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Chap. 4 Equilibrium Method
4.1 Introduction

- Based on lower bound
- Relationship between the strength of structure and

the the applied load is found by adjusting 
the unknown redundants

- The moment condition is not violated
- The mechanism condition may or may not be satisfied

4.2 Basis of the method

- Determinate structures
- Indeterminate structures

CM

BM
1
2 BM

1
2P C BM M M= -
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4.3 Moment equilibrium equations

a) Select redundants to make 
determinate structures

b) Draw BMD for determinate structure
for applied load

c) Draw BMD for redundants

d) Superpose them

e) Write moment equation at critical section

4.5 Strength of beams

a) Shear force effect

b) Lateral torsional buckling

4.5.1  Shear force effect
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4.5.2  Lateral Torsional Buckling
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Residual stress in rolled section

Both flange sides get cool
Then fixed

Tension
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Equilibrium method example
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Equilibrium method example

A B C

D E

Primary structure and Primary moment

redundant structure and redundant moment
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B

E
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Equilibrium method example

A B C D E F G
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Try

required ZPL

BM
3267
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Design of columns
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A CB D E
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Case III) / 3 and / 1/ 3l h V H= =
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h

V

l

H

A

B C D

E

Ex. 4.6.2

20
/ 3

all WF16 45

l h
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´

Determine the limit values V and H
a) w/o considering the effect of axial force
From the previous solution 
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b) w/ the effect of axial force
For Member DE

V

H
B C
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Ex. 4.6.3
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A B C D E
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4.8 Practical procedure for large structures

a) Select the redundants
b) Obtain the primary moments
c) Obtain BMD for redundants
d) Assume a failure mechanism
e) Combine b)+c) and equate the sum of moment to the Mp
f) Solve the equations to determine the redundants and the limit
g) Check the yield conditions
h) If the solution is exact, If not proceed further to determine the upper and lower solutions

0
max

p
t up

M
P P

M
=
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2 2
4 4 4 4 4 4 4

12 12

A

B C D

E

A1
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Primary Redundant
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joint A A1 A2 B B1 B2 B3 C D3 D2 D1 D E1 E
free -384 -240 -192 -108 -48 -12 0 -12 -48 -108 -192 -192 -144 0

T 16T 8T 0 0 0 0 0 0 0 0 0 0 8T 16T

S 24S 24S 24S 18S 12S 6S 0 -6S -12S -18S -24S -24S -24S -24S

M M M M M M M M M M M M M M M

Total 1 -96 48 96 156 192 204 192 156 96 12 -96 -96 -48 96

Total 2 -128 -16 0 68 112 132 128 100 48 -28 -128 -128 -48 128

Total 3 -129.2 -18.4 -3.6 64.8 108.8 129.3 125.6 98 46 -29.6 -12.96 -129.2 -48 129.6
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A
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D
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=
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Mechanism 1
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A
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Mechanism 1
Mechanism 3

EX. 4.7.2
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A

B

C

D

E

V
HM MV

joint A B C D E
primary -274.66 -261.03 0 -222.07 -153.33

M M M M M M
V -12V -12V 0 12V 12V
H 12.97H 4.97H 0 4.97H 12.97H
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E

W W
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Mechanism 1

Mechanism 2
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Mechanism 4

Mechanism 5

Primary system

Redundant system

Ex. 4.7.3
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A

B
C

D

E

V
H

M MV

A

B
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E

W W

Wa Wa

joint A B C D E
primary -WL(1/4+2a/5) -WL/4 0 -WL/4 -WL(1/4+2a/5)

Mo Mo Mo Mo Mo Mo
V 1/2VL 1/2VL 0 -

1/2VL
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H 3/5HL 1/5HL 0 1/5HL 3/5HL

Mechanism 1
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A
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Mechanism 4
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( )
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30l

A

B C D

G

E

H

V
M

M

F

30l

30l 30l
V

15l

15l

Example 4.8
joint A B C D E F G
primary -525l -525l 0 0 0 -525l -525l

M M M M M M M M
V 15V 15V 7.5V 0 -7.5V -15V -15V

H 20H 0 0 0 0 0 20H
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A

B C D

G

E F

525 12 20
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ï = - + - + =î

1
10
7

900
1
90
11
12

p

p

p

p

H M

M

V M

M M

l

ì =ï
ï
ï =ï
í
ï =
ï
ï
ï =
î

A

B

C D

G

E F

2225 15
3

11
12

107.5
12

B p

D p

E p

M M V M

M M M

M M V M

lì = - + + = -ï
ï
ï = =í
ï
ï = - =ïî

24.7

54.9

60.354.9

2.7 60.3

24.7

4.1

-

- -

+

+ +

- -

AFD SFD



131

247kip-ftp pc y xM M F Z= = =

Try W16X45
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Try W30X116
Axial force: Member DE
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