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Slab and Deck Weight
To simplify cornputation of the slab weight, we use the fuli depth of the slab, from
bottom of deck to top of slab. Although this approach overestimates the voiume of
concrete, it is conservative. For the unit weight of reinforced concrete, \l'e use the
weight of plain concrete plus 5 pcf. Because slabs on formed metal deck are usualiy
Iightly reinforced (sometimes weided wire mesh, rather than reinforcing bars, is
used), adding 5 pcf for reinforcement may seem excessive, but the deck itself can
weigh between 2 and 3 psf.

An alternative approach is to use the thickness of the slab above the deck plus
half the height of the rib as the thickness of concrete in computing the weight of the
slab. In practice, the combined weight of the slab and deck can usually be found in ta-
bles furnished by the deck manufacturer.

IEE-:-€

Example 9.9

/,1-o

Floorbearns are to be used with the formed steel deck shown in Figure 9.i6 and a
reinforced concrete slab u'hose total thickness is 4.75 inches. The deck ribs are per-
pendicular to the beams. The span length is 30 feet, and the beams are spaced at

10 feet center-to-center. The structural steel is 4992, and the concrete strength is

f,' = 4 ksi. The slab and deck combination weighs 50 psf. The live load isiftPsf, and

there is a partition load of 10 psf. No shoring is used, and there is a construction ioad

of 20 osf.

Lompulu

Solution

a. Select a W-shape.
b. Design the shear connectors.
c. €hee'k deflections. The maximum

span length.

Compute the loads (other ihan the weight
cures,

Slab wt. = 50(10) = 500 iblf t

Construction load = 20(i0) = 200lb/ft

After the concrete cures.

Panition load = 10(10) = 100 lb/ft

Live load =.+fi10) = 4'fl0lb/ft
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permissible*g1ai.deflection is 7qp of the
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of the steel shape). Before the concreie

1 " , , , ,-a/.'/4 l<-

FIGURE 9,16
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LRFD Solution a' Bearn design: Select a trial shape based on futrl cornposite behavior.
wo = slab wt. = 500 ib/ft /ZDO /3 00

585

r ,  3oo f  z .bb
w r = ltve load + partition load = 4fB+ i00 = W lb / ft
w u = l.2w o -r 1 .6w, = 1 .2(0.500) + 1 .6(€{€9) = *.JFe kips/ft

I  "  1 2 . b b  3 o t . E
* ,=  gwuL-  

=  
gG1[€€X3Q1'= f f  n -k ips

Assume thatd= 16 in., af 2=0.5 in., and estimate the beam weight tiom EqLratron 9,4:

3.4M*

QbFy(d /2+  t  -  a l2 t

Try a W15 x 26. Check the flexural strength before the concrete has cured.

w, ,= I .2wo1-  L6wr= 1.2(0.500 + 0.026)  + i .6(0.200)  = 0.9512 krps/ t i

Mu= (1/8X0.9512X30)2 = 107 f t -k ips

A W16 x 26 is compacr for fl, = 50 ksi, and since the sreel deck will provide ade-
quate lateral support, the nominal strength, Mn, is equal to the piastic moment
strength, Mr. From the Z table,

QuN[p= 156 ft-kips > 107 fi-kips (OK)

After the concrete has cured, the total factored troad to be resisted by the compos-
ite beam, adjusted fbr the weight of the steel shape, is -'  

/ ,3oD Z,, l l  I
wu = I.2tvo +1..6w, = 1.2(0.500 +0.026) + 1.6($5O0) ={...4}i  kips,/f t

i t 2,'1rl Jo{
fu(, = ; rv uL- = - 1{=l}i)130 1' = K4ft-kips

6 6

The effective slab width of the composite section wili be the smaller of

Span -  30(12)  = 90 in .  or  Beam spacing = 10(12)  = 120 in .
A A

Use b = 90 in. For fuli composite action, the cornpressive force, C, in the concrete
is the smaltrer of

A,Fy= 7.68(50) = 384.0 kips

of

0.85f, 'A, = 0.85(4)[90(4.75 - 1.5)] = 994.5 kips

where only the concrete above the top of the deck has been accounted for in the sec-
ond equation, as iliustrated in Figure 9.17. With C = 384.0 kips, the depth of the
compressive stress distribution in the concrete is

c 384.0

Sot.S .4 z
I  4(+5-7-E x l?r  1! '  J

-  
v ! : \ 4 v ' i v ' i ' - l  

- l - ! - l r L / c ,

0.90 t50 t (1612+ 4 .75  -  0 .5 )

0.8sf:b 0.85(4Xe0)
-  |  / \ \  r ^_  L . L J J  L ' .
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FiGURE 9.17

-[t 
:  + ts"

The moment arrn of the internal resisting couple is

d  a  15 .1  1 .255
Y = t * r - t =  

,  
+ 1 . 1 5 -  

,  
= 7 1 . 9 7  i n .

and the design strength is

Q oM,
0.90(38,1.0X1 1.97)

1 2  3 0 5
= 345 ft-kips > tffi-kips (OK)

Check the shear:
2 1 t  t

,r v'uL {+}l(30) !2Iu u =  
2  

=  
2  

= z f i K _ I p S

From the Z,table. .,^ +o.7
Q,Vn-- 106 krps > ?*5 kips (OK)

Answer Use a Wl6 x 26. 44
b. Shear connectors: Because this beam has*su,beranti*|excess of moment strength,

it will benefit from partial cornposite behavior. We must first find the shear connec-
tor requirements for full composite behavior and then reduce the number of con-
nectors. For the fully composite beam, C = V'= 384.0 kips.

Maximum sn-rd diarneter = 2.5t r = 2.5(0.345) = 0.8625 in

or 
i 

O" (conrols)

Try 3h-in. x 3-!n. studs (Ar. = 0.4418 in.2), one at each seciion.

For fr' = 4 ksi, the moduius of elasticity of the concrete is

E, = * ')t  r l"t :  = tq5r5J4 = 3492kst

Frorn AISC Equation I3-3, the shear strength of one connector is

Qn = 0.5 A,, rl f:8, < RERpA,,F,

= 0.5(0.44 1 8),1 4(3492) = 25.11 kips

R sRp A,, Fu = 1 .0(0.6X0.4,1 1 8)(65)

= \7 .23 kips < 26.1 1 kips .'. use Q, = 17.23 kiPs
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The nurnber of studs required between the end of the beam and midspan is

v '  3 8 4 . 0  t a .
'  

Q^ 17.23

Use 23 for tralf the beam, or 46 total.
With one stud in each rib, the spacing is 6 inches, and the maximurn number

that can be accornmodated is

30Q2)

5

With one str-rd in every other rib, 30 will be fumished, which is fewer than what is

required for filll composite action. However, there is an excess of fiexural strength,

so partial composite action will probably be adequate-

Try 3i) studs per beam, so that N7 provide d = 3012 = 15.

LQ,=  15 (17 .23 )  =  258 .5  k ip t  <384 .0  k ips  " '  C -  V '=  258 '5  k ips

Because C is smaller than ArF, part of the steei section must be in compression,

and the piastic neutral axis is in the steel section.
To analyze this case, we must first deterrnine whether the FNA is in the top

flange or in the web. This can be done as tollows. if the Pl'lA were at the bottom

of the flange, the entire flange would be in con"lptression, and the resultant com-

pressive force, as i l lustrated in Figure 9.18' would be

Pr:= b7t7F, = 5'50(0'345X50) = 94'88 kips

The net force to be transfen'ed at the interface between the steel and the concrete

would be

T - C,= T - PyJ= (,1,{,- Pr) - Pry= 384.0 - 2(94'88)

= 194.2 kips

This is less than the actual net tenston force of 258.5 kips, so the top flange does

not need to be in compression for its fu1] thickness. This means that the PNA is in

the flanee.

0.85r ;
F iG t ,RE 9 .18

<_- c

{ -  C ' :  P ' ' t

------F-- T

\-  PNA
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FIGURE 9 .19

TABLE 9.5 Cornponent

l b r r
l-<.._-_--+i
l

-*-- C'

1 - 1
i r , ' r
l-l

From Figure 9.19. the horizontal shear force to be transferred is

T - C, = ( '4 '(  - b.t 'Frl  - b1r F, = \"

384 .0  -  2 [5 .50 t ' ( 50 ) ]  =  258 .5

Solving for the depth of compression in the flange, we obtain

t' = A.2282 tn.

The tensiie resultant force will act at the centroid of the area below the PNA. Be-
tore the moment strength can be computed, the location of this centroid rnust be
deterrnined. The calculations for !, the distance frorn the top of the steel shape, are
summarized in Table 9.5.

The depth of the compressive stress block in the ccncrcte is

c  1 5 8 . 5
A = -  = ( _ r . 6 + 4 6 m .

0.8s f:b 0.85(4xe0)

Mornent arm fbr the concrete compressive force is

r  + r -  ! = g . 3 6 2 . 4 . 7 5 -  0  8 4 - 1 8  =  1 3 . 6 9  i n .' 2 )

Moment arm for the compressive force in the steel is

t '  f i  )  ) 9 , )
T - '  = 9 . 3 6 2- 2 2

t
r l, i

l
I

t l
Y

+
l

A y

W 1 6  x  2 6
t r l - ^ ^ ^r  r o r g c  J E v r  r u  r L

7.68
-C.2282\5 5A) = -1 .255

1 5 J , " 2 = 1 8 5
C . 2 2 8 2 1 2  =  A  1 ^ t 4 ' t

An  ?q

i  1 A

S u m
zAv 60.15

i - -----:- - oaA? i^
Y  

-  J J V L  t  t '

>,4 6.425

6 0 . i 5



FIGURE 9.20

Answer
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( ?  h e e m

I
I
+ 6 "
I

)-- Ane r/i' x 3" stud
I

i

I
I

l

Taking moments about the tensile torce and using the notation of Figure 9. 18, vve ob-

tain the nominal strength:

M,= C(13.69) + C,(9.248)
= 258.5(13.69) + 10.2282(5.50X50)l(9.218) = 4119 in.-kips = 343.3 ft-kips

The design strength is 
3Ot

QuMn= 0.90(343.3) = 309 ft-kips >*5* ft-kips (OK)

The deck will be attached to the bearn flange at intervals of l2 inches, so no spot

r,velds rvill be needed to resist uplift.

Use the shear connectors shown in Figure 9.20.

c. Deflections: Before the concrete has cured,

vep = !1''11"1, * lub.-' = 0'500 +0'026 = 0'-526 kips/ft

, \ .  _  5 * o L '  _  5 t 0 . 5 2 6 l 1 1 r 3 0  x  l 2 t r  =  t . 0 9 g  i n .- r  
38481,  384(29,000X301)

The deflection caused by the construction load is

A .  _  5 ,u .on , ,L *  _  5 (0 .200 / l l t l 30  x  l l l '  =  0 ._ l l g  i n .- :  
38481, 384(29,000x301)

The total det-lection before the concrete has cured is

A,  +  A ,  =  i .098 +  0 .418 =  1 .52  in .

For def-lections that occur after the concrete has cured, the moments of inertia

of the transformed section \.vi]l be needed. The modular ratio ls

E. 29,000
n=-- - : -  -  -  -  u . j  . ' .  use iz  = 6

E, 3-192

The eftective width is

b  -  90  =  11 .25  i n .
n 6

Figure 9.21 shor,vs the corresponding transtormed section. The computations for

the neuffal axis location and the *o*"n1of inertia are summarized in Table 9'6'
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FIGURE 9.21

TABLE 9.6 C o m p o n e n t A y t l + A d 2

3.25',

Concrete
W 1 6  x  2 6

36.56
7 . 6 8

|  . o z 3

I  z . o

t r o  / 1

96.77
3 2 . 1 E

3 0 1
1 .906
9 069

1 6 5
933

S u m 44 24 1  5 6 . 1  8 1 0 9 8  i n . a
s  ^ , ,  1 t r A 1
L ^ V  I  J V . L

-  _  _ a c a ^ . ^
t -

S   A A ' A
L n  # . L +

Since partial composite action is being used, a reduced
of inert ia rnust be used. From AISC Equation C-I3-3. this
rnertla ls

I _' e n

=

transforned rnoment
effective moment of

I, * EeJ Cr(t,, - I,)

:or * JzssS/3,8a-0 (i098 - 301) = 954.9 tn.a

The deflection caused bv the live load is

_ ,J  / .20D

o _ 5}1. Iu  _5(+. '4€e/12X30x12)1' 
384E1,ff 384(29,000X954.9)

The deflection caused by the partition load is

^  5wn* lo  5 t0 . i 00 / l 2sB0x l2 ) ^     , . o  .
" \  -  ' *  =  U.U6)U tn.'  

38181"n 384(29,000)(954.9)

The total deflection is
o,,7 E1 b /, qs

A, + A, * Ao = 1.098 +eJ633 + 0.0658 = l:43 in.

-+nC-

/ive-- I oaJ
The deflection is satisfactorv.

A

o,781b
=-ff i is.

;ns"rl H

Answer



Insert for page 590:

The maximum permissible live-load deflection is

L -  30(12)  = 1 in .  > 0.7898 in .  (OK)
360 360
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A,SD Sotution a. Beam design: Select a trial shape based on full composite behavior.

wo = slab wt. = 500 lb/ft /7'Oo /3OO
wt = hve load + partrtion load =4€9+ 100 = 5€O lb/ft

/ ,gDD I t ,8 oo 
wo = Y|D * w' '  =0'500-+' l0g=lSp€ icips/f t

rvt" =lwoLz =l,i#,?, o)' =?r%'F*0,
6 6

Assume that  d  = 16 in . ,  a fZ = 0.5 in . ,  and est imate the bearn weight  f rom

Equation 9.6: 
zo?:s ,  ̂ .  22.< 3

3 . 4 { 2 b M .  3 . 4 ( 1 ' 6 7 ) 1 1 e s - t r i  
a ( '  J r

W = - - 7 - : - = -
r , \ t * , -  t )  5o( f  .47{  

=H tb l f t

Try a W16 x 26. Check the flexurai strength before the concrete has cured'

rvu = rvrvu6* vu6.'o f !u.unr, = 0'5000 + 0'026 + 0'200 = 0'7260 lbltt

l l ,
M" = )  wot  = l1o 7260X30)-  = 81.7 f t -krps"  8 -  8

From the Z,tab\e,

ylo = yt =110 ft-krps > 81.7 ft-kips (oK)
ob {2b

After the concrete cures and composite behavior has been achieved' the load and

moment  are 
/ ,30D t '82b

lvo = wr1u6 * )u6.r,r, I w, = 0'500 + 0'026 +*5ee = +lr{035 kips/tt

1  / ,  bzb "  2oS
tut, = 1(+€e5X30)' = *-15 ft-kips

d

The effective slab lvidth of ihe cornposite section is the smaller of

spm = 30 x 12 = 90 in. or Bearn spacing = 10 x 12 = r20 in'
A A.f -?

Use b = 90 in. For tull composite behavior, the compressive force in the concrete

at ultimate (equal to the horizontal shear at the interface between the concrete and

steel) r,vill be the smaller of

A,Fr= 7.68(50) = 384'0 kips

0.85fiA,= 0.85(4)[90(4.75 - 1.5)] = 994'5 kips
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Only the concrete above the top of the deck has been accounted for. With C = 384.0
kips, the depth of the compressive stress distribution in the concrete is

o  =  J - -  384 '0  
=  1 .255  i n .

0.8sf:b 0.85(4)(e0)
d  a  15 .1  1 .255

) ' = t * t - J =  
2  

- 4 . 1 5 -  
,  

= l l . 9 7 i n .

and the allowable flexural strensth is

Mn  =  Cy  _  384 .0 (11 .97 )  _  a751  i n
f2b oe t .61

Check shear: / ,g7b
vt'.L +.sr6(30) ?l:I

| o =  ^  
=  

^  
= i t - i r l P s

/ , 2

Frorn the Z,table,

v. z'1.+
:- = 70.5 kips > **4 kips (OK)
r.\

Answer

Answer

U s e a W 1 6 x 2 6 .

b. Shear connectors. The design of shear connectors is the
ASD. From the LRFD solution. for one %-inch x 3-inch

M,= 343.3 in.-kips

The allowable moment strength is therefore

A,N 34i 1 2oS
' ' "  n  _

f tb  1.61

Use the shear connectors shown in Figure 9.20.

c. Deflections: The computation of deflections is the same
the LRFD solution.

2D<
-kips = 229 ft-krps >{+5 ft-kips (OK)

same for both LRFD and
stud every other rib.

for LRFD and ASD. See

6

9.E TABI-,ES FOR. COMPOSITE BEAM
AI{ALYSIS AND DESIGI{

When the plastic neutral axis is within the steel section, computation of the flexurai

strength can be laborious. Formulas to expedite this computation have been developed

(Hansell et al., 1978), but the tables presented in Fart 3 of the Manual are more con-

venient. Three tables are presented: strengths of various coi-nbinations of shapes and

siabs; tables of "lower-bound" moments of inertia; and a table of shear stud strength

Q,fot various combinations of stud size, concrete strength. and deck geometr)".


