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Composite Sections
(Steel Beam + Conc. Slab)

» Composite Sections by LRFD
* Analysis Methods
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Composite Design

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

The concrete slab acts as a wider and
thicker compression flange.

Strength increase by 33% to 50%

Deflection reduced by 70% to 80%

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

Smaller floor depth, therefore reduced
overall building heights and weights

Reduced DL 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

[ R —— gage decking onto W section
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Effective Flange Width, b,
Slab on both sides: -

b, is the least total width :
+ Total width7 7 of the beam span
« Overhang: 8 x slab thickness
« Overhang: % the clear distance to next beam (i.e. b, is the web on center

S paCI n g ) L effective width, bes J
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1/2 clear distance 1/2 clear distance
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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: 7% the clear distance to next beam

1/12 of span
be

e
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Analysis Procedure (LRFD)

Case 1 — Plastic Neutral Axis kPNAI within slab
Case 2 — PNA within steel section
vitnin steel

IHo5T Comidoy
PNA in slab

0.85f A,
c ~c

/ Cracked Concrete - No Tension

Total horizontal force

—
—

—AT= 45 F . below plane between beam
—_— and slab = AF,
—

F, (in tension)
PNA in beam L 0.85 £ Total horizontal force
e 2~ Je above plane between beam
{ T - &t c = andslab=085f/A,
| e c e .

) o = y (in compression)
—_—
— —_—
= T —e
— —_—

F, (in tension)
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Analysis Procedure (LRFD)
Case1 — PNA within slab

Given: Slab and beam geometry .

a
2
. . | | 08f
W-section size and steel grade & = =085 T,
(floor loads) | i
. . e e’ M N T a
Find: pass/fail or capacities / > —5+t-5
—_—
a Srackedt T — ‘LT=AxFy
M
v 4
F)'

1. Define effective flange Width,_tk_,

2. Calculate the effective depth of the
concrete stress block, a_ <, 1

T=cC
3. If ais within concrete slab, the full :
’ = 0.%% b
steel section is in tension and: As ﬁ'f b e
Mp=Tz f;
Iy .
Mn = Mp = As Fy (d/2 + t - a/2) 2 " ossl b,
4. Mu<d Mn~~
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Non-composite vs. Composite Sections

Given: P ﬁ 7 ——
¢ DLsIab = 625 pSf = 8125 plf \‘/ l3l v,’ [7¢2.5pF
¢ DLbeaﬁ =99 plf '.’T A :
* LL = 7 sll @0
‘L‘ /
1

« W 30x99 [ r
w30x 99
13!

« F,=30ksi
o fCione =4 ksi & ;

-1 1

Livl

Find: Load Capacity

For this example, floor capacity is  weaur ¢ sue B I
found for two different floor 5" 1500k o670 |
— = 62.5 PsF
systems: 12
’ W30x99
. . . 13 X2 505 = Sle.5 er _ .
1. Find capacity of steel section ’F*g :gg-i in? 29.7
independent from slab y=oue
VS.
—— = 1
105

2. Find capacity of steel and
~  slab as a composite section
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Part 1 Non-composite Capacity Analysis T
(Example part 1 - steel beam alone - LRFD) 5" Is0tcF - P

2z
Given: '(ﬁ /\]‘ 13'x¢2 5ps7 = BI85 L

DL, = 62.5 psf = 812.5 plf
. DLZ:am = 99 plf PLAs <
W 30x99 Wo0x 99 2, =37 in AJSC

Kst

M = r3 Ly ® 5'0(5@) = I‘;&Oo “-K
1. Find section modulus, Z, in the rg 1300 =K

steel W-section chart. bH = Mo = 023 (1300) = 1170 1K

2. Calculate Mn = Fy Zx. 2 2
Pric= My = et @) 30
3. Mus<s® Mn — &. &
Wo= 2.6KLWF = 2600FPLF -
4. Find wu from moment equation 7 oL 7 (_/
.z(wog + loé (w(l) =200 PLF
5. Subtract the DL to find the
remaining LL. ""0’ ik 2(8'2 > +%> e é@3 i
o = .2 PLF
6. Calculate LL capacity in PSF. [k :
13’ = [ " F
A WL = 941.3 PLF/'i. -w
L
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Composite Analysis Procedure
(Case1 — PNA within slab)

','/ ;/ Stde bl
Given: Slab and beam geometry / \T 13! \T [T ¢2.5p5F
W-section size and steel grade -
(floor loads) I s ,
e
q

Find:  pass/fail or capacities

1. Determine effective flange width, b

2. Calculate the effective depth of the

concrete stress block, a - 1
- WEIGHT of S4B T':'**
. . . 5'" £ 0.670
3. If ais within concrete slab, the full 2 150FcF = 42 spPsF
steel section is in tension and: e W30x99
— — X2 5PsF = SIS PLF Ag=290i _
I\@ =Mp =As Fy (d/2 +t-al2) £ F3=5o ks'i” 207
4. Mus<sdMn
——
5. Use Mu to calculate factored loads with 105~

appropriate beam moment equation.
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Composite Capacity Analysis
(Example part 2 - composite steel beam and slab)

Given: Ry
. DLg,, = 62.5 psf=2812.5 plf / N Ny
* DLyeom =99 plf _ = = 6o
e LL=7 | -
« W 30x99 I Iw 30x 19
» F,=50ksi A . -
o+ FC ye = 4 ksi ’ - L
. L SR
Find: —
capacity of steel and slab as
a composite section e M o
Fy = 50 ksi '
F 105 *‘—
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Part 2 Composite Capacity Analysis -
/ » ; chzt?rsiL
1. Determine effective flange width, b, 1“, /
b, is the least total width : I '
« Total width: % of the beam span )} W”"”
« Overhang: 8 x slab thickness e
« Overhang: "% the clear distance to next N
beam (i.e. b, is the web on center spacing) S 1
L effective width, begf A W 30x99
m Ag =290 in® 29.7
Fy = 50 ksi
/1 /4 the span of steel beam *
L effective width, begf | L— 10.5'—‘4‘7

8 x slab thickness 8 x slab thickness

o

k effective width, begf #

1/2 clear distance 1/2 clear distance

=z

o
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b, is the least total width :

be ® = ) 6o'z 15'= 120"
be @ = &(5');?_ + m,f'ﬂ@'
loe ® = l%' = lfé”
<90.8"
Slide 12 of 18




Part 2 - Composite Capacity Analysis cont.

| b | % p— b, = 90.5" —

! . I N S ) e .
T e 4 2 ]d = c=osspab, L= | _§e-3m
7 v LA B 'b'~'v' v _ ——

#/ =
z s —21727 2 W30 x 99 —297in
d Con]tzr(:,jte 7?"‘ i /Z. | — AR ,4:);9,0‘in2 a=
Lcrace > ¥ =A[F,
—_— )
7»—'— by=10.5"
¥y
A l<‘>>l
. 29.0 (5e U
2. Calculate the effective depth of the 4 = -Z%Ib q%_((‘{ s = 4,712
— 0 ’ ———
concrete stress block, a s e ! °

kst
Az "CE L i sw&/

3. If ais within concrete slab, the full

= = Tx Z.
steel section is in tension and: = by . T4 .2
HV\-': A‘)F </L+t-9‘> 4 Z//
= = +1- vy el
Mn =Mp = As Fy (d/2 + t - a/2) W, - 290 (50ks) Zqz,q . = >
Mn= 24366 7~k = 2114 1=K
4. Mu< o Mn T’”
difn= 09 (2114) = 1902 % 2 Ho
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Composite Analysis cont.

4. Mu<dMn ~

—_—

5. Find total factored w,,.

6. Subtract the factored wp,
to find w |

WEIGHT of SUAR

5" 1500 = 4y s per
lL

13" x¢2. 5psF = 518.5 PLF

. K-/
7. Calculate the LL in PSF M, = 1962 = j?:’ w, 66"
based on the wy, . Y )
Wy = 4 22T1LF = )2<pr>+' 4(
Conclusion: WY =4223PLF =21, 1(% £+ (a@

Non-composite LL = 72.4 PSF
Composite LL = 150 PS

Suns T

W, = 1958 PLF

LL = 1958 F(f/ﬁ, = /;O PoF

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

Given: Slab and beam geometry
W-section size and steel grade
(floor loads)

Find: pass/fail or capacities

-—
2 < 085f/bt

l

|

o , _

@7‘*7'— - = - - = < Fybfy
? C‘— —_—

____)'F}CAJ_Q&)
_—

1. Determine effective flange width, P_e.

D ™

2. Calculate the effective depth of —
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 = Cy(z;) + Cx(2z;) + T(z3) -
7. Mu= & Mn
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Composite Analysis Example .
(Case 2 — PNA within W-section) T
[ 72 &"'c t,=0.85in | §r=4in
—— ‘ b

Given: Slab and beam geometry
W-section size and steel grade W30 x 116
A =342in
(floor loads)
Find: moment capacity

1. Determine effective flange width, bz $2 ’
Rie,

2. Calculate the effective depth of the 2= ﬁi%,\. 421 (52) . 421"

= p8s (ks -
concrete stress block, a. 2O x"@
GL2d" > 4 “ub

3. Check if PNA is within upper flange.
Assume PNA is at top of web. Check C ., so(1 4, ¢ /t

Pl

and T. If Cis greater than T, then PNA L = ogr (i) (80" YA") = 088 X <,
is within the top flange. A%mmé 50 xn (o5 ") (065" ) = Mt
i be ' C=CitCs 2 '058’<+—44é 255 = 1534 " ("1

AMAAA

H

é 0.85 /b, t e Féj (As .) so(34.2-5.9 ): 7K
N Fybf)-’

SEzo=T-C 2 T=C

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

—> F,(A;=bgy)
—_—

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

3. Ifais within steel section, only the |

part below the PNA is in tension and Tl

— 0.85 /bt

the top is in compression with all

concrete
d

L

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

5. Find y by equating T=C

I ¥ l :t= 4in
S — E 7}\Tji
0.592”
W30 X 116
A =342in? d =30.00 in

by =10.5"
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S

£y bf)_’

T =

—_—

S

"@rﬁ =085 [ kef*“ b5 * My
AsFy - 0,85, be 4 —2(5

AsFy -085Fc be t
2 by Fg

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

34,22 (Sor) - 085 (4 ks (804" )

5. Find y by equating T=C g = NI
e

6. Mn =Mp = C4(z9) + Cy(25) + T(2) 5 = 0:592" < 1,2 0.85" for W30x116
7. Mu= ¢ Mn L .

. , , TMepua = € (2Y4 C @Qn.(@

[ : |
3_[+ 4 CZ11I<-_ = O.Ifsbﬁbet/- & \+@c (e 2 A (fii}

ENVa T L, ="

PNA - < 2, c, = T 2z

d
L L

— 0.85f/b, ¢
Fybf)_’

= Fy(Asgbfy)

Structures Il
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,-\_/u‘—-’\ ¢
Mo = Mp= 0,850 e t (§

+3) e 2%y L;g‘(%)ﬂ A(3-3)

My = O 85 (Awsi )(80”)4"(-,_—”+o 592 )
+ 250k (12:5" ) (o '7’92 )&=
t+ (S0 xs)(34, z»’-\( =

o S“)Z

"l

- o 6")2 ) = 27 ¢s0
= 2204 - K

MomenT CAPACITY -

o= PMun = ?i(i?ob\ ’

-K) = 2074¢,K
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