 1.0 qf,OOOOOO (2 12y 1588 1.16- 0.75 2.0 1. >400 (7 2J.385.8¢

Vv, =337.41 kips
Because V. OV, at all the critical sections, the slab has adequatenayeshear strength.
Shear diagram (kips)

22273 19505

C
16697 13928 PSS 16716 \
| P i : ’
— 1402ft - | \(‘_18'9”_" |
167.16

N C
195.05 29273 194.85 139.28 166.97

X, ft
V (@ Column Centerline
———— V(@ Distance d from Column Face

Figure24i Oneway Shear aCritical Sections (aDistanced from theFace of theSupportingColumn)
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5.1.2. At the Faceof the Drop Panel

d=h -G, d—zb 1#00 0.75 %‘f’ 15.88 ir for middle span with #6 reinforcement.
15.88

b, =6.00 +>°° 2.32in
12

Wherea= 1for normal weight concrete

b=n, 3 H 782 8655 ir (seethefollowing Figurg

Ribbed Slab

Frame Strip

I
WUUUUUUUUUUT

Figure251 Frame Strip Cross Sectidat Distanced from theFace of theDrop Panél

The oneway shear capacity for the ribbed slab portions shimmfigure 25is permitted to be increased by
10%. ACI 31814 (9.8.1.5)

v, =1.109 ¥,) £10 0.75 230 197“’ (1137.32) 15.88 149.26s|

Ribbed Slab

Because YOV, at all thecritical sections, the slab has adequatewag shear strength.

Shear diagram (kips)

166.97 194.85 222.73—.
89.93 117.81 145.69
i i / = A |
—  14.02ft |~ V 1/«-—18,9811—-4 %
145.69 117.81 89.93
N C
29273 194.85 166.97
X, ft

V @ Column Centerline
——~~ V(@ Drop Panel Face

Figure26i OneWay Shear aiCritical Sections (at thé&ace of theDrop Panel)
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5.2. Two-Way (Punching) ShearStrength
ACI 31814 (22.9

5.2.1. Around the Columns Faces

Two-way shear is critical on a rectangular section locatei?away from the face of the column as shown in
Figure20.

a) Exterior column:

Thefactored 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,=V -q (g b) 166.97 0.4.75282%88 163.66 kif
¢

The factored unbalanced moment used for shear traNkfgrjs 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
takeninto account.

7.94- 85112O

462575 163665, 32— =

334,13 ft-kij
12

|- O o]
?4\?’"

- O: O O: Ot

© 8

For the exterior colummiFigure20 thelocation of thecentroidal axis z is:

_ moment of area of the sides about AB b? _ 27.9 &51in
"e area of the sides b b, 23 27.94+35.88
Where
blzcl% 20 ggﬁz’ 2794 in b,=c, d 20 15.88 3%=88ir

The polar momeni; of the shear perimeter is:

: g d3 ) 50
2%‘ )8’.% CAB'Qng”d Ge
4 % 6
2, _ZM M“(zﬂ% 158)&"" ?94 188 3588 1588 &

J, =143,997.36 if.
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g =1-g ¥ 0630 037 ACI 31814 (Eq.84.4.2.2
Where:
1
g =———— AC| 31814 8.4.2.3.2
1+E 3 E
3 \b
g = 1 $.630
2 ’27.94
1+= 3/ ——
3 135.88
The length of the critical perimeter for the exterior column:
bh,=2% B 2=27394 3588 91.7%5i
The twoway shear stressy can then be calculated as:
= Vo 9 Muy e AC| 31814 (R.8.4.4.2.3

v, =
b d J,

163.66 1,000 0.37G (334.13 1231,000)

3
v, = 8'5_1.1:12.36 87.74 2680.10p
91.75 15.88 143,997.36

o no%g_)o _%)
S~

i
i
!
1l' ACI 31814 (Table22.6.5.2)
i
i
i
l

— =) =) =) — ) —) =) (D)

»Ci

D:

431 3«/5 000

2@ 93 /5,000
g T

5303 1588,
189175 2 g 5.00

§282.84
MmN $#24.26 (1282.84 |
i508.46 y !

< —> i Y e e e

——) =) =) =t =) —>

fv,=0.753282.84 =212.13p

Because v.> v, at the critical section, the slab has adequatevtay shear strength at this joint.
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b) Interior_column:
V=V -q (g b (22273 19485 0.47 35'81%435'888 413.34 ki
(;‘ -
Myp=M N, 3 cg %—8(1,382.84 1,248.70 413:34 )0 3134.12 ft-k
g -
For theinterior column inEFigure20, the location of theentroidal axis z is:
o= 2588 o asin,
2 2
Where
bh=c #d 20 1588 3588ir b=c, 4 20 15.88 3%88ir
The polar momenl. of the shear perimeter is:
dhod® d 3 ah, 0 )
J =2 + - d)3 3 A a2 +d 3
c Eﬁ? 12 (Q)éﬁz%sggg Ge
J.=2 3235'883 15.88 A5-88 35.88 (35.88 1388 ( ﬁ38 2 35.88 15.88 17%
c 12 12 et
J, =512,571.48if.
g,=1- g ¥ 0600 040 ACI 31814 (Eq.8.44.2.2
Where:
1
g =—— ACI 31814 8.4.2.3.2
1+g 3 E
3 \b,

1

9 = e
142 5[35:88

3 \35.88

The length of the critical perimeter for thmgerior column:

=.600

h,=24h B) 2=(38.88 358p 14350
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The twoway shear stress,j) can then be calculated as:

Vv = Vu g Ivlunl:o 3C
L=
b,3 d J,

_413.3# 1,000 0.40¢ (134.1Z 1231,000)

ACI 31814 R.8.4.4.2.3

317.94

\
" 14350 15. 88

403 15. 88
143.50

2 81 5,00

fv,=0.753282.84 =212.13p

t81.44 2253 283.97 p
512,571.48

ACI 31814 (Table22.6.5.2)

6282.840
min 124,26 u2&284r
(46432 g

< —) i Y BTN e

Sincet v¢> vy 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 ihaséxterior and interior supports

(no corner supports are included in this strip). However, thewmo shear strength of corner supports
usually governs. Thus, the tweay shear strength for the corner column in this example will be checked

for educationapurposes. 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 suppbg &xtérior equivalent frame

strip.
V,=V -q (b b) 9432 0.475827-3% 21940 g1 750
& 140 2
! 20 6
5 ¢ 5 o27.94 698" ¢ .
Mypy=M V, 3 Ci =-3526555 91.76 3 2 5 181.8%ftkif
g 2 9 - 12 8
(5) -

For thecorne column inFigure20, the location of theentroidal axis z is:

_ moment of area of the sides about AB b _ 27.9 :
A8 = . 698 in.
area of the sides qb b)) P 27.94+27)94
Where
bl:cli% 2053238 2F94 in bZ:cz% 2033?88 2794 in

dpsd® d 3 ah, 50

J = + 1 d -4 0 d 2

c ? 12 12 (B dy ?2 G 0 8 b G
4 ; %

3, =50 79% 1588 1588 2794 o) o4 156y 8327 2279%6 088 § 27.94 15.88 6%
e 12 12 ¢ 2 2

J, =81,430.82 if.

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

Where:
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1
g =—— ACI 31814 8.4.2.3.2
1+g 3 E
3 \b
1
g =————— $.600
2 ,[27.94
+= 3
3 V27.94
The length of the critical perimeter for tbernercolumn:
b,=h # 27.94 2¥.94 5588i
The twoway shear stress,j) can then be calculated as:
y= e G M %o AC| 31814 (R.8.4.4.2.3
b, d J.
3 3 3
v, = 91.7% 1,000 0.40C (181.81° 12 31,000) 6.91‘%03_43 7485 178.28 p
55.88 15. 88 81,430.82

ACI| 31814 (Table22.6.5.2)

3\15, 000

2@ 22 /5,000

6262.840
min 124.28 u2&284}:
(54322 y

G —-—
5203 15. 88 o
ic’ 55.88 %1

< —> — = = = =

fv,=0.753282.84 =212.13p

Sincet v¢> vy at the critical section, the slab has adequatevtay shear strength at this joint.

57



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

5.2.2. Around Drop Panels

Two-way shear is critical on a rectangular section locateiReway from the face of the drop panel.

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 stz

(d/i2 away from column face).

Note: For simplicity, it is conservative to deduct only the seffight of the slab and joists in the critical
section from the shear reaction in punching shear calculations. This approach is also adopted in the
spSlabprogram for the punching shear check around the drop panels

a) Exterior drop panel:

V,=V -q (g ) 166.97 O.MOWSQ 133.62 kif
(} -

d value is used in the calculation\fis given by (see thllowing Figure).

(# of ribs within the drop panel widthh %,
the drop panel width

spSlab Software Manual (Eg.-24)

_ 4317 37.32

A

Y

d 150 3.32in.
I I
| |
| ? |
| |
17.00" h
| |
| 1 |
: —] 7 32" — l=— by (calculated previously in section 4.1) :
| |
I I

150.00"

Figure271 Equivalent Thickness based on Shear Area Calculation

The length of the critical perimeter for the exterior drop panel:

b, =2 89.94 159.88 339.75i

Where
|
bl:% % 4—;—” Zg 1—5-58—8 %EZ 89.94 in. b =d -Hz,dp .88 12 12 159.88i
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2
Cpp = B = 89.94 23.81in.
23b 4, 2 89.94 169.88

The polar momenl of the shear perimeter is:

s o d3 ¥ 0
2% )éae% Gs 0§80 d G
489.94 3.32 3.3% 89.94 4 89.94
J =2 SIS (8094 38
%7 ( ?g >

J, =971,273.30 ifl.

The twoway shear stressj can then be calculated as:

VU
vV =
" h,3d
133.02 1,000

V,=——————"417.94ps
339.75 3.32

%6
188 159:88 3.32 23

ACI 31814 (R.8.4.4.2.3)

The twoway shear capacity for the ribbed slapésmitted to be increased by 10%.

ACl 31814 (9.8.1.5

ACI 31814 (Table22.6.5.2)

€ !

110 49 T :
vczmmhlo%ez%&g/ NER !

i ¢ = i

T e, < i

1110 9% 9 0 g1

i ¢h + !

? a

| 43 j‘ |

it . 15,000 1 €311.13 0
v, =min{1.10 3"5‘e2 g 013/5,000 U mih 466, ) i 178.36 |

| |

R ""89730 332 5 8y JﬁoI ey |

i~ &339.75 20 '

fv,=0.753178.36 A33.77p
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In waffle slab design where the drop panels create a large critical er@aeter, the factob/d) has
limited contribution and is traditionally neglected for simplicity and conservatism. This approach is adopted
in this calculation and in thepSlabprogram gpSlabsoftware manuaEqg. 246).

The twoway shear capacity for the ribbed slab is permitted to be increased by 10%.

AC| 31814 (9.8.1.5

v,=1.1022 £ [4] spSlab Software ManualEq. 2-46)

v,=1.103%2 3 .,5,000 155.56 p

fv,=0.753%155.56 416.67 p

Sincet V¢ < v, at the critical section, the slalmes nohave adequate twavay shear strengtaround this
drop panel
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b) Interior drop panel:
V,=V -q ( b) 22273 19485 0.34%%88 357.23ki
(; -
The length of the critical perimeter for the interior drop panel:
b, =2 {159.88 159.88 $639.501
Where:
bh=d #, .88 12 12 158.88i b=d 4, .88 12 12 158.88i
B -h 159.88 79.94 in.
2 2
The polar momeni of the shear perimeter is:
dh°d' d o’ ah, . 90 :
J =2 d)3 3 A 02 +d 3
c Eﬁ? 12 (q')geﬁchagféQ Ge
J. =2 31159'89 3.32 332 159.88 (¥569.88 3.3} ( ﬁ38 2 159.88 3.323 79%
C 12 12 e
J. =9,044,800.03 iff
Thetwo-way shear stress,j) can then be calculated as:
\Y/
v, =2 ACI 31814 (R.8.4.4.2.3)
b,3d
_357.23 1,000

V,=—————————"468.27ps
639.5G 3.32

The twoway shear capacity for the ribbed slab is permitted to be increased by 10%.
ACl 31814 0.8.1.5
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e i
110 4y T :
ve=mnlt0d2 49 5 | ACI 31814 (Table22.6.5.2)
P bz '|
1 5 |
|
{

0
s i
1.10304 1 «f?,ooo i e113g
1.10 52 ﬁl‘, 8 12/5,000 L mih 1466.69 §172.71
¢ = T o qbypq T

: 17171y
i
y

11C & o rn

o 3 ~
340° 3.32 ) o
63950 2

fv,=0.753171.71 A28.79p

v,=11032 £ \[3j spSlab Software ManualEq. 2-46)

v,=110%2 % ,5,000 155.56 p

fv,=0.753%155.56 416.67 p

Sincet y< v, at the critical section, the slalmes not bve adequate twavay shear strengtaround this

drop panel
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c) Corner drop panel:

489,94 89.94 g

Vo=V -q (o B)=94.32 03405 =g 75.22kip
¢

The length of the critical perimeter for the corner drop panel:

b, =89.94 +89.94 479.88i

Where:

3 | 3
4 g 12212 1588 20,59 94in p =2 4 G 1212 1988 20,4444,
2 22 T2 T2 2 2 22 2 2 2

b? _ 89.94

% =% (n b,) 2 (89.04 sogp oM

The polar momenl. of the shear perimeter is:

_8psd® d s’ ah _ 0 2
C_??T ('b1 d}g‘-ﬁz Cas 98@ g G

J

o 6
:%89.943 332 332 8994 g g, g3y & BO94,, 488 § 89.94 3.32 22%
° 12 12 &2 i

¢

J, =503,407.36 ifl.

Thetwo-way shear stress,j) can then be calculated as:

v, =2 ACI 31814 (R.8.4.4.2.3)

_75.2Z2 1,000

vV, = ————— 42597 ps
179.88 3.32

The twoway shear capacity for the ribbed slab is permitted to be increased by 10%.
ACI 31814 (9.8.1.5
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: ,l‘

1110 4y §f :
ve=mnlt0d2 49 5 | ACI 31814 (Table22.6.5.2)

R '|

i 5 '|

[

!

0
s i
1.10304 1 «f?,ooo I ia3g
1.10 52 % 8 12/5,000 L mih 1466.69 ( 184.27
©« - I jabaoryl
|
i
y

110 & - aa

o 3 ~
820° 332 , 9
c179.88 2

fv,=0.753184.27 4A38.21p

v,=11032 £ \[3j spSlab Software ManualEq. 2-46)

v,=110%2 % ,5,000 155.56 p

fv,=0.753%155.56 416.67 p

Sincet y< v, at the critical section, the slab does not have adequateayshear strengtaround this

drop panel
To mitigate the deficiency in twavay shear capacity an evaluation of possible options is required

1. Increase the thickness of the slab system

2. Increasing the dimensions of the drop panels (length and/or width)

3. Increasing the concrete strength

4. Reduction of the applied loads

5. Reduction of the panel spans

6. Using less conservative punching shear allowable (gainl6Pb)

7. Refine the deduction of drop panel weight from the shear reaction (gaiblof 2

This example will be continued without the required modification discussed above to continue the

illustration of the analysis and design procedure.
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6. Serviceability Requirements Deflection Check

Since the slab thickness was seledtedheetthe minimum slab thickness tables in ACI 314 thedeflection
calculations of immediate and tirtependent deflections anetrequired They areshown belowfor illustration

purposes andomparisorwith spSlabsoftwareresults
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 threserviceload levels D, D + Lsustaines D + Lrun) is used to obtairmmediatedeflections
of the twoeway 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 inertide is used to account for the cracking effect on the flexural stiffness of the slab.
lefor uncracked sectiorM > My) is equal tdg. When the section is crackebl4 < Ma), then the following

equation should be used:

° 3. e o 3

lf%'\% 93, a 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 &reatslculated from structural analysis as

shown previously in this document. These momargsshown irFigure28.

65


http://www.spslab.com/

Structure|/Point

T TR O T slab
CONCRETE SOFTWARE SOLUTIONS
@ © )
SVhE - M N
Al A A= —M=
Moment diagram (ft-kips)
1. DL
2. DL+ LLt‘llatLﬂlle(l
626.60 i o 626.60
206.49 %;63-78 36378 206.49
Q
298.16 132.58 298.16
x, ft ] _ )
Moment values @ columns centerlines
Moment diagram (ft-kips)
3.DL+LL;,
1,026.20 1,026.20
926.56 926.56
338.01 338.01
491.82 221.02 491.82
x, ft ] _ )
Moment values @ columns centerlines
Figure281 Maximum Moments for the Three Service Load Levels
For positive moment (midspasgction:
Mcr = cracking moment.
f 3l
M, =—°¢ 53033 60,254.73 1 233.46 ft-kips ACI 31814 (Eq. 4.2.3.5b)
Y, 11.41 12 1,000
fr = Modulus of rapture of concrete.
f.=75% Jfj 75 1.6,/5000 53633 ACI 31814 (Eq.19.2.3.3
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Ig = Moment of inertia of the gross uncracked concrete se@eehefollowing Figure
ly=lgym ¥#of ribs 547770 F1 686, 254.733
y: = Distance from centroidal axis of gross section, neglecting reinforcement, to tension.face,

Y, =Nw Yo .00 559 1E41i

| 36.00" { I | 36.00" ‘ |
2 " ‘ 2 "
| 3000 | g | 3000 |
f v ﬁ
slope :% 14.00" - . jl n 14.00"
Ye— 1L
—] 6.00" |~ — 717" |

Figure29i Equivalent Gross Section for One RilPositive Moment Section

PCA Notes on ACB1811 9.5.2.2

ler = moment of inertia of the crackegctiontransformedo concrete

As calculated previous)yhepositive reinforcement for thmiddle spanframe stripis 22 #6 bars located at 125
in. along the section from thmttomof the slabThe Figure belowshows all the parameters needed to calculate

the moment of inertiaf the crackedectiontransformedo concreteat midspan

| kd

| b = ]_)
i Bl A
? d N.A.
h / L n=FEs/Ec
i e [ ) [ ) — .
Tension nds

Figure30i Cracked Transformed SectidrPositive MomentSection

Ecs = Modulus of elasticity of slab concrete.

E.=w’2333[fj #0° 38,5000 4,287 03 ACI 31814 (19.2.2.1.3)
n= E, 29,000,000 .76 PCA Notes on ACI 3181 (Table 162)
E. 4,287,000
3
b —_ 312 6.05in:* PCA Notes on ACI 3181 (Table 162)

B=
n:A 676922 0.4)
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[ 3 3 - -
kd = 2°d BB ¥ 1-42 15"868056'95 1 1-2.13 in. PCA Notes on ACI 3141 (Table 1e2)
_ b3 (kd)® 2
I = A A (¢ kdy PCA Notes on ACI 3181 (Table 1€2)

cr 3

:w 6.76 (22 04} (15.88 233  13:646.72

cr

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

The negative reinforcement for the end span frame strip near the interior sugpdit isars located at 1.12%

along the section from the top of the slab.

fsl
M, =rlo 23033 10862230, 1 45 40 frkips ACI 31814 (Eq. 24.2.3.5b)
Y. 9.65 12 1,000
f=759 ffi 75 16,5000 536:33| ACI 31814 (Eq.19.2.3.)

I, =103,622.30 ir. (Seethefollowing Figure)

Note: A lower value of4(60,254.73in.4) excluding the drop panel is conservatively adopted in calculating waffle

slab deflection by thepSlabsoftware.

Yy, =9.65in.

| & 396 in. |

8.33 in. —t=—] 31n.

t
_____ "U"w"L """Ur;;ﬁ;ﬁ._ IR A

6in.— |— 3in—~| P——144in.—— —3m. |=—36in.—

Figure31i Gross Sectioin Negative Moment Section

E.=w.">333[fj #0° 38,/5000 4,287 103 ACI 31814 (19.2.2.1.a)

n= 5 MO 676 PCA Notes on ACI 3141 (Table 182)
E 4,287,000

CS

B= Bo 194.17 E45in:t PCA Notes on ACI 3181 (Table 162)
n3A 67645 0.4}
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Whereh,,, =144.00 +7 %.17 ¥94.17i (SeeFigure31andFigure32)
3 3 - -
kd="2"d BB ¥ 142 15%818451'45 ! ¥46ain PCA Notes on ACI 3181 (Table 162)
_ By ® (kd)® 2
I === A A (¢ kd PCA Notes on ACI 3141 (Table 162)
o :w 6.76 (345 G4y (1588 4.4  23:028.3f

Note: A lower value ofl¢ (18,722.37 irf) excluding the drop panel is conservatively adopted in calculating
waffle slab deflection by thepSlabsoftware.

| b = Il_j |
Tension nds

h ;d NA.
l\_/\_/\_/kf/J_\_/\_/\_/

Figure32i Cracked Transformeflectioni NegativeMomentSection

T ©0000000000000Q0OCO0GOCEOEO
Tn:E;/Ep

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 ofly and |l 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 farslnplginuous
spars, and at the support for cantileser ACI 31814 24.2.3.7

For continuous onway slabs and beanisshall be permitted to be taken as #élverage ofalues obtained from
Eq.(24.2.3.5a) for the critical positive and negative moment sections. ACI 31814 (24.2.3.6)

For themiddlespan (span withwo ends continuouswith service load levell§ + LLu):

SinceMc; = 47440 ft-kips <M, = 926.56ft-kips

e

o é o
R :gﬁl\\% 9, & M § ACI 31814 24.2.3.53
M. 2" g W

Wherel¢ is the effective moment of inertia for the critical negative moment section (near the support).
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(D

. 3474.40%

54.4
| = 5303,622.30
€ 9526.56 k4

0® %
1 - (828,028.31 33,845.2¢
£6.56 P

z

@D P

12 =1, 60,254.73if. ,sindd , =233.46ft-kipd,  =1202 ft-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 calculation ¢&nd this is considered satisfactory in approximate deflection calculations.
Both the midspan stiffnests() and averaged span stiffnessa(g can be used in the calculation of immediate

(instantaneoydeflection.

The averaged effective moment of inertiga{g is given by:

loag=0.7037 .15 (15, | ;3 for interior spa PCA Notes on ACI 3141 (9.5.2.4(2))

e avg

=0.8537 ©.151 3 for end sp¢ PCA Notes on ACI 3181 (9.5.2.4(1))

I e avg

However, these expressions lead to improved regnlisfor continuous prismatic memberEhedrop panelsn

this exampleesult innon-prismatic memberandthe following expressionare recommendeatccording to ACI
31889

loag=0.50 37 ©.25 (1%, | 3 for interior spa ACI 435R95(2.14)

e avg

For the middle span (span with two ends continuous) with service loadDevedl l(su):

I =0.50 360,254.73 +0.25 333,845.29 83,843.29 =0,05in’

eavg

=0.5031; @.501 2 for end spt ACI 435R95(2.14

I e avg

For the end span (span with one endtinuous) with service load leveé ¢+ LLu):

| g avg = 0.50 320,378.52 0.50 B0,990.47 25,684.49

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

1l = The effective moment of inertia for the critical positive moment section (midspan).
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Note: The prismatic member equations excluding the effect of the drop panel are conservatively adopted in
calculating waffle slab deflection typSlab

Thefollowing Tableprovides a summary of the required parameters and calculated values needed for deflections

for exterior and interiospans
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Table 6 - Averaged Effective Moment of Inertia Calculations
For Frame Strip
Ma (ft-kips) le(in.?) leavg(in.)
span | zone | |y [ o | D+ | D+ | g | o | o+ | D | p | D+ | D+
LL sus L fun LL sus L fun LL sus L fun
Left 103,622| 15,504 | 206.49 | 206.49 | 338.01 | 474.40 | 103,622| 103,622| 103,622
Ext Midspan 60,255 | 15,603 | 298.16 | 298.16 | 491.82 | 233.46 | 37,037 | 37,037 | 20,379 | 47,520 | 47,520 | 25,684
Right 103,622| 23,028 | 626.60 | 626.60 | 1,026.20| 474.40 | 58,003 | 58,003 | 30,990
Left 103,622| 23,028 | 565.78 | 565.78 | 926.56 | 474.40 | 70,538 | 70,538 | 33,845
Int Mid span 60,255 | 13,647 | 13258 | 132.58 | 221.02 | 233.46 | 60,255 | 60,255 | 60,255 | 65,396 | 65,396 | 47,050
Right 103,622| 23,028 | 565.78 | 565.78 | 926.56 | 474.40 | 70,538 | 70,538 | 33,845
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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 defiectiomsvay slab systemshe
midpaneldeflectionis computed as the sum of deflection at midspan of the column strip or column line in one
direction(gaxor gry) and deflection at midspan of the middle strip in the orthogonal directioK o). Figure

33 shows the deflectiomomputationfor a rectangular panelThe averageap for panels that have different

properties in the two direction @alculated 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
\

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

B (At Anw) Ayt Amx)
B 2

c) Combined Bending

Figure331 Deflection Computation for Rectangqular Panel
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To calculate each term of the previous equation, the following procedure should beiusex4 shows the

procedure of calculating the temmx. Sameprocedure can be used to find the other terms.

Acx = Acx_.ﬁxe(f + Agcx.R + Agcx[,
]ﬁ‘mne ! i ] I
Ar,ﬁ\'ed = LDF; X Aﬁ‘mue.ﬁred X [ AHC R = 9{ R X(jx £ A9 L= 9 I X(*‘]X £
¢ Jg : “ A8 1), “ 8 I ).
l ame l e/ frame

LDF* +M (M, . )f (M i L )ﬁ‘m

—» LD]‘—; = 3 9::.12 :T 9(,[ — T
4
— Aﬁ‘mrre.ﬁved = ’;84 EM/ >;—]

=~ x c X Srame. averaged
Figure34i oqx CalculationProcedure

Forendspan- service dead load case:

D we It PCA Notes on ACB1811 0.5.3.4 Eq. 1D
e Ted = otes on .5.3.4 Eq.
frame foed 3843 Ec 3' frame averaged

Where:

Orame_fixea= Deflection offramestrip assuming fixe@énd condition.

W, o = 250.00 4150 £ 2 33 4595008

C 12 * ft
- 70 Ib
W0 panel_%wo 31—2 g2 255000
4,950.06 ( 33- 1P (+4,950.00 +2,550)0q 312 20)12
we (33-17 ¢ X V13 790962
(33- 20/19 ft
E.=w.":333[fj #0° 38,/5000 4,287 03 ACI 31814(19.2.2.1.a)

lrame averaged The averaged effective moment of inertiga(g for the frame strip for service dead load casenf

Table 6=47,520.23in.*

_5,790.96 ( 33- 20/1¢ 3f2

Dframe fixed 6.1233 in
384° (4,287218 ) 347,520.23
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é'l ame
D, s LDF. 3 D s 5™ PCA Notes on ACB1811 9.5.3.4 Eq. 11

¢ I

ENeYa')

LDF. is the load distribution factor for the column strip. The load distribution factor for the column strip can be

found from the following equation:

| pE+ + LDF +LDFy

LDFC = 5 2 spSlab Software ManualEq. 2-114)

And the load distribution factor for threiddle strip can be foud from the following equation:

LDF, =1 -LDF, spSlab Software ManuglEqg. 2115

Taking for example the end span where highest deflections are expected, the LDF for exterior negative region
(LDF.9), interior negativeregion (DFrS), and positiveregion (DF_ ) are 1.00, 0.75, and 0.60, respectively
(FromTable 2of this document Thus, the load distribution factor for the colustrip for the end spais given

by:

0.6+ 1:0% 0.75
LDF, :% £.738

le,g = Thegrossmoment of inertialg) for the column strip for service dead loa@8289.32in.4

D, feq 0.738 9.1233 Ms 0=1937 i
’ 28,289.32
— (M net, L) frame
Ger = PCA Notes on ACB1811 (9.5.3.4 Eq. 1P
Where:

dc,L = Rotation of thespanleft support
(Mnet,)frame = 206.49ft-kips = Net frame strip negative moment of the left support

Kec = Effective column stiffness £,92534 x 10° in.-lb (calculated aboye

_ 206.4% 123,000

= £.00129 ra
o 1,925343 10°
al ¢al, o
Dg.. =q. % 8aq"g ) PCA Notes on ACB1811 9.5.3.4 Eq. 1%
g TQ e f_r:ame

75



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

Where:
gL = Midspan deflection due to rotation of left support.

(Ig/ 1e)rame = Grossto-effective moment oinertia ratio for frame strip.

o 33 12-20 §0,254.73
8 47,520.23

Dg,, =0.0012 0767 ir

_ (Mocir) fame _(626.60- 565.78)° 12 31,000

600038 rar
Ter K 1,925.34 10°

Where:
d.r = rotation of theendspan right support.

(Mnetp)irame = Net frame strip negative moment of the right support.

Q

o al

Dg.r =gr %lé ':'(@;%g

e

(@3

33,12 -20 60,254.73
8 47,520.23

0.60038 0.0226 ir

1-O:O
(@

g

me

Where:

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

Dy = Pied Tolk &L PCA Notes on ACB1811 9.5.3.4 Eq. 9

D, 0.1937 ©.0767 6.0226 ©.2930

Following the same procedureapn can be calculated for the middle strip.i§procedures repeated for the
equivalent frame in the orthogonal directiorotaingay, andgay for the end and middle spafws the other load
levels O + LLgsysandD + LLgy).

Since this exampleas squareanels qx= qay= 0.2930in., andgmx= gmy= 0.1682in.

The averagepfor the corner panel is calculated as follows:

cy

b (o, + 49)2(+ch o} Dé «D #)D( 4= R) ©.2930 =0.1682 +0.4612 i
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Table 7 - Immediate (Instantaneous) Deflections in the xlirection ‘
Column Strip Middle Strip ‘
D D
Span | LDF q:{a:e' R-fxed dea dc2 ® ¢ q_)ﬁﬁ o, LR q:(a:e- On-fixed dm1 dm2 (X_)Gﬁl q_)d;z O
(in) (in.) (rad) (rad) (in.) (in.) (in.) (in) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 | 0.1233 | 0.1937 | 0.00129 | 0.00038 | 0.0767 0.0226 | 0.2930 0.263 | 0.1233 | 0.0689 | 0.00129 | 0.00038 | 0.0767 0.0226 | 0.1682
Int 0.675 | 0.0896 | 0.1288 | -0.00038| -0.00038| -0.0164 | -0.0164 | 0.0960 0.325 | 0.0896 | 0.0620 | -0.00038| -0.00038| -0.0164 | -0.0164 | 0.0292
D+LL sus D+LL sus
SPANNERE q:rarze' R-fixed dea dc2 ® 1 q_JG& R LR q:(a:e' Ph-fixed dm1 dm2 Cpeﬁl q_)diz O
(in) (in.) (rad) (rad) (in.) (in.) (in.) (in.) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 | 0.1233 | 0.1937 | 0.00129 | 0.00038 | 0.0767 0.0226 | 0.2930 0.263 | 0.1233 | 0.0689 | 0.00129 | 0.00038 | 0.0767 0.0226 | 0.1682
Int 0.675 | 0.0896 | 0.1288 | -0.00038| -0.00038| -0.0164 | -0.0164 | 0.0960 0.325 | 0.0896 | 0.0620 | -0.00038| -0.00038| -0.0164 | -0.0164 | 0.0292
D+LL fun D+LL
SpEL | L q:ran;e' QR-fxed dea dc2 ® ¢ (pdz R Los q:ran;e' Ph-fixed dm1 dm2 C{_)Gﬁl (p@ﬁz O
(in) (in.) (rad) (rad) (in.) (in.) (in.) (in) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 | 0.3581 | 0.5625 | 0.00211 | 0.00062 | 0.2323 0.0685 | 0.8633 0.263 | 0.3581 | 0.2002 | 0.00211 | 0.00062 | 0.2323 0.0685 | 0.5010
Int 0.675 | 0.1955 | 0.2811 | -0.00062| -0.00062| -0.0374 | -0.0374 | 0.2063 0.325 | 0.1955 | 0.1353 | -0.00062 | -0.00062| -0.0374 | -0.0374 | 0.0606
LL LL
Span | LDF ey LDF e
(in.) (in.)
Ext 0.738 | 0.5703 0.263 | 0.3328
Int 0.675 | 0.1103 0.325 | 0.0314
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6.2. Time-Dependent Long-Term) Deflections( gp

Theadditionaltime-dependenfiong-term)deflection resulting from creep and shrinkége) may be estimated

as follows:

D. Fp € oD s PCA Notes on ACI 3141 (9.5.2.5 Eq. ¥

Thetotal time-dependentl¢ng-term) deflection is calculated as:

(Cua)y { R (& 7o} & ta)R ( ashou CSA A23.304 (N9.8.2.5)

Where:

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

/g - X ACI 31814 (24.2.4.1.)
1+50 3r '

(cota))it = Time-dependent (longerm) total deflection, in.

(o) 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 N§ 0, conservatively.

lp=— 2 2
1+50 20

D, =2 0.2930 @&5859ir

(D

total

), 0.2930 (1 } ( 0:8633 0.2030 1.4492

Thefollowing Tableshows longterm deflections for the exterior and interior spforsthe analysis in the-x

direction for column and middle strips.
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Table 8 - Long-Term Deflections
Column Strip
Span ( &@)inst (In.) o qas(in.) (@)t (in.) ( @) (in.)
Exterior 0.2930 2 0.5859 0.8633 1.4492
Interior 0.0960 2 0.1920 0.2063 0.3983
Middle Strip
Exterior 0.1682 2 0.3365 0.5010 0.8374
Interior 0.0292 2 0.0584 0.0606 0.1189
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7. spSlabSoftware Program Model Solution

spSlabprogram utilizes the Equivalent Frame Methdekcribed and illustrated in details here for modeling,
analysis and desigof two-way concrete floor slabystemswith drop panelsspSlahuses the exact geometry and
boundary conditions provided as input to perform an elasifftess (natrix) analysis of the equivalent frame

taking into account the torsional stiffness of the slabs framing into the columiso takes into account the
complications introduced by a large number of parameters such as vertical and torsional stiffness of transverse
beamsthe stiffening effect ofirop panels, column capitals, agftective contributiorof columns above anakelow

the floor slakusing the of equivalent column concépCl 31814 (R8.11.4).

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

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

results, and required flexural reinforcement for column and middle strips.
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All rights reserved
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as input for processing by the spSlab computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to the
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1. Input Echo
1.1. General Information

File Name ..iDE-Two-Way-Joist-Wafﬂe-System—ACl-318‘
14....

Project Two-Way Joist (Waffle) System

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 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 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
T 5 ksi
= 4286.83 ksi
fr 0.53033 ksi

1.3.2. Concrete: Columns

We 150 pcf
e 6 ksi
E; 4695.98 ksi
I 0.580948 ksi

1.3.3. Reinforcing Steel
f, 60 ksi
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fu 60 ksi
= 29000 ksi
Epoxy coated bars No

1.4. Reinforcement Database

Size Db Ab
in in?

#3 0.38 0.11
#5 0.63 0.31
#7 0.88 0.60
#9 1.13 1.00
#11 1.41 1.56
#18 2.26 4.00

1.5. Span Data
1.5.1. Slabs

Notes:

Wb
Ib/ft
0.38

2.04
3.40
5.31
13.60

Size

I*
o8& E

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
ft in

1 Int 0.833 3.00

2 Int 33.000 3.00

3 Int 33.000 3.00

4 Int 33.000 3.00

5 Int 0.833 3.00

1.5.2. Ribs and Longitudinal Beams

Notes:
Span Ribs

b h Sp

in in in
1 6.00 14.00 30.00
2 6.00 14.00 30.00
3 6.00 14.00 30.00
4 6.00 14.00 30.00
5 6.00 14.00 30.00

1.6. Support Data
1.6.1. Columns

Support cla c2a
in in

1 20.00 20.00

2 20.00 20.00

3 20.00 20.00

4 20.00 20.00

wL wR
ft ft
16.500 16.500
16.500 16.500
16.500 16.500
16.500 16.500
16.500 16.500
Beams
b h Offset
in in 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
0.00 0.00 0.00
Ha cib
ft in
13.000 20.00
13.000 20.00
13.000 20.00
13.000 20.00

L2L

ft
33.000
33.000
33.000
33.000
33.000

c2b

20.00
20.00
20.00
20.00

Page | §
5/12/2025
12:36 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
Hmin
in
— LC*i
2.50 -
250 -
250 -
- RC*i
Hb Red %
ft
13.000 100
13.000 100
13.000 100
13.000 100
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1.6.2. Drop Panels

Notes:

Support h LI Lr wi Wr

in ft ft ft ft
0.00 0.833 6.000 6.000 6.000
0.00 6.000 6.000 6.000 6.000
0.00 6.000 6.000 6.000 6.000
0.00 6.000 0.833 6.000 6.000

B WN =

1.6.3. Boundary Conditions

Support Spring
K. Ky
kips/in kip-in/rad
1 0.00 0.00
2 0.00 0.00
3 0.00 0.00
4 0.00 0.00

1.7. Load Data

1.7.1. Load Cases and Combinations

Case SELF Dead
Type DEAD DEAD
u1 1.200 1.200

1.7.2. Area Loads

Case/Patt Span
SELF 10
10
10
10
10
5
5
5
5
5
10
10
10
10
10

Dead

Live

QBB WON-=2OOFON=20 R ON =

1.7.3. Line Loads
Case/Patt Span Wa
plf
SELF 1 1349.32
2 1349.32
2 1349.32
3 1349.32
3 1349.32
4 1349.32
4 1349.32

Far End
Above Below
Fixed Fixed
Fixed Fixed
Fixed Fixed
Fixed Fixed
Live
LIVE
1.600
Wa
psf
0.06
0.06
0.06
0.06
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
La Wb
ft pif
0.000 1349.32
0.000 1349.32
27.000 1349.32
0.000 1349.32
27.000 1349.32
0.000 1349.32
27.000 1349.32

Lb

0.833
6.000
33.000
6.000
33.000
6.000
33.000

86



Structure|/Point

CONCRETE SOFTWARE SOLUTIONS

slab

STRUCTUREPOINT - spSlab v10.00 (TM) Page | 7
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/12/2025
F:\StructurePoint\spSlab\DE-Two-Way-Joist-Waffle-System-ACI|-318-14.sIbx 12:36 PM
Case/Patt Span Wa La Wb Lb
plf ft plf ft
5 1349.32 0.000 1349.32 0.833

1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs

Units Top Bars Bottom Bars
Min. Max. Min. Max.
Bar Size #6 #3 #6 #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 0.75 0.75

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

1.8.2. Beams
Units Top Bars Bottom Bars Stirrups

Min. Max. Min. Max. Min. Max.
Bar Size | #5 #8 #5 #8 #3 #5
Bar spacing in 1.00 18.00 1.00 18.00 6.00 18.00
Reinf ratio % 0.14 5.00 0.14 5.00
Clear Cover in 1.50 1.50
Layer dist. in 1.00 1.00
No. of legs 2 6
Side cover in 1.50
1st Stirrup in 3.00

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

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 Moment Factor
Span Strip Left * Right** Bottom* Left** Right** Bottom *
ft ft ft

1 Column  16.50 16.50 16.50 1.000 1.000 0.600
Middle = 16.50 16.50 16.50 0.000  0.000 0.400

2 Column 16.50  16.50 16.50 1.000 0.750 0.600
Middle = 16.50  16.50 16.50 0.000  0.250 0.400

3 Column 16.50  16.50 16.50 0.750  0.750 0.600
Middle = 16.50  16.50 16.50 0.250  0.250 0.400

4 Column 16.50 16.50 16.50 0.750 1.000 0.600
Middle = 16.50 16.50 16.50 0.250  0.000 0.400

5 Column | 16.50 16.50 16.50 1.000 1.000 0.600
Middle = 16.50 16.50 16.50 0.000  0.000 0.400

87



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-Joist-Waffle-System-ACI-318-14.slbx

2.2. Top Reinforcement

Notes:

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

Span Strip

A

Column

Middle

N

Column

Middle

w

Column

Middle

4 Column

Middle

(%)

Column

Middle

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

Left
Midspan
Right

2.3. Top Bar Details

NOTES:

* - Bar cut-off location does not meet ACI 318, 12.10.5.1.

manually checked and satisfied.

Span Strip

1 Column
Middle

Bars

Width
ft
16.50
16.50
16.50

16.50
16.50
16.50

Muax Xmax
kip-ft ft
0.41 0.241
1.32 0.447
3.09 0.688
0.00 0.000
0.00 0.344
0.00 0.688

16.50 323.83 0.833

16.50

0.00 16.500

16.50 907.33 32.167

16.50
16.50

1.39 2.063
0.00 16.500

16.50 302.44 32.167

16.50 823.67 0.833

16.50

0.00 16.500

16.50 823.68 32.167

16.50 274.56 0.833

16.50

0.00 16.500

16.50 274.56 32.167

16.50 907.32 0.833

16.50

0.00 16.500

16.50 323.84 32.167

16.50 302.44 0.833

16.50
16.50

16.50
16.50
16.50

16.50
16.50
16.50

Left
Length Bars

0.00 16.500
1.39 30.937
3.10 0.146
1.32 0.386
0.41 0.593
0.00 0.146
0.00 0.490
0.00 0.833

Asmin

in?
2.853
2.853
5.184

2.853
2.853
2.853

5.184
0.000
5.184

2.853
0.000
2.853

5.184
0.000
5.184

2.853
0.000
2.853

5.184
0.000
5.184

2.853
0.000
2.853

5.184
2.853
2.853

2.853
2.853
2.853

As max
in?
10.120
10.120
51.614

12.144
12.144
12.144

51.614
10.120
51.614

12.144
12.144
12.144

51.614
10.120
51.614

12.144
12.144
12.144

51.614
10.120
51.614

12.144
12.144
12.144

51.614
10.120
10.120

12.144
12.144
12.144

Asreq
in?
0.006
0.018
0.043

0.000
0.000
0.000

4.594
0.000
13.208

0.019
0.000
4.482

11.945
0.000
11.945

4.045
0.000
4.046

13.208
0.000
4.595

4.482
0.000
0.019

0.043
0.018
0.006

0.000
0.000
0.000

Sprrov

14.143
14.143
14.143

14.143
14.143
14.143

14.143
0.000
6.387

14.143
0.000
14.143

6.387
0.000
6.387

14.143
0.000
14.143

6.387
0.000
14.143

14.143
0.000
14.143

14.143
14.143
14.143

14.143
14.143
14.143

Bars

14-#6

14-46

1446

14-#6

1446

14-#6

14-46

31-#6

14-46

14-46

31-#6

31-#6

14-#6

14-46

31-#6

14-46

14-#6

14-#6

14-46

14-46

14-46

14-#6

14-#6
14-#6
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*3*5
*3*5
*3*5
*3*5
*3*5
*3*5

*3*5

*3*5

*3*5

*3*5

*3*5
*3*5
*3*5

*3*5
*3*5
*3*5

Revise location, unless the requirements of either 12.10.5.2 or 12.10.5.3 are

Length
ft

Continuous
Bars Length
ft
14-#6 0.83
14-#6 0.83

Bars

Right
Length

Bars

Length

ft
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Left
Span Strip Bars Length Bars
ft
2 Column 12-#6 11.17 2-#6
Middle 14-#6 7.73 -
3 Column 16-#6 1.21 15-#6
Middle 14-#6 11.21 -
4 Column 16-#6 11.17 15-#6
Middle 14-#6 10.21 -
5 Column - -
Middle
2.4. Top Bar Development Lengths
Left
Span Strip Bars DevLen Bars
in
1 Column - =
Middle - -
2 Column 12-#6 18.99 2-#6
Middle 14-#6 12.00 -
3 Column 16-#6 2229 15#6
Middle 14-#6 16.72 -
4 Column 16-#6 2465 15-#6
Middle 14-#6 18.52 -
5 Column - -
Middle -— -—
2.5. Bottom Reinforcement
Notes:
*3 - Design governed by minimum reinforcement.
Span Strip Width Minax
ft kip-ft
1 Column 16.50 0.00
Middle 16.50 0.00
2 Column 16.50 400.59
Middle 16.50 267.06
3 Column 16.50 180.35
Middle 16.50 120.24
4 Column 16.50 400.59
Middle 16.50 267.06
5 Column 16.50 0.00
Middle 16.50 0.00

Length
ft
7.10

7.10

7.10

DevLen

18.99

22.29

24.65

0.344
0.344

14.000
14.000

16.500
16.500

19.000
19.000

0.833
0.833

Continuous
Bars Length
ft
14-#6 0.83
14-#6 0.83
Continuous
Bars DevlLen
in
14-#6 12.00
14-#6 12.00
14-#6 12.00
14-#6 12.00
At.mh Al.max
in? in?
0.000 66.794
0.000 66.794
2.853 66.531
2.853 66.794
2.853 66.794
2.853 66.794
2.853 66.531
2.853 66.794
0.000 66.794
0.000 66.794

16-#6
1446

16-#6
14-#6

12-#6
1446

16-46
14-46

16-#6
14-#6

12-46
14-46

As.mz

in?
0.000
0.000

5.703
3.770

2.539
1.690

5.703
3.770

0.000
0.000

Right
Length Bars
ft
11.17 15-#6 *
10.21 -
11.21 15-#6 *
11.21 -
11.17 2-#6
7.73 -
Right
DevLen Bars
in
2465 15#6
18.52
2229 1546
16.72
18.99 2-#6
12.00
SPerov Bars
in
0.000 -
0.000 -
3.823 10-#7
3.938 12-#6
3.938 10-#6
3.938 12-#6
3.823 10-#7
3.938 12-#6
0.000 -—--
0.000 -
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Length
ft
7.10

7.10

7.10

DevlLen

24.65

2229

18.99
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2.6. Bottom Bar Details

Span Strip

1 Column
Middle

2 Column
Middle

3 Column
Middle

4 Column
Middle

5 Column
Middle

Bars

10-#7
12-#6

10-#6
12-#6

10-#7
12-#6

- spSlab v10.00 (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4
F:\StructurePoint\spSlab\DE-Two-Way-Joist-Waffle-System-ACI|-318-14.sIbx

Short Bars
Start Length Ribs Bars/Rib

Long Bars

Start Length Bars
ft ft

0.00 33.00

0.00 33.00

0.00 33.00

0.00 33.00

0.00 33.00

0.00 33.00

ft

2.7. Bottom Bar Development Lengths
Long Bars
Bars DevLen Bars DevlLen

Span Strip

1 Column
Middle

2 Column
Middle

3 Column
Middle

4 Column
Middle

5 Column
Middle

10-#7
12-#6

10-#6
12-#6

10-#7
12-#6

Short Bars

in

39.00 -
18.18 -

14.69 -
12.00 -

39.00
18.18| -

2.8. Flexural Capacity

Span Strip

1 Column

Middle

0.000
0.241
0.417
0.447
0.688
0.833
0.000
0.241
0.417
0.447
0.688
0.833

Astop
in?
6.16
6.16
6.16
6.16
6.16
6.16
6.16
6.16
6.16
6.16
6.16
6.16

OM,-

kip-ft
-399.88
-399.88
-399.88
-432.18
-432.18
-432.18
-406.57
-406.57
-406.57
-406.57
-406.57
-406.57

in

Top

M-
kip-ft
0.00
-0.41
1.1
1.32
-3.09
-4.46
0.00
0.00
0.00
0.00
0.00
0.00

ft

Waffle

2-#7
2-#6

2-#6
2-#6

2-#7

A./Rib
in?

1.200
0.880

0.880
0.880

1.200
0.880

Comb Pat Status Aspot

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

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

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

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

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
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Status

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

2 Column

Middle

3 Column

0.000
0.833
5.518
6.000
6.000
7.100
9.591
11.173
11.800
14.000
16.500
21.200
21.827
23.881
25.900
27.000
27.000
27.954
32.167
32.375
33.000
0.000
0.833
2.063
6.727
7.727
11.800
14.000
16.500
21.200
22.792
24.335
32.167
33.000

0.000
0.833
5.242
6.000
6.000
7.100
9.351
11.208
11.800
16.500
21.200
21.792
23.649
25.900
27.000
27.000
27.758
32.167
33.000

A‘.loy
in?
6.16
6.16
6.16
5.89
5.89
5.28
5.28
0.00
0.00
0.00
0.00
0.00
0.00
7.04
7.04
10.57
10.58
13.64
13.64
13.64
13.64
6.16
6.16
6.16
6.16
0.00
0.00
0.00
0.00
0.00
0.00
6.16
6.16
6.16

13.64
13.64
13.64
10.95
10.95
7.04
7.04
0.00
0.00
0.00
0.00
0.00
7.04
7.04
10.95
10.95
13.64
13.64
13.64

OM,-
kip-ft
-432.18
-432.18
-432.18
-413.70
-384.13
-347.67
-347.67
0.00
0.00
0.00
0.00
0.00
0.00
-450.44
-450.44
-616.27
-732.25
-935.78
-935.78
-935.78
-935.78
-406.57
-406.57
-406.57
-406.57
0.00
0.00
0.00
0.00
0.00
0.00
-406.57
-406.57
-406.57

-935.78
-935.78
-935.78
-757.30
-617.63
-450.44
-450.44

0.00

0.00

0.00

0.00

0.00
-450.44
-450.44
-617.63
-757.29
-935.78
-935.78
-935.78

Top

M,-
kip-ft
-461.26
-323.83
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-146.47
-238.50
-238.55
-308.27
-823.68
-942.14

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
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
All

Status

Al,bot
in?
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
5.28
5.28
528
528
5.28
5.28
5.28
5.28
5.28
5.28
5.28
5.28
5.28

4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40

OM,+
Kkip-ft

421.
421.
421.
421.
421.
421.
421.
16
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.

421

16
16
16
16
16
16
16

16
16
16
16
16
16
16
16
16
16
16
16
16

372.72
372.72
372.72
372.72
372.72
37272
372.72
372.72
372.72
372.72
372.72
372.72
372.72

311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22
311.22

Bottom
M.+ Comb Pat
kip-ft
0.00 U1 All
0.00 U1 All
159.36 U1 All
186.15 U1 All
186.19 U1 All
241.16 U1 All
335.68 U1 All
374.01 U1 All
384.55 U1 All
400.59 U1 All
379.22 U1 All
225.08 U1 All
193.28 U1 All
70.55 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
148.95 U1 All
179.27 U1 All
256.36 U1 All
267.06 U1 All
252.81 U1 All
150.05 U1 All
92.79 U1 All
26.38 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
8.22 U1 All
86.05 U1 All
105.95 U1 All
180.35 u1 All
105.95 U1 All
86.05 U1 All
8.22 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
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