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PREFACE

This e-book is intended to provide students with a clear and thorough
presentation of structural analysis theory and application as it
applies to beams, frames and trusses. The content is designed in line
with the Malaysia Polytechnics syllabus that covers all topics. We aim
to help students calculate statically indeterminate beams and portal
frame using appropriate method, analyze joint displacement in
statically determinate trusses and internal forces for statically
indeterminate trusses correctly and evaluate the influence lines for
statically determinate beams correctly. This e-book contains 8
chapters, and each chapter is loaded with examples and easy
solutions with video for students completed understanding.
Furthermore, explanation in YouTube using QR code were provided to
show the right way in finding solutions. Also, problem given which
content in this e-book to generate problem-solving skills are further
developed when the various techniques are thought out and applied
in a clear and orderly way. By solving problems in this way one can
better grasp the way loads are transmitted through a structure and
obtain a more complete understanding of the way the structure
deforms under load. Finally, we hope this e-book enable students and
readers better understanding in theory of structures and enjoy

learning in digital notes thus making learning structures a lot easier.

THEORY OF STRUCTURES



SLOPE DEFLECTION METHOD FOR STATICALLY
INDETERMINATE BEAM

1.1 Introduction to slope deflection

CHAPTER Q 1.2 Basic concept of slope deflection
o1 1.3 Fixed end moment
1.4 Problems
1.5 Answers

MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETERMINATE BEAM

3.1 Introduction to moment

CHAPTER distribution method
03 3.2 General procedure

3.3 Modify stiffness for pinned or
role support at the end case

3.4 Problems
3.5 Answers

ANALYSIS OF STATICALLY DETERMINATE
2D PIN-JOINTED TRUSSES

5.1 Introduction to statically

CHAPTER determinate truss

05 5.2 Common types of trusses

5.3 Assumptions in analysis of
plane truss

5.4 Static determinacy
5.5 Method of Joint
5.6 Method of Section
5.7 Problems

5.8 Answers

ANALYSIS OF STATICALLY INDETERMINATE
2D PIN-JOINTED TRUSSES

7.1 Introduction to indeterminate
CHAPTER J truss

07
7.2 Problems

7.3 Answers

REFERENCES

(17
03

04
12
14

29

30

30

38

40
41

55

56
56
57

58
58
61
64
66

81

82

90
92

113

TABLE OF CONTENTS

SLOPE DEFLECTION METHOD FOR STATICALLY
INDETERMINATE PORTAL FRAME

2.1 Analysis of portal frames

CHAPTER 2.2 Problems

02
2.3 Answers

MOMENT DISTRIBUTION METHOD FOR
STATICALLY PORTAL FRAMES

4.1 Introduction to moment
CHAPTER [ distribution for portal frames

04 4.2 Problems

4.3 Answers

THE JOINT DISPLACEMENT OF STATICALY
DETERMINATE 2D PIN-JOINTED TRUSSES

6.1 Introduction to joint
CHAPTER displacement

06 6.2 Problems

6.3 Answers

INFLUENCE LINE FOR STATICALLY
DETERMINATE BEAMS

8.1 Introduction to influence line
CHAPTER

08 8.2 Absolute maximum moment

8.3 Problems

8.4 Answers




CHAPTER 1

SLOPE DEFLECTION
METHOD FOR STATICALLY
INDETERMINATE BEAM



Stamp

Rectangle


1

SLOPE DEFLECTION METHOD FOR

CHAPTER ALLY INDETERMINATE BEAM

. o |1.1 Introduction to slope deflection

Q.

How many types
of support are
there in
structures?

uiz

Ans. 3

OBJECTIVE

* Able to identify
indeterminate
and

determinate
beam

Statically indeterminate structures are structures that cannot be
statically analyzed using only equilibrium equation. They required
other material properties such as deformation in order to analyze
them. As a general rule, a structure can be identified as being either
statically determinate or statically indeterminate by drawing free-
body diagrams of all its members, or selective parts of its members,
and then comparing the total number of unknown reactive force and
moment components with the total number of available equilibrium
equations. So that if there is a total of n parts and r force and moment
reaction.

r = 3n, statically determinate
r > 3n, statically indeterminate

n = number of parts
r = number of reactions

Example 1.1

Classify the beam below whether it is determinate or indeterminate
beam.

H r=3,n=1
Therefore; 3 = 3(1)

[Statically determinate]

\\\]\\\\\

r=5n=1
Therefore; 5> 3(1)
[statically indeterminate to second Rs E

degree] Rs

R1 RZ



SLOPE DEFLECTION METHOD FOR _
STATICALLY INDETERNUNATEES .

() ’ I 1.2 Basic concept of slope deflection

Table 1.0 : Fixed End Moments for different load configurations.

Moment left Configuration Moment right
FEMAE= -W_LZ MWWYWY‘YY‘YYTY‘R FEMBA= W_LZ
12 /’1‘ L f\\ 12
P
FEM,, = - wab? 4 4 N FEM,, = wba?
LZ 4__ a —_\_— b ——It\\ Lz
P
FEM,, = -wL Z ! S [ FEMas wL
8 I ° | 8
30 30
Z . N
|
[
FEM,,= -Mb(2a-b) 4 CM R FEM,,= Mb(2b-a)
L2 7 N L2
|-— a W il b —

The moment on support A and B for member AB due to the
Fixed End Moment, slope and support settlement is:

* Able to use
formula and
moment
equation




SLOPE DEFLECTION METHOD FOR

CHAPTER ALLY INDETERMINATE BEAM

1

1.3 Fixed End Moment

o/

1) 2)

Wab®  Wab®

WL 20(4) FEM 26= — 5

FEM 25 —————E i =-10 kNm ®
20(2)(4)*  15(4)(2)%
6% 6%

°V0“TUhe FEMga=- +% :+%F) = +10kNm - -24.44 kNm

A0

Wab?

Wab?
FEM “=+i—=+ =

] z
-+ 20021 (4) + 15(4)%(2)

&2 &%
=22.22 kNm
4)
llﬂkN SkN/m A0 kN
10kN/m l

A QB c
A OB c

A~
F
L
L 4
rF Y

How to get fixed end

oment Im Im aim 5m 2m 2m
_ Wab® _ 10(1)(3F _ 2 2
_ o, Walp | 10(1)%(3) _ z 2
FEM ea= + —=— = + == = 1.875 kNm FEM s = + % _+ % = 20.83 kKNm
OBJECTIVE
Mg +5(3)(3/2)=0 : :
BC { H } FEM gc= — w::b = — 40(11(23 =-20 kNm
. Mgy =-22.5 kNm
* Able to find Bc Wab 40(2)%(2)
; FEM ga= + T = +—2=+2[' kNm
fixed end : !

moments



SLOPE DEFLECTION METHOD FOR
STATICALLY INDETERIV AM CHAPITER

1

4
o ?xample 1.2

L 4

A continuous beam is supported and loaded as shown in Figure 1.1.

Analyze the beam for support moments and reactions. The El’s value is

constant

60 kN 25 kN
A 1 ! :
Figure 1.1
Solution
1. Finding the fixed end moment (FEM)
Pab* 60 x 3x 6% 25 x6 x3°
FEMpg = — —— == — 57— ——5;— = —96.67 kiim
Pba® 60x6x3% 25x3x@?
FEMgy = —== — 57— +—5; — =73.33 kiim
2. Boundary condition:
3. Slope Deflection Equation: OBJECTIVE
2EI] A 2EI]
M5 = —[zaA t gy — 3—] + FEM,p = = [2(0) + 85 — 3(0)] — 96
L L 9 - Able to find
final moment

=0.22E185 — 96.67 ..........(1) using slope

deflection
method



SLOPE DEFLECTION METHOD FOR
CHAPTE R — 7 ‘ INDETERMINATE BEAM

1

2E1 N 2E1
= 0.44E18g + 73.33 ..........(2)
4. Equilibrium equation
>Mp=0;
Mga=0; 0.44E1605 + 73.33 =0
73.33
Elfg = ~oaz = —166.65
5. End of Moment:
Myp = —133.33 kNm
Mgy = 0 kNm
6. Support reaction:
'?.??Nm 60 kN 25 kN
(AN S
ZMB= OI

—13333+(60 x3)+(25x6)—(Vz x9) =0

Vg =21.85kN

2V=0;

OBJECTIVE
V, +2185—60—-25=0

* Able to find Vy=063.15kN
final moment

using slope
deflection
method



SLOPE DEFLECTION METHOD FOR
STATICALLY INDETRMIN ATE.B c HAPTE R

1

,7. Shear force and bending moment diagram;

25 kN

3m \|/ 3m

63.15 kN |\ 2IS IS /‘ 21.85 kN

|
|
|
| 63.15kN
|

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
+ve : :
3.15 kN | |
I i |
| !
' |
| !
| I
| : -ve
| |
| : , :
| [ |
| | | 21.85kN |
133.3|B kNm : : :
‘ ' | [
| ' | [
\ ' | [
\ ' | [
\ ' | |
\ ' | [
\ ' | [
| : | |
- ' | a
| ' | [
| ! | |
i [
| | OBJECTIVE
| +ve |
! |
56.12 kNm | » Able to draw
: shear force and
: bending
65.57 KkNm

moment
diagram




SLOPE DEFLECTION METHOD FOR

CHAPTER : NDETERMINATE BEAM

1

Example 1.2

Find the reaction at each support as in Figure 1.2 using slope deflection method
for the indeterminate beam. Then sketch the shear force diagram and bending
moment diagram. Assume El for every member is homogenous.

10 kN

[ e o e P e e e
e e T e et vt
o s o s i e e i i e i i i i s i i e i

I,
B C
am 2m am

il Bl ol
- L ) L}

° Yﬂ“T“be Figure 1.2

MO
SO|I@

1. Fixed end moment (FEM)

DN

L4

Slope deflection for FEM 4y =- — Y& 100 _ 56 83 kNm
indeterminate beam 12 12
2 2
FEM gy = - =20 = +20.83 kNm
wi?  wab? 5(5)2 10(2)(3)?
. M= =S5~ T T e ez
OBJECTIVE
2 2 2 2
FEM o= +— b 4 Wa'b 4 5O | 0@ B)_ 41577 knm

12 2 12 (5)2
* Able to find

final moment

using slope

deflection

method



SLOPE DEFLECTION METHOD FOR
STATICALLY INDETRMIN . _ CHAPTER

1

2. Moment equation

My =2El [ 20,+ 0, - 3A ]+ FEM,, *NOTE;8,=0;6=0
L L
My =E1 [(05) ~20.83] = 0.4 EI(0,) - 20.83

Mgy =2EL [ 205+ 0, - 3A ]+ FEM,,

L L
Mgy =2EL [ 205+ 0, - 3A ] +20.83= EI(0.80,) +20.83
5 L
Mgc =2E1 [ 205+ 6. - 3A ]+ FEM p
L L
Mgc =2EI [ 204 + 0. ]-17.62=El(0.80, + 0. 40.) — 17.62

M =2EL [ 20.+ 05 - 3A ]+ FEMg

L L

Me =2EL [ 20, + 6 - 3A ]+ 15.22=EI(0.80, + 0.40;) + 15.22
5 L

3. Find value of angle 6, & 6.

SMp =0
Mp4+Mpc =
=[EI (0.86}) + 20.83] + [ E ( 0.80; + 0. 46,) — 17.62]
[1.60, + 0. 40JEl + 3.21 =0
[1.605 + 0. 40 JEI =-3.21 ......1

2M¢ =0
0= MCB
0= EI(0.80, + 0.40,) +15.22 OBIECTIVE

(0.40,+ 0.80 )El = -15.22 ........2

0= 3.14/El » Able to find

0. =-20.59/El final moment
using slope
deflection
method



SLOPE DEFLECTION METHOD FOR
CHAPTER ALLY INDETERMINATE BEAM

1

4. Values of free bending moment at every point

Mg = %El [(05) - 20.83] = 0.4 EI(0,) — 20.83 = -19.57 kNm

Mga = 2El [20, + 0,1 +20.83 = EI (0.80,) + 20.83 = +23.34 kNm
5

Mgc = 2E1 [20, + O, ]-17.62 = EI (0.80, +0.46) —17.62 = -23.34 kNm
5

Me = 2EL [20. + 05 ] + 15.22 =E1(0.80, + 0.46,) +15.22 =0 kNm

U-I |

NOTE * Assume El homogenous

5. Find reaction at every support & sketch the SFD & BMD

SMg=0
Ma™ 1957 kNm sﬁ 23.34 kNm Ry (5) -10(5)(2) -19.57 +23.34 = 0
C mmmm R, = 24.25 kN
T SM, =0
R, R, -Rg(5) +10 (5)(2.5) -19.57 +23.34 = 0
Ry, = 128.77/5
Rgy = 25.75 kN

1QkN
SMg=0

Mac= 2334 "(’“ [IITIITIITIII] 2
T A -Re (5) +5(5)() + 10(2) -23.34= 0
Rc=11.83 kN
Rg, Re ZFY =0
11.83+ Ry, — 5 (5)-10=0
e Rg,= 23.17 kN
Rg = Rg; + Ry, = 25.75+ 23.17 = 48.92kN

* Able to find
final moment
using slope
deflection
method



SLOPE DEFLECTION METHOD FOR
STATICALLY INDETRMIN ATEE — c HAPT E R

1

5. Find reaction at every support & sketch the SFD & BMD

- 10 kN

2

% 10kMNS M 1 SkMSrm

% MMM X

4 A c

J:'I >m ..:..&1..:..3—”‘...
R, = 2-4.25 kN
23.1%‘1{“

|_25.75kNT . -11 83kN

M, = -19.57 kNm

Mg = -19.57 -10(5)(2.5) + 24.25 (5)=-23.32 kNm
Mp = -19.57 -10(5)(2.5 +2) + 24.25 (7)+ 48.92(2)
—5(2)(1)= 13.02 kNm

Mg = -19.57 -10(5)(2.5+5) + 24.25 (10) +
48.92(5) - 5 (5)(2.5) -10 (3)=-0.00 kNm

OBJECTIVE

* Able to draw
shear force and
bending
moment
diagram

-19.57 kNm
-23.32KNm



SLOPE DEFLECTION METHOD FOR
CHAPTER INDETERMINATE BEAM

® 1.4 PROBLEMS

dh
QUESTION 1

A beam 10m long, fixed at ends A and B is continuous over joint B and is loaded as
shown in Figure 1.3. Using the slope deflection method, compute the end
moments and plot the shear force and bending moment diagram. The beam has
constant El for both the spans.

SkMN B kN

Figure 1.3

QUESTION 2

Using the slope deflection method, compute the end moments and plot the shear
force and bending moment diagram as in Figure 1.4 below.

100 kN

20 kN/m

2.25m | 2.25m 7.5m |

J
1 |

—

OBJECTIVE

[ CmamE ] Fgure 1.4

* Able to solve
problems using
slope
deflection
method



SLOPE DEFLECTION METHOD FOR
STATICALLY INDETRMIN . _ CHAPTER

1

1.4 PROBLEMS

QUESTION 3

A continuous beam is subjected to a loads as shown below. Using slope
deflection method, draw the shear force and bending moment diagram as

Figure 1.5.
25 kN
20 kMN/m l
| &Bm | 2m | 2m |
I I Figure 1.5 I

QUESTION 4

Using the slope deflection method, compute the end moments as indeterminate
beam shown in Figure 1.6.
5 kN

OBIJECTIVE

-
2 m

Figure 1.6

* Able to solve
problems using
slope
deflection
method
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CHAPTER NDETERMINATE BEAM
1

e== 1.5 ANSWERS
L

5.93

Question 1 135
SFD
Mg =-1.05 kNm
3 -2.07
Mga =4.30 kNm 365 s
MBC =-4.30 kNm 105 /\
Mcg =-5.35 kNm ™~

~ TN

1053

Question 2
55.38

SFD

MAB =-46.88 kNm
MBA =93.75 kNm
Mg, =-93.75 kNm 45 .

MCB =0 kNm BMD

-40.63 -87.5

Question 3 54,75
23.19

SFD

MAB =-69.5 kNm
MBA =41 kNm 55.25 ’

BMD
OBJECTIVE N4 N im

* Able to solve Question 4
problems using Mag = —15 kNm
slope Mga = 10kNm
deflection Mg = —10 kNm
method Mcg = 0KkNm
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SLOPE DEFLECTION METHOD FOR

CHAPTER INDETERMINATE PORTAL

2

o o |2.1 Analysis of portal Frames

Portal frames are frequently used over the entrance of a bridge and
as a main stiffening element in building design in order to transfer
horizontal forces applied at the top of the frame to the foundation.
Portals can be pin supported, fixed supported, or supported by

partial fixity.
rafter
column ——»
Figure 2.1: Portal Frames
0 . A frame will not side sway, or be displaced to the left or right,
"QUIZ provided it is properly restrained. Also, no side sway will occur in an

) unrestrained frame provided it is symmetric with respect to both
How many axis loading and geometry. The term A in the slope-deflection equation is
involved in portal equal to zero.

frames? While, frames that are nonsymmetrical or subjected to
nonsymmetrical loadings have tendency to side sway. It can take
place due to following causes:

a) Length of different columns in a frame structure is different.

b) Sections of columns having different cross-sectional
properties. For example, if moment of inertia of one vertical
member is different from the other.

c) Due to un-symmetrical loading.

d) Lateral loads are acting.

In general, the approach used and the steps involved in analyzing
the portal framework are same as on the beam.

Ans. 2

OBJECTIVE
e Able to
understand a
portal frames
system.

Figure 2.2: (a) No Side Sway Frame (b) Side sway Frame



SLOPE DEFLECTION METHOD FOR CHAPTER
2

Draw shear force and bending moment diagram for structure below. The El’s
value is constant.
120 kN/m

5m

Figure 2.3

Solution
1. Finding the fixed end moment (FEM)
FEM,z; = 0 kNm

FEMg, = 0 kNm

—(120)(8)°

o e o _

_ (zo)sy _
FEMcp = —_,—— = 640 kNm OBJECTIVE

FEM., = 0 kNm
* Able to find
FEMp. = 0 kNm final moment
using slope
. deflection
2. Boundary condition: method



CHAPTER

2

SLOPE DEFLECTION METHOD FOR

NDETERMINATE PORTAL

Solution

3. Slope Deflection Equation:

2ET1

2E1

Mg = 5~ (264 + 65) = "= (2(0) +65) = O4EIGy oo
2EI 2E1

MBA = T(ZSB + 6.1) = T(ZSB + 0) = O.SEIBB axe wes ems sEa ERe Eaw EEs SEE TEEE E GRS EEE EE@oEEE EEE er wEEw

2EI 2E1
Myc =5~ (265 +6.) — 640 = =~ (26, +6) — 640 = 0.5EIG + 0.25EI0c — 640 .. ..
2E1 2ET
Mgy = —5~ (26 +65) + 640 =~ (26 +6;) + 640 = 0.5EIG + 0.25E10 + 640 ...

2El 2EI
Mcp = = (28c +6p) = =2~ (26 +0) = 0BEIBg e

2EI 2EI
Mpc = ~2~(265 +8c) ==~(2(0) +6c) = 04EI6, .

4. Equilibrium equation:
X Mg =Mg, + Mg =0;
0.8EI8; + 0.5E16; + 0.25E18, — 640 = 0
2560

OBJECTIVE 0.5EI6, + 0.25E18; + 640 + 0.8EI6-. =0

* Able to find
final moment Substituting (7) into (8)
using slope

deflection 1.3E10, + 0.25E10; = —640
method
2560

1.3E1 (? - 5.233) +0.25E18, = —640

El8g = 609.52

1.3EI6, + 0.25E165; = —640 ... ... ...

(8)

(1)

)

3)

.(3)

(5)

...(6)

(D)
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Solution

Substituting EI85 into (7)

EIf, = 2560 — 5.20;

2560
== —52(609.52)

EIf, = —609.5.

5. The end moments:

M,; = 243.8 kNm
M, = 487.6 kNm
Mg, = —487.6 kNm
M5 = 487.6 kNm
M,y =-487.6 kNm

Mp, = —243.8 kNm

6. Support reactions:

Span BC
487.6 kN 487. GkN
- 120 kN/m =
< - _
Rec Rcr OBJECTIVE
IM.=0:
e Able to
-487.6 +487.6 —(120x 8 x 4) + Rgc (8)=0 calculate
support
Rec= reactions
480 kN (1)
2R, =0:
480 — (120 x 8) + R¢p =0

= 480 kN(1N)



CHAPTER

2

SLOPE DEFLECTION METHOD FOR
: DETERMINATE PORTAL

Solution

Span AB

RBX

Span CD

OBJECTIVE

* Able to
calculate
support
reactions

—':D 243.8 kNm
RAX

ZMg=0:
487.6 +243.8 + Ry (5)=0
Rax = -146.28 kN (<)

2F=0:

-146.28 + Ry = 0
Rex = 146.28 kN ()

C
)
-487.6 kNm

n:U
x
1

-243.8 kNm
E;) D
Rox

ZMg=0:
-487.6 - 243.8 + R, (5) =0
Rox = 146.28 kN (=)
2F=0:
146.28 + R4 =0

Rex = -146.28 kN (&)



SLOPE DEFLECTION METHOD FOR CHAPTER

p.

Solution

7. Shear Force & Bending Moment Diagrams

480 kN
B * | =
| 148.26 kM
| -
SFD :
|
|
} 450 kN
- | +
|
|
|
|
A 148.26 kN | pl |
|
|
|
|
I
487.6 kNm I 487.6 klNm
\ | ;
'\- r
\ 487 6kNm / 487 6 kNm
Y | /
N : /
"\x | | .-"'; i
'\.\\. I _|" II|
+ I I|I
| f’
\I /
+ NI - ,'I
BMD ?Iz 4 kNm IIII _
f |
{ | {
| OBJECTIVE
II : III
.'I .'I * Abletodraw a
shear force and
243 8 kNm 243.8 kNm

bending
moment
diagrams



SLOPE DEFLECTION METHOD FOR

c HAPT E R DETERMINATE PORTAL

Draw shear force and bending moment diagram for structure below. The El’s
value is constant.

4m

Figure 2.4

Solution

1. Finding the fixed end moment (FEM)

9)(4?

12
OBJECTIVE (9)(a2)

FEMg, = —>— = 12kNm
: 5)(1)(22
* Able to find FEMpg; = —% —2.22 kNm
final moment
: 5)(2)(12
using slope FEMp = —% — 1.11 kNm

deflection
method

2. Boundary condition:

0,=0.=0,6,=2,A4=0



SLOPE DEFLECTION METHOD FOR
STATICALLY INDETERMI — , cHAPTE R

p.

Solution

3. Slope Deflection Equation:

2EI

Mgp = 5(2(0) + 85) — 12 = 05EI05 — 12 oo (1)
2EI

Mps = =~ (205 +0) + 12 = Elfg + 12 oo (2)
2EI

Mpg = =5~ (265 +0) = 2.22 = 13316 — 222 e (3)
2EI

Mcp = <= (2(0) +85) + 111 = 067EI6 + 111 .. (4)

4. Equilibrium equation:

L Mg = Mgy + Mgc=0;
Elfg + 12+ 1.33El6 — 2.22=10
Elfg — —4.19

5. The end moments :

Substituting EI8z into (1) — (4)
Msg = —1410 kNm
Mg, =781 kNm
Mge = —7.81kNm
| omEctve

OBJECTIVE

* Able to find
final moment
using slope
deflection

method



SLOPE DEFLECTION METHOD FOR

c HAPT E R DETERMINATE PORTAL

p.

Solution

6. Support reactions:

Span AB

T

ZMg=0:

-14.10+7.81-(9x4x2)+Ry, (4)=0

RAy=
19.57kN (1)
2Ry=0:
19.57- (9 x 4) + Ry, =0
Rey =16.43kN (1)
Span BC
R X A M, = O:
-7.81-1. + 1) - =
OBJECTIVE 7.81-1.69 +(5x1) -R(3) =0
5 kN Rey = 1.5 kN ()
* Ableto ZF,=0:
calculate 155 +Ry=0
support
reactions Rey= 6.5 kN (=)




SLOPE DEFLECTION METHOD FOR

CHAPIER

p.

Solution

7. Shear Force & Bending Moment Diagrams

19.57

~_ . 6.5

SFD 16.43

1.5

OBJECTIVE

e Able to draw a

shear force and
bending
moment
diagrams




SLOPE DEFLECTION METHOD FOR

CHAPTE R : DETERMINATE PORTAL

2
ol

@ 2.2PROBLEMS
C

QUESTION 1

The Statically Indeterminate Non-Sway Frame as shown below.
Using moment distribution method, determine the end moments
and sketch the shear force and bending moment diagrams

25 kN/m
N
2m 2m
20 kN k=20 kN
2m 2m
v
[NNN By
le om N
[~ 21
Figure 2.5

QUESTION 2

Using moment distribution method, determine the end moments
and sketch the shear force and bending moment diagrams

T
_ A P

OBIJECTIVE

* Able to solve
problems using
moment
distribution
method

30kN/m |4 m

6m

Figure 2.6



SLOPE DEFLECTION METHOD FOR
STATICALLY INDTERMI ATE PO \L CHAPTER

p.

2.3 ANSWERS

-—
-
-

Question 1
Myg = 5.08 kNm
MBA = 40.2 kNm
MBC = —40.2kNm
Mﬂg = 40.2 kNm
M,cﬂ = —40.2 kNm

MD{'.' = —5.08kNm

BMD

OBJECTIVE

* Ableto
calculate the
end moments
and draw the

SFD & BMD




SLOPE DEFLECTION METHOD FOR
CHAPTER SR STATICALL, INDE TERMINATE PORTAL

2

=== 2.3 ANSWERS
-—

Question 2

Mg = —22.95 kNm
Mg, = 44.10 kNm
Mgc = —44.10kNm
Mcg = 0 kNm

26.5

+

71

SFD

49

22.95 44.1

AN

OBIJECTIVE

e Ableto
calculate the
end moments

and draw the
SFD & BMD
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MOMENT DISTRIBUTION METHOD

CHAPTER INDETERMINATE BEAM

. ' |3.1 Introduction to moment distribution

The moment-distribution method proposed by Hardy Cross in 1932,
solves these equations by the method of successive approximations.
In this method, the results may be obtained to any desired degree of
accuracy. Until recently, the moment-distribution method is very
popular among engineers. It is very simple and is being used even
today for preliminary analysis of small structures. It is still being
taught in the classroom for the simplicity and physical insight it gives
to the analyst even though stiffness method is being used more and
more. Had the computers not emerged on the scene, the moment-
distribution method could have turned out to be a very popular
method.
The accuracy of moment distribution method is dependent to the
number repeat which does and usually more than 5 repeat real
0 enough. Right value will be acquired when no more moments that

need distributed.
VA i

Who proposed
the moment . 3.2 General procedure
distribution

method?

Calculate relative stiffness

OBJECTIVE Dete.rmlpe the dISt'rIbutI(.)n. factors for various members
framing into a particular joint.

3

* Ableto
understand the
moment
distribution
method

Understand steps
in moment
distribution
method

[

Distribute the net fixed end moments at the joints to 5
various members by multiplying the net moment by /
their respective distribution factors in the first cycle. &




MOMENT DISTRIBUTION METHOD FOR

STATICALLY INDETERMINAILEE CHAPTER

3

5 I 3.2 General procedure

s | Consider this carry-over moment as a fixed end moment
V4 and determine the balancing moment. This procedure is

repeated from second cycle onwards till convergence.

°YouTuhe W

OBJECTIVE

* Able to find
final moment
using moment
distribution
method

Moment Distributions
for indeterminate

beam



MOMENT DISTRIBUTION METHOD FOR
INDETERMINATE BEAM

CHAPTER

3

Example 3.1

Determine the moment value and shear strength to each
support and draw shear force and bending moment diagram for
structure beam below. The El’s value is constant.

100 kN

20 kN/m
A% l v h h v A b c
I |
< =|< >€ >
2.5m ] 2.5m 7m
Solution
1. Calculate a Distribution Factor (DF)
DF,g = 0 (Fixed End Support at end span)
DF; = 1 (Pin Support at end span)
JOINT | MEMBER K IK DF
0.8EI/1.37El
BA 4EI/5 = 0.8El
0.8El + 0.57ElI =0.58
B
=1.37El 0.57El/1.37El
BC 4El/7 = 0.57EI
_ -
2. Finding the fixed end moment (FEM)
OBJECTIVE
Pab? 100)(2.5)(2.5)?
FEMyp = — ZZ - ¢ )(52)( )~ 625 kNm
* Able to find
final moment Pa2b (100)(2.5)(2.5)?
using moment FEMgs = —f5—= — 52 = 62.5 kNm
distribution
method _ W_LZ __Qo@)? _
FEMpe = — —— = = —8L67 kNm
L2 20)(7)?
FEMgy = 2L = GO o1 67 kvm

12 12




MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETERMINATE CHAPTER

3

Solution

3.  Calculate a Moment Distribution

MEMBER AB BA BC CB
DF 0.00 0.58 0.42 1.00
Cco 0.00 0.50 0.50 0.50
FEM -62.50 62.50 -81.67 81.67
DIS. 0.00 11.18 7.99 -81.67
CO 5.59 0.00 -40.83 3.99
DIS. 0.00 23.82 17.01 -3.99
CO 11.91 0.00 -2.00
DIS. 0.00 1.16 0.83
CcO 0.58 0.00 -4.25
DIS. 0.00 2.48 1.77
CO 1.24 0.00 -0.21
DIS. 0.00 0.12 0.09
End Moment -43.18 101.27 -101.27

4. Finding the support reaction

8.51
-8.51
0.42
-0.42
0.89
-0.89
0.00

Span AB
100 kN
-43.18 101.27
A ‘\ l /’ B
/ |
< sle N OBJECTIVE
2.5m ! 2.5m !
ZMB = O, * Able tOflnd
support
—43.18 + 101.27 — (100)(2.5) + (5)R4y =0 reaction
R4y = 38.38 kN

D Fy=0;

Rgy +38.38 — 100 = 0
Rpy = 61.62 kN




MOMENT DISTRIBUTION METHOD FOR
CHAPTER —

INDETERMINATE BEAM

Solution

Span BC

20 kN/m

\ 4 Y Y Y

. 5
I/‘

Y

~101.27 — (20)(7)(3.5) + (7)Rgy=0
Rp, = 84.47 kN

ZFY=O;

Rey +84.47 — (20)(7) = 0
Rcy = 55.53 kN

5. Shear force and bending moment diagram

84 .62

38.11

(+) )

| x=4.23m
(-)

SFD )

OBJECTIVE

* Able to draw
shear force and
bending
moment

diagram




MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETERIV , CHAPTER

3

Example 3.2

Determine the moment value and shear strength to each support and draw
shear force and bending moment diagram for structure beam below. The
El's value is constant.

80 kN
l 65.5 kN/m

A h k4 v v v b
A l B (% 2 ‘

|< J-{ >|<

| 2.25m i 2.25m | 35m

Figure 3.2
Solution

1. Calculate a Distribution Factor (DF)

DF,g = 0 (Pin Support at end span)
DF = 1 (Fixed End Support at end
cnan)
JOIN | MEMBER K 2K DF = K/Z K
T
4El/4.5 =
BA 0.89EI + 0.28
0.89EI
B 2.29El =
(4)(2)E1/3.5
BC 3.18El 0.72
= 2.29El
OBJECTIVE

2. Finding the fixed end moment (FEM)

Pab? 80)(2.25)(2.25)* ) :
FEMgp = — "‘2 _ _ 80X 5)2( Y o as kNm Able to find
k * final moment
_ Pa®h _ (80)(2.25)(2.25)% using moment
FEMpa = =3~ = — 4.52 = 45 kNm distribution
method
wiL? (65.5)(3.5)°
FEMgr=— —= —————— " = —66.86 kNm
12 12
wL?  (65.5)(3.5)2
FEMeg = ——= —————— = 66.86 kNm

12 12




CHAPTER

3

MOMENT DISTRIBUTION METHOD FOR
INDETERMINATE BEAM

Solution

3. Calculate a Moment Distribution

* Able to find
final moment
using moment
distribution
method
Able to find
support
reaction

MEMBER AB BA BC
DF 1 0.28 0.72
co 0.50 0.50 0.50
FEM -45 45 -66.86
DIS. 45 6.12 15.74
co 3.06 22.5 0
DIS. -3.06 -6.3 -16.2
(0] -3.15 -1.53 0
DIS. 3.15 0.43 1.1
co 0.22 1.58 0
DIS. -0.22 -0.44 -1.14
Cco -0.22 -0.11 0
DIS. 0.22 0.03 0.08
CcOo 0.22 0.11 0
DIS. -0.22 -0.03 -0.08
End Moment 0 67.36 -67.36
4. Finding the support reaction
Span AB
50 4 67.36
A v Z-
| ! k
Ra 225 | 225 Re

67.36 — (80)(2.25) + (4.5)Ray =0
Ray = 25.03 kN

Rp, +25.03-80= 0

Rpy, = 54.97 kN

CcB

66.86

7.87

-8.1

0.55

-0.57

0.04

66.65



MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETER i ' CHAPTE R

3

Solution
Span AB

67.36 66 65
< 65.5 kN/m

vV v v v v ( Yo
B £ 21 \J
Rg2 35m Rc

~67.36 + 66.65 — (65.5)(3.5)(3.5/2) + (3.5)Rpy= 0

Rpy = 114.65 kN

Rcy + 114.65 — (6.5)(3.5) = 0
Rcy = 114.6 kN

5. Shear force and bending moment diagram;
114.82

25.03
N 175 m

»
k.

SFD

OBJECTIVE

* Able to find
support
reaction

* Able to draw

shear force and
bending
moment
diagram




MOMENT DISTRIBUTION METHOD FOR

CHAPTER ‘ NDETERMINATE BEAM

3

3.3 Modify stiffness for pinned or role support at the end case

J To facilitate moment distribution process so that focus more
precisely, supply beam continuous with either or both of them
support pin or roller, distribution method this moment may be

modified.
Moment to pin or roller which is located at the end beam must be
) zero. Therefore, there is no need to do the process of bringing a
"Q“'z side on a support that cannot bear/withstand the moment.
) For a beam span having one fixed end support and the other end
What is the connected to a pin, the stiffness taken for the span having the pin
symbol of

connected is 3/4 from the original stiffness during the calculation

stiffness factor? of the distribution factor.

Ans. K

Example 3.3

Determine the moment value and shear strength to each support
and draw shear force and bending moment diagram for structure
beam below. The El’s value is constant.

SolkN 65.5 kN/m
) T 1113
AN I B é) 21 2 ¢
s sl >|<
| 2.25m i 2.25m ! 35m
Figure 3.3

« Able to find 1. Calculate a Distribution Factor (DF)

final moment
using modify
stiffness for pin DF,
or role support

DF,g 0 (Pin Support at end span)

1 (Fixed End Support at end span)



MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETE ‘ c HAPT E R

3

Solution
JOINT | MEMBER K 2K DF = K/Z K
(3/4)(4EI/L) =

BA 0.67El + 0.23

12EI/18= 0.67El
B 2.29El =
(2)4El/L =

BC 2 .96EIl 0.77

8EI/3.5=2.29E

2. Finding the fixed end moment (FEM)

Pab? _ (80)(2.25)(2:25)% _

FEMAB = — LE 4.52 = —45kNm
Pa’b 80)(2.25)(2.25)2
FEMpq = 7 _ B n 5]2( ) = 45 kNm /So, with make comparison\
' between Example 2 and 3,
_ wl? (65.5)(3.5)% h distribute moment with using
FEMge == 77 = — 12 = ~66.86 kNm the modified method are
5 5 more disposed and quicker
FEMcg = wi” _ wz 66.86 kNm compared to with use the
12 12 means ordinary stiffness. j
3. Calculate a Moment Distribution
MEMBER AB BA BC CB
DF 1 0.28 0.72 0
FEM -45 45 -66.86  66.86 OBJECTIVE
DIS. 45 5.03 16.83 0
co 0 2.25 0 8.42 * Able to find
final moment
DIS. 0 -5.18 -17.32 0 using mod/fy
co 0 0 0 0 stiffness for pin
or role support
DIS. 0 0 0 0

End Moment 0 67.35 -67.35 66.68



MOMENT DISTRIBUTION METHOD FOR

CHAPTER 7 INDETERMINATE BEAM
3

@ 3-4PROBLEMS
i

QUESTION 1

Determine end moment for all members and reaction at the support,
and then draw SFD and BMD for the beam below.

Figure 3.4

QUESTION 2

Determine end moment for all members and reaction at the support,
and then draw SFD and BMD for the beam below.

100k

=
[z

2.25m L 2.25m )}{ 7.5m N
T

Y

OBIJECTIVE

Figure 3.5

* Able to solve
problems using
moment
distribution
method



MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETERMINATREIBE) CHAPTER

3

e== 3.5 ANSWERS
-—

Question 1

Myp = —11.97 kNm
Mg,y = 29.39 kNm
Mpc = —29.39 kNm
Mcp = 3.64 kNm

33.15
12.10 +
3.15
+ —\
SFD \I
- 16.85
32.9
29.37

OBIJECTIVE

* Able to solve
problems using

slope
deflection
method




MOMENT DISTRIBUTION METHOD FOR
CHAPTER . STATI NDETERMINATE BEAM

3

=== 3.5 ANSWERS
-_—

Question 2

M,z = —46.88 kNm
Mg, = 93.75 kNm
Mg = —93.75 kNm
Mcg = 0 kNm

490

10
—
SFD

490

130.86

130.86

502.86 502.86

\502.35 /
BMD 502.85
497.14
25142

1 25142

+

OBJECTIVE
* Able to solve
problems using

slope
deflection

method
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MOMENT DISTRIBUTION

METHOD FOR STATICALLY

INDETERMINATE PORTAL
FRAME
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MOMENT DISTRIBUTION METHOD

CHAPTER

4

o o |4.1 Introduction to moment distribution portal frame

Application of the moment distribution method for frames having no
: side sway follows the same procedure as for beams. To minimize the

chance for errors, it is suggested that the analysis be arranged in a

Quiz tabular form as shown in previous examples. Also, the distribution of

" moments can be shortened if the stiffness factor of span can be
modified as indicated in previous section.

How many

unknowns at pin WATCH THIS'

t? . :
suppor ; I | Eo.
Ans. 2 - '

3 YouTube

=

Moment Distributions
for frames

OBJECTIVE

Able to understand
the moment
distribution
method

Understand steps
in moment
distribution
method




MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETERMI — CHAPTER

4

Example 4.1

Draw shear force and bending moment diagram to rigid frame structure as

below. 9 kN/m
ettt bttt
A '0000000000000000000000000000 B T
5kN 1M
&
2m
C
Am —
le N
I %l
Figure 4.1
Solution
1. Calculate the Distribution Factor (DF)
DF,; = DFg =0 (Fixed End Support at end span)
JOINT | MEMBER K 2K DF

BA 4E1/4 = 1EI | (1E)) + (1.33E1) | 0.43

B

OBJECTIVE

2. Finding the fixed end moment (FEM)
* Able to find

(9)(4%) :
FEMpp = ——5—= —12kNm final moment
Ow) ceing moment
FEMg, = o - 12 kNm distribution
51D method
FEMpc = ———3— = —222kNm
FEMcp = _O@ah 1.11 kNm

32



MOMENT DISTRIBUTION METHOD FOR

CHAPTE R ‘ DETERMINATE PORTAL

4

Solution

3. Calculate a Moment Distribution

MEMBER AB BA BC CcB
Cco 0 0.5 0.5 0
DF 0 0.43 0.57 0
FEM -12 12 -2.22 1.11
DIS. 0 -4.21 -5.58 0
Cco -2.11 0 0 -2.79
DIS. 0 0 0 0
End Moment -14.11 7.78 -7.8 -1.68

4. Find the support reaction

Span AB
14.11 9 kN/m 7.78
A SRR o
2Mg=0:
_ -14.11+7.78—-(9x4x2)+ Ray (4)=0
Ray=
OBJECTIVE 19.58 kN (1)
2Ry=0:
19.58 — (9 x 4) + Ry, =0

* Able to find
final moment
using moment
distribution
method

Use the same process
as previous chapter +o
calenlate the support
reaction, ’




MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETE DRTAL oy CHAPTER

4

Solution
Span BC
Im -7.8-1.68+(5x1)-R(3)=0
5kN Rey = 1.49 kN (&)
2F=0:
2m
-149-5+R, =0
1.6 RCX= 6.49 kN (9)
RCx -

7. Shear Force & Bending Moment Diagrams

13.57

5FD
\ N
6.5

16.43

OBJECTIVE

* Able to find
support
reaction

e Able to draw

shear force and
bending
moment
diagram




MOMENT DISTRIBUTION METHOD FOR
CHAPTE R — o DETERMINATE PORTAL

Solution

1.69 ¢

Determine the moment value and shear strength to each support
and draw shear force and bending moment diagram for structure

below. The El’s value is constant.
9 kN 12 kN

-,
| omecve

OBJECTIVE

* Able to draw
shear force and
bending
moment
diagram
Able to solve e 2m )|l< 3m
the problem

Figure 4.2



MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETERMINA 7 CHAPTER

4

Solution

1. Calculate the Distribution Factor (DF)

DF,; = 1 (Pin Support at end span)
DF = 0 (Fixed End Support at end
span)
JOINT | MEMBER K 2K DF = K/Z 7%
4EI/L =4El/7
BA / / 0.5
=0.57El (0.57EI) + (0.57EI)
B
4EI/L = 4El/7= = 1.14EI
BC 0.5
0.57EI

2. Finding the fixed end moment (FEM)

9)(2)(52
FEM, = _()(7#: —14.08 kNm
9)(5)(22
PEMps = 2O 15911vm

BT (DR

3) (72 7)(4)(3% OBJECTIVE
FEMcp = ( )1(2 )—( )(72( )= 17.39 kNm

* Able to find
final moment
using moment
distribution
method



MOMENT DISTRIBUTION METHOD FOR

CHAPTE R ‘ DETERMINATE PORTAL

4

Solution

3. Calculate the Moment Distribution

MEMBER AB BA BC CB

Cco 0.5 0.5 0.5 0

DF 1 0.50 0.50 0.00
FEM -14.08 15.91 -19.11 17.39
DIST. 14.08 1.60 1.60 0.00
co 0.80 7.04 0.00 0.80
DIST. -0.80 -3.52 -3.52 0.00
co -1.76 -0.40 0.00 -1.76
DIST. 1.76 0.20 0.20 0.00
co 0.10 0.88 0.00 0.10
DIST. -0.10 -0.44 -0.44 0.00
Cco -0.22 -0.05 0.00 -0.22
DIST. 0.22 0.03 0.03 0.00
End Moment 0.00 21.25 -21.25 16.31

_ 4. Find the support reaction

OBJECTIVE Span AB

* Able to find
final moment
using moment
distribution
method
Able to find

Ssupport
reaction



MOMENT DISTRIBUTION METHOD FOR
STATICALLY INDETERMUINATEIPORTAL CHAPTER

4

Solution

ZMB = 0;
21.25-(9%x5) — (12x2) + RAy(7) =0
RAy = 6.82 kN

YFy =0;
6.82 + Rpy —9—12 =0
Rgy = 14.18 kN

Span BC
b ¥
3m
_
A
4m
Rox—
>XMg = 0; OBJECTIVE
Ry (7) + (7x3) + (3x7x3.5) — 21.25 =0 « Able to find
Rcy = 12.77 kKN support
reaction
ZFX =0;

12.77 + Rgy — 7 — (3x7) = 0
Rpy = 15.23 kN



MOMENT DISTRIBUTION METHOD FOR

CHAPTER e STATIC/ DETERMINATE PORTAL

4

Solution

5. Shear force and bending moment diagram;

6.82

+

SED 15.23

2.18 - +

15,18
0.77 6.23

12,77

21.26

BMD -
71
OBJECTIVE -

* Able to draw
shear force and
bending
moment

21.38

diagram




MOMENT DISTRIBUTION METHOD FOR
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4
R

4.2 PROBLEMS
-9

C
QUESTION 1

Determine end moment for all members and reaction at the support, and
then draw SFD and BMD for the beam below.

20 kN
20 kN/m
v
- v v 44y v
A B C
5 Fl El
A D
- 7 (2222722
I“‘ 4m %4 4m =I
Figure 4.3

QUESTION 2

Determine end moment for all members and reaction at the support, and
then draw SFD and BMD for the beam below.

Pttt bbb bbbt bbbt 0 0000000800000 00 000000000004
e e el b b adh b hddl

OBIJECTIVE

30 kN

e Able to solve

problems using
moment
distribution
method

Figure 4.4



MOMENT DISTRIBUTION METHOD FOR

CHAPTER _ STATIC/ DETERMINATE PORTAL

4

== 4.3 ANSWERS
-

Question 1 \l 1o
5FD
Mg = 251.42kNm . I\

Mps = 502,86 kNm i ap | _ [5086
Mpc = —502.86 kNm 15056
Meg = 502.86 kNm 502.88 502.85

Mgp = —502.85 kNm - \502.35 / L
+ + -
Mpe = —251.42 kNm /\/ /

457.14
- +
25142 / 23142 /

Question 2 I\
+

71
M, = —22.95 kNm \ '
Mg, = 44.10 kNm 333
Mg. = —44.10kNm SFD
Mcg = 0 kN /
_ & " 49
OBJECTIVE _ -

* Able to solve
problems using
moment
distribution
method
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ANALYSIS OF STATICALLY DETERMINATE 2D

CHAPTER

S5

.l I 5.1 Introduction to statically determinate truss

Truss is a structure composed of slender member jointed together at their
end points. The members commonly used in construction consist of wooden struts,
metal bars, angles or channels. The joint connections are usually formed by bolting
or welding the ends of the members to a common plate, called a gusset plate by
bolt or pin through each of the members. A structure of truss commonly used in
bridge deck construction and roof building construction. A truss is a structure
composed of slender members joined together at their end points. The members
commonly used in construction consist of wooden struts, metal bars, angles, or

channels.

. 5 I 5.2 Common type of trusses

Generally, the form selected for truss is depends on the purpose for which
is required. For example, types of truss are shown in Figure 5.1 would be used to

o support bridge.
"Quiz

What are
componentin
truss ?

Figure 5.1a : Howe Truss

Ans. Member,
joints &support

OBJECTIVE
Figure 5.1b : Pratt Truss

e Understand the
basic element
in trusses

Figure 5.1c : Warren Truss



ANALYSIS OF STATICALLY DETERMINATE 2D c HAPTE R

PIN-JOINTED

. ) I 5.2 Common type of trusses

5

Figure 5.1d : Parker Truss

Figure 5.1e : K Truss

Figure 5.1f :Baltimore Truss

. E I 5.3 Assumptions in analysis of plane truss

The assumptions on which the analysis of trusses is based as

follows:

(i) The members of truss are connected at their both end by _
frictionless pins.

(ii)  The truss is loaded and supported only at its joints. OBJECTIVE

(iii) The centroidal axis of each member coincides with the line
connecting the centers of adjacent joints.

* |dentify types
of trusses



ANALYSIS OF STATICALLY DETERMINATE 2D

CHAPTER

S5

5.4 Static determinac
.’/'_—l ’

A structure of truss is called statically determinate if the forces in all its members

and all of its support reactions can be determined by solving using equations of
equilibrium.

Generally,
m < 2j-3 : Truss is statically unstable
m = 2j-3 : Truss is stable and statically determinate internally.
m > 2j-3 : Truss is stable and statically indeterminate internally.

where: m = number of members

j = number of joints
5.5 Method of joints
.’/'_—l ’

Method of Joints is used when we analyze all force in each member of truss. This
method can only be applied if the unknown force in member is not more than two. In
the method of joints, the axial forces in the members of statically determinate truss are
determined by considering the equilibrium of its joints.

A plane truss subject a load as shown in Figure 5.2. Determine
reactions and force in each member of truss using method of joint.

OBJECTIVE

Im

* [dentify A B ¢ D:
determinate A
and %ﬂ]—p 4 4m ye 4m >

indeterminate
trusses Figure 5.2



ANALYSIS OF STATICALLY DETERMINATE 2D
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Solution
m=9 m=2(6)-3
j=6 m=9

Stable and internal statically determinate structure

M, =0 _Rg (8)+10(3)=0
R, =+3.75kN T

Do you remember?

TP, =0 T4ve R, +375=0

R, =-3.75kN
D> F,=0—>+ve H, +10=0
H AT —10kN <«
Simply supported
structure
ZFy =0 T+ve
Joint A
F[3)-37 s 5"
AF| 3 -3.75=0
A 4
10 kN « >
3.75 kN
> F, =0—>+ve
~10+F,, +F,, (f} =0 * Able to use
5 method of joint
4 in finding
—10+Fyp + 6-25(gj =0 internal force

F,e = +5kN(T)
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Joint F
SF, =0 T+ve
10kN " Fee —Fes —375=0
Fes =—3.75kN(C)
D> F,=0—+ve
6-25kN Fee +10-5=0
Fec =-5kN(C)
Joint E
SF, =0 T+ve :
Fee=5
3
~Feo| £ |+375=0 s A
Feg = +6.25kN(T) A Fp=0
u Fes Fe=3.75
[m]3.; [=]
|
! :
IE Joint C
IF, =0 T+ve 1
+Fe +3.75=0
D> F, =0-—+ve
* Able to use -Fs+0=0 3.75kN
method of joint Fe =0

in finding
internal force
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. > I 5.6 Method of section

The method of sections is used to determine force in only certain members. However,
this method can still be used to determine all force in each member. The method of sections
enables us to determine forces in the specific members of trusses directly without calculating
many unnecessary members force. To analyze a plane truss using this method, we imagine
that the truss is divided into two free bodies by imaginary cutting plane through the
structure. There are only three equilibrium equations available hence, they cannot be used to
determine more than three unknown forces.

Procedure to analyze plane truss using method of sections.

eThere is no restriction on the number of bars that can be cut, we can use sections that can
be cut three bar since three equation of static equilibrium are available to analyze a free body
diagram.

eDetermine unknown force in members using three equation of static equilibrium below:

> Fx=0
D> Fy=0

>M=0

A simply supported plane truss subjected to loads as shown in Figure 5.3. Classify
the truss as stable and determinate. Then, determine force in member DC, DG, FG

using Method of Sections.

30 kN

10 kN 20 kN
OBJECTIVE

Able to use
method of
section in
finding internal
force

Figure 5.3
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Solution

10 kN » 20kN

m=13, j=8
m=2j-3
m=2(8)-3

m=13 Stable & internal statically determinate

> M, =0
10(2) +30(4) + 20(6) - R¢, (8) = 0
Re, = 32.5kN

>'F, =0T +ve

R,, +32.5-10-30-20=0
Ry, = 27.5kN

OBJECTIVE

* Able to use
method of
section in
finding internal
force
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Right side section x-x

> F, =0-—>+ve
20 kN
Foc D Fin —Feg + 3.54(i) + 33.54(i) =0
* J2 J5
- 2m Feg = +32.5kN(T)
Fre < S /
F
2m
32.5 kN
> M. = OD +ve
~325(2) Foo| 15 J2)- Foc| 5 @)=0
J2 J5
2 4 .
— 65— (ﬁj FDG — [E] FDC e equat|0n(1)
>F, =0T +ve
325-20-F (ij +F (ij e O equa‘[ion(Z)
- DG \/E DC \/g
equation(2)x2
2 2 .
25— f FDG — E FDC () equation(3)
equation(l) — equation(3) _
. 2 4 2
—65-25—| —— |Fpe +| — |Fos —| —= |Foc —| —= |Fpe =0
(2 JFoe+[ 2 JFoo {5 oo - P
Foe =-33.54kN(C) * Able to use
substituting F . =-33.54kN in to equation(l) method of
section in
Foe = —3.53kN(C) finding internal

force
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5.7 PROBLEMS
-

i
QUESTION 1
Using the method of joints, indicate all the members of the truss as shown
in Figure 5.4.
N
5m
A4
Vv 5 D E
v
| 4m 4m 50 klN
> >|< 7l
Figure 5.4
QUESTION 2
Using the method of joints, indicate all the members of the truss as shown in
Figure 5.5.
20 kN
- VB

OBJECTIVE

* Problem
solving in
finding internal 1m
forces

Im Im

|/ \l/
|\ /l\

V

Figure 5.5
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@ 5.7 PROBLEMS

QUESTION 3
A simply supported plane truss subjected loads as shown in Figure 5.6. Determine

reactions and force in each member of truss using Method of Joints.

im 2.5 m 2.5 m
S 2 .
20 kN
E 10 kM 20 kN
im
D
10 kN %
im
v

x
“F

am am

OBJECTIVE

* Problem
solving in
finding internal
forces
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ea== 5.8 ANSWERS
L ]
-w
Question 1
50 kN
40 C
80 kN ¢ } {
40 40
/N
50 408 50
0 50-50 -64.03
50
s
40
A0
80 kN > yi N y N E
~ 7 D S 7
B 0 40 l
50 kN

OBJECTIVE
* Problem

solving in
finding internal

forces
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5.8 ANSWERS

Question 2

20 kN

OBJECTIVE

* Problem
solving in
finding internal
forces
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L]

Question 3

|< 1m >|< 25m + 25m ’|

20 kN

OBJECTIVE

* Problem
solving in
finding internal
forces
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JOINT DISPLACEMENT OF STATICALLY

CHAPTER | ATE 2D PIN-JOINTED

Do you remember?

Q.

What are the
formula for
stress?

Ans. Stress= P/,

* Ableto
calculate the
displacement
truss by virtual
work method.

. ' I 6.1 Introduction to joint displacement

We can use the method of virtual work to determine the displacement of a
truss joint when the truss is subjected to an external loading, temperature
change, or fabrication errors. .

Generally, the displacement due the axial forces in each member of truss
can be determined by apply the equation:

Where: A =) u (%)

F= Force of member in real system

u= Force of member in virtual system
L=Length of a member

A= Cross sectional area of a member

E= modulus elasticity of member of a member

Procedure for analysis displacement by using virtual work
method

1. Real system

If the displacement of truss to be measured is caused by
external loads, then apply the method of joints to calculate
the real forces (F) in each member of the truss by using the
method of joints.

2. Virtual System

Remove all the given external axial loads from truss, then
apply a unit load at the joint where the displacement is
required and in the direction of required displacement to form
the virtual force system. Calculate the forces (u) in each
member of the truss by using the method of joints.

3. The desired displacement of truss can now be determined
by the formula.

J
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Calculate the horizontal displacement at joint F of the truss shown in

Figure 6.1 by using the virtual work method. Given modulus elasticity,
E=210kN/mm?2 and cross sectional area, A= 1000mm2.

E F
120 kN T
3m
A
A C "® B
| I
|« »le N
| 4m ! 4m !
Figure 6.1 o
VA Sui
How unknowns
Solution in roller support?
a) Real System Ans. 1
r=3
=9 OK! Stable and external statically determinate
mal6) | omecve |
m=2(6) - 3 OBJECTIVE
m=9 OK! Stable and internal statically determinate

* Able to
calculate the
displacement
truss by virtual
work method.
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Solution

a) Real System

120 kN

R,=45kN Rp=45kN

b) Virtual System

OBJECTIVE

* Ableto
calculate the
displacement
truss by virtual

work method.
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Solution

c) Displacement of truss

Member  L(x103)mm  AE (x10%)kN A=F p L/AE
AC 4 210 +120 +1 +2.29
AD 3 210 +45 +0.375 +0.24
BC 4 210 0 0 0
BF 3 210 -45 -0.375 +0.24
cb 5 210 -75 -0.625 +1.12
CE 3 210 0 0 0
CF 5 210 +75 +0.625 +1.12
DE 4 210 -60 +0.5 -0.57
EF 4 210 -60 +0.5 -0.57

z +3.87 mm

Horizontal displacement at joint F, Aur=+3.87mm (——»)

OBJECTIVE

* Able to
calculate the
displacement

truss by virtual
work method.
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Determine the vertical displacement at joint C of the steel truss shown.

Take value E = 200 Gpa. The cross sectional area of each member is
indicating in the Figure 6.2

12 kN
A B 4 kN
6m
\\%
A D
C
< >< >
8m 8m
Figure 6.2
Solution

a) Real System

OBJECTIVE

e Able to
calculate the

displacement
truss by virtual
work method.
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Solution

Do you remember?
b) Virtual System

a = siress, EN/ i ar
N/ m?
P = load, EN ar N

A = areq over which

stress develaps, m°

ar s

3 YouTube

0.5 kN 0.5 kN

Example to find
displacement on
determinate truss

OBIJECTIVE

* Able to
calculate the
displacement

truss by virtual
work method.
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Solution

c) Displacement of truss

A (m2)x10°6
AB -7.5 -0.84 10 200 315000
AC 10 0.67 8 100 536000
BC 0 1 6 200 0
BD 125  -0.84 10 200 525000
cD 10 0.67 8 100 536000
5 = 1912000
A= Z PulL . 1912000

AE ~ (200x106)

_ Vertical displacement at joint C = 9.56 mm *

OBJECTIVE

* Ableto
calculate the
displacement
truss by virtual
work method.
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@ 6-2PROBLEMS
C___

QUESTION 1

Determine the horizontal displacement at joint F of the truss as shown in
Figure 6.3 by using the virtual work method. Given the cross sectional
area, A=1000mm2 and modulus elasticity, E=210 kN/mm?Z.

20 kN

40 kN

Figure 6.3

OBJECTIVE

* Ableto
calculate the
displacement
truss by virtual

work method



OBJECTIVE

* Able to
calculate the
displacement
truss by virtual

work method

CHAPTER

INATE 2D PIN-JOINTED

QUESTION 2

Determine the vertical displacement at joint C of the truss as shown in
Figure 6.4 by using the virtual work method. Given cross sectional area
for each member, A=1000 mm2 and modulus elasticity, E=250 kN/mm?2.

e 25m e 25m ——

A B C
A
25m
SO KN
i A
E D
Figure 6.4

JOINT DISPLACEMENT OF STATICALLY
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6.3 ANSWERS

Question 1

Member Length, L(mm) AE (kN) A=F p L/AE
AB 16,000 210,000 -60 -1 +4.57
AC 12,000 210,000 -60 -1.5 +5.14
BC 20,000 210,000 -75 -1.25 +8.93
BD 12,000 210,000 -15 -0.75 +0.64
cD 16,000 210,000 0 0 0
CF 20000 210,000 -25 -1.25 +2.98
CE 12,000 210,000 -60 0 0
EF 16,000 210,000 -20 0 0
DF 12,000 210,000 -15 -0.75 +0.64

A +22.9

OBJECTIVE
e Ableto

calculate the
displacement

truss by virtual
work method
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Question 2

Member  L(x103)mm  AE (x103)kN F (kN) M F u L/AE
AB 2.5 250 +100 +2 +2
AE 2.5 250 +50 +1 +0.5
BE 3.54 250 -70.71 -1.414 +1.414
BD 2.5 250 +50 +1 +0.5
BC 2.5 250 +50 +1 +0.5
ED 2.5 250 -50 -1 +0.5
cb 3.54 250 -70.71 -1.414 +1.414

2| +6.83 mm

OBJECTIVE
e Ableto

calculate the
displacement

truss by virtual
work method
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Do you remember?

Gravity = 9.81 m/s?

Q.

How to classify
truss
indeterminate or
determinate?

uiz

Ans. m = 2j-3

OBJECTIVE

* Ableto
calculate the
internal forces
in truss

members using

the unit
load method

. > I 7.1 Introduction to indeterminate truss

As discussed previously, the equation equilibrium can be used to calculate
the support reactions and internal forces of statically determinate
structures. Indeterminate structures, on the other hand, have more
support reactions and/or members than are required for static stability.

In general, truss could be classified as follows:

If m = 2j-3 and r>3, truss is external indeterminate.

If m > 2j-3 and r=3, truss is internal indeterminate.
If m > 2j-3 and r>3, truss is external indeterminate and internal
indeterminate.

Where,

m = number of members
j = number of joints
r = number of reactions

Compute the deflections of primary structure at the location of redundant
due to the external loading and due to the unit value of the redundant.

A= P
AE
Compute the flexibility coefficient by applying the formula,
_#’L
AE

Compute the magnitude of redundant by applying the formula.
5 Ful
R=-—AE
uL
AE

Compute the actual force in each members by apply the formula

P=F+uR
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Determine reaction and force in each member of truss as shown in Figure 3.1.
Assume cross sectional area, A= 20cm2 and Modulus Young=210kN/mm?2.

D C
40 kN 'y

12m

—— 6m —] @3 YouTube

Clp0

Figure 7.1

Solution

Example to find internal
force members for
indeterminate truss

_‘
1l
w

T
&

6 OK! Stable and external statically determinate
j _
m=2j-3 OBJECTIVE

m=2(4) -3 OK! Stable and internal indeterminate

m>5 Degree of indeterminacy = 1 * Able to

calculate the
internal forces
in truss
members using
the unit load
method
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Solution L

a) Real System
40 kKN

Ra=30kN Rs= 30 kN

b) Virtual System

OBJECTIVE

e Able to
calculate the

internal forces
in truss
members using
the unit load
method
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Solution

c) Actual force of truss

Member F uL/AE
AB 16000 +40 -0.8 -1.219 +0.024 +19.94
AC 20000 0 +1 0 +0.048 +25.08
AD 12000 +30 -0.6 -0.514 +0.010 +14.95
BC 12000 0 -0.6 0 +0.010 -15.05
BD 20000 -50 +1 -2.380 +0.048 -24.92
cb 16000 0 -0.8 0 +0.024 -20.06
> -4.113 +0.164
Ful
s Fu
R--—AE
uL
AE
4113
+0.164

OBJECTIVE

* Able to
calculate the
internal forces

in truss
members using
the unit load
method
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TRUSSES

Determine the reactions and internal forces of the trusses. The modulus of
elasticity (E) of each member is constant.

E D
6m
C
A B A v
v
50 kN
I | I
| 4m | 4m |
Figure 7.2
Solution
m=7 2j-3=2(5)-3=7
r=4 > 3
j=5

OBJECTIVE

_ - m = 2j - 3 (statically external indeterminate)

* Ableto
calculate the
internal forces
in truss
members using
the unit load

method .
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Solution

a) Real system

25 kN 25 kN

a) Virtual system

OBIJECTIVE

e Able to
calculate the

internal forces
in truss
members using
the unit load
method
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Solution

c) Actual force of truss

I 667

-30.05
BC -10
30.05
25
-25
-16.67

OBJECTIVE

e Able to

calculate the
internal forces
in truss
members using
the unit load
method

1
0
1
0
0
0
0

26.68
7.21 0
4 0
7.21 0
6 0
6 0
4 0

2 26.68

7.41
-30.05
-9.26
30.05
25
-25
-16.67
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Solution

J6

c) Actual force of truss

F=P+pR

25 +(0)(0.74) = 25

A

0+ (-1)(0.74) = -0.74 -

25+(0)(0.74) = 25 A
s

0+ (1)(0.74) =0.74

)
-30.05 ; ‘ -25 6m

OBJECTIVE

* Able to
calculate the
internal forces

in truss
members using
the unit load
method
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i

QUESTION 1

Determine the force in each member of the truss as shown in Figure 7.3.
Cross sectional areas in each member are shown in brackets. Assume
modulus elasticity in each member, E=200Gpa

80kN

Figure 7.3

OBJECTIVE

* Able to
calculate the
internal forces
in truss

members using
the unit load
method
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QUESTION 2

Determine the reaction and the force in each member of the truss shown Figure
7.4 by the Force Method. Assume EA constant (E = 250 kN/mm? and A=1000mm?).

G F E D
2.0m
A B C
50 kN
|< 1.5 m >|< 1.5m + 3m >|
Figure 7.4
QUESTION 3

Classify the trusses below and determine the internal forces in Figure 7.5. The

modulus of elasticity (E) of each member is constant.

B C

28.8m OBJECTIVE

e Able to
A calculate the

internal forces
10kN 25 kN In truss

members using
28.8m 28.8m 28.8m the unit load

Figure 7.5 method
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Question 1
1 Beal System
-80 kN
Inzert external load here  E F _
| 150[kN |-1211
| 10.83 -151.4 15m
] [

A | 135.B| B | 135.6 C | 121.1| D,
(ol A
|

|
l i | 2 | 20m

| 043 [kN

T

OBJECTIVE

* Ableto
calculate the
displacement
truss by virtual

work method
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Question 1

3. Actual Force(kN)

Length

Member (mm) AE(kN) F(kN) U A=FuL/AE uA2L/AE P=F+uR
AB 16000 2,000,000,000.00 | 135.56 0 0.0000000 0.0000000 135.56
BC 16000 2,000,000,000.00 | 135.56 -0.8 -0.0008676 0.0000051 128.33
CD 16000 2,000,000,000.00 | 121.11 0 0.0000000 0.0000000 121.11
DF 20000 4,000,000,000.00 | -151.39 0 0.0000000 0.0000000 -151.39
FE 16000 2,000,000,000.00 | -121.11 -0.8 0.0007751 0.0000051 -128.33
AE 20000 4,000,000,000.00 18.06 0 0.0000000 0.0000000 18.06
EB 12000 3,000,000,000.00 0.00 -0.6 0.0000000 0.0000014 -5.42
EC 20000 1,600,000,000.00 | -18.06 1 -0.0002257 0.0000125 -9.03
FC 12000 3,000,000,000.00 10.83 -0.6 -0.0000260 0.0000014 5.42
BF 20000 1,600,000,000.00 0.00 1 0.0000000 0.0000125 9.03

> -0.0003441 0.0000381
Magnitude of Redundant, R= 8.03

OBJECTIVE
* Ableto
calculate the
displacement
truss by virtual

work method
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Question 2
G F E D
o] [-1875] o] T
o] 3125 [-25.00 0 m
-31.25
A [8.75| Dy
A B F 3 C
15m 15m T Im
(50 kN
25.00 |kN Insert external load here 25.00 |kN
2.Virtual System

OBJECTIVE

* Ableto
calculate the
displacement
truss by virtual
work method
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Length

Member (mm) AE(kN) F(kN) U A=FulL/AE ur2L/AE P=F+uR
AB 1500 250,000.00 18.75 -0.60 -0.068 0.002 9.38
BC 1500 250,000.00 0.00 0 0.000 0.000 0.00
CD 2500 250,000.00 0.00 0 0.000 0.000 0.00
DE 1500 250,000.00 0.00 0 0.000 0.000 0.00
EF 1500 250,000.00 -18.75 0 0.000 0.000 -18.75
FG 1500 250,000.00 0.00 -0.60 0.000 0.002 -9.38
GA 2000 250,000.00 0.00 -0.80 0.000 0.005 -12.50
AF 2500 250,000.00 -31.25 1 -0.313 0.010 -15.63
FB 2000 250,000.00 25.00 -0.8 -0.160 0.005 12.50
BE 2500 250,000.00 31.25 0 0.000 0.000 31.25
GB 2500 250,000.00 0.00 1 0.000 0.010 15.63
EC 2000 250,000.00  -25.00 0 0.000 0.000 -25.00

> -0.540 0.035

OBJECTIVE
e Ableto
calculate the

displacement
truss by virtual

work method
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Question 3

m-———

Bl s 28.8

Bl = -0.707 28.8 -305.42 14.4 13.89
Bl 2 0 28.8 0 0 20
Bl 2 0 40.8 0 0 21.2
-20 -0.707 28.8 407.23 14.4 -21.11
-28.3 0 40.8 0 0 283
Bl o -0.707 28.8 -203.62 14.4 8.89
El 1 40.8 289.68 40.8 8.68
0 1 40.8 0 40.8 1.58
20 -0.707 28.8 -407.23 14.4 18.89
0 5 -219.36 $139.18

OBJECTIVE

* Ableto
calculate the
displacement
truss by virtual
work method
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. o 8.1 Introduction to influence line

For static loads on beam, the bending moment diagram and the shear
Quiz force diagram show the change of moment and shear along the beam. For
" loads moving along the beam, the change of shear force and bending

moment are illustrated using influence lines. Structures such as bridges

How to get . . . .
. B and overhead cranes are designed to resist moving loads as well as their

maximum shear . . . e

in beams? own weight. Since structures are designed for the critical loads that may

occur in them, influence lines are used to obtain the position on a

structure where a moving load will cause the largest stress.
Ans. Shear force

diagram Influence lines represent changes in response, friction, moment and even
displacement at a particular point in the structure at the time of a point

load of 1 unit moving along structure. Once an influence line at a point has

° V[]UTUbe been constructed, it is easier to determine the position of the live load that
_I will produce the greatest effect at that point. Furthermore, the magnitude
E of the associated reaction, shear, moment, or deflection at the point can

- be calculated from the ordinates of the influence-line diagram. For these
reasons, influence lines play an important part in the design of bridges,
industrial crane rails, conveyors, and other structures where loads move

across their span.
How to draw the E

influence line in easy Procedure for analysis:
way

eAllow a unit load (1 kN) to move over
beam from left to right.

_ oFind the values of reaction, shear force
or bending moment at the specific point
OBJECTIVE under consideration.

* Able to «Plot the values of the reaction, shear
understand force or bending moment over the length

influence line of the beam.
purposes G J
* Able to apply

influence line
to find the
greatest effect
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A simply supported beam with one end hanging subjected a series of
moving axial loads from point A to D as shown in Figure 8.1.

a) Draw influence lines diagram of reaction at support B.
b) Draw influence lines diagram of reaction at support D.
c) Draw influence lines diagram of shear force at joint C.
d) Draw influence lines diagram of bending moment at joint C.
A C D

2m 3m 7m A

[

A
v
A

® vy

Figure 8.1

Solution

a) Draw influence lines diagram of reaction at support B.

1.2 1.0

b) Draw influence lines diagram of reaction at support D. OBJECTIVE
1.0

* Able to draw
influence line
for beam
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Solution

c¢) Draw influence lines diagram of shear force at joint C.

A C D
_2m / 3m o 7m 4
B a b
b/L=7/10
=0.7
0.2

N

=0.3

d) Draw influence lines diagram of bending moment at joint C.
14

OBJECTIVE

ab/L = 3(7)/10
=2.1
* Able to draw

the influence

line for beam
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According to simply supported beam AB with 15 mm span as shown in Figure
8.2 below find:

a) Maximum reaction at B

b) Maximum shear force at point C

¢) Maximum Bending moment at point C

d) If concentrated moving load moving from A to B.

5 kN 8 kN

C B
5m 10 m
N /l\ /l
Figure 8.2
. 5 kN 8 kN
Solution
3m
1 X
OBJECTIVE
e Able to
calculate
maximum
V=5(0.8)+8(1) =12 kN shear and

bending
The maximum reaction at B is 12 kN. moment
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Solution

a) Shear Force at C

10/15 =0.67

5/15=0.33

Ve = 5(—0.13) + 8(—0.33) = —3.29 kN

V., = 5(—0.13) + 8(0.67) = 4.71 kN

SkN 8 kN 0.67 x

10

=1

Second 3m

trial

OBJECTIVE

* Able to
calculate
maximum
shear and
bending
moment The maximum shear force is 7.11 kN.

0.33

Vey = 5(—0.33) + 8(0.47) = 2.11 kN

Ve, = 5(0.67)+ 8(0.47) = 7.11 kN
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Solution
a) Bending Moment at C
| C B
5 10m

m

5kN 8 kN

3m
First trial

5(10)/15=3.33

M., = 5(1.33) + 8(3.33) = 33.29 kNm

5 kN 8 kN

Second
trial

3m

OBJECTIVE

3.33
M., = 5(3.33) + 8(2.33) = 35.29 kNm * Able to
calculate
The maximum bending moment is 35.29 kKNm. maximum

shear and
bending
moment



OBJECTIVE

* Able to
calculate
maximum
shear and
bending
moment

le
|\

INFLUENCE LINE FOR STATICALLY
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According to simply supported beam AB with 15 mm span as
shown in Figure 8.3 below, find:
a) Maximum shear force at point C
b) Bending moment at point C
If concentrated moving load moving from A to B with 8 kN leading.

5 kN 8 kN
5 kN/m
3m
<~ . B
Figure 8.3
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a) Maximum shear force at point C

5 kN 8 kN

5 kN/m

|3¢‘ 10/15 =0.67

First trial

5/15 =0.33
V., = 5(—0.13) + 8(—0.33) + I—s [%{0.13 + 0.33]{3}]] = —6.74 kN

V., = 5(—0.13) + 8(0.67) + I—S [%(0.13 + n.33j(3j]l =1.42 kN

Second
trial
1
Vea = 5(—0.33) + 8(047)+ 5 [E{ﬂ.ﬁ? + n.4?j{3]] = 10.66 kN

* Able to
calculate
maximum
shear and

The maximum shear force is 15.66 kN. bending

moment

V., = 5(0.67) + 3{0.4?]5[%(0.6? + n.4?](3]] = 15.66 kN
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b) Maximum bending moment at point C

First trial

5(10)/15=3.33

1
Mg =5(1.33)+8(3.33)+5 [5(1.33 + 3.33]{3]] = 68.24 kNm

Second
trial

5 kN 8 kN

OBJECTIVE

* Able to 5(10)/15=3.33
calculate

maximum 1
shear and Mg, =5(3.33)+8(233)+5 [—{2.33 + 3.33]{3]] = 77.74 kNm
bending 2

moment The maximum bending moment is 77.74 kNm.
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. o I 8.2 Absolute Maximum Moment

In influence lines section, we have learned the methods for
calculating the maximum shear force and moment at specific
point in the beam due to concentrated moving loads. Problem
involves determination of absolute maximum moment. To
obtain absolute maximum moment, we must determine both
location of the point in the beam and the position of the loading

on the beam. We need to develop a method for computing the
maximum shear and moment on beam that determines both
location of the point and position of the loading.

For a simply supported beam the maximum moment cannot be
located by inspection. However, it can be proved that the
absolute maximum moment in a simply-supported beam occurs
under one of the concentrated loads. The location is determined
as such that the force is positioned on the beam so that the
resultant force of the system is equidistance from the beam’s
center line. By applying this technique to each of the
concentrated forces, the absolute maximum moment can be
calculated.

OBIJECTIVE

e Understand the
principle of
absolute

maximum
moment
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Determine the absolute maximum bending moment in the simply
supported bridge deck shown in Figure 8.4 below.

8kN 6kN  4kN
3m 1.5

Solution
222 =x,
5 2
x, = 0.89
—EEE = ;; 4.5m B 4.5m -
|<‘ - S|
x,=1.39 Al om [

OBIJECTIVE
R=8+6+4=18kN :
R(x) = 6(3) + 4(4.5) ct 6kN
e Able to 5(4)/9 = 2.22
X=2m

calculate
absolute
maximum

moment ZM = (8x0.89) + (6x2.22) + (4x1.39) = 26 kNm
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@ 8-3PROBLEMS
C

QUESTION 1

A beam with both ends overhang is subjected to external loads as shown
in Figure 8.5. Using Influence Line Diagram Method calculate the
maximum shear and bending moment at point C.

20 kN
20 kN/m
A B
D = E
|l Sle \||/ Je >|
[~ 2m IS 1m 3m 1 2m I
Figure 8.5.
QUESTION 2

According to simply supported beam AB with 25 mm span as shown in
Figure 8.6. Find:

a) Maximum shear force at point C

b) Bending moment at point C

OBJECTIVE

* Able to
calculate
maximum

Lez Sle shear and

A 1 bendin

)
Figure 8.6 moment and
absolute
maximum
moment
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QUESTION 3

According to simply supported beam AB with 15 mm span as shown in
Figure 8.7. Find:

a) Maximum shear force at point C

b) Bending moment at point C

5 kN/m
A AAA A
3m
| c .
5m 10 m
Figure 8.7
QUESTION 4

Determine the absolute maximum live moment in the girder due to the
loading shown in Figure 8.8

45kN 36kN 13kN 18kN

T

OBJECTIVE

e Able to

calculate
maximum
shear and
bending
moment and
absolute
maximum
moment

Figure 8.8
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QUESTION 5

A simply supported beam subjected a series of moving concentrated loads as
shown in Figure 8.9.

i) Determine magnitude and resultant force.

ii) Compute Absolute Maximum Moment.

SkM  10kN 15kM 12kN g kN

=Tt

-

F 1

S0m

Figure 8.9

OBIJECTIVE

* Able to
calculate
maximum
shear and
bending
moment and
absolute
maximum
moment

2,

:
N
o
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e== 8.4 ANSWERS
-_—

-w
Question 1
Ve =22.5kN
Mc=-47.5 kNm
Question 2
V. =8.6 kN
Mc=92.6 kNm
Question 3
V. =8.55kN
Mc= 44.93 kNm
Question 4

Absolute maximum moment is 173..96 kNm

OBJECTIVE Absolute maximum moment is 506.75 kNm

* Able to
calculate
maximum
shear and
bending
moment and

absolute
maximum
moment
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