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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 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

[ A ——— 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. lle is the web on cente

RAQ)

//4 S s

effective width, bef

L effective width, beff 4
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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: j@he 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 sect‘ion

Hw
PNAinslab MNORMAL C45E 0.85 f/
e T wA -
) X <«—Cracked Concrete- No Tension
==
) T Total horizontal force
e > below plane between beam
—_— and slab = A(F,
N —_—
F, (in tension)
PNA in beam Ac 0.85 f Total horizontal force
» 85 fc above plane between beam
L Y 6"'1{ €&— £ andslab=085f/A,
S ¢
1€—¢% 4 <—  <—F, (in compression)
. - _ dadi _- -
—
—
F, (in tension)
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Analysis Procedure (LRFD)
Case1 — PNA within slab

Given:

G, .

Slab and beam geometry |

: - ~ | ossf
W-section size and steel grade T [ " geoup. v o - @ = =58 i,
(floor loads) S eRdcies |
Find:  pass/fail or capacities J( R S S
L ccrzglirefite —>7 — ‘LTVASF},
—
R 2
1. Define effective flange width F —
2. Calculate the effective depth of the
concrete stress block, a
a4 T=c
3. If a is within concrete slab, the full '
—_— ? = 085[ a b
steel section is in tension and: ’MJ Bsi. 2 b
Mp=Tz A T
i g s 1y
= = + 1t - > =
m Mp = As Fy (d/2 + t - a/2) d 0‘85[; be
4. Mus< ¢ Mn
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Non-composite vs. Composite Sections
Given: i < Suds pL
*  DLgg = 62.5 psf = 812.5 pif s Gt
* DLyeam =99 plf — o 2 ‘
e LL=7? i '5,, 7 60
- W30x99 v~
- F,=50Kksi AT —| w3ox 19
" TCoone =4 ksl g 13 L 13! .
9 1 Ki
Find: Load Capacity
For this example, floor capacity is  weaur o¢ swe E
found for two different floor 5" IsorcF - 0670
= = (2.5 PsF
systems: 1z
’ W30x99
13 x¢42.5 = &18.5 PLr .
Find capacity of Wn st ol Ag =290 in? 207
independent from slab Fyi=e kel
VS.
2. Find capacity of steel and 05
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, oo = 99 plf

__-5;"

WELHT of SLAB

150 PcF = éZ.stF
1¥A

_L?;'x(,z, gpsF = SI1C.5 PLF

« W 30x99 W20
x = 50(312) = 15600 "-K
1. Find section modulus, Z, in the :‘,;‘ = (300 K= H,
steel W-section chart. S = My = 29 (1300) = 170 1-K
2. Calculate Mn = Fy Zx.
’ H(): 2'-.' .g-:__--wu (M)L: TE2Z
3. Mus< o Mn 8 & -
Wy = 2. eKF = 2600 PLF
4. Find wu from moment equation -
N+ e (w L) = 2600 PUF
5. Subtract the DL to find the Y SAE N ¥ ~
remaining LL. Wy= 1. 2(8125+T11) + Lo(wen) =200 PF
Wee = 941,2 PLF
6. Calculate LL capacity in PSF. - -7—4——
= 9413 AF /130 = 72,4 &F
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Composite Analysis Procedure
(Case1 — PNA within slab)
7 %
Given: Slab and beam geometry / \f 3’ \ sl
W-section size and steel grade i
(floor loads) L 7 T L
Find:  pass/fail or capacities
w3ox 79
13’ 3! .
1. Determine effective flange W|dth. 1 o Kl
2. Calculate the effective depth of the
concrete stress block, a s
- WEGHT of SR T T
" 0.670
3. If ais within concrete slab, the full 2 150RF = 4o.5 psr
steel section is in tension and: L s e Wa0xe
— — *x G2 5psF = oll. £ Ag=290in ,
Mn = Mp = As Fy (d/2 +t- a/2) F3=5O " a4
4. Mu<® Mn
5. Use Mu to calculate factored loads with ros~
appropriate beam moment equation.
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Composite Capacity Analysis
(Example part 2 - composite steel beam and slab)

Given'

J Stds bl
. DL, = 62.5 psf = 812.5 plf J‘_V; e
. DLbeam = 99 plf = 6o
e LL=7 7 T
« W 30x99 I ‘]; Iwaox??
« F,=50ksi + PR U
s FConec =4 Ksi
P S
Find: —
capacity of steel and slabas [~
a composite section s
d Uin 29.7
Fy =50 ksi
Fm.s »l_
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Part 2 Composite Capacity Analysis

1. Determine effective flange width,__tle_

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 >i {
1/4 the span of steel beam

=2 = =]

L efectvewidinfBor) |

8 x slab thickness 8 x slab thickness

== i == =t
I b
}( effective width, bgff q g

1/2 clear distance

o

1/2 clear distance
[ES—
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Stée b,

24
/ . £ Ocaser
7’ - & :

T a
Tos qo:
w3ox 79
, 6.5
J 13 DL .
1 | 4
A
0.670
W30x99
Ag =290 in? 29.7
Fy =50 ksi
e,

b, is the least to idth :

be © = /4 o'z 15" = _@QM
be ® = & ﬁxz +_l0/,‘7=
e ® = |3' = 156"
s be =905 ;Y
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Part 2 - Composite Capacity Analysis cont.

| b |

N R I N T -—

LS AV VS EPE VRS A SRS AEVE 3 I > st C =0.85f/ab,
v v DR . v -~

N4 =T Slnd

Concrete
cracked

e N

2. Calculate the effective depth of the a-= As% -—q—%gz%——f) 4 1z
concrete stress block, a Caks "’@ or# ﬁ) 10eS

4,3z "¢g” - WITHIN su&&

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

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

My = = TuZz
_ __ez>
Hn’ A(DF </Z. 7]
293", 5 4312y
Hn 29.0.2 é'OK‘)I ( 5 -
Ma= 26366 7k = 214 1%
4, Mu< o Mn

i h:fq(am{h =My
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Composite Analysis cont.

,", ;/ Stde pL
iz ¢ OceseF
< . 6o’
4. Mu<® Mn — 1 _
. w3ox 19
5. Find total factored w,,. I I I
e 13’ | P 13! L
4l 1 i
6. Subtract the factored wp,
. WEGHT of SLAR
to find w 5
lz |50 FcF ~ 62.5 PSF

13" x¢2 Sesé = S18.5 PLF

7. Calculate the LL in PSF M, = 1962 wu—ﬂ Wu Lo*
based on the w; . i

W, = 4 22FKLE = )Z(wm_)»‘—' 4@
= d223pE =1, LS H L. (,(wu.\

W, = 1948 PLF

Composite LL = 150 PSF
P K LL = [958 FU’/I‘;' z 156 PSF

University of Michigan, TCAUP
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Conclusion:

Non-composite LL = 72.4 PSF
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Composite Analysis Procedure
(Case 2 — PNA within W-section)

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

Find: pass/fail or capacities @/f e — /— =— Kby

— T
1. Determine effective flange W|dthQ — B4t
? ettt —

b, |

4_
= 085fba

—'I‘“’I

——

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

3. If a is 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)

Check if PNA falls within flange or web of the W-section
Find y by equating T = C
Mn = Mp = Cy(z4) + Cy(z,) + T(z3)

—

N o o &

Mu = ® Mn
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Composite Analysis Example

(Case 2 — PNA within W-section) e sl ——
| t;=0.85in | 1 =din_
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, v~ it
2. Calculate the effective depth of the 5:5%7\ B M . 421"
concrete stress block, a. /ﬁ oS febe 087 (A(23)
- (28" > 4 . Bhor Lus

3. Check if PNA is within upper flange. -
Assume PNA is at top of web. Check C -, 550, s, ,C(
and T. If C is greater than T, then PNA C, =08 (4163(;0 YA") = loggk

is within the top flange. Co= Py bty = 50.“1([9 ~)(0.55" )=44g.25"
i b, | |osg C=C+C, = loggk +—446 55 =18 34

. e Fuwee "
— 085/b,1 € T= Fé] (Ag - bet ) =50 (34.2-8.9%) = 12637
Fby €496  — —_— -_—

AMAAA

L

SYF =0 = T-C +# T=C )

d -
T ; S E(4,-bg) 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.

by

University of Michigan, TCAUP Structures Il Slide 16 of 18




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

3. If ais within steel section, only the | Bl |
part below the PNA is in tension and 1_ o — = osssnt
the top is in compression with all T e = D)
concrete r PNA T W Pl
T _>Fy(1'i’_b@
4. Check if PNA falls within flange or L —_
web of the W-section 5, —
5. Find y by equating T=C
T = & c,
e L (L — Lﬂg = 085 [l Ee‘f + b; rg
—— - ____is ?‘—_“4‘“ AsFy = 085 be £ = 2(5‘ §
W30 x 116 A '
A =342in? d =30.00 in — ASFﬂ ’O'El;'Fc,— be _t
. 2 F
br=105" L 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 i = NG
6. Mn = Mp = C4(z4) + Cy(2,) + T(2) 3= 0,592 t,=0.85" for W30x116
7. Mu=¢ Mn
ZMepua = < <13 + C— (‘z.3 * TI(EQ
= 0~85fc’bet/ (z )+ 2cz(m + @Fg (4-%) -
- < F,bsy
2 N/i/\ 2 c,_ % T oz
s = He= o fibe t (443) 25007 (B) vrA(d-3)
— My = O.85(Awsi )(go”)&{"(-,_—nsvc 592 )

F 2(sors)(10:6" Y o592y 2212 s2°

¥ (Gows ) (34, z»f\(if— -o5m") =27¢50

"els

-~ I
== 085/bt Mk = 2304 -k
- - —e——
—rby

—_—

—_

MoMenT CAPACITY -

E—— Fy(As_bfy)
—_—

—_— MU o C@Mn '=2j (2304 /-—:() = Zo;dl,&

—_—
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