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Basic Steel Design -- Session 8: 
Composite Flexural Members

Louis F. Geschwindner

Welcome to today’s webinar. 

Today’s audio will be broadcast through the internet. 
Please be sure and turn up the volume on your 
speakers.

Today’s live webinar will begin shortly.  
Please standby.

Today’s audio will be broadcast through the internet. 

Please type any questions or comments through the Chat 
feature on the left portion of your screen.

AIA Credit

AISC is a Registered Provider with The American Institute of Architects Continuing 
Education Systems (AIA/CES).  Credit(s) earned on completion of this program will be 
reported to AIA/CES for AIA members.  Certificates of Completion for both AIA 
members and non-AIA members are available upon request.

This program is registered with AIA/CES for continuing professional education.  As such, 
it does not include content that may be deemed or construed to be an approval or 
endorsement by the AIA of any material of construction or any method or manner of 
handling, using, distributing, or dealing in any material or product.  

Questions related to specific materials, methods, and services will be addressed at the 
conclusion of this presentation.
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Session Description

22.8 Composite Flexural Members
March 31, 2020

This session examines the principles of composite action. The lecture will review 
elastic vs. plastic behavior and the influence of steel deck on composite 
members. The session will discuss the design of composite beams including 
determining steel-headed stud anchor strength and placement, deflection, and 
economy in shape selection. The session will conclude with a review of the 
encased and filled composite members.

Learning Objectives:

• Describe the principles of composite action used in the design of buildings.

• List the AISC Specification requirements for the design of composite beam 
members.

• Describe the design requirements for steel-headed stud anchors and 
placement, deflection and economy of shape selection in structural steel 
building design.

• Describe the AISC Specification requirements for the design of encased and 
filled composite members.

8.81.8

Basic Steel Design: A review of the 
principles of steel design according to 
ANSI/AISC 360-16

Night School 22

Lesson 8

Composite Flexural Members
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8.9

Lesson 8 – Composite Flexural 
Members

• Composite flexural members

– Types treated

– Material limitations

– Stress distributions

– Plastic neutral axis locations

– Strength determination

– Steel anchors

– Member design 

8.10

Composite Flexural Members

• What are composite members?

– Combination of dissimilar materials into a 
single member so that they work together.

Reinforced
Concrete

Flitch
Girder

Composite
Beam

Encased
Composite
Member

Filled
Composite
Member

8.11

Composite Flexural Members

• These are the composite flexural members 
that are addressed in the AISC Specification.

Composite
Beam

Encased
Composite
Member

Filled
Composite
Member

8.12

Composite Flexural Members

I1.3 Material Limitations

– Concrete

• Normal weight,

• Light weight,

– Reinforcing steel

– Steel shapes

3 10 ksi  ksicf  

3 6 ksi  ksicf  

80 ksiyF 

75 ksiyF 
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8.13

Composite Flexural Members

I1.2. Nominal strength of composite sections

– Strain Compatibility Method

• Linear distribution of strain

• Concrete compressive strain 0.003 in./in.

• Stress-strain relationships from tests

– Plastic Stress Distribution Method

• Steel has reached Fy

• Concrete has reached 0.85f’c
0.95f’c for filled round HSS

8.14

Composite Flexural Members

I1.2. Nominal strength of composite sections

– Elastic Stress Distribution Method

• Superposition of elastic stresses

• Yielding of steel

• Crushing of concrete

– Effective Stress-Strain Method

• Strain compatibility

• Stress-strain relationship

• Local buckling, yielding, interaction, and concrete 
confinement

8.15

Composite Flexural Members

• Positive moment strength

– For compact web W-shapes 

• limit strength of yielding (plastic moment)

• use plastic stress distribution.

– For noncompact shapes

• Limit state of yielding (yield moment)

• Use elastic stress distribution

0.90 1.67  (LRFD)          (ASD)b b   

All W-shapes 
for Fy ≤ 70 ksi

8.16

Composite Flexural Members

• Strength Determination (Lesson 4-steel only)

– Strain compatibility

– Plastic stress distribution

stress strain

x

y  
yF F

yF Fstress

x
plastic neutral axis
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8.17

• Strength Determination (composite)

– Strain compatibility

Composite Flexural Members

stress strainyyF

cf 
0.003 in./in.c 

8.18

• Strength Determination (composite)

– Plastic stress distribution

Composite Flexural Members

stress
yF

cf 

yF

8.19

• Strength Determination (composite)

– Elastic

Composite Flexural Members

stress strain
ttf

cf c

Transformed
Section

8.20

+M Plastic Stress Distribution

• All rolled W-shapes have compact webs.

• Therefore,

– Use plastic stress distribution

– Determine plastic neutral axis location

– PNA based on force that can be transferred 
to the concrete
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8.21

+M Plastic Stress Distribution

• The concrete force will be the smallest 
of:

0.85   (all concrete in compression)

  (full steel shape in tension)

  (maximum that can transfer)

c c

s y

n

V f A

V A F

V Q

 

 

  

(Eqs. I3-1a, I3-1b, and I3-1c)

8.22

+M Plastic Stress Distribution

Plastic Neutral Axis is in steel web, 

all concrete in compression

Ts

Cc

Cs

Fy

0.85f ’c

Fy

(I3-1a)

Flat soffit slab

8.23

+M Plastic Stress Distribution

Plastic Neutral Axis is in steel web, 

all concrete in compression

Ts

Cc

Cs

Fy

0.85f ’c

Fy

(I3-1a)

Slab with 
metal deck

8.24

+M Plastic Stress Distribution

Plastic Neutral Axis is in concrete,

all steel is in tension

Ts

Cc

0.85f ’c

Fy

(I3-1b)



8.7

AISC Night School
March 31, 2020

Basic Steel Design
Session 8: Composite Flexural Members

© Copyright 2020
American Institute of Steel Construction

8.25

+M Plastic Stress Distribution

Plastic Neutral Axis is in concrete and steel

Ts

Cc

Cs

Fy

0.85f ’c

Fy

(I3-1c)

How is it possible to have 
two plastic neutral axis 
locations? 

8.26

+M Plastic Stress Distribution

• Once the PNA location has been 
determined, all element forces may be 
determined

– Concrete in compression is stressed to 0.85f ’c

– Concrete in tension is ignored

– Steel in compression is stressed to Fy

– Steel in tension is stressed to Fy

8.27

Composite Beams

I3. Flexure

– Three types of composite members subject to 
flexure are addressed: 

• composite beams with steel anchors consisting of 
steel headed stud anchors or steel channel 
anchors 

• encased composite members 

• filled composite members

8.28

Composite Beams

• Steel headed stud anchors (shear studs)
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8.29

Composite Beams

• How much of the concrete works with the 
steel?

– The effective width of concrete flange on 
each side of beam shall not exceed

• One-eighth of the beam span, L

• One-half the distance to the adjacent beam, s

• The distance to the edge of the slab effb

8.30

Example 1

• Determine the strength of a W21x44 A992 
beam with a 4.5 in. thick flat soffit concrete 
slab with f ’c = 3 ksi

40 ft

40 ft

30 ft

5 @ 30 ft

Beams spaced 
at 10 ft

W21x44
typical

8.31

Example 1

• Determine the effective width of the flat 
soffit  concrete flange.

40
2 10

8 4 4

2 10
2

 ft

 ft

L L
b

s
b s

 
    

 

 
   

 

10 ft 10 ft 10 ft

b=2beff

I3.1a(a)

I3.1a(b)

8.32

Example 1

W21x44 20.7 in.

4.5 in.

120 in.

6.5 in.

• Using this cross section.
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8.33

Example 1

• Determine location of PNA

• Thus, the steel controls so the PNA is in 
the concrete

0.85(3)(120)(4.5) 1380

13.0(50.0) 650

(our assumption for this problem)

 kips

 kips

 full composite 

c

s

q

C

T

C

 

 



8.34

Example 1

• Plastic Stress Distribution

650 kipsc sC T 

Ts = 650 k

Cc= 650 k

b = 120 in.

a

8.35

Example 1

• Determine effective concrete depth from

• Nominal moment = plastic moment

650
2.12 in.

0.85(3)(120)
a  

 arm  armn pc c sM M C T    

0.85 cT C f ab 

8.36

Example 1

• Determine force locations 2.12
4.5

2 2

a
t   

20.7

2 2

d


Ts = 650 k

Cc= 650 k
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8.37

Example 1

• Plastic Moment Strength: take moments 
about the top of the steel

20.7 2.12
650 4.5 8960

2 2
  in.-kipspcM

 
    

 

8960
747

12
 ft-kipsnM

 
  
 

8.38

Example 1

• Allowable Strength (ASD)

• Design Strength (LRFD)

747
447

1.67
 ft-kipsn

b

M
 



 0.9 747 672 ft-kipsb nM  

8.39

Example 2

• Consider the same slab in combination 
with a larger wide flange. Try a W21x111, 
A992 120 in.

21.5 in.

4.5 in.

12.3 in.

8.40

Example 2

• Determine location of PNA.

• Thus, the concrete controls so the PNA is 
in the steel

0.85(3)(120)(4.5) 1380

32.6(50.0) 1630

 kips

 kips

 full composite

c

s

q

C

T

C

 

 


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8.41

Example 2

• With the PNA in the steel, determine its 
location in the web or the flange

Since

the PNA is in the flange

12.3 0.875(50) 540

1630 2(540) 550

f

w

T

T

  

  

C T Tc f w 

There are several ways to approach this calculation.

This means that we need more tension.

8.42

Example 2

Plastic Stress Distribution

Cc = 1380 k

Ts

Cs
x

8.43

Example 2

Plastic Neutral Axis Location

   1380 12.3 (50) 1630 12.3 (50)

0.203 in.

x x

x

  



steel full shape steelc

C T

C C T C



  

8.44

Example 2

1380

1630

250

  12.3 0.203 50 125 kipsfC  

0.203 in.x 

We are going to use a math 
“trick” to simplify our calculations
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8.45

Example 2

Plastic Moment Strength: take moments 
about the top of the steel

21.5 4.5 0.203
1630 1380 2 125

2 2 2

20,600

20,600
1720

12

 in.-kips

 ft-kips

pc

n pc

M

M M

      
        

      



  

8.46

Example 2

• Allowable Strength (ASD)

• Design Strength (LRFD)

1720
1030

1.67
 ft-kipsn

b

M
 



 0.9 1720 1550 ft-kipsb nM  

8.47

Partial Composite Action

• Any time the shear studs control, we can 
not use the full strength of the concrete or 
of the steel shape.

– This is referred to as partial composite action.

– This requires slip between the steel and 
concrete. (two pna locations)

• If the strength is controlled by the steel 
shape or the concrete slab 

– It is referred to as full composite action.

Partial Composite Action

Load transfer between steel beam and 
concrete slab

– The effect of ductility (slip capacity) of the 
shear connection at the interface of the 
concrete slab and steel beam shall be 
considered.

8.48
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Partial Composite Action

• Commentary guidelines 

– If one of these are satisfied, shear connectors 
are not subject to failure due to insufficient 
ductility.

1. Beam span not exceeding 30 ft

2. Beams with at least 50% composite action

3. Beams with minimum ¾ in. stud at 12 in. o/c

8.49 8.50

Example 3

Determine the available strength of the 
composite beam from Example 1 if the 
shear studs are only capable of transferring

400 (partial composite action) kips nQ 

0.85(3)(120)(4.5) 1380

13.0(50.0) 650

400

 kips

 kips

 kips

c

s

q

C

T

C

 

 

 400
% Composite Action 100 61.5%

650
  

8.51

Example 3

Determine the effective depth of concrete 
from 

400
1.31

0.85(3)(120)
 in.a  

'0.85c cC f ab

8.52

Example 3

Area of steel in compression

There can only be 400 kips in tension

Therefore the PNA is in the flange

650 400
2.5

2(50)

2.5 2.5
0.385 0.45

6.5

2 in.

 in.

s c

f

f

A

x t
b




 

    
This is a trial and error 
calculation. If it had come 
out larger than tf, it would 
not be the correct 
calculation.
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8.53

Example 3

Plastic stress distribution

650 k

250 k

400 k

   6.5 0.385 50 125 kipsfC  

Again, we are going to use a math 
“trick” to simplify our calculations

0.385 in.x 

8.54

Example 3

Plastic moment strength: take moments 
about the top of the steel

20.7 1.31 0.385
650 400 4.5 250

2 2 2

8, 220

8,220
685

12

 in.-kips

 ft-kips

pc

n pc

M

M M

     
        

     



  

8.55

Example 3

Allowable strength (ASD)

Design strength (LRFD)

685
410

1.67
 ft-kipsn

b

M
 



38% reduction in stud strength leads to an 8% 
reduction in moment strength

 0.9 685 617b nM    ft-kips

8.56

Composite Beams

• I3.1b. Strength during construction

– With shoring (supported from below)

• Shoring carries construction loads

– Without shoring
• Steel must support all load applied before concrete attains 

75% of its specified strength

• Strength determined according to Chapter F
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8.57

Composite Beams

• I3.2c. Composite beams with formed steel deck

– Ribs perpendicular to steel beam
• Ignore concrete below top of steel deck in calculating area of 

concrete

– Ribs parallel to steel beam
• Concrete below top of steel deck is included in calculating 

area of concrete

8.58

Composite Beams

• I3.2c. Composite beams with formed steel deck

– Limitations
• Rib height ≤ 3.0 in.

• Average rib width ≥ 2.0 in.

• Must use maximum ¾ in. steel headed stud anchors (I8.1)

• Anchors must extend not less than 1.5 in. above top of deck

• Slab above deck min 2.0 in.

• Minimum concreter cover on studs ½ in.

• Steel deck anchored at a spacing not to exceed 18 in.

8.59

Composite Beams

• I3.3. Encased Composite Members

0.90 1.67  (LRFD)          (ASD)b b   

The nominal flexural strength, 
Mn, shall be determined using 
one of the following methods
• Superposition of elastic stresses
• Plastic stress distribution on steel 
section alone
• Plastic stress distribution or strain 
compatibility method on composite 
section. Steel anchors are required. 

8.60

Composite Beams

• I3.4. Filled Composite Members
– For compact sections, use the plastic stress 

distribution, Mp.

– For noncompact sections interpolate between Mp and 
My corresponding to first yield of the compression 
flange

– For slender sections limit the compression flange 
stress to the local buckling stress.
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8.61

I8. Steel Anchors

• Two types of anchors

– Steel Headed Stud Anchors

– Steel Channel Anchors

• Three applications with different strengths 

– in a solid slab (examples we have looked at)

– in a slab on metal deck (will address soon)

– in a composite component (encased or filled)

8.62

I8. Steel Anchors

• I8.2. Steel Anchors in Composite Beams

– Length of installed stud anchor must be at 
least 4 times the diameter.

• Normally use ¾ in. studs, thus minimum length is 
3 in.

– Nominal strength of a single stud anchor in a 
solid slab or slab with decking

0.5n sa c c g p sa uQ A f E R R A F  (I8-1)

8.63

Shear Studs

Nominal stud strength

0.5n sa c c g p sa uQ A f E R R A F  (I8-1)

8.64

Example 4

• Select studs for the beam of Example 1

• If SQn = 650 kips

• Beam span = 40 ft

– 62 studs over 40 ft means spacing of approximately 
7.5 in.

650
# 31

21
 studs  for half of beam 

From point of maximum moment to support.
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8.65

Example 4

• Select studs for the beam of Example 2

• If SQn = 1380 kips

• Beam span = 40 ft

– 132 studs over 40 ft means spacing of approximately 
3.5 in.

1380
# 66

21
 studs  for half of beam 

From point of maximum moment to support.

8.66

Composite Beams with 
Metal Deck

• Area taken by the deck can carry no 
compressive force.

• Direction of deck with respect to 
composite beam matters.

• Strength of shear studs must be adjusted 
(reduced) for existence of deck.

8.67

0.5n sa c c g p sa uQ A f E R R A F  (I8-1)

• Factors 
influencing stud 
strength
– Rib width/height

– Number of studs per  
rib

– Strong or weak stud      
location

8.68

2 in.mid hte  2 in.mid hte  

Recommendation:
Always assume studs are 
located in weak position
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8.69

Composite Beam Design Aids

Manual 
page 3-14

8.70

Composite Beam Design Aids

Full composite action

Partial 
composite           
action {

8.71

Example 5 (ASD)

• Design using Table 3-19, select an A992 
W-shape for the following conditions:
– 30 ft x 30 ft panel

– beams spaced 10 ft on center

– effective slab width = 90 in. (1/4 span)

– 5 in. total slab on 2 in. deck

– f ’c = 3 ksi, normal weight concrete

– Fy = 50 ksi

– wLL = 80 psf, wDL = 80 psf

8.72

Example 5 (ASD)

5 in.3 in.

90 in.

W16
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8.73

Example 5 (ASD)

• design load

• Required moment strength (ASD)

80 80 160 psfaw   

20.160(10)(30)
180 ft-kips

8
aM  

8.74

Example 5 (ASD)

• Try a W16 composite beam

Assume a = 1.0 in. (depth of concrete stress 
block)

• Therefore, location of compression force 
from top of steel 

• Enter beam selection Table 3-19 

1.0
2 5.0 4.5 in.

2
Y   

8.75

For Y2 = 4.5 select Y1= 2.05

Thus, a partial composite beam

Example 5 (ASD)

8.76

Example 5 (ASD)

• For this PNA location

• Determine actual depth of concrete 
working

kips 145 nQ

145
0.632 1.0

0.85(3)(90)
 in.  assumed  in.a a   
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8.77

Example 5 (ASD)

• Determine actual Y2

• Check table for actual strength

0.632
2 5.0 4.68 4.5

2
Y     in.  in. assumed

2 4.5 179

2 5.0 182

n

b

n

b

M
Y

M
Y

 


 


   ft-kips

   ft-kips

See next 
slide

8.78

Example 5 (ASD)

180 ft-kipsn

b

M



Interpolate for Y2 = 4.68 in.

8.79

Example 5 (ASD)

• Check construction strength for bare steel

• From Table 3-19

2

0.54 0.03 0.20 0.77

0.77(30)
86.6

8

 concrete+beam+construction live load

 k/ft

 ft-kips

a

a

a const

w

w

M 



   

 

110 86.6n

b

M
 


 ft-kips  ft-kips

Therefore OK for construction strength
8.80

Example 5 (ASD)

• Check construction dead load deflection

• Thus, if this is our limit, the beam will 
deflect too much.

45(0.57)(30) 1728
1.19 1.0

384(29000)(301) 360
 in.  in.

L
    
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8.81

Example 5 (ASD)

• What should be done about deflection?

– Camber (beam is pre-deformed up)

– Shore (supports under beam during concrete 
placement)

– Use a larger section (in this example likely the 
best solution since we are only using a small 
part of composite action)

145
% Composite Action 100 37.8%

384
  

8.82

Example 5 (ASD)

Check live load deflection using lower bound 
Moment of Inertia

8.83

Example 5 (ASD)

• Using ILB= 622 in.4

• Limiting deflection

45(0.8)(30) 1728
0.81

384(29000)(622)
 in.  

30(12)
1.0 0.81

360
 in.  in.   

8.84

Example 5 (ASD)

• Select shear studs

– Use ¾ in. shear studs

– Assume one stud per rib

– Assume studs in weak 
position

– Therefore 18 studs are 
required for the beam span

145

17.2

145
9

17.2

(from Table 3-21)

 kips per half span

 kips 

 

n

n

Q

Q

N

 



 
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8.85

Example 5 (LRFD)

• Design using Table 3-19, select an A992 
W-shape for the following conditions:
– 30 ft x 30 ft panel

– beams spaced 10 ft on center

– effective slab width = 90 in. (1/4 span)

– 5 in. total slab on 2 in. deck

– f ’c = 3 ksi, normal weight concrete

– Fy = 50 ksi

– wLL = 80 psf, wDL = 80 psf

8.86

Example 5 (LRFD)

5 in.3 in.

90 in.

W16

8.87

Example 5 (LRFD)

• design load

• Required moment strength (LRFD)

psf 224)80(6.1)80(2.1 uw

20.224(10)(30)
252

8
 ft-kipsuM  

8.88

Example 5 (LRFD)

• Try a W16 composite beam

Assume a = 1.0 in.

• Therefore, location of compression force 
from top of steel 

• Enter beam selection Table 3-19 

1.0
2 5.0 4.5

2
 in.Y   
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8.89

For Y2 = 4.5 select Y1= 2.05

Thus, a partial composite beam

Example 5 (LRFD)

8.90

Example 5 (LRFD)

• For this PNA location,

• Determine actual depth of concrete 
working

kips 145 nQ

145
0.632 1.0

0.85(3)(90)
 in.  assumed  in.a a   

8.91

Example 5 (LRFD)

• Determine actual Y2

• Check table for capacity

0.632
2 5.0 4.68 4.5

2
 in.  in. assumedY    

2 4.5 268

2 5.0 274

   ft-kips

   ft-kips

b n

b n

Y M

Y M

  

  

See next 
slide

8.92

Example 5 (LRFD)

271 ft-kipsnM Interpolate for Y2 = 4.68 in.
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8.93

Example 5 (LRFD)

• Check construction strength bare steel

• From Table 3-19

2

1.2(0.54) 1.2(0.03) 1.6(0.20) 1.0

1.0(30)
113

8

concrete+steel+construction live load

 k/ft

 ft-kips

u

u

u const

w

w

M 



   

 

166 113 ft-kips  ft-kipsb nM  

8.94

Example 5 (LRFD)

• Check construction dead load deflection

• Thus, if this is our limit, the beam will 
deflect too much.

45(0.57)(30) 1728
1.19 1.0

384(29000)(301) 360
 in.  in.

L
    

8.95

Example 5 (LRFD)

• What should be done about deflection?

– Camber (beam is pre-deformed up)

– Shore (supports under beam during concrete 
placement)

– Use a larger section (in this example likely the 
best solution since we are only using a small 
part of composite action)

145
% Composite Action 100 37.8%

384
  

8.96

Example 5 (LRFD)

Check live load deflection using lower bound 
Moment of Inertia
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8.97

Example 5 (LRFD)

• Using ILB= 622 in.4

• Limiting deflection

45(0.8)(30) 1728
0.81 in.

384(29000)(622)
  

30(12)
1.0 in. 0.81 in.

360
   

8.98

Example 5 (LRFD)

• Select shear studs

– Use ¾ in. shear studs

– Assume one stud per rib

– Assume studs in weak 
position

– Therefore 18 studs are 
required for the beam span

145

17.2

145
9

17.2

(from Table 3-21)

 kips per half span

 kips 

 

n

n

Q

Q

N

 



 

8.99

Composite Components

• Other flexural members

Encased
Composite
Member

Filled
Composite
Member

8.100

Encased Beam

• Three approaches for strength 
determination in Section I3.3

– Superposition of elastic stresses

– Plastic stress distribution on steel shape 
alone

– Plastic stress distribution or strain-
compatibility on composite section
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8.101

Encased Beam

• Superposition of elastic stresses 

1. Construction load on steel shape alone
2. Additional dead and live load on transformed section
3. Superposition of stresses

(1) (2) (3)yf F

8.102

Encased Beam

• Plastic stress distribution on steel shape

(1)

yf F

1. Strength Mn = Mp for the steel shape alone
Lateral-torsional buckling is ignored
Local buckling is ignored

8.103

Encased Beam

• Plastic stress distribution on composite 
section

0.85 cf f  yf F

1. Concrete stressed to 0.85f’c in compression, zero in tension
2. Steel stressed to Fy in compression and tension
3. Reinforcing, if provided, stressed to Fysr in tension and compression

ysrf F

(1) concrete (2) steel (3) reinforcing

8.104

Example 6

• Determine the available strength of a 
W14x53 encased in 18 in. by 22 in. 
concrete.

50

5

13.9

8.06

0.370

0.660

15.6 2

 ksi

 ksi

 in.

 in.

 in.

 in.

 in.

y

c

f

w

f

s

F

f

d

b

t

t

A



 











18 in.

22 in.

4.05 in.

13.9 in.

4.05 in.

Ignoring required longitudinal 
reinforcing for our example.
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8.105

Example 6

• Locate the plastic neutral axis – 3 choices

– Above steel shape

– In steel flange

– In steel web 18 in.

22 in.

4.05 in.

13.9 in.

8.106

Example 6

• Assume pna is in steel flange as shown
18 in.

4.05 in.

13.9 in.

x

Ts

Cs

Cc

8.107

Example 6

• Forces in steel and concrete

• Determine x from T=C

    

   

 

0.85 18 0.85 5 18 76.5

50 0.85 4.05 8.06 368.7 1493

4.05 8.06 2412 403

c c

s c

s y s y

C f x x x

C f x x

T F A F x x

  

    

    

4.60 in.

s c sT C C

x

 



Distance to underside of 
steel flange is cover plus 
flange thickness.

4.05 4.05 0.660

4.71 in.

ft  



8.108

Example 6

• Corresponding forces

 

 

 

76.5 76.5 4.60 352

368.7 1493 368.7 4.60 1493 203

2412 403 2412 403 4.60 558

 kips

 kips

 kips

c

s

s

C x

C x

T x

  

    

    

Ts=558

Cs=203

Cc = 352
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8.109

Example 6

• Take moments about mid-height

Ts=FyAs=780

Cs =203Cc=352 Cs1=222

d/2

    1 4.60 4.05 0.55 8.06 50 222 kipss f yC b F   

Remember the math “trick” to 
simplify taking moments?

8.110

Example 6

• Take moments about mid-height

• For ASD

• For LRFD

 
4.60 13.9 4.60 4.05

352 11.0 203 222
2 2 2

5898 492 in.-kips  ft-kips

nM
   

       
   

 

492
295

1.67
 ft-kipsnM

 


 0.9 492 442 ft-kipsnM  

8.111

Example 6

• Steel headed stud anchors are required in 
this composite component

• Section I8.3a, for ¾ in. studs with Fu = 65 
ksi

 65 0.442 28.7

0.65 2.31

nv u sa

v v

Q F A  

   

 kips

     

8.112

Example 6

• Since  and Ω are applied to the stud 
strength, stud selection is a bit different 
from composite beams.

• The nominal tensile force in the steel is

• The available strength is

558 kipssT 

 
558

0.9 558 502 334
1.67

 kips     kipss
s

T
T    


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8.113

Example 6

• Required steel headed stud anchors

• Place 28 studs between beam mid-span 
and support, 14 on each side of web.

 
502

27
0.65 28.7

s

v n

T

Q


  


# studs
334

27
28.7 2.31

n

n v

T

Q


  


# studs

8.114

Filled Beam

• Section I3.4 provides for compact, 
noncompact and slender element filled 
composite members

– For compact shapes, use the plastic stress 
distribution on the composite section

Cc
Cs

Ts

8.115

Filled Beam

• Section I3.4 provides for compact, 
noncompact and slender element filled 
composite members

– For noncompact shapes, use a linear 
variation from plastic moment to yield moment 

– For slender shapes the compression flange 
stress is limited to the buckling stress and the 
tension flange stress is limited to the yield 
stress.

8.116

Summary

• Considered various stress distributions for 
composite beams 

• Determined plastic neutral axis location and 
flexural strength of composite beams

• Studied steel headed stud anchor strength and 
factors influencing strength

• Designed a composite beam using Manual 
tables

• Addressed encased and filled composite flexural 
components
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8.117

Course Conclusion

• We have studied tension members, 
compression members, and flexural 
members.

• We have investigated the interaction of 
compression and bending.

• We have addressed the requirements for 
stability analysis and design.

• And we have concluded with a treatment 
of composite beams.

8.118

Course Conclusion

• We have only touched on the basic 
principles of structural steel design

– It was our intent to make this a useful 
refresher for those who have not designed in 
structural steel for some time

– We hope that through this course your overall 
capabilities in structural steel design have 
been improved.

Thank You

American Institute of Steel Construction
130 East Randolph, Suite 2000

Chicago, IL 60601

8.119

• You will receive an email on how to report attendance 
from: registration@aisc.org.

• Be on the lookout:  Check your spam filter!  Check your 
junk folder!

• Completely fill out online form.  Don’t forget to check 
the boxes next to each attendee’s name!

Individual Session Registrants

PDH Certificates
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• Reporting site (URL will be provided in the 
forthcoming email).

• Username:  Same as AISC website username.

• Password:  Same as AISC website password.

Individual Session Registrants

PDH Certificates

One certificate will be issued at the conclusion of all 8 
sessions.

8-Session Registrants

PDH Certificates

Information for accessing the quiz will be emailed to you by Thursday.  It will 
contain a link to access the quiz.  EMAIL COMES FROM 
NIGHTSCHOOL@AISC.ORG.

8-Session Registrants

Access to the quiz

Posted Thursday mornings.  www.aisc.org/nightschool -- Click on Current Course 
Details.

Quiz and attendance records

• EEU – You must take all quizzes and the final exam to receive EEU.
• PDHs – If you watch a recorded session, you must pass quiz for PDHs.
• REINFORCEMENT – Reinforce what you learn tonight.  Get more out of the 

course.

Reasons for quiz

Note:  If you attend the live presentation, you do not have 
to take the quizzes to receive PDHs

Information for accessing the recording will be emailed to you by Thursday.  The 
recording will be available for four weeks.  (For 8-session registrants only.)   
EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

8-Session Registrants

Access to the recording

If you watch a recorded session, you must take and pass the quiz for PDHs.

PDHs via recording
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8-Session Registrants

Night School Resources

Find all your handouts, quizzes and quiz scores, recording 
access, and attendance information all in one place!

Go to www.aisc.org and sign in.

Night School Resources for 8-session 
package Registrants

AISC | Thank you

Please fill out our brief survey at the conclusion of 
the webinar. We greatly appreciate your feedback.


