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Structures Il

Composite Sections
(Steel Beam + Conc. Slab)

+ Composite Sections by LRFD
* Analysis Methods

Photo by Mike Greenwood, 2009. Used with permission
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Composite Design

Steel W section with concrete slab
“attached” by shear studs.

The concrete slab acts as a widerand — —
thicker compression flange. T

Strength increase by 33% to 50%

Deflection reduced by 70% to 80%

Can attain either longer spans or smaller
members — more economical in long spans

Smaller floor depth, therefore reduced
overall building heights and weights

Reduced% of system, reduction of other
material vertically (fagade, walls, plumbing,
wiring, etc.)
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Shear Studs

Also called Nelson studs after the
company that originated them.

From AISC DigiLib

Can be spot welded through light

[ A ——— gage decking onto W section

University of Michigan, TCAUP Structures Il Slide 3 of 18

Effective Flange Width, b,

Slab on both sides:

b, is the least total width :
« Total width: %4 of the beam span
+ -Overhang: 8 x slab thickness
Overhang: %z the clear distance fo next beam (i.e. b, is the web on center spacing)

-
l: effective width, bggf * J
g

L effective width, bggf N
g
J k N
i ’l
1/2 clear distance 1/2 clear distance

o
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Effective Flange Width, b,

Slab on one side:
b, is the least total width (i.e. overhang + steel flange) :

» Total width: 1/12 of the beam span
» Overhang: 6 x slab thickness
« Overhang: % the clear distance to next beam

1/12 of span
be
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Analysis Procedure (LRFD)

Case 1 — Plastic Neutral Axis (PNA) within slab
Case 2 — PNA within steel section

M65T coritorn)

PNA in slab 0.85 f!
)T - t-q’ = {_, : e
) P Cracked Concrete - No Tension
- —_—
_,__/}T__. A F : Total horizontal force
5 ;f > below plane between beam
—— and slab = A(F,
— —_—
F, (in tension)
PNA in beam Total horizontal force

085f above plane between beam

L o &__{_ C < andslab=085f/A,
— ¢

-

4—4__ F, (in compression)

—
—_— #
7T —
_ ——
F, (in tension)
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Analysis Procedure (LRFD)
Case1 — PNA within slab

Given: Slab and beam geometry | be | osss l
W-section size and steel grade R o= =i,
(floor loads) ! 18
. T wlhebnde’ el e —— i —>d ., a
Find:  pass/fail or capacities / G L )
Concrete - S
d cracked ——

1. Define effective flange width, b,

2. Calculate the effective depth of the
concrete stress block, a

3. If a is within concrete slab, the full
steel section is in tension and:
Mp=T®

_Nin=Mp=As Fy (d/2 +t-al2)

4., Mus ¢ Mn
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Non-composite vs. Composite Sections

Given: 5"

_ i Sds pL.
* DLy, =62.5 psf=812.5 plf % L7 ¢2.505F
* DLpeom =99 plf P 2 i~
e LL=7 — 57 7 ©
« W 30409 —
- F,=50ksi - wW3ox 19
s fCcone =4 Kksi T L -
| = 4
Find: Load Capacity
For this example, floor capacity i wewaur o¢ sue I —
found for two different floor 5" Is0rF - o670
62.5 PsF
systems: I &
W30
13" xg2. 5psF = &1C.5 PLF _
1. Find capacity of steel section GEREE o S Ag =290 in? 207
independent from slab Fy =0 kst
VS.
Fm.s »‘7

2. Find capacity of steeland _~
slab as a composite section
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Part 1 Non-composite Capacity Analysis
(Example part 1 - steel beam alone - LRFD)

Given:
DL, = 62.5 psf = 812.5 plf
« DL, = 99 pif
- W 30x99 Miox 99 Z,
Hym fy 2y
1. Find section modulus, Z, in the J

steel W-section chart.

WEGHT of S4B
5"
2

v~

/fOfGF 3 ézfpsF

13'x¢2. 557 = &85 L

= 3{2 1wt

= ‘;‘o(slz) = 15600 "-K

kst /300 K
M,

¢Hu\ = My _ocl(l?oo)z 7o 1K

2. Calculate Mn = Fy Zx. , Al /
My= 2ed’. @)l ) 176
3. Mu<$ Mn P
ToRl\y,= 2.6 KIF = 2600 FPLF
4. Find wu from moment equation w -
= Z(wOL\ + I A (v.\ M,S 2&:00 pLF
5. Subtract the DL to find the

remaining LL.

6. Calculate LL capacity in PSF.
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wo-l 2(5:2 s+‘?‘)) F L (a(wu_s Zéoo LR
oo = 741.2 LF

= 0]4],? PLF/J}' =

12,4 ®F
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Composite Analysis Procedure

Given: Slab and beam geometry

(Case1 — PNA within slab)

W-section size and steel grade

(floor loads)

Find: pass/fail or capacities

L I
e
1

1. Determine effective flange Wldth@

2. Calculate the effective depth of the
concrete stress block, a
3. If aiis within concrete slab, the full £
steel section is in tension and:
Mn =Mp =As Fy (d/2 +t - a/2)

4. Mus ¢ Mn

5. Use Mu to calculate factored loads with
appropriate beam moment equation.
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WEGHT of SLAB

I50FcF = /9 5 psk

13'x¢2. 5ps7 = 1.5 PLF

0.670

W 30x99
Ag =290 in?
Fy =50 ksi

29.7

|+10.5»|7
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Composite Capacity Analysis
(Example part 2 - composite steel beam and slab)

Given' Py
. DL, = 62.5 psf = 812.5 plf J‘_**y_ S
. DLbealm = 99 plf ¥ 6o’
e LL=7 v« 7 '
+ W 30x99 I I Iwaox??
« F,=50ksi _ + P L
o FCionc =4 ksi
. S
Find: —
capacity of steel and slab as
a composite section Xvaf’;%go. 2
d Uin 29.7
Fy =50 ksi
Fms »l__
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Part 2 Composite Capacity Analysis - :
/ ",' 13! VAT CSZL.‘;F;L
1. Determine effective flange width, b, S ‘ (e
| _Ls? : _
b, is the least total width : SR
« Total width: % of the beam span wextt
« Overhang: 8 x slab thickness +—= P B
* Overhang: %2 the clear distance to next N
beam (i.e. b, is the web on center spacing) osnd | |
L effective width, bgff J W30x99
A Ag =290 in? 207
Fy =50 ksi
1/4 the span of steel beam
F10.544

L effective width, bgff J
[ il
o T o e e O s S e o S R R e o e o |
|
|
8 x slab thickness
T

I effective width, beff J

[
e e R e S 0 S S e B S s A e e S e L
|

8 x slab thickness

=2 ——] [——— ]

|
1/2 clear distance

o

1/2 clear distance
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b, is the least total width :
be ® = l/4 o'z 15" = ‘_”0’0'/

t
5(5"),& r10.%5
13' = 156"

be @
b, ®

®

v'l be = 90'6‘/(
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Part 2 - Composite Capacity Analysis cont.

a
| b, | 2 pe——r————— b, = 905" —————»I
[ | 0857 l’r

o e T e e > i - - - t=35in
BN A R L NS A EI = C =0.85f/ab,
v v . . v - . ) - v T J
I S | o g 7 <
dy1-2 =4
—_2 2
W30><99 d=297in

e N

e — _L Ammon e
- i
Fy
w%y" £
Ash'—  za0(53”
2. Calculate the effective depth of the A=< . 217l = 4,312
concrete stress block, a 088 fe be 0’%(;,(,)(%';) :
4,312 "<g" . WITHIN SLAl
3. If ais within concrete slab, the full Hf’ T x
steel section is in tension and: 2
Ma = AIDF </?. - >
Mn =Mp =As Fy (d/2 + t - a/2) , 432"

M, = Z‘)aw(e‘ow) ?f'_‘_m -

Ma= 26366 "k = 2014 1%
4. Mu<e Mn -_

PMn = o:#‘? (z114) = 1902 -K .—-ﬁ,

University of Michigan, TCAUP Structures Il Slide 13 of 18

Composite Analysis cont

. ,", ;/ Stée p(,
K 3! ! [7¢2.5p5F
\ ! \
N B
o ," 4
4. Mu< o Mn - . . 60
e
q

5. Find total factored w,.

6. Subtract the factored wp, n 48
EGHT of S

to find
I Wi :6; I50PcF = 4 s por
13" x¢2 Sesé = S18.5 PLF
7. Calculate the LL in PSF ) o - 07 ' Lo®
based on the wy, . Mp=l02= = = @-—g-‘
Wy = 4227 KLE = )2l )+ (W
ConCIUSion: \IJ O = 4227 PLF = "ZCQ,” ) +| (’(wu_\
Non-composite LL = 72.4 PSF W, = 19586 PR
Composite LL = 150 PSF
P kel LL = 1958 FF/ ! = 150 PSR
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Composite Analysis Procedure
(Case 2 — PNA within W-section)

Given: Slab and beam geometry 2
W-section size and steel grade |
(floor loads) 7 l = 08540
Find: pass/fail or capacities [ ==— &l
1. Determine effective flange width, be > Aty
2. Calculate the effective depth of o
the concrete stress block, a.
3. If ais within steel section, the part below the Plastic Neutral Axis
(PNA) is in tension and everything above the PNA is in
compression (the steel and the concrete)
4. Check if PNA falls within flange or web of the W-section
5. Find y by equating T=C_
6. Mn=Mp = C(z¢) + Cx(z,) + T(z5)
7. Mu=® Mn
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Composite Analysis Example
(Case 2 — PNA within W-section) = nam =

Given: Slab and beam geometry

1.
2.

| =085 § 4
Asome NA  — % e

W-section size and steel grade W30 X 116
A=3421n
(floor loads)
Find: moment capacity
Determine effective flange width, b, G105
—_— Afft:z"%/-r 24 .1(5 kst 4 /
Calculate the effective depth of the gl BT L L' >4
concrete stress block, a. L7 oac b, b (Ari)(sa) ——
- L2d" > 4 o Boos g

Check if PNA is within upper flange. g .
Assume PNA is at top of web. Check C | - 5500 s, o4

and T. If Cis greaterthan T, then PNA | 77, oo(is) (g0 )4") = lose. €

is within the top flange. Co= iy bt S0 ks (1005 )(0.85") = 44425

K
C=Ci+Cy = 1088K +440.25% = 1534 <—]
e —_—

— 0.85f/b,t - F - =50 ,2-8.9 = 1263.3%
= - & (4 %‘:*3 (42-%er)= 22T

AMAAA

Fyb;y

HH

SYF =0 = T-C o+ T=C

Since horizontal forces should sum to zero, T should equal C.
I So C should be less than 1534 and T greater than 1263.
—_— Therefore, the PNA must be higher and within the flange.

—> F,(A;=byy)
—_—
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Composite Analysis Procedure
(Case 2 — PNA within W-section)

If a is within steel section, only the
part below the PNA is in tension and
the top is in compression with all
concrete

Check if PNA falls within flange or
web of the W-section

Find y by equating T =C

Vt=4in

W30 X 116
A =342in?

b=105"
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—

i
"+

-~
c1y— | = 085fb.t
1 T I1TL; L :_—Fby
777*77 T, =7
PNA: 23
R —

d

T —> F,(A,—bgy)
E——
L
—_—
et
T I G

g‘rg = 0,65 ) L,ef + bg@,r

Asty - 085 Fc be t
2 by Fa

—
-

—
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Composite Analysis Procedure
(Case 2 — PNA within W-section)

5. Find y by equating T=C
6. Mn =Mp = Cy(z;) + Cyx(z;) + T(2)
7. Mu=¢ Mn

g:

34.2 {,}(‘;Ol(sl) - 04;(4 |(su>(20')(4">
2 (16.6)(50 k1)

-—

g:

0.592" < 1,2 0.85" for W30x116

ZMepua = € (2N C (!;3*’1—1(3;5

0.85 f/b, t
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¢ (z.\+gcz(zzj+

@F L;g
4

F27 502
. ZBQ‘JA

T
+F AS

z
f

-

2

%)

r\—M
M,z Mp= 0.85f; b t

My = O-85(4xsi)(80") 4’ (4 +o. aez)
F 250k (10:5" Y0592 Dha sie’
Fgors )3 Y (2L - o05m ")

Moment CAPACITY -

o = PMu = 0.9 (2304 ) = 2074
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