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Composite Beams

References:

1) AISC 360-05 — (Part 16 1n the AISC Manual 130 Edition): Chapter I and its

commentary; and
2) AISC Manual 13™ Edition — Part 3: Design of Flexural Members (Beams) (Pages 3-
29-3-32. and Tables 19, 20 and 21.



Composite Beams

A composite structural member in civil engineer practice 1s defined as the structural
member whose cross-section 1s made of two materials: steel and concrete. In particular, a
composite beam 1s composed of steel beam and reinforced concrete. In fact, any
engineered structures m buildings and bridges, either called steel or concrete structure,
most beams are composite beams since you can always find steel and concrete at a given
cross section. For example, modern steel buildings all make use of composite floor

system, as shown in Figure 1, to reduce cost and increase functionality.

As shown in Figure 1, the ribs of the metal deck can be either perpendicular or
parallel to beams. In the usual floor system, the ribs would be perpendicular to floor
beams and parallel to the supporting girders. This way, the beam 1s considered laterally
braced by floor system continuously, and the girder 1s laterally braced by the beams it
supports. In order to have concrete slab and steel beam work together as one unified
member to resist bending, the slippage between them should be prevented by shear

connectors (for example, shear studs are shown n Figure 1.



Composite Beams
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from the floor below perpendicular to the beam.

Figure 1. A portion of typical steel building plan with composite floor 3



Nominal Bending (Flexural) Strength of Fully Composite Beams

The nominal bending strength of a composite beam will be reached at a limait state
(failure mode) when entire steel cross section yields (reaches yield stress of Fy) 1n either
tension or compression and concrete crushes in compression. The corresponding stress
distribution on the composite beam section at this limit state 1s called Plastic Stress

Distribution, as shown in Figure



Nominal Bending (Flexural) Strength of Fully Composite Beams
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Figure . Effective slab depth



Nominal Bending (Flexural) Strength of Fully Composite Beams
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Nominal Bending (Flexural) Strength of Fully Composite Beams
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Nominal Bending (Flexural) Strength of Fully Composite Beams
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Nominal Bending (Flexural) Strength of Fully Composite Beams

Beam under
consideration

(a) b = effective width of the concrete slab

AISC 360-05 13-1 specifies: b, T a8
L oy | i
4 by ]
b = the smaller of 2
by +b» Y H
b N
N 7
where, by and b, are half span lengths Eftective width of the concrete

on both sides of the beam. slab



Nominal Bending (Flexural) Strength of Fully Composite Beams

(b) Material limitations

!
Je = 28-day compresive strenght of concrete (Mpa) of the concrete.
'
Limitations on concrete strenght: for normal weight conerete 21 Mpa< f. < 70 MpPa, and

'
21MPa < f. <42 Mpator lightweight concrete.

[imitation on steel: Fy < 525 MPa



Nominal Bending (Flexural) Strength of Fully Composite Beams

(c) PNA = Plastic Neutral Axis, which divides the cross section into tension (below

PNA) and compress (above PNA) areas under a positive bending moment.

PNA location 1s determined by the fact that the total compressive force (in kN ) acting in
the compression area (above PNA) should be equal to the total tension force (in kN )

action in the tension area | (below PNA).

(d) Other dimensions in Figure

a = the depth of compressive stress distribution 1n the concrete slab (Figure (a))

Y, = the distance between the center of compression area and the top of beam flange
(Figure (a))

e = d/2 +Y;, the distance between the centers of compression and tension areas.
(Figure (a)), where d 1s the overall depth of the beam. e is also called the moment

arm of internal resisting couple C and T.

A, = Cross section area of the steel beam.



Nominal Bending (Flexural) Strength of Fully Composite Beams

(e) Nominal Strength of Composite Sections, M,

Steps to determine M,;:
(1) Determine eftective width, b;
(2) Determine PNA location, a:
Total force over the concrete under compression stress: C = 0.85 £, (b)(a);
Total force over the steel under tension: T =A/F,
Let C=T,
or 0.85f. (b)(a) = AF,
which results in:

_  Asly
0.85 fc'(b)




Example

|< b =2250 mm >| Concrete slab on metal deck. f. =28 MPa

1"' LT - . $ t =120 mm

82.5 mm

a
37.5mm /I\
W16x26 , Fy, =250MPa A  =4,960 mm? { =399 mm

{ (compact section)

The depth of compressive stress distribution 1n the concrete slab 1s

~ Asky

= —_— =232 mm
0.85 fc'(b)

The moment arm of internal resisting couple 1s

con

d
e = —+Y_ _-a/2=308mm
2

The nominal bending strength is

M, = Te = (AFy)(e) = 382 kNm



Nominal Bending (Flexural) Strength of Partially Composite Beams

In many cases, the flexural strength of a fully-composite beam 1s significantly higher than
the required strength, and a certain size of steel beam has to be used for construction
strength and stiffness during an unshored construction. For economic purpose, a partially
composite beam, which has fewer number of shear connectors than needed to prevent slip,
might be a good alternative. Reduction in the number of the shear connectors would
reduce flexural strength of the composite beam to certain degree, but has potential to
lower the cost with installing fewer shear connectors. The differences between the fully-
and partially- composite beams are shown in Figure . There 1s significant slip between

concrete and steel beam in a partially composite beam as demonstrated in Figure (b).



Nominal Bending (Flexural) Strength of Partially Composite Beams

Fully-Composite Beam Partially-Composite Beam

Limite State: the concrete crushing under | Limite State: the shear connectors fail
conpression, and the steel beam yielding, before the concrete crushing under

with sufficient number of shear connectors | conpression. The stress distribution over
preventing the slip between the concrete the concrete and steel beam might vary
and steel beam. depending on the number of shear
connectors, and the steel beam yielding,

with no slip between the concrete and steel

beam.




Nominal Bending (Flexural) Strength of Partially Composite Beams

Slip between deck and
steel beam under loading

Y VY V VY VYV VYV VYV VY YV V VY VY VYV VY VYV VY
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Pl = _'::__:_-_:f__._. \\ P = __::-_:_-_::_ il .

(a) Fully-composite beam (with sufficient number (b) Partially-composite beam (when the
of shear connectors (not shown) to prevent any number of shear connectors is less than
slip between the concrete slab and steel beam so sufficient. the shear connectors would fail
that the composite section can reach its maximum before the full flexural strength is reached.
flexural sFrength with the concrete CmSh’?d m and the slip between the concrete slab and
compression and the steel beam yielded in tension. steel beam would ocecur.

Figure . Fully- and partially-composite beams



Elastic Behavior and Moment of Inertia of Composite
Beams for Deflection Calculation

Deflection 1s calculated based on elastic behavior of the composite beam. For a
composite beam section with the steel beam and concrete slab being connected by
connectors to prevent slippage between them, the section should remain a plane after
bending with a linear strain distribution, as shown in Figure (a). The elastic stress in

concrete and steel at a location y (mm) above and below the neutral axis are equal to:

&g =&, as shown in Figure (c)

oy =Egé; and 0, =Eq&, as shown in Figure (d)

~ A A

where, O¢ = elastic stress in steel; £ = Elastic Modulus of steel = 200,000 MPa

0. = elastic stress in cncrete; elastic modulus of concrete E, =0.043w;°y/ f,  (MPa)

for 1.44 t/m3< w_ < 2.5t/m3
w. = unit weight of concrete (ke/m?) | and f ¢ = 28-day compresive

strenght of concrete (Mpa)

E, = 4700\/TC' (MPa) For w,>2.5t/m3



Elastic Behavior and Moment of Inertia of Composite
Beams for Deflection Calculation

Since E; 1s far larger than E., Og >> O, as shonw 1n Figure (d), even though the strains
are the same. In other words, the elastic stress distribution 1s no longer linear (with single
straight line), but nonlinear (with two lines), as shown in Figure (d). This 1s because that
there are two different material properties, E; and E.. To have an equivalent linear stress
distribution 1n order to calculate beam deflection, we can replace concrete by “steel”,

temporarily, as follows.

If we make the strain 1n the concrete at any point be equal to the strain in any

replacement steel at that point,

fe /s

Ec =&y or 3 E_, where f. = stress 1n concrete, and £, = stress 1n steel.
C A)
E
M _

Js=—Jc=nfc. ( -D

EC

ES
where /"= ——=modular ratio ( is about 8 to 10)

C



Elastic Behavior and Moment of Inertia of Composite
Beams for Deflection Calculation

Equation (1) indicates that “n”mm? area of concrete are needed to resist the same force
as 1.0 mm? area of steel. So, if we divide the concrete area by “n”, and the resulting area

1s called transformed area from concrete to equivalent “steel” area, as shown in Figure

(a) and (b). The most convenient way to reduce the concrete area by n times 1s to reduce
effective width of the concrete slab to b/n. The stress distribution becomes linear in the
transformed section as shown 1n Figure (e). In other words, the transformed section in

Figure (b)1s a homogeneous steel section for elastic behavior.



Elastic Behavior and Moment of Inertia of Composite
Beams for Deflection Calculation

| b b/n
< > |
4 0 44} © < _/\ ) IJ Vs
t Pl a 4 v.] t ! f y
\

(b) Transtormed
composite beam
section for elastic
= deflection

i (a) Original composite
fl beam section

Positive bending

/ moment, M.

&g
7\ s
¢) Linear strain distrib{ltion i i es 1 . e
(©) . (d) Nonlinear elastic stresses 1n (e) Linear stress distribution in the
under bending concrete and steel (two lines) under . .
. transformed section
bending

Figure - Elastic stress distributions in original composite and transformed sections



Elastic Behavior and Moment of Inertia of Composite
Beams for Deflection Calculation

Elastic stresses in steel and concrete can be determined based on the transformed
section as follows:
(a) Locate the elastic neutral axis (the same as centroidal axis for a homogeneous
section) and moment of 1nertia of the transformed section (Iy,).

(b) Elastic stresses at the top and bottom of the steel beam:

M x y;
fst = )
It
M x yyp,
f sh = -
I

(¢) Elastic stress in the concrete at the top of slab:

~ Mxye
nly

Je

where “n” 1s used to convert the steel stress to concrete stress.



Elastic Behavior and Moment of Inertia of Composite
Beams for Deflection Calculation

Where

M = applied moment;

I;; = moment of 1nertia of the transformed section

y; = distance from the neutral axis to the top of the steel section

yp, = distance from the neutral axis to the bottom of the steel section

y. = distance from the neutral axis to the top of the concrete slat

Elastic Neutral Axis

Figure . Transformed section detail



Elastic Behavior and Moment of Inertia of Composite
Beams for Deflection Calculation

AISC 360-05, Commentary 3.1

It is often not practical to make accurate stiffness calculations of composite flexural
members. Comparisons to short-term deflection tests indicate that the effective
moment of inertia, I is 15 to 30 percent lower than that calculated based on

linear elastic theory (/,,,;). Therefore, for realistic deflection calculations, /.4
should be taken as 0.75 I, guiv.



Shear Connectors

Shear connectors are needed to prevent slippage between the concrete slab and steel
beam. A typical composite beam with studs as shear connectors 1s shown in Figure . The
horizontal shear, created by compressive force C, as shown 1n Figure (a), acting on the
concrete at any cross section, at the interface between the steel beam and the concrete
slab needs to be transferred by shear connectors. Due to the fact that the bending moment
changes from section to section, and shear force transferred by shear connectors varies
through entire beam. For a simple design, the shear connector design has been based on

the design model as shown in Figure (b) and discussed as follows.

We will consider a segment of composite beam between the point of maximum positive
moment and the point of zero moment, segment AB, as shown 1n Figure (a). It 1s
assumed that the total horizontal shear force, V', between the concrete slab and steel
beam will be uniformly distributed among equally spaced shear connectors between A
and B. This total horizontal shear force V is determined based on governing limit state of
three possible ones: Concrete crushing, tensile yielding of steel section, or strength of

shear connections. In other words,



Shear Connectors

C

T
2.0

V1 = The smallest of

Where,

C=0.85f Ac (I13-1a) (AISC 360-05)

T =F,As (13-1b) (AISC 360-05)

Ac = area of concrete slab within effective width times the small of “a” and thickness of
concrete slab, mm?

As = area of steel cross section, mm?
Z Oy = sum of nominal strengths of shear connectors between the point of
the maximum positive moment and the point of zero moment,

Qyq 1s given by (I3-3) and (I3-4) for stud and channel shear connectors, respectively in
AISC 360-05, based on experimental data.
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Shear Connectors

(3) Strength of Stud Shear Connectors

The nominal strength of one stud shear connector embedded in solid concrete
or in a composite slab is

On =05A5\/ flE: = RgRp A Fy (I3-3)
where

A,. = cross-sectional area of stud shear connector, in.> (mm?)

E. = modulus of elasticity of concrete = w !,/ f/, ksi
(0.043w 3 /7, MPa)

F, = specified minimum tensile strength of a stud shear connector, ksi
(MPa)

R, = 1.0: (a) for one stud welded in a steel deck rib with the deck oriented
perpendicular to the steel shape; (b) for any number of studs welded
in a row directly to the steel shape; (c¢) for any number of studs welded
in a row through steel deck with the deck oriented parallel to the steel
shape and the ratio of the average rib width to rib depth = 1.5

= 0.85; (a) fortwo studs welded in a steel deck rib with the deck oriented
perpendicular to the steel shape; (b) for one stud welded through steel
deck with the deck oriented parallel to the steel shape and the ratio
of the average rib width to rib depth <1.5

= 0.7 for three or more studs welded in a steel deck rib with the deck
oriented perpendicular to the steel shape



Shear Connectors

R, = 1.0 for studs welded directly to the steel shape (in other words, not
through steel deck or sheet) and having a haunch detail with not
more than 50 percent of the top flange covered by deck or sheet steel
closures

= 0.75; (a) for studs welded in a composite slab with the deck oriented
perpendicular to the beam and e,igp; = 2 in. (50 mm); (b) for studs
welded through steel deck, or steel sheet used as girder filler material,
and embedded in a composite slab with the deck oriented parallel to
the beam

= 0.6 for studs welded in a composite slab with deck oriented perpen-
dicular to the beam and ¢,,;55,, < 2 in. (350 mm)

€mid-ie = distance from the edge of stud shank to the steel deck web, mea-
sured at mid-height of the deck rib, and in the /load bearing direction
of the stud (in other words, in the direction of maximum moment
for a simply supported beam), in. (mm)

W, = weight of concrete per unit volume (90 < w,. <155 Ibs/ft* or 1500
< w, <2500 kg/m?)



Shear Connectors

User Note: The table below presents values for R, and R, for several cases.

Condition Rg R v
No decking® 1.0 1.0

Decking oriented parallel
to the steel shape

s 1.0 0.75
I,
;"—’ =15 0.85% 0.75
iy

Decking oriented perpendicular
to the steel shape
Number of studs occupying the
same decking rib

| 1.0 0.6™
2 0.85 0.6™
3 or more 0.7 0.6+

h, = nominal rib height, in. (mm)
w, = average width of concrete rib or haunch (as defined in Section [3.2¢),
m. {mm)

* to qualify as “no decking.” stud shear connectors shall be welded directly
to the steel shape and no more than 50 percent of the top flange of the
steel shape may be covered by decking or sheet steel, such as girder filler
material.

** for a single stud

* this value may be increased to 0.75 when e,,;54, = 2 in. (531 mm)



Shear Connectors

| 2 (50mm) min.

h, 53" (75mm)
[ 27 (50mm) min.
h,s3” (75mm)
1127 (38mm)min.
2” (50 mm) min.
} - |
X 4 4e4 Al 2” (50mm) min.
= s thrsS“' (756 mm)
| W I 11/2” (38 mm) min.
2” (50mm)min.
| |
Lo AHs ] 1’/2”(3'8mm)m. 2" (50mm) min.
3 > 3 h,<3" (75mm)
W, -
2" (50mm) min.

2” (50 mm) min.

Fig. C-13.3. Steel deck limits.



Shear Connectors

y Y Y Y A | r Y y Y Y Y
At odt a0t [/ G- s g e d"‘d "4." 0 Y og o L
ATATAT 2D TATATAT ATATAT AT ATAT
A | C
—*B
i< L./2 >I< L2 ';! Section B

M=0o A -« Mmax M,ax = the maximum
— B bending moment at the

(a) Bending moment diagram (the whole length of the beam is under middle span
positive bending)

Interface ,
between _ idf i < a«’f Iﬁd ST AT~ “_‘. wne C=0.85 £ (berr)(a)
~ _ M
concrete max
slab and PNA/ \4 » kN T S
steel bea T

% L2 5| B

(b) Design model for shear connectors in a fully composite beam

Shear studs fail before C =T=AFy

Interface el ,
between _ _ %-M‘Lﬁ ﬁ !ﬁ“’ . _:__' wes C, = Z Oy
concrete =M= === == " == === = """ T
slab and PXA/ V > kN LY 2 Minax
steel bea T’

A\ 1/2 S| B

(c) Design model for shear connectors in a partially composite beam (PNA moves down into steel beam
due to the slip between the concrete and steel beam when shear studs are less sufticient.

Figure .. A simply supported composite beam, its bending moment diagram, and design
models for shear connectors



Shear Connectors

A
24 dstud Q ::::'_'_‘Eg'"-'-'-‘—‘—‘—‘—---_—_—_-
<
2 6 dsua
2 4 dya 71\\ < 8 taab
X TN —
P —
2 6 dsa
< 8 tetab

Figure . Detail limitations on shear studs

dsmdS 2.5 tr

where,
dsuqa = diameter of the shear stud

te = thickness of the beam flange
taap — thickness of concrete slab



Shear Connectors

In a partially composite beam, z O <AJFy, and stress distribution in the composite

section 1s unknown. However, equivalently, for a given z (;; defined by the total

number of shear connectors over a length of beam between M=0 and M= M ax.

YFe=0, qe. Y05 +AF,= (A-AF,

Where A, = the area of the steel beam, and A’ = the portion of steel area that 1s

needed to satisty equilibrium in beam length (x-) direction.
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Shear Connectors

Example:

A typical tloor plan is shown in the attached figure. The beams are ASTM A992 (345MPa
, Fu=450Mpa) are unshored during construction. The concrete has f.’=28MPa. The floor
has a 12cm thick normal weight concrete over7.5cm composite deck. Assume that
service live load is 4.80kN/m? and construction live load is 1.0kN/m?  Select an
appropriate beam size for Beam A, and determine the required number of shear studs,
per AISC Manual with both LRFD and ASD. The ribs of the metal deck are perpendicular to

the beam.



Shear Connectors

H- - H
--------------- R
-
--------------- R P—
I S "/H/Q x
]I36am A\L ___:T____b 3(@3.65m=10.95m
| 12em Ssm
‘jz///-é/ﬁz \

—
N
—

I 7.5cm



Shear Connectors

Solution:

(1) loads and moments: bus. = 3.2m

Dead load: L2em
Slab = 3.60kN/m?
Beam weight = 0.40kN/m? _ =4.50kN/m? 7.5em
Miscellaneous = 0.50kN/m? Y,

Live load: -

Non-reduced = 4.80kN/m?

Since each beam 1s spaced at 3.65m
Total dead load ==4.50x3.65=16.43kN/m

Total live load = =4.80x3.65=17.52kN/m
Construction dead load (unshored) =(3.60+0.40)x3.65=14.60kN/m
Construction live load (unshored) =(1.00)x3.65=3.65kN/m




Shear Connectors

Determine the required strength.

LRFD
Wy =1.2x16.43+1.6x17.52 w, =16.43+17.52
=47.75kN/m =33.95kN/m
M, = l X 47.75*12.80%=977.92 kNm M, = l 33.95*12.80
8 8
V= %x 47.75*12.80=305.6 kN V,= %x33 95%12.80=217.28 kN

2=695.30 kNm




(2) Select W section.

Try W18 x 46

Concrete f. =28MPa

Section Mame

Froperties
Crozz-zection [axial] area

T arzional constant

Moment af Inertia about 3 axis |

kMoment of Inertia about 2 axis |

Shear area in 2 direction

Shear area in 3 direction

Shear Connectors

Steel Fy =345MPa | F, =450MPa)

i 4G mm

2709.66

S07E02.4

2. 964E +05

J3E5207.

4134 5721

3342250

aection moduluz about 3 axis
section rodulus about 2 auis
Flaztic modulus about 3 asis
Flastic rmodulus about 2 asis
Hadius of Gyration about 3 axiz

R adiuz of Gyration about 2 axis

1292091.9

12168612

1486306, 7

191728 65

184,462

32793

Dimensions

Qutzide height [ 3]

Top flange width [t2 ]
Top flange thickness [t ]
Web thickness [ bw ]
Bottam flange width [ E2b ]

Bottam flange thickness [ Kb

@
[EETam
(e —
ST
(e
(= a—



Shear Connectors

(3) check flexural strength and deflection under service load.

besr. = min {L/4, (b}/2+b2/2)} = min{12.80/4, (3.65/2+3.65/2)}=3.20m

F, Ag 345 x 8709.66
q= = 1 = =39.45mm <t =120mm
0.85x28 x 3200
0.85fc befy
Dby 1
A C'COI]C
d ¥ [l S TR TR AR iy f'_ .
Yecon PNA




Shear Connectors

The moment arm of internal resisting couple 1s
d a  458.72 39.45

€= —1+ Yeop-— = —— 1195 -—— = 404.64mm
2 2 2 2
The nominal bending strength of a fully-composite beam (with sutficient number of shear
studs), see figure (b):

M, = Txe=FyAxe= 345 x 8709.66 x 404.64 = 1216 kNm

LRFD ASD
op M, =0.9x1216 M,, /Yy, =1216/1.67
=1094.4 kNm > 977.92 kNm =728.1 kNm > 695.30 kNm
0.K. 0O.K.




Shear Connectors

—_

E, =0.043w'5,/f,  =0.043(2400°'™)'5/28 = 26,753MPa

— n=—=7.46

m| m

E, = 200,000MPa

,, - 870966 458.72/2+ (120*430)(458.72+75+120/2) .\, 1o by, /n=3200™ /7.46 = 430mm
8709.66 + (120*430)

I, =[2.964x10° +8709.66(541.10 - 458.72/ 2)?]

3
+[%+1ZOX430X52.622]

Yy, =9541.10mm
d =458.72mn

|, =1.348x10°mm*

0.751, =1.011x10° mm*

Transtformed section detail



Shear Connectors

4 N /mm 4
ow, L _ ox17.52 x12,800 _ 30.29mm <

~ L 12,800
384E(0.751,) 384(200,000)(L.011x10°)

= 35.56mm O.K.




Shear Connectors

(4) check flexural strength and deflection under construction load.

W18x46
LRFD ASD

Calculate the required strength.
Wy =1.2x14.60+1.6x3.65 Wa =14.60+3.65

=23.36kN/m =18.25kN/m
M, = 1 ,,23.36*12.80%=478.41 kNm M, = 1 . 18.25%12.802=373.76 kNm

8
W18x46
#p M ,, =0.9(F,Z,)=0.9(345x1,486,307mm?) M,, | O =(F,Z,)/1.67=(345x1,486,307mm)/1.67
=461.5kNm<478.41kNm =307.1kNm<373.76kNm __

Unsafe Unsafe




Shear Connectors

Try W18x 85 (W18x S0 does not work for construction load
Let’s keep W18 for its depth)

Section Hame

Propertes
Crosz-zection [axial) area

Tarzional constant

kMoment af Inertia about 3 axiz |

kMoment af Inertia about 2 axiz |

Shear area in 2 direction

Shear area in 3 direction

WIEES  mm
| 10431.532 Sechon modulus about 3 axis
| 630344.2 Section modulus about 2 axis
3.704E +08 Plastic: modulus about 3 axis
18686732 Plastic: rmodulus about 2 axis
| 4556, 7006 R adius of Gyration about 3 axis
| 5100.9575

R adiuz of Gyration about 2 axiz

1E10655.6

19542608

1835351.2

303160.68

188, 2657

42,2863

Dimensions

Outzide height [t3]

Top flange width [t2 ]
Top flange thickness [ I ]
WWeb thickness [ fw]
Bottom flange width [t2b ]

Bottam flange thickness [t ]

T
(=
- a—
ST —
(-
(- a—



Shear Connectors

Check flexural strength and deflection under service load.

Fy Ag 345 x 10,451,59
a= = =47.35mm< t=120mm
0.85 fcbefy 0.85 x 28 x 3200

The moment arm of internal resisting couple is
d a _ 460 _ _ 4735
€= — 4+ Ycope-— = —— 1195
2 2 2

The nominal bending strength 1s

M, =Txe=FyAsxe=345x10,451. x 401.33 =1,447.2 kNm

= 401.33mm



Shear Connectors

LRFD

ASD

opM; =0.9x1,447.2
=1,302.5 kNm >977.92 kNm O.K.

= 866.6 kKNm > 695.30 kNm
0O.K.




Shear Connectors

For a fully composite beam to develop these moments, the maximum shear force
between the concrete and steel beam 1s:

In a fully composite beam:
> 0, = 0.85% £, x begrx a = 0.85x28x3200x47.35=3,606kN

Also, Z 0, = A, F, =10,451.59 (345)==3,606kN

Notice that 1n this case, the construction strength controls the design (requires W18 x 55),

and there 1s significant over-strength for a fully composite beam under service load,

M, 13025
¢b n _ =1.33 (33% over-strength)

M, 977.92




Shear Connectors

To meet the tlexural strength requirement under service load, we only need to have
oMy, ~ M, =977.92kNm . It the same steel beam section 1s used, a reduced flexural

strength due to a partial-composite action with reduced number of shear connectors might
be an option. In other words, a partial composite beam with W18 x 55 might work well
with a reduced tlexural strength of 977.92kNm as long as it satisties the strength and

deflection requirements under service loads.

Note that when we have fewer shear connectors than required to develop full flexural

strength, the shear connectors might reach their collective shear strength, z Oy (< As

Fy), and there will be a slip between concrete deck and steel beam. In such case, concrete
won’t reach its compressive strength f, before the shear connectors fail, and the
equivalent PNA, at which stress = 0.0 but the concrete slab has not reached its

compressive strength yet, has to move into steel beam since the total compression force

in the concrete, C = Z Qn < A, Fy, 1s controlled by the shear connectors, as shown 1n

Figure (d)



Interface
between
concrete
slab and

steel bea

Interface
between
concrete
slab and

steel bea

Shear Connectors

_d Id._d‘ Fid I‘_d I‘ilﬂ I‘_
SSTAT AT —STPATAT A

222+ C=0.85 £, (Dest) ()

PEA/ i‘r‘rg,kN

L/2

S

Minax
IIII*

T
B

-

(a) Design model for shear connectors in a fully composite beam

Shear studs fail before the concrete crushes

B 4 1" ¥ g “ 4 ‘J 4 'h.rf*.... (’:ZQH < As, F}.
_______ S = === =useb LLLLYg
T S
P_\_A/ v ’ kN STRT Menax
T
L'.".lz > B

(b) Design model for shear connectors in a partially composite beam



Shear Connectors

Real distribution (concrete 1s

cmshedy
< C=

a § Fm==-=m=-mmmmmoa-] e ~A— total compressi
Yeon = T == force in concrete
- S S
> Assumed distribution
| |
PNA S o
X- axis
—_—_— L] - - . —¥ —-
d/2 — T = A Fy = total
1 I I tension force
S Fy
(¢) Stress distribution in a fully-
composite section
Real distribufion Equivalent distribution
(concrete not ¢gushed)
4 beﬁ‘ =i
[ _I_ _________________ m— C Z QH
Yu:-:m a’
) [T, -~ Ao’y
————————————————————— S :«: cnmple'-;smu
PNA_-7 %- axis Y1 force from steel
BN Tammehil & Hnhie - 2 above PNA
>
a2 — 3 =
T = (As- Acomp)Fy
| | > = tension force
Fy from steel below

(d) Stress distribution in a

partially-composite section

PNA



Shear Connectors

In the partial-composite beam, characterized by the fact that L U, < Ag Fy we can use

the same equilibrium as used 1n a fully-composite beam to determine the location (say,

Y1) of the equivalent PNA since the sum of forces in beam length (Z-) direction should

be equal to zero, 1.e.,

Z FZ =0 > Z Q?’? + Acomp Fy = (As— Acomp)Fy

Where,

Acomp = the area of steel above the equivalent PNA that 1s subjected to compression, in
Figure 8 (d).
a = equivalent depth of the concrete from the top if we imagine the concrete has a

uniform stress of 0.85 fC‘ so that

0.85 . (be)(a ) = z On
' ZQ}?
a = ,
0.85f, befy




Shear Connectors

After PNA i1s determined (say, Y}), 1s known from the above equation, we can find the
flexural strength M;, by summing all forces taking moment about any point in the section.

It 1s obvious that M,, in a partially composite section 1s reduced in proportion to

2.9

4 [ |ratio. This ratio 1s equal to one (1.0) in a fully composite beam, and equal
sty

to zero (0.0) in a non-composte beam (with no shear connector at all). The smaller the

ratio 1s, the lower the flexural strength. As a minimum ratio to keep any composite action,

AISC suggests that 7 AF 2 0.25 | Otherwise, the beam should be treated as non-
sty

composite bare steel beam.



Shear Connectors

For this problem, try to make ¢pM,, = M,, = 977.92kNm

Also assume 55% composite action

AF, =(10452)(345) =3,606 KN for a W18x55 beam

>'Q, =0.55(3,606) =1,983 kN

N
o ZQn __1983000% .o
N oK f h N Q292 2NN\
UV.UJ ICUeﬂ: U U\J\LU}\U,LUU}
a' 26.04

Y, =Y, — % =195- 2" 181 20mm
2 2



Shear Connectors

Assume that Y, is within the top flange of the beam:

y - A 085 foA, _ 345(10,452) —0.85(28)(3200x26.04)
! 2b,F, 2(191.26)345

=12.30mm<t, =16.00mm O.K.

M, =[(0.85(28)(3200x26.04)(12.30 +181.20) + 2(191.26)(345)(12.30)(12'230) + (10,452)(345)(4—20 ~12.30)]
M, =1179kNm
LRFD ASD
¢p M, = 1061kNm > 977.92kNm M, /%= T706kNm > 695.30kNm
4, =0.90 O.K. 0, =167
0.K.




Shear Connectors

Compute live load deflection:

—

E, =0.043w'°,[f]  =0.043(2400%'™)** /28 = 26,753MPa

— n=—=7.46

m| rm

E, =200,000MPa

y, —10452x460/2+ (120x430)(460+ 75+120/2) _gaq o
g 10,452 + (120x430) | b, /n=3200""/7.46 = 430mm

|, =[3.704x10° +10,452(533.5— 460/ 2)*]

3
+[%+120x430x61.52]

Y, =933.5mm

|, =1.590x10° mm*

0.751,, =1.193x10° mm*

Transformed section detail


Bülent
Rectangle


Shear Connectors

4 N /mm 4
Sw L ~5x17.5277"x12,800 _ o5 67mm <

- L 12,800
384E(0.751,) 384(200,000)(1.193x10°%)

=35.56mm O.K.




Shear Connectors

(4) check flexural strength and deflection under construction load.
W 18x55

LRFD ASD
Calculate the required strength.
Wy =1.2x14.60+1.6x3.65 Wa =14.60+3.65
=23.36kN/m =18.25kN/m
M, = %x23.36*12.802=478.41 kNm M, = 1 . 18.25%12.802=373.76 kNm
W 18x55
#p M ,, =0.9(F,Z,)=0.9(345x1,835,351mm?) M,, | O =(F,Z,)/1.67=(345x1,835,351mm)/1.67
Cafe =570kNm<478.41kNm =379kNm<373.76kNm safe
Ao WLt 5x3.65"™"x12,800" 17 2omm < & 12800 oo 0.

 384E(l,) 384(200,000)(3.704x10°)




Shear Connectors

(5) design of shear studs for the partially composite beam

Using perpendicular deck with one 19™ diameter weak stud per rib in normal weight 28MPa concrete

Qn = 76.5kN (See the next slide)

D Q, =1,983kN

& 1,983
The number of studs for the half span of the beam = Z;‘) = 65 25.9  (use 26)

The total number of studs in the beam is 26X2 =52
Spacing along the beam length: with 150™ flute metal deck, one stud every flute (150™ apart)

in the middle 3.30™ and one stud every two flutes (300™" apart)

Check the spacing requirements:

upper flute

Minimum spacing = 6dgy,g = 6x19 =114™

lower flute

Maximum spacing = 8t =8%120 =960™
0.K.

AW
[ ]

Note: usual rib (deck flute)
spacing is about 150mm




Shear Connectors

The nominal strength of one stud shear connector embedded in solid concrete

or in a composite slab is

0, = 0.5A,,

F7E. < RyRpA.F, (13-3)

User Note: The table below presents values for R, and R, for several cases.

_ 7(19)°

A, = 283.5mm’

E, =0.043w5,/ f, =0.043(2400°'™)'*,/28 = 26,753MPa

C

Q, =0.5(283.5)/28(26,753) =122.7kN < (1.0)(0.6)(283.5)(450) = 76.5kN

Condition R, R,
No decking* 1.0 1.0
Decking oriented parallel
to the steel shape
Zras 1.0 0.75
Iy
;‘l <15 0.85% 0.75
iy
Decking oriented perpendicular
to the steel shape
Number of studs occupying the
same decking rib
1 1.0 0.6% |
2 0.85 0.6™
3 or more 0.7 0.6+

h, = nominal rib height, . (mm)

w, = average width of concrete rib or haunch (as defined in Section [3.2¢),

in. {mm)

* to qualify as “no decking,” stud shear connectors shall be welded directly
to the steel shape and no more than 50 percent of the top flange of the
steel shape may be covered by decking or sheet steel, such as girder filler

material.

** for a single stud

* this value may be increased to .75 when e,,;;43, = 2 n. (5] mm)



Shear Connectors

CcL
84@150™=12,600™

! §150”"“ ribspacing

4650mm(everytwoflute) 3300mm(evewf|ute) 4650mm(everytwoflute)
16 @150mm 20@150mm 16 @150mm

12.800mm




Shear Connectors

(6) check shear strength.
The shear strength of fully or partially composite beams with shear connectors 1s based
upon the properties of the steel section alone (neglect the contribution from the concrete

for shear) .

W18x55

Vu = 0.6F,Ay = 0.6F, x tyy x d = 0.6(345)(9.91)(460) = 944kN
PV, = 0.9(944) =850kN >V, =305.6kN

V) / Q) =944/1.67 =565kN >V, = 217.28kN

O.K.

Final design:
W18x §§.

F, = 345MPa

fiftytwo 19™ diameter headed shear studs.
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