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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 wider and
thicker compression flange.

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 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 width: 74 of the beam span
« Overhang: 8 x slab thickness
+ Overhang: % the clear distance to next beam (i.e. b, is the web on center spacing)

| effective width, bes J
1
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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: 2 the clear distance to next beam

1/12 of span
. - be 5 w
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Analysis Procedure (LRFD)

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

PNA in slab 085 f/

/i -~
| - ) ) 4:{7 racked Concrete - No Tension

—

— .
Total horizontal force

> below plane between beam
—_— and slab = A(F,
el —_—

F,

(in tension)

PNA in beam 085 f' Total horizontal force
85 fc above plane between beam
L < andslab=085f/A,

—_ ;
< F, (in compression)
J—
—_—
—_
—1 —_
F, (in tension)
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Analysis Procedure (LRFD)
Case1 — PNA within slab

Given: Slab and beam geometry | b s
W-section size and steel grade T [~ <, B =—
t ~—

RAMIRB AN IR N e AT €= 085f;ab.
(floor loads) #, / |
————————————— —_d a

Find:  pass/fail or capacities —5-g 3
d ccrzglirefite ‘L>TVASF},

s A
—_— 2
1. Define effective flange width, b, JL F —
2. Calculate the effective depth of the
concrete stress block, a
T=c
3. If a is within concrete slab, the full '
’ = 085[ a b
steel section is in tension and: ’MJ 8si. 2 b
Mp=Tz {.
. - .
= = +t- d =
Mn = Mp = As Fy (d/2 + t - a/2) 0.85{, b,
4. Mu< ¢ Mn
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Non-composite vs. Composite Sections

Given: ﬁ ;, ey
° DLsIab = 625 pSf = 8125 plf \ll' l3’ \(,' HGZ.STSF
« DLyeom = 99 pif o~ \ ’

e LL=? - 7 . , 60
W 30x99
. Fy = 50 ksi w3ox 79
s FCone =4 ksi T L :
G| 1 Ki
Find: Load Capacity
For this example, floor capacity is  weanr o¢ swe N o
found for two different floor 5" IsorcF - 06701
g = 6.5 PsF
systems: 1z
, W30x99
13" x¢2 5psF = SIL.5 our _
1. Find capacity of steel section aronet = oot /F\gfggﬁ in? 297
independent from slab ¥ et
VS.

Fm.s »‘77

2. Find capacity of steel and
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
DLy, =99 plf

W 30x99

1. Find section modulus, Z, in the
steel W-section chart.

N

Calculate Mn = Fy Zx.

3. Mu<$ Mn

4. Find wu from moment equation

5. Subtract the DL to find the
remaining LL.

6. Calculate LL capacity in PSF.
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WELHT of SLAB
5"

150 PcF = éz.fst
lz

13'x¢2. 5057 = &85 L

W3ox 99 ZX = 5(2 1wt
= F<15 Z,= 50(312) = 15600 "-K

= (300 -K
C#Hm :M() ‘.—'O/?([ZOO) = ”70 1-K

HU: \«)UIPZ: LL)U (M)L: II?O"K
& &
= 2,6KIF =260CFPLF

Wy = b2 (wol) + 16 (wel) = 2600 PP
o= 1.2(812.5491) + Le(wel)=2600 PLF
Wee = 941,3 L

= 9413 AF /30 = 72,4 fF
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Composite Analysis Procedure

(Case1 — PNA within slab)

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

Find:  pass/fail or capacities

1. Determine effective flange width, b,

Calculate the effective depth of the
concrete stress block, a

If a is within concrete slab, the full
steel section is in tension and:
Mn =Mp =As Fy (d/2 + t- a/2)

4. Mu<® Mn

5. Use Mu to calculate factored loads with
appropriate beam moment equation.
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Stée p(,
[7¢2.5pF

7 7
. (4
(I L4
Il ! f(
% 13 v
r 4‘\
C : -
j[ ‘ w3ox 99
e
1

¢
©0

13’ L
7[
i o
WEIGHT of SUABR ]—'1'
e ; 0.670
TZ 5o fc = éZfFSF
, W30x99
13 x¢2. 5057 = SIS PLF Ag=290 in2 29.7
Fy =50 ksi
— —
|+1o.5»|
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Composite Capacity Analysis
(Example part 2 - composite steel beam and slab)

/
J‘_%___\_
4
4 60

Stée pL.
[7 ¢2.5p5F

@

Given'

. Lyap = 62.5 psf = 812.5 plf

. DLbealm = 99 plf

e LL=7

W 30x99 I
« F,=50ksi +

” 1

s FConec =4 Ksi

Find:

capacity of steel and slab as
a composite section
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0.670

W30x99
Ag =290 in? 29.7
Fy =50 ksi

Fms »I_
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Part 2 Composite Capacity Analysis

1. Determine effective flange width, b,

b, is the least total width :
 Total width: 74 of the beam span
» Overhang: 8 x slab thickness
* Overhang: 2 the clear distance to next
beam (i.e. b, is the web on center spacing)

k effective width, beff %

1/4 the span of steel beam

=2 =] =2 = =] =t—m

L effective width, beff J

8 x slab thickness 8 x slab thickness

== =] c==t—m

o

L effective width, bgff J
[ ]
m

1/2 clear distance

o

1/2 clear distance

University of Michigan, TCAUP Structures Il

7[]" 13 1L 3! ’[./
L S
os70 |
W30x99
Ag =290 in? 29.7
Fy = 50 ksi
Fm.s#gg
b, is the least total width :
be ® = Y o'z 15'= 120"
be @ = é(f')xz t10.,%5 = 90'§~"
be ® = 13' = 156"

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

| b |

'
.85 fe

LS e T e

L TVEE AV TS EPE TUEE A SRS AEPEE 2 I > st C =0.85f/ab,

S APTRAT SIS TP NN I e

l/ |

_____________ d

Concrete
cracked

e N

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

3. If ais within concrete slab, the full
steel section is in tension and:

Mn =Mp =As Fy (d/2 + t - a/2)

4. Mu<e Mn
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‘4—-—— be =90.5" -‘—————bl

[ | 1i=s5in
W30 X 99 d=297in
A =290 in
be=105"
= As @' 29.0 (5o) =432 "
055 fi b, 01854 )(%0.5)
Az "5 L i sal

Mf, Tx z
H A’DF </Z- -fz> y
(ZGIA 6_4»?!2 >

Hn 29.0 .} é’Ok‘;l 2

Mn= 26%6 7~k = 2114 I-K

difn= 09 (2114) = 196275 =My
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Composite Analysis cont.

4. Mu<d Mn

Stée p(.
[7¢2.5p5F

5. Find total factored w,.

6. Subtract the factored wp,
to find w

7. Calculate the LL in PSF

W, =

Conclusion:
Non-composite LL = 72.4 PSF
Composite LL = 150 PSF

-
W =

LL
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th 30x 19
7‘r’

WEGHT of SLAR

5" 1sorcF - 42.5 PSF
lz

13" x¢2 Sesé = &18.5 PLF

2 2
- W wy, 6o
based on the w, . M, = 1902 = = Wo C6F

: 5
4,227KLF = 12wy, )+ 16 (W)

= 4223 PLF = :.z(qu,s‘) } l.(p(ww\
1958 PLE

= 1958 FLF /18! = 156 PoF
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Composite Analysis Procedure
(Case 2 — PNA within W-section)

Given: Slab and beam geometry

Find: pass/fail or capacities

W-section size and steel grade
(floor loads)

> '

l <— 085f/bt
=
€

Fyby

1. Determine effective flange width, b, —— B4t
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 = C4(z¢) + Cy(2,) + T(z5)
7. Mu= & Mn
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Composite Analysis Example
(Case 2 — PNA within W-section) B - Ll
L t;=0.85in | {i=4in
Given: Slab and beam geometry
W-section size and steel grade W30 x 116 .
A =342in% d = 30.00 in
(floor loads)
Find: moment capacity
1. Determine effective flange width, b, ks
2. Calculate the effective depth of the ry %L B %ég%”_)@) . 42t
concrete stress block, a. A (Ea
(28" > 4 o Bhos ub
3. Check if PNA is within upper flange.
Assume PNA is at top of web. Check C -, s5(L 1, ¢
and T. If Cis greater than T, then PNA C. = 085 (i) (80" YA") = loBeX
is within the top flange. Com Py bty = 50 k8 (10,5 ")(0.65" ) = 444 25"

C=CitCo = 10885 + J40.25" = 1534 "
— 085 f/b,t T= Fé] (A, - E‘C{.FB =50 (34,2-8.9) = 1262,1%

Fybyy

AMAAMA

HH

YF =0 = T-C o+ 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;=byy)
—_—
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Composite Analysis Procedure
(Case 2 — PNA within W-section)

3. If ais within steel section, only the

I be |
part below the PNA is in tension and rl‘ mﬁ_‘ = ossfnt
the top is in compression with all ; %/ ——————— e
concrete “pa =
g T —> F,(A,—bgy)
4. Check if PNA falls within flange or L —_
web of the W-section —e
5. Find y by equating T=C
T = C
f————— =8 — (As’ E;’ZX Fg =085 (L bet + b;gxl‘a
. _ ____%_J:m“n Asfy - 0.85F be t = 2 (b3 ng
059%}”
W30 X 116 - '
A=342in d =30.00 in = Asrﬁ '0'5‘;;; be .t
2 F
br=105" o 3
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Composite Analysis Procedure
(Case 2 — PNA within W-section)
Dy - . 342,23 (5ok) - 0:85 (4 ks (80")(4")
5. Find y by equating T=C g = NG
6. Mn = Mp = C4(z4) + Cy(2,) + T(2) 3= 0592 1,20.85" for W30x116
7. Mu=¢ Mn
| ) ZMepua, = € (2 + Cole) + Ti(ey)
Tl ; 085 b / = ¢ (2)V+ 2ca(e) + AsFy (4-3)
_________ e F,bsy
_yt:NA/ z ’ — f\‘/i"/\ = Sz !"L T .
[L M = Mp= 0850 b t (%*@\*2"3L’&j@)*"gi\s(%‘@
My = 04’:’(4««)(80”)4"(%»»0.592')“
t 2(s0xs)(10-6" Y o.592") 2512
| b i +(¢,’0k5!)(34»2'»"\(.2§: -o5m”) =27¢50""
}_' o — = 085fb,t e 2304 -k
Ee = Eo
yPNA # e
d  TITf=FyAs . ::Fy(As—bfP) MOMEAT CAPACITY .
— Mo = PMn = 0.9 (eed ™) = 2074""
FaVa o e e

by
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