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e Composite construction refers to two load-carrying structural members
that are integrally connected and deflect as a single unit

e An example of this is composite metal deck with concrete fill, steel filler
beams, and girders made composite by using headed stud connectors




Composite Structural Elements in Buildings
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Advantages of Composite Construction

M Itis typical to have a reduced M  Shallower beams may be used
structural steel frame cost which might reduce building

I Weight of the structural steel height
frame may be decreased which I Increased span lengths are
may reduce foundation costs possible

I Reduced live load deflections 1 Stiffer floors

Disadvantages of Composite Construction

The additional subcontractor needed for shear connector installation
will increase field costs

Installation of shear connectors is another operation to be included in
the schedule

A concrete flatwork contractor who has experience with elevated
composite slabs should be secured for the job




Installation of Decking
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e Metal decking is placed on the structural steel at predetermined
points in the erection sequence

e Metal decking may be installed by the steel erection contractor or a
separate decking contractor
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Shear Connectors

e Depending on the welding process used, the tip of
the shear connector may be placed in a ceramic
ferrule (arc shield) during welding to retain the weld

e Shear connectors create a strong bond between the
steel beam and the concrete floor slab which is
poured on top of the metal decking

e This bond allows the concrete slab to work with the
steel beams to reduce live load deflection

Installation of Shear Connectors

e The electrical arc process is commonly used for stud welding
= An arc is drawn between the stud and the base metal

= The stud is plunged into the molten steel which is contained by the
ceramic ferrule

= The metal solidifies and the weld is complete
e The ferrules are removed before the concrete is poured




Installation of Concrete

e A>T

e Concrete is installed by a concrete contractor on top of the composite
metal decking, shear connectors, and welded wire fabric or rebar grid
(crack control reinforcing)

e Pumping is a typical installation method for concrete being placed on
metal decking

e 1,000 to 1,500 m? of concrete slab may be installed per day
depending on slab thickness and crew size (Ruddy 1986)

Composite Beams (A1uaqua)

Beam oncased in concrete IR E AR e F ey
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Shear transfer made by bond and friction along top of W
section and by the shearing strength of the concrete along
the dotted lines

Concrete slab on steel beam W

Shear connectors ATULANTARATUNUADUNTH NITAINIULTIL DU

- Reinforced
- fT T - concrete slab

__Steel Connecting the steel beam to the reinforced
stringer concrete slab it supports, causing the two parts
to act as a unit.
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Beam encased in concrete
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Concrete Slab on Steel Beam

Effective Flange Widths, b,

3.61.9.

For interior beam :
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b, is the minimum of :
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Shored vs. Unshored Construction

Shored construction — the steel beam or steel deck (with formwork, wet
concrete) is supported by shoring as shown below until the concrete has
cured and the section acts compositely. - Lighter steel section
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Unshored construction — the steel beam or steel deck supports formwork,
concrete and its selfweight.

Shored vs. Unshored Construction

wp. = wet concrete + formwork + beam selfweight

ANE
< L/2 - L2 .
shoring r+ _ ow, (L/2)?/128=9w, [?/512

M —

M~ =w,, (L/2)°/8=wyL?/32

wp. = wet concrete + formwork + beam selfweight

w, L*/8




Nonencased Composite Sections

Modular ratio: n = E./E,
E.=2.1 x 108 kg/cm?

For w, = 1.45-2.48 ton/m3 (usually w, = 2.4 ton/m3)
E,=4,270 w!°ff = E_=15100./f/ for normal wt. concrete

Cc

CIE RN CIMEILEY N bending stress in steel beam from dead load

of wet concrete and self-weight of beam must not exceed the allowable
bending stress of beam

M
f=—D<F N-A of steel
s S 2 section
S

where M, = Dead load moment and S, = Section modulus of steel beam

Elastic Stresses in Composite Beams

After concrete hardens, composite beam carries dead load + live load

Use transformed section to .

“convert” concrete into steel | > |

Strain Actual Stress Stress in Transformed
(&) (f= Eg) Section

From Steel Design 4t Ed., William T. Segui, pp.554




Flexural Strength of Composite Section

VG GGG BN CYEll  Transformed section (concrete to steel)
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Composite Steel Beam — Concrete Slab Interaction
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Shear Connectors

J_—T/Weld. ;Stud connectors
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Spiral connectors

Weld
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;/Weld ;Channel connectors

Shear Connectors

Shear connectors are an essential component of composite

beams.
They can be

» welded stud shear connectors (most common)
» welded channels
* high strength bolts

iﬂ .‘ﬂ.;ﬁ . '; .'-n"’% %ﬂ.n - dn"'mi'n'aﬂz %

complete shear connection - the strength of the beam cross section
is not limited by the strength of the shear connection

partial shear connection - the strength of the shear connection /imits
the section capacity




Horizontal Shear Transfer
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Shear Stud

Stud Welding
with Drawn-Arc

Ceramic ferrule

.ﬂL

Ground
u AR =
| WORKPIECE
Stud is positioned Trigger is pressed, Stud is plunged into Molten pool solidifies,
aginst workpiece causing stud to be molten pool contained creating a homogeneous
together with ceramic lifted from workpiece by ceramic ferrule structure.
ferrule. to “draw” an arc and

melt both base of
stud and workpiece.

i
Shear connector spacings 2S00
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Allowable Horizontal Shear Load

For one connector (q), ton
f.,ksc
CONNECTOR
210 245 | <280
12 x 50 mm hooked or headed stud 2.27 2.45 2.63

16 x 62.5 mm hooked or headed stud 3.57 3.84 411

19 x 75 mm hooked or headed stud 5.13 5.58 5.94

22 x 87.5 mm hooked or headed stud 6.96 7.5 8.04

Channel C75 x 6.92 0.78w [ 0.85w | 0.91w
Channel C100 x 9.36 0.83w | 0.91w | 0.96w
Channel C125x 13.4 0.90w [ 0.96w | 1.02w

w = length of channel, cm

w/
<
Shear Stud Sizes
HD . HD HT B L
1r'<7 ﬂH#T S (mm) | (mm) | (mm) | (mm)

M19 x 65 mm 25 10 19 65
M19 x 85 mm 25 10 19 85
M19 x 105 mm 25 10 19 105
M19 x 125 mm 25 10 19 125
M19 x 150 mm 25 10 19 150
M19 x 200 mm 25 10 19 200

What is the allowable shear load (q) ?




Allowable Horizontal Shear Load

Based on AISC-LRFD93 Eq.15-1 with a safety factor of 2.

q=025A_./f'E. < 05A_F,

where A, = Cross-section area of shear stud, cm?
f. = Compressive strength of concrete, kg/cm?

E. = Young’s modulus of concrete, kg/cm?

F, = Tensile strength of shear stud, kg/cm?

Example: For M19x85mm with ', = 240 kg/cm?
A = Zx1.92 = 2.84 cm?

SC

E, = 151004240 = 233,928 kgiem* IR

q = 0.25x2.84,/240 x 233,928 /10°

5.32 ton < 0.5A_F, = 0.5x2.84x4.0 = 5.68 ton

Design of Shear Connectors

Neutral axis in slab

0.85f,
<_
R — 0 — 0 =0 ;___ __________ l— AsFy
— Total horizantal force V, =
— " below plane between beam 2
’| and slab = A F,
—_— —
d Design shear connector
Neutral axis in beam by using a smaller V,,
0.85f,
4_
— !
p— — F, v - 0.85f A,
S - >| Total horizantal force ! 2
>l above plane between beam

F, and slab = 0.85 A, f,

N, = Number of connectors = V,// g

q = Strength of one connector, ton




feEneil 19-1 aseenuuuniihiniannalneldindn A36 uazdefvun AISC dwdu
aulugy ladfinsléandu aulignideusu wasduniutiaien ssfiansunszesusudh
nntwidnussnasiuaziminussvnas Tdeyadel:
LL = 500 n.n./u.%, gwtdnmeiy = 50 n.0./4.°
dminasaty = 75 nn./u?, gwtineeunse = 2,400 n.n./u.°

f'.=210 nn./au? f,=94.5 nn./au’ n=9

T E 10 cm concrete slab
3@3m
J 2 cm plasterd ceiling
A on metal lath
v | LL] Section A-A
9m

359 e TumuaasusuRou:
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MU INNYBEADE3 19

i = (0.10)(2,400)(3.0) 720 N.0./149 3

auyAIIMINAIU (W400x66) 66 N.N./1NAT

Y 9
HINUNNINUA 786 N.N./LUANT

7.96 AU-1UAT

M, = (0.786)(9)%/8

Y
o @ @ = <
I UNUIITNOUAINDUNTALIUIAT

WAl = 3(50) 150 N.N./1NAT

9
v v

WaNU = 3(75)

225 N.N./1UNT

LL = 3(500) = 1,500 N.N./14NT
WINUPNINUA = 1,875 1.0N./1UNT

18.98 AU-IUNT

M, = (1.875)(9)°/8




26.94 AU-1UAT

Tuuduniga M__ = M_+ M = 7.96 + 18.98

11.97 AU

usuReUIINNgA V__ = (9/2)(0.786+1.875)

9 a A dsj
ANNNINYTEaNFTHAVDINU:

(®n
]

(1/4)(900) = 225 %. (AIVAN)

(®n
]

300 %u.

s, dMiuM__= (26.94)(100)/(0.66 x 2.5) = 1,633 .

=2 ¥ 9 ¥ o
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%

3 _ _ 3
S, 417U M, = (7.96)(100)/(0.66 x 2.5) = 482 .

A Y 9 o 2
A0UA0N WU IAA WA00x66 (A, = 84.12 31.%,d = 400 W.u.,

t =8 u.a,t=13uu,I =23700 31.% S = 1,190 %1.%)

w

ANANIAVOIHTIA A A KN

A =84.12 + (10)(225/9) = 334 ®u.?
y, = (84.12x20 + 10x25x45)/334 = 38.7 .

| = 23,700+84.12(38.7-20)%+(1/12)(25)(10)>

tr

225/9 = 25 cm

+ 10(25)(45-38.7)% = 65,122 @u.*

65,122/38.7 = 1,683 1.2

Str bot

= 65,122/(50-34.7) = 5,763 @u.°
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tr top

W400x66
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MIIVAURUIYLLIINENAVUUUKRUTINN: Dead Load
Y Y Y Y Y Y YO YO YO YOV Y Y Y VYT

. “ 2 o Steel Beam
NYUADUNIALLYIAA : @)

f,, = My/S, = 7.96(1,000)(100)/1,190

= 669 nn./9u.? < 0.66F, = 1,650 an/au.?  OK

Live Load
EEEREEREREEERRERERERER
NAIABUNSALYIAT Composite Beam
AN 0O
f,=f,+MsS, = 669+ 18.98(1,000)(100)/1,683
= 1,797 nn/AU2 < 0.9F = 2,250 nA./w3.% OK
f,= M/nS_ = 18.98(1,000)(100)/(9x5,763)
= 36.6 NN./9U.° < f_=94.5 nn./ay.” OK

ATUIUTZOZLUOUA

5  7.86x900*
384 (2.1x10°)(23,700)

' = <R
NOUABDUNTALLUIANT ADL =

=1.35 1. < [900/360 = 2.5 %s1.] OK

5 18.75x900*

NAINDUNI ALTIAN A, =
384 (2.1x10°)(65,122)

=1.17 %1. < [900/360 = 2.5 %s1.] OK

SR o A o % a % & A
Qﬂﬂiﬂ!ﬂﬂﬁuuﬁ\uﬂ@uﬁ']ﬁﬁuw 312 ﬂﬁiuaﬁﬂwﬁulﬁucﬂ:

aoaladnnded 19 1.3, 817 7.5 wil.

Wurigudnanaaninaeaniniiga =2.5t, = 2.5(1.3)

=3.259%4.>19 x%y. OK




A A
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V. - 0-852chc _ 0.85(0.21)2(225><10) _ 201 ton

A_F
vV = 2% = 84.12x2.5 = 105 ton «<— Control

n 2 2

NMINN 16-1 A1 g = 5.13 Au/ga00
Tuaugaaefidesms = N = V, /q = 105/5.13

[ 1 () 4 4
= 20.47 arluugazauvedga IuwuauInuInige

Tdaaningea 19 w4y, 812 7.5 9. 41 A7 1M9WWI9AUY
20 A2 TULAAZAIU BAUUIAMNANNTIATUNLINN WAE00X66

20 studs 20 studs
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Partial Composite Beams

AIUIEANaNNINgAnTsUliaNY Tl

TunsaiNsoumasULSURUlLAIUITOSULTUADUNINUAT

Andula nidaA1utanuauzingfinssuiaiiouden
Lupdamindnusyansnannas

g V0
Seff = Ss + : (Str _Ss)
Vh
Partial Interaction ile V, = qgN > 025V,
= N = dnnuadnidouildseninageiluuudinn

_7 d' = ol ¢ ¢
7 Nandagailumudidugud

i lgaantdaUssansna:
Vi

& o Ieff = Is+ V (Itr_ Is)
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Partial Composite Beams

When allowable moment more than the requirement, no need for shear
connectors of full composite action. The number of shear connectors can be
reduced to save the cost.

St =S )
Reduced Shear Force: V=V, (éequsj

tr S

V/ = qN > 0.25V,

V!
eff — Is + V: (Itr - Is)

Effective Moment of Inertia:

Live load deflection:

eff

: : I :
A, partially composite = ("j x A, fully composite

A198199 19-2 pankuuyasalufiagne 19-1 Indlidmduiemeadmsuluwuduin
NanfuINTE LagAUINTE YLK URIINUIMLNUTINNITINL e

$X 1

38911 9ndog1ait 19-1 Tugdamthdin Sy = S, Mdeans = 1,633 au?
dleldentiin WA00x66 WaFuIAT Sy = 1,683 21l
usadeuninsiidesnsdmiuautaguandai vV, = 105 du

S —Ss | - i
V= V| e s | 105(1633 ”90) — 84.8 ton
S, - S, 1683 —1190

0.25V, = 0.25(105) = 26.3 a1 < 84.8 aAu OK

f1uuaasiefideans = N = V', /q = 84.8/5.13 = 16.53 ¢ (usazsmuves M-,

THganinaed 19 uy. 817 7.5 YU. 371U 33 A2
16 studs 16 studs
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ATUIUS YL DU

V', = (5.13)(17) = 87.21 fu

VI
Ieff = I5+N’V:(Itr_ Is)

87.21

= 23,700 + ,|—— (65,122 -23,700)
105

= 61,450 cm*

A = (65,122/61,450)(1.17)

= 1.24 %y. < [900/360 = 2.5 @u.]

OK




