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Chapter (1): INTRODUCTION

Chapter (1)
INTRODUCTION

1.1. Structures Definition

There are various types of structures in the world such as bridges, residential
building, government building, parking building, educational building, religious
building, industrial building, power stations, commercial electrical powers, and so
on as shown in Fig. 1. 1. The structures constructed from many materials reinforced

concrete, steel, stainless steel, aluminum and wood for example.

Fig. 1.1: Example of structures

1 Ass. Pr. Eltaly, B.



| Chapter (1): INTRODUCTION

1.2. Stages of Building the Structures
1. Architectural Layout

This stage is carried out by architecture
Architectural Layout

engineers and in this stage; the structure is

planed according the wusage and the $

requirements of the building owners.
Structural Model

2. Structural Model and Behavior of
structural Model i

These two stages are called structural

Behavior of Structural Model

analysis. In the structural analysis processes
stage, the loads on the structure and the i

structural model are indicated. Then the

Structural Design
responses of the real structure under the i

excitation of expected loading and external

environment during the service life of the

Construction

structure is predict.
Fig. 1.2: Flow chart structural stages

3. Structural Design

In this stage, the type of used material is indicated, the amount of the used
material are calculated.

4. Construction

In this stage, the building becomes real. This stage passes through several

stages such as construction footing, column, beam......... SO on.

2 Ass. Pr. Eltaly, B.



| Chapter (1): INTRODUCTION

1.3. Structural Model
You must understand that when we deal with any structures, we must study

three objects; loads, structure and the support of the structures as shown in Fig. 1.3.

The three objects must be modeled to indicate the behavior of the structure.

Loads

Support ja

1.4. Loads
Loads are the force that influnce on the structures. The loads on the structures

are divided into:-

1. Dead loads: these loads are with a constant magnitude and remain in one
position during the service life of the structures. They include the one weight
of the structures and the loads that are permanently attached to the structures;
floor covering.

2. Live loads: these loads very in their position and their magnitude may change.

The live load included the wieght of the persons, furnitur, wind loads, earthquake

loads, loads of trucks and cranes.

3 Ass. Pr. Eltaly, B.



| Chapter (1): INTRODUCTION

The two loads can be modeled (structural model) by concentrated load,

uniform load on line, uniform load on area or body load as shown in Fig. 1.4.

P (Load) P (Load) M
i P (Load) \
J

ey 2) 3 C)

Fig. 1.4.a: The concentrated load

W t/m‘ (Load magnitude) S Line

LALbiLi ety bedbady

ey

4 Ass. Pr. Eltaly, B.
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W t/m‘ (Load magnitude)

il

Load

“)
Fig. 1.4.b: The uniform load

1.5. Components of the Structures
The structure composes of some components as illustrated in Fig. 1.5. Each

component subjects to loads and it transfers these loads to the next components

(supports).

1. Slab: the first component is the slab. The slab subjected to its own weight, the
floor covering and the live load and it supports on the beam. It was modeled by
area as shown in Fig. 1.6.

2. Beam: The beams subject to their own weight and the load from slab. The beam
supports on columns and it was modeled by line. This line has start and end
points. These points were called nodes or joints as presented in Fig. 1.6.

3. Columns: The column is the support of the beam and it modeled as the beam.

4. Footing: The footing transfers load from the structure through the column to the

soil. It was simulated by area as slab.

S) Ass. Pr. Eltaly, B.



Chapter (1): INTRODUCTION

Beam

Footing

Fig. 5.1: Structure components

Joint Line Joint

Beam Beam model

6 Ass. Pr. Eltaly, B.



Chapter (1): INTRODUCTION

1
ol

a) Slab b) Slab model

Fig. 1.6: Structural model of beam and slab
1.6. Supports

There are four types of supports. These supports are determined according to

the type of the analysis and construction.

1. Movable or Roller Support

This support is constructed to permit a movement parallel to the supporting
surface. It transfers only a single reaction perpendicular to the support surface. The

roller support is presented in Fig. 1.7.

bon

Fig. 1.7: Roller support

7 Ass. Pr. Eltaly, B.
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2. Hinged or Pin Support

This support prevents movement in a horizental and vertical directionand on
the other hand it perimits rotation about the support. Hinged support transfers three
reactions perpendicular to the support surface. The connection between the slab of
the bridges and the retaining walls may be constructed to make the retaining wall is
a hinged support to the bridge slab. Also you can see the hinged support in the
connection between the beam and column. The column is a hinged support to the
column because the reinforcements of the column do not insert the beam. The pin

support is presented in Fig. 1.8.

AN

T
S L e L L L
T L L e P L
S e e L R o

Model

b) In concrete

Fig. 1.8: Details of hinged support

8 Ass. Pr. Eltaly, B.
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3.  Fixed Support

This support does not allow the movements in all directions; X, y and z and
rotation about X, y and z direction. This support transfers three reactions
perpendicular to the support surface and three bending moments. The reinforcements
of the concrete column were inserted in the footing so that the footing is fixed support

to the column. This support is indicated in Fig. 1.9.

A

t— |- | — =

a) Real b) Model

Fig. 1.9: Details of fixed support
4.  Link support

This support like the beam with hinged support at one end and intermediate

hinge at the second end.

9 Ass. Pr. Eltaly, B.
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Chapter (2)
REACTIONS

2.1. Introduction
A structure must be designed to resist all the forces that act on it. If the

structure cannot resist these forces, it may collapse as shown in Fig. 2.1. So
that you must calculate the external forces acted on the structures and indicate

the behavior of the structures under these loads (internal forces).

Fig. 2.1: The structure collapse

10 Ass. Pr. Eltaly, B.
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2.2. Reactions

The external forces that act on the structures included the loads reactions
of the supports. Loads or applied forces referred to the load that have the
tendency to move the structure (dead load, live load and so on). The reactions
are forces exerted by supports of the structure and they are those forces applied
to the structure to counteract the action of the applied force (they prevent its
motion and keep it in equilibrium). The reactions are usually among the
unknowns to be determined by analysis. To identify any force completely,
there are three unknowns to that must be determined; the force magnitude,

direction and the line of action of the force.

If a support prevents translation of body in a given direction, a force is
developed on the body in that direction. This means that a support that prevents
translation of the structure in a particular direction creates a reaction force on
the structure in that direction. Also the support prevents rotation of the
structure about a particular axis creates a reaction couple on the structure about

that axis. All the types of the supports are presented in table 2.1.

From table 2.1, it can be seen that for roller support, the magnitude of
reaction force that acts perpendicular to the supporting surface is unknown and
it may be directed either away from or into the structure. Also for the hinged
support the reactions consist of two components Y and X and the magnitude
of the two components are unknown. Additionally the fixed support prevents
the translation in x, y and one rotation about z direction so that it has three

unknown components; X, Y and M. For the link support, the reaction force R

11 Ass. Pr. Eltaly, B.



| Chapter (2): REACTIONS

is unknown and this force acts in the direction of the link and may be directed

either into or away from the structure.

Table 2.1: Type of supports

Support type Model Movements Reactions

Roller support ~Z\ Or =2 v=p 0= or X
Y
ﬁapﬂ y=7 6=2

Link support

X
M
Hinged support | A~ x=0 y=0 8= X
A
W?L?’ Y
Fixed support ‘
X
WJ”, M| wrrr ———
x=0 y=0 B=0
Y

All the movements are /
allowed except the

movement  in  the

direction of the Ilink [/

member.

12 Ass. Pr. Eltaly, B.
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2.3. Equations of static Equilibrium

A structure is considered to be in equilibrium if | initially at rest. It
remains at rest when subjected to a system of forces couples. If a structure is
in equilibrium, then all its members and parts are also in equilibrium. For a
plane structure laying in the xy plane and subjected to a coplanar system of

forces and couples, the necessary and sufficient conditions for equilibrium are:

1. The algebraic sum of the components of all forces parallel to the x
axis is zero as presented in Eq.1.

2. The algebraic sum of the components of all the forces parallel to the
y axis is zero as presented in Eq. 2.

3. 3. The algebraic sum of the moments of all forces about any point in

the plane of forces is zero (see Eq. 3).

The three equations are called the equation of the equilibrium of
structures in the plane direction. These equations are used to determine

the unknown reactions.

13 Ass. Pr. Eltaly, B.
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2.4, Statically Determinate and Statically Indeterminate

From the previous sections, we can be concluded that there are two types
of external forces; the applied forces and reactions of the supports. The applied
forces are known; magnitude, direction and line of actions of the force. On the
other hand for the reactions only the point of force and perhaps the directions
are unknown as shown in table. 2.1. Also there are three equations of
equilibrium and they are used to determine the unknown reactions. The total
numbers of unknowns that can be determined by the equations of equilibrium
are three. The determination of more three unknowns requires additional
equations or methods to be used.

The additional equations can be obtained from the additional conditions.
These equations are considered if the structures are constructed with

intermediate hinge and with link element. The intermediate hinge is

constructed to make the internal moments at it equal zero. Fig. 2.2 showed
intermediate hinge in the beam of steel bridge. The beam is modeled by straight
line and the intermediate hinge is modeled by circle in its position. The

intermediate hinge gives one additional equation; the moment at it equal zero.

Link element is a member of structure (component). It likes beam with
two intermediate hinges at its ends; start and the end. It does not carry external
loads perpendicular to the directions of the link or bending moments. Also the

link has the ability of carrying the force parallel to the direction of the link.

14 Ass. Pr. Eltaly, B.
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Sec. 1-1

Intermediate

Beam g Beam

-

TR Rt y

Fig. 2.2: The intermediate hinge

The total number of unknown and the number of the available equations
(equilibrium equations and the additional equations) were used to determine
the type of the structures. It is customary to divide structures into statically

determinate and statically indeterminate.

1. Statically determinate structure

It is a system for which all reactions of supports can be determined by
means of available equations (equations of equilibrium and the additional
equations) and the internal forces also can be found by method of sections. The
internal forces are the forces created in structures under the external forces and
they will be explained in the next chapter. This means that the unknown in
statically determinate structure is same as the available equations.

Example (1)

15 Ass. Pr. Eltaly, B.



Chapter (2): REACTIONS

Fig. 2. 3. a. represents a simple beam with one span; L length. This beam
Is considered to be subjected to two loads P and this beam support on two
columns at a&b. The two columns are simulated by two supports; one is hinged
and the other is roller support. Find the type of the structure: statically

determinate structure or statically indeterminate structure.

Y

AN
.-"?r L .-'JI
Fig. 2.3.a
Solution

e The numbers of unknown at the point (a) are two reactions Xa&Ya

e The number of unknowns at the point (b) is one reaction Yy
» So that the total numbers of the unknown are three unknowns.

v" The numbers of available equations are three equations: the equilibrium
equations. X K, =0 X F, =0 YM =0

The number of unknowns = the numbers of available equations so that the

structure is statically determinate.

P P
Xa a J/ J/ b

16 Ass. Pr. Eltaly, B.
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Example (2)

Fig. 2. 4. a. represents a continuous beam. This beam is considered to be
supported on three columns at a, b &c. The three columns are simulated by
three supports; one is hinged and the other is roller support. Also the beam has
an intermediate hinge at joint#d. Find the type of the structure: statically

determinate structure or statically indeterminate structure.

a b ,‘! C
A AN s
Fig. 2.4.a
Solution

e The numbers of unknown at the point (a) are two reactions Xa&Ya

e The number of unknowns at the point (b) is one reaction Yy

e The number of unknowns at the point (c) is one reaction Y.
» So that the total numbers of the unknown are four unknowns.

v" The numbers of available equations are four equations: the equilibrium
equations. YE =0 XYE =0 YM =0

and additional equation z M; =0

The number of unknowns = The numbers of available equations so that the

structure is statically determinate.

17 Ass. Pr. Eltaly, B.
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4 a b E! C
A N
TYa Y Ye
Fig. 2.4.b
Example (3)

A frame structure is presented in Fig. 2. 5. a. The frame is different than
beam in construction. In the beam, the reinforcements of the columns do not
insert in the beam. On the other hand the reinforcements of the columns in the
frame structure must be inserted in the beams. The connection between the
beam and column is considered hinged in the beam structure but in the frame
structure the connection is not considered as hinged support. Find the type of

the structure:; statically determinate structure or statically indeterminate

structure.
1 Beam 2
=
=]
h E £
3
a b
A G
: L |
Fig. 2.5.a

18 Ass. Pr. Eltaly, B.
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Solution

e The numbers of unknown at the point (a) are two reactions Xa&Ya

e The number of unknowns at the point (b) is one reaction Yy
» So that the total numbers of the unknown are three unknowns.

v" The numbers of available equations are four equations: the equilibrium
equations. X K, =0 X F, =0 XYM =0

The number of unknowns = The numbers of available equations so that the

structure is statically determinate.

1 2
X, |,
g b
%‘_

A Ly

Y"i 1b

Fig. 2.5.b
Example (4)

A frame structure is presented in Fig. 2. 6. Find the type of the structure:

statically determinate structure or statically indeterminate structure.

19 Ass. Pr. Eltaly, B.
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o

o

Y, Y
Fig. 2.6
Solution

e The numbers of unknown at the point (a) are two reactions Xa&Ya

e The number of unknowns at the point (b) is one reaction Xs&Ys
» So that the total numbers of the unknown are three unknowns.

v" The numbers of available equations are four equations: the equilibrium
equations. > F, =0 X F, =0 YM =
0 and additional equation Y M; = 0

The number of unknowns = The numbers of available equations so that the

structure is statically determinate.

Example (5)

A frame structure is presented in Fig. 2. 7. Find the type of the structure:

statically determinate structure or statically indeterminate structure.

20 Ass. Pr. Eltaly, B.
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2
g
g
-
34 : | 2
1 & $ C 1 C
> <
X, Y
B b
pan L ey
M,
Ya
Fig. 2.7
Solution

e The numbers of unknown at the point (a) are two reactions Xa&Ya
e The number of unknowns at the point (b) is one reaction Xs&Ys
> So that the total numbers of the unknown are five unknowns.
v" The numbers of available equations are four equations: the equilibrium
equations. X K, =0 X FE, =0 M =
0 and two additional equations
The internal moment and shear force in the link element =0
The number of unknowns (5) = The numbers of available equations (5) so that

the structure is statically determinate.
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2. Statically indeterminate structure.

It a system of structures in which the reactions of supports can not be
determined by means of available equations (equations of equilibrium and the
additional equations). The indeterminacy of the structure may be either
external, internal, or both. Table 2.2 illustrates some type of statically
determinate structures.

Table 2.2: Classification of the structures

Structure No. No. Classification
Unknown | Equation
4 3 Statically
indeterminate (1)
/ﬂ77>7 /1777%'
A 5 4 Statically
- indeterminate (1)
Ao Ay
6 4 Statically
indeterminate (2)
O
(TITTTT o%

22 Ass. Pr. Eltaly, B.
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2.5. Calculation the Reactions at Supports

To determine the reactions at the support, the available equations are
used. The following examples will serve to illustrate the procedure of
calculation of the reactions by applying available equations.

2.6. Solved Examples
Example (6)

For simple beam (a-b) presented in Fig. 2.8, calculate the reactions at the

two supports under the applied load.

10t
a \L b
A s
7 3m 3m A
Fig. 2.8.a
Solution
10t

X =
=0 \L b

A

Fig. 2.8.b

» Finding the reactions
a) YFE,=0>>»>»>»X, =0

23 Ass. Pr. Eltaly, B.



| Chapter (2): REACTIONS

b) XM, =0>>>»>» 10x3 - Y,x6 =0
30

Y, =—=5¢t1
b7 6

C) XM, =0>>>»>»10x3 —-Y,x6 =0
30

.-.ya=?=5tT

d) Check ¥ F, =10 —5—-5=0>>»>»> ok

Example (7)

For simple beam (a-b) presented in Fig. 2.9, calculate the reactions at the

two supports under the applied load.

10t

a \L b
pa ay
A—2m— 4m #
Fig. 2.9.a
Solution

24 Ass. Pr. Eltaly, B.
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10t
X.=0 a J/ b
A -~
/b* 2m— 4m ,,f+\
W Y.=6.67t Yb=3'33t
Fig. 2.9.b

> Finding the reactions
a) YF,=0>>»>»» X, =0
b) XM, =0>>>»>» 10x2 —Y,x6 =0

20
“ Yy =—=3331

C) XMy, =0>>>»>» 10x4 —Y,x6 =0

40
Ya=?=6.67tT

d) Check ¥ Fy = 10 — 6.67 — 3.33 = 0 »>>»>»> ok

Example (8)

For simple beam (a-b) presented in Fig. 2.10, calculate the reactions at

the two supports under the applied load.

25 Ass. Pr. Eltaly, B.
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12t 10t
a ¢ ¢ b
pa ay
~——2.5m Im ‘ 3m
Fig. 2.10.a
Solution
12t 10t
Xam0) ¢ ¢ b
AN pas
2.5m 3m : 3m ?*1
Y,_{= 12t szlﬂt
Fig. 2.10.b

» Finding the reactions
a) YF,=0>>»>»>» X, =0
b) XM, =0 >>>»>» 12x2.5 + 10x5.5 - ¥,x8.5 =0

Yy =22 —10e
T TRs

c) I M, = 0 >>>>> 10x3 + 12x6 — ¥, x8.5 = 0

=2 21
¢85

d) Check ¥ F, =10+ 12— 10— 12 = 0 »>»>»>» ok

Example (9)

26 Ass. Pr. Eltaly, B.
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For simple beam (a-b) presented in Fig. 2.11, calculate the reactions at

the two supports under the applied load.

15t 11t 8t
a J/ ¢ b \L 4t
AN AN
~—2.5m 3m ‘ 3m 1.5m—
Fig. 2.11.a
Solution
15t 11t 8t
a b 4t
AN AN
~——2.5m 3m ‘ 3m 1.5m-—
Y. =13.059¢ Yb=20.941t
Fig. 2.11.b

» Finding the reactions
a) YF, =0>>>»>»>» X, =4t -
b) XM, =0 >>»>»>» 15x2.5 + 11x5.5 + 8x10 — ¥,x8.5 =0

178
% Yb = E = 20941t T

c) I M, = 0>>>»>»>» 15x6 + 11x3 — 8x1.5 — ¥,x8.5 = 0
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Y, = 13.059¢1
TlaT g5 T Y

d) Check ¥ F, = 15+ 11 + 8 — 20.941 — 13.059 = 0 »>»>>» ok

Example (10)

For simple beam (a-b) presented in Fig. 2.12, calculate the reactions at

the two supports under the applied load.

8t
15t 11t 4t T
1.5m
a b l
N
A~—2.5m 3m , 3m
Fig. 2.12.a
Solution
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8t
15t 11t 4t
Xa=4t 1.5m
a b l
N
A~—2.5m 3m £ 3m
YH=1S.1?6t Yb=18.824t

Fig. 2.12.b

» Finding the reactions
a) XF,=0>>»>»>» X, =4t -
b) > M, = 0 >>»>»>» 15x2.5 + 11x5.5 + 8x8.5 — 4x1.5 - ¥;,x8.5 =0

¥ =20~ 18824t 1
P T gs T

) XM, =0 »>»>»>» 15x6 + 11x3 + 4x1.5 — Y,x8.5 = 0

¥, =22 _ 15176 ¢1
TlaT g5 T

d) Check ¥ Fy, =15+ 11+ 8 —18.824 — 15.176 = 0 >>»>»> ok

Example (11)

For simple beam (a-b) presented in Fig. 2.13, calculate the reactions at

the two supports under the applied load.
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30mt
a N b
gL £
A—2m— 4m #
Fig. 2.13.a
Solution
- 30mt
K’i:U a \l Ij
g L s
A—2m— 4m 4
Y =5t sz St
Fig. 2.13.b

» Finding the reactions
a) XE,=0>>>»>»>»X, =0
b) XYM, =0>>>»>»30—-Y,x6 =0

~Y, =—=5¢t1
P76
C) XMy =0>>>»>»-30—-Y,x6 =0
—30

-'-Ya—TZStl

d) Check »: F, =5-5=0>>»>»>» ok

Example (12)
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For simple beam (a-b) presented in Fig. 2.14, calculate the reactions at

the two supports under the applied load.

152
a ASD b
pa Sy
P 3.5m F dm—
Fig. 2.14.a
Solution

> At the first, the inclined load is analyzed into two components; the
vertical component Py= P sina =15t and the horizontal components Pn=

P cosa = 15t as indicated in Fig. 2.14.a.

15¢  15/2
Xa=15¢, V 15t |
A o
p 3.5m  dm—

W\ sz 9.5435t

|.pj‘
I
EJI
o
en
en
—

Fig. 2.14.b
» Finding the reactions
a) YF, =0>>»»>» X, =15t -
b) XM, =0 >>>>» 15x3.5 — ¥,x5.5 =0
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52.
Yb == ﬁ == 9545t T

C) XM, =0 >»>»>»» 15x2 — Y,x5.5 = 0

30
“ Yy =5z =5455¢1

d) Check ¥ F, = 15 — 5.455 — 9.545 = 0 »>»>»>» ok

Example (13)

For simple beam (a-b) presented in Fig. 2.15, calculate the reactions at

the two supports under the applied load.

~ 4t/m

5 8m ¥

Fig. 2.15.a
Solution

> At the first, the uniform load is concentrated according to its type as
indicated in table 2.3(see Fig. 2.15.b).

» At the second, the reaction will be calculated
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(320

4dm |

s
+

s NNy 1‘4@ i Lo

: 8m
TYH=16t T Yb=16t

Fig. 2.15.b

a) YF,=0>>»>»>» X, =0
b) XM, =0>>>»>» 32x4 —-Y,x8 =0

128
. Yb =?= 16t T

C) Y M, =0 >»»>» 32x4 — Y,x8 = 0
128

'-Ya=T=16tT

d) Check »: F, =32—-16—-16 = 0 »>»>»> ok
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Table 2.3: Type of uniform load

=
— 1

I L I 2L 1

3 A 1

| L |

I L I L i
p_.W_L' p=&2
(I 2
2lwym| * p_WL o wL

Aﬂﬂﬂm wmlum‘ l: ’ ZI:HHW .
I L f— Lo—1
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Example (14)

For cantilever beam presented in Fig. 2.16, calculate the reactions at the

fixed support under the applied load.

10t

§a Zilr:t \L .

Z

3m . 3m A
Fig. 2.16.a
Solution
10t
s 25mt \L
X,— 3t4%_~qﬂ ) 3t
Ha=85mt Fs 3m * 3m d
Y. =10t
Fig. 2.16.b

a) The fixed support has three reactions Xa, Ya and Ma
b) XF, = 0>>»>»>» X, =3t -
C) XM, =0>>»»>» 25+ 10x6 — M, =0

s~ M, = 85mt j

d XE =
Example (15)

0>»»» 10—-Y, =0 ~Y,=10¢t1
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For cantilever beam presented in Fig. 2.17, calculate the reactions at the

fixed support under the applied load.

5t
. 0.5 t/m’ l
ﬂ% 5 F L L F 5 i
43—
Fig. 2.17.a
Solution
2t
: 5t
} | 0.5 t/m’ l
Xﬂ:ﬂ Qag Y iy o r 3
M some| | 43—
Ya=?t
Fig. 2.17.b

» The fixed support has three reactions Xa, Ya and Ma

a) YF,=0>»»» X, =0

by XM, = 0 >»>»>» 2x2 4 5x7 — M, =0
~ M, = 39mt j
C) XF=0»»»»7-Y,=0 “Y,=7t1
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Example (16)

For frame presented in Fig. 2.18, calculate the reactions at the two

supports under the applied load.

2t/m
f__,St F" YTy L d A ¥ L L L YTYYYY Ty Ty TEYYREY
10t
3m
§ om
st N
Py
IlmL.. Om 1.5m
M g B
Fig. 2.18.a
Solution

Y F, = 0>>»»>» X, =5t «

XM, =0>>»>»>» 18x4.5 + 3x9.75 + 5x8 — 10x1 — ¥,x9 = 0
o Yb = 1558t T

Y My =0>>>»>» —18x4.5 + 3x0.75 + 5x6 — 10x10 + 5x2 + Y,x9 = 0
~Y,=1542¢t1

Check > F, =18 + 3 + 10 — 15.58 — 15.42 = 0 »>>»>»> ok
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X,;=5t Y — 15.58t
al h
._Ilml.. 9m _ILSI[?-
Y,=15.42¢
Fig. 2.18.b

Example (17)

For frame presented in Fig. 2.19, calculate the reactions at the two

supports under the applied load.
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2t
l 1t/m
YYTYYYYYY YYYY 12X E1) WYY ‘ Zt ;
it 4t
| | 2m
4m
l=-2m =}= Sm __jj
Fig. 2.19.a
Solution

YE, =0>>»>»>» X, =2t «

XM, =0>» 1x1+ 8x4 + 4x7 — 2x6 — 2x2 — YV,x8 = 0
~ Y, =5.625t 7T

Y M, = 0 >>>»>» 8x4 + 2x10 + 4x1 + 1x7 + 2x6 — ¥,x8 = 0
~Y,=9375¢1

Check ¥ F, =8+ 2+4+1—-9375-5.625=0>»>»>»>» ok
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2t [
|
i 1t/m |
2t
LA A KK J A & i A i A A i Al ¥ F ¥ ¥ ‘ y
1t 4t
| | 2m
—~|1mi=— —{1m —
4m
X, =2t
pas o
l=2m o} Sm
—5.625
Y,— 9.375t Y5625t
Fig. 2.19.b

Example (18)

For beam presented in Fig. 2.20, calculate the reactions at the supports

under the applied load.

2t . .
m
S N I,
DO T S N, Y, "A0% Y N
Fig. 2.20.a
Solution
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fff 12 ‘H““\H

' ,
l,"llll + c Y
| @, % |
x\k t| 4 | t/"{

Zt H-'\-\-ﬁhh-_ _F-ﬂ.___.-'-/
48t 6t lf)l )
36"_.. b +

Fig. 2.20.b

> For part ab
YM, =00 6x2+6x1—48x3—-2x8+Y,x6=0 Y, =20717

XM, =00 6x8+6x7+48x3—-2x2+Y,x6=0 Y,=16.731
Check Y F,=2+48+6+6—2.07—-16.73=0... Ok

YE =0 X, =3.6t «
Check For all structure

XE=2+48+6+12—-207-1673—-6=0... Ok

Example (19)

For beam presented in Fig. 2.21, calculate the reactions at the supports
under the applied load.
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41 x4
l 5\m.t 2t/m’ 7| 10t
] | o[ T111y )45°
AN &’ fox
24— 233
Fig. 2.21.a
Solution

> For part ab
XM, =00 5+4x1+853x2—-4x10+Y,x8=0 Y, =1741

XM, =00 5-—4x24+4x9+853x10-Y,x8=0 Y, =14.791
Check Y E,=4+4+853—-174-1479=0... Ok

YE =0 X,=7.07t >
Check For all structure

YXE =4+4+707+5-1479-174-354=0... Ok

b 70Tt

i
r 7.07t
B L 53t ?53 L !

4t 4H
853t

l . Is\m't . I 707t
E T F
24— 42

Fig. 2.21.b
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Example (20)

For beam presented in Fig. 2.22, calculate the reactions at the two supports
under the applied load.

3t/m’ 45¢ 4t
i 16 m.t |2Vm
,' a N b III;II |
v el
IR SR WU U R S S S T S
Fig. 2.22

YE =0 X,=0
YM, =00 4x1+16—12x5—45x10+Y,x8=0 Y, =10.6251

XM, =00 12x3+16+4x9—-45x2-Y,x8=0 Y, =9.8751
Check ¥ F, =45+ 12+ 4 —10.625-9.875=0... Ok

Example (21)

For beam presented in Fig. 2.23, calculate the reactions at the two

supports under the applied load.

5t 3t

-

A AN
SO0 Y S YA Y50 Y O PO 1 Y N S 1 1 0 Y0 P8 307 0 O PR

Fig. 2.23
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x = =& &
; iy oy 1
& & “
8
U e e O e s e e

A A A A

] | b I

P e 9l - 8 e '
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Example (22)

For frame presented in Fig. 2.24, calculate the reactions at the two

supports under the applied load.

2t/m

1.5t/m /‘
3t X ] ALLELA K] Al ¥ ALK L K |

lep—2 —=t 5 ol.5ee
Fig. 2.24.a
>M, =00 —75x25—-3x8+15x1+Y,x7=0 Y,=5.89t1

Y M, =0.0 7.5x4.5 + 1.5x8 —3x1 —Y,x7=0 Y, = 6.11t 1
Check Y F,=3+75+15-589—611=0... Ok

YM. =0 forleftpart
—1(3x3 + X;x5.54+5.89x2 = 0.0 X, = 0.505¢t -
YM.=0 forrightpart
7.5x2.5 + 1.5x6 — 6.11x5 + X;,x5.5 = 0.0 X, = 0.505¢ «
Check... >YFx=0.0
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2t/m
/f 1.5t/m /‘
3t A ] ALRN] Al A ¥ ALR L & ] -
C
| 2
3.5
XHE a b
ﬂébr dék,
}-»1-,Tﬁz e 5 ol Snfe
Y
4 Yh

Fig. 2.24.b
Example (23)

For frame presented in Fig. 2.25, calculate the reactions at the two

supports under the applied load.

Solution
ZMb = 0.0 —20x5—7.07x14 4+ 7.07x5 — 20x20 + Y,x18 = 0
Y, = 31.31t 1

5Ma =00 7.07x4 +7.07x5 + 20x13 — 20x2 = ¥,x18 = 0
Y, = 15.76t 1

Check }» F, =20+ 7.07 +20—15.76 —31.31 =0 ... Ok
YM.=0 forleftpart
—7.07x4 — 20x10 + 31.31x8 — X, x5 = 0.0 X, = 4.44t -

YM.=0 forrightpart
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20x5 — 15.76x10 + X,x5 = 0.0 X, = 11.51¢ «
Check Y F, = 444 +7.07—11.51 =0 ... Ok

10 t 20tvm 20t
s JLALISLI L] T
¢ v
20t .
3
a b —r
X PAr> A 4Xp,
vl oy
~ 1 a—a 10 |
Fig. 2.25

Example (24)

For frame presented in Fig. 2.26, calculate the reactions at the two
supports under the applied load.
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3t 1.5 tm’ St
3 .
8
2 B 3—'.- Vi
c
3
A
f—2 — 6 —2—f
Fig. 2.26.a
©
3t l.5tm !
__) {ﬁ 'Y Q‘t ul ﬁ
i ¥
3 I |
T 3t
?l’ X =15t
L&
f—2 6
Y,=8.50t

Fig. 2.26.b

YM.=0 forleftpart
—3%3 + X,x6 = 0.0 X, = 1.5t <
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YXM; =0 forleftpart
—(9x3 + 3x6 + 3x3 — 1.5x6) + y,x6 = 0.0 y, =850t 7T
YE =0 X, =250«

Z M, = Z M, Fixed support

—(5x1 4+ 9x5 4+ 3x10 + 4x6 — 6x3 — 8.5x8) = M, Fixed M, = 18mt
>M,; =0.0 Forrightpart
5x1 —3x3+0.5x6 +18 —y,x2=0.0 y, =8.50t 1T
Check > F,=5+3+12-85-85=0... Ok
Check Y Fc= 0.0 for right part
= —3x2 +9x3 + 5x7 — 3x3 —8.5x8 + 0.5x6 + 18 = 0.0 Ok

Example (25)

For frame presented in Fig. 2.27, calculate the reactions at the two

supports under the applied load.

T_J_.

Fig. 2.27 |— 4 2
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Solution
XYMy =00 4x2+2x4+2x6—-X,x3=0 Y, =933t«

Y M, = 0.0 4%2 + 2x4 + 2x6 — X,x3 =0 X, = 9.33t >
Check Y F, =0... Ok
9.33 4

— == Y, = 6.9997 = 7t 1
Y, 3 b

F,=00 4+2+2-7-Y,=00 Y, =1.0t1

Example (26)

For frame presented in Fig. 2.28, calculate the reactions at the two

supports under the applied load.

Solution

YM, =00 4x45-Y,x3=0 Y, =6t
Y M, =0.0 4x75—-Y,x3=0 Y, =10t 1

Check ¥ F,=4+6—-10=0... Ok
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X, 3

2a 2 x —45¢
Yy, 4 ‘@ <

Y F, =0.0 X, = 4.5t >

F B 41t
!
2t
— — Fx _3 _
YXE =0 E =6t1 R, =2 F, =9t «

Example (27)

For frame presented in Fig. 2.29, calculate the reactions at the two

supports under the applied load.

&

&

F

4 8

&

A ]
S

A 45"

o

—3——2—

%,
%
e e e h0 —
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XM, =0 forleftpart
6x1.5 + 6x1.5 — y,x3 +4x1 —4x1 + 15x2 =0.0 y, =13.33¢t 1T
YE =0 yp = 3.33t !l

XM, =0 forrightpart

Xgx1+X.x2 =00 »> X; =-2X, (D)
YE, =0 »»» —-X;-X.—-5=0 (2)
By solving Eq.1 and Eq. 2 X, =5t« X;=10t -

'ad
I

Example (28)

For frame presented in Fig. 2.29, calculate the reactions at the two

supports under the applied load.
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4 t/m’
3¢ [N 5
1.5
1
}
o 115
el 'ﬂil—i'
— ]'5
P i _i
f— 3 —f=—3 —=—2—]
Fig. 2.29
Solution
12 12 8
| | |
ity v £ v i-”d T
\ 1.5
|
+
A I
Ly PR _}
xMhlﬁ
h!
£a} /Z";WJ)_/I*
Y‘.i ‘rh *
|l=— 3 | 3 -—2—
Fig. 2.29.b
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E, =00 X,=1.0t«

YXM.=0.0 Forleftpart

—12x1.5-3x3 +Y,x3 =10.0 Y, =9.0t17
XE =0.0 Y, =23t1

M, = 0.0 for all structure

12x1.5 + 12x4.5 + 8x7 + 3x4.5 + 3x4.5 + 3x1.5 — 5x1.5 — 23x8 + M,

= 0.0 M, = 45.5mt
Check YM.=0.0 forright part ...........0k
M, =0.0 E, = 43.33t
XM, X - %%”
Px _ 2 F, =325t F=7222tC F:F"i
F, =Tz = 32. =72. omp E
X
S
IR t
b | 5.5
7777777 4 — )
2!

Example (29)

For frame presented in Fig. 2.30, calculate the reactions at the two

supports under the applied load.
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1.5 v/m’

T |,

—

[ s =t et~

E
=
fen
— 4 —— 4 —|-2—
Fig. 2.30.a
6 6
| [
| c |
Y © X 2tT
v
1
+
7
o O
at,) 1
4
Xa ; b t
‘_
Ya Yo
—24 |— 4 —=-2—-]
Fig. 2.30.b
YE =0.0 X, = 4.0t «

YM, =00 6x2+6x6+2x10/+4x2—-Y,x8=0 Y, =9.5t1

YM, =00 6x2+6x6—2x2—4x2—Y,x8=00 Y, =451
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6

§ i |
v

—>

T

b
9.5

2t

-

2t

-’

XA

b
9.5

YM. =0 6x2+2x6—95x4+ Fx4=0.0 F =3.5t« (tension)

Example (30)

For beam presented in Fig. 2.31, calculate the reactions at the supports

under the applied load.

T_ NANMPANNY,
3
L 45°
i Tt il
1.5t/m’
—2 2 23—
Fig. 2.31.a
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Yb Yc ‘/RC
“‘i“‘b c ‘-xt
3t 3t 45t
A A A
A T 7 .
X \\ Lo/ 1.5 Vm
= 2 = 2 2 —— 3 —
. VK
Fig. 2.31.b
YM,=0.0 3x1+ 3x3 —3x1 —4.5x3.5-Y, x4+ X,x5 = 0.0
—6.75 — 4xY, + X;x5 = 0.0 Eq.1
Xa _Z X = ZY Eq. 2
Ya - 3 a — 3 a q'

By solving Eq.1&2 Y, =10.125tT X, = 6.75t «
YXM.=0.0 — 6.75 + 5xY. — X.6 = 0.0 Y. =X,

—6.75 + (5 — 6)Y. = 0.0

Y, = 6.75t 1 X, = 6.75t -
YM, =00  — (3x1+ 3x3 + 3x5 + 4.5x7.5) + 4Y, — 6.75x9 =
0.0 Y, =30.375¢t !
Check X E =0.0 Ok
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Chapter (3)
INTERNAL FORCES IN THE BEAMS

3.1. Introduction

The internal forces are the forces that are created in the structures during
transferring loads to the supports. Also these terms indicate the behaviour of
the structures under the applied load. In the current chapter, the internal forces
created in the beams are studied. As explained in the previous chapters, the
beam is a component of the structures supports on the columns and carries the
loads from the slab. The beam may be simple beam, cantilever, beam with
overhang, compound and continuous beams. All the types of beams are
indicated in Fig. 3.1.

- b Ya a b
A £ | A oy
a) Simplebeam b) Cantilever beam ¢) Beam with overhang
4a b ic 4 h = [
s AN G A Lo o>
e) Continous beam d) Compound beam

Fig. 3.1: Types of beam

From this figure, it can be seen that the simple beam is beam supported
on two supports and the cantilever beam is supports on one support; fixed

support. The beam with overhang is a beam with one or two cantilever. The
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compound beam is beam has intermediate hinges. The continuous beam has

two or more span.
3.2. Type of the Internal Force

The loads on the beam transfer to the supports through the beam by three
internal forces in the two dimensional analysis (2D). These internal forces are
normal force, shear force and bending moment and these can be proved by
considering a free body diagram of the beam as shown in Fig. 3.2. We take a
section in the beam as shown in Fig. 3.2.c. This section must be in equilibrium
so that horizontal force, shear force and bending moment must be created at
the cutting section to maintain equilibrium as shown in Fig. 3.2.d. These forces

are called the internal forces at this section.

12t
“r‘ 2Um°
| (&1 ] LY Fig. 3.2. a: Beam
l— > -
4 12t

St diileriwityalidliwiiolilotil] o3t Fig. 3.2. b:
14* : Hq‘ FBD

-
B
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Fig. 3.2. c: Section

3t | N
14 Fig. 3.2. d: Internal forces

M

The internal forces in the beam and the frame can be explained as below:-

1- Normal Force or Thrust (N)

It is the summation of all forces to the left or the right of the section
parallel to the center line of the beam. It may be tension (+) or compression
(-) as illustrated in Fig. 3.3.

—_— — — — — — — — o

aa) Tension force (+)

b) Compression force (-)
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Fig. 3.3: The normal force

2- Shear Force

Shear force is created where two opposite forces try to cut tear or rip

something in two (see Fig. 3.4). The shear force is numerically equal to the

algebraic sum of all the vertical forces acting on the free body taken from either

sides of the section. Also it can be defined as the summation of all the forces

perpendicular *’ L to the center line of
I

the beam. |

Fig. 3.4: Deformation of the shear force

3- Bending Moment

The bending moment is a term used to describe the force or torque. It

Is exerted on a material and leads to the event of bending or flexure within
that material. The bending is measured in terms of force and distance. The

member is being bent under the bending moment. Its deformation is

characterized by a bent shape stretched and squashed at the same time as

shown in Fig. 3.5,
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Fig. 3.5: Flexure of the beam

» Normal Force Diagram (NFD) indicates how a force applied parallel to

the axis of a beam is transmitted along the length of that beam.

» Shear Force Diagram (SFD) indicates how a force applied perpendicular
to the axis (parallel to cross section) of a beam is transmitted along the
length of that beam.

» Bending Moment Diagram (BMD) shows how the applied loads to a

beam create a moment variation along the length of the beam.

3.3. Sign Convention

Sin conventions of the internal forces that have been mostly commonly
adopted in structural analysis are shown in Fig. 3.6 The normal force is
considered tension force and is taken positive sign if the summation of the

forces parallel the beam center line from left or right interred the cross section.

The shear force is considered to be positive if the sum of the force from
the left is upward. Also the shear force is considered to be negative if the sum
of the force from the left is downward or the sum of the force from the right is

upward.
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A s

Section

1M

N+ve € ——> Ntve

Tension

N-ve % e N-ve

Compression

1) Normal Force

Q +ve i
Q +ve Q Ve Q —ve

Y Y

2) Shear Force

Q +ve
Qe
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M+ve M-+ve M-ve M-ve

M-tve M-ve
3) Bending Moment

Fig. 3.6: Sign convention of the internal forces
3.4. Relationships between the Applied Forces, Shear Force

and Bending Moment

To improve these relationships, take a portion with distance dx from the simple
beam shown in Fig. 3.7. By applying the equations of static equilibrium on this

section, it can be concluded that:-

1- ¥ F,=0>»Q—pdx— (Q—Qdx) =0 3_3 = P e e (1)
This means that the slope of shearing force diagram at any point is equal
to the intensity of the load at that point (p t/m). From equation (1), it can be
noted that
¢+ For the portion of the beam with no loads, the slop of shear force diagram
IS zero.
¢ For the portion of the beam in which the applied load is uniform load,

the slop of shear force diagram is constant.
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p t/m| |

X dx
= |
M
it l M+dM
_©
;o dx
£ E
Q Q+dQ
Fig. 3.7
2- XM, =0 »» M+ Qdx —pdx T~ (M+dM) =0...........(2)
dx

By neglecting the tearm pdx > becouse it is very small,

it can be found that
aMm 3
dx - 3)

This means that the slope of the bending moment diagram at any point
equals to the shearing force at that point. From equation (3), it can be noted
that

¢+ The bending moment diagram will be a straight line in the portion of the
beam in which the shear force diagram is constant.

¢+ The bending moment diagram will be curved in the portion of the beam
in which the shear force diagram varies in any manner.

% At a point of zero shears, the maximum bending moment occurs.

3.95. Solved Examples
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Example (1)

For the given simple beam in Fig. 3.8, draw the normal force, shear force

and bending moment diagram due to the applied load.

Fig. 3.8.a
Solution

> At the first, find the reactions at the two supports

The horizontal reaction at a =0 and the vertical reactions at a&b are 10t

> At the second, draw normal force.

The normal force is the summation of all the forces parallel to the axis

of the centre line of the beam and it is zero.

> At the third, draw shear force as the bellow steps:-
1- Start the Shear Force Diagram at the first value of the force acting on the

beam point#a. In this case it is a +10 t due to the reaction at point a.

2- Keep moving across the beam, stopping at every load that acts on the
beam.

3- Under the concentrated load, a negative 20t force comes. We will minus
20 t from the existing 10t (10t — 20t = -10t).
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4- Moving across the beam again, we come to another force; a positive 10
t (reaction at support b). Again, add this +10t to the shear force diagram
(-10t). This force makes zero shear force at the end of the beam. Itis the
final Shear Force Diagram (SFD).

> At the fourth, draw bending moment diagram as the bellow steps:-
1- Start the bending moment diagram at the support a. At this joint, the

bending moment equals zero.
2- Calculate the moment under the applied load. The moment =Y x3=30mt.
3- Join the calculated moment with the moment at a.
4- The end moment (at point#b) is zero.
5- Join the moment at joint#b with the moment under the concentrated load.

a b
10t ‘ 3 ll 3 %ﬂ t
Lero
NED %
10t
+
S.F.D
10t
B.M.D
W
30 m.t
Fig. 3.8.b

67 Ass. Pr. Eltaly, B.



| Chapter (3): INTERNAL FORCES IN THE BEAMS

Example (2)

For the given simple beam in Fig. 3.9, draw the normal force, shear force and
bending moment diagram due to the applied load.

20t

Fig. 3.9.a

Solution
» Finding the reactions
a) YF,=0>>»>»>» X, =0

4

b) XMy =0 »>»»» 2022 - Vyx6 =0 =¥, ===667t1

C) XM, =0>>>»>»20x4-Y,x6 =0 Y, = % =13.33¢t 17
d) Check }; F, =20 —6.67 —13.33 = 0 »>>>»> ok
» For drawing B.M.D

M from left side = 13.333x2=26.67 m.t
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20t
a b
T, 57
13.33 tI 2 [ 4 Iﬁ.ﬁ? t
NFED Zero :&
133551
+
S.F.D
B 6.67 t
B.M.D
+
26.66 mt
Fig. 3.9.b

Example (3)

Draw the normal force, shear force and bending moment diagrams due to the

applied load for the given simple beam in Fig. 3.10.

10 t 10t
e
—2 ——2 ——2—
Fig. 3.10.b
Solution
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» Finding the reactions
) YF, =0>»»» X, =0
b) 3 Mg =0 »>»»>» 10x2 + 10x4 — ¥,x6 = 0 = ¥, == =10¢ 1

C) My =0 »>»»» 1022 + 10x4 = Yx6 = 0 = ¥, == =10t 1

d) MEFY =104+10—-10—-10 =0 >»>>»>» ok
» For drawing B.M.D
M from left side = 10x2= 20 m.t
M2 from left side = 10x4-10x2= 20 m.t
or M from right side = 10x2= 20 m.t
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10t 10t

N Y
10t 2«1»2—4—»2?‘“

Zero

N.F.D Pan 5
10 t 10 t
SF.D +
10t 10 t

B.M.D

M

20 m.t
Fig. 3.10.b

Example (4)

Draw the normal force, shear force and bending moment diagrams due to the

applied load for the given cantilever in Fig. 3.11.

10t
ga \L 3t
7 om 7
Fig. 3.11.a
Solution
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» Finding the reactions

The fixed support has three reactions Ya, Xa and Ma

Q) YE,=0>>»»» X, =3->

D) XMy q = 0>>»>» 10x6 — M, =0 .. M, = 60mt j
c) XF,=10-Y,=0>» Y, =10t 1

10t
M, = 60mt | | 6m
Y. =10t
3t
\
N.F.D Y _
\ .
10t
'.,: +
S.F.D Y
\ |
60mt :
|
_ |
|
B.M.D

e

Fig. 3.11.b
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Example (5)

Draw the normal force, shear force and bending moment diagrams due to the
applied load for the given cantilever in Fig. 3.12.

10t
o m
S 3m % 3m #
Fig. 3.12.a
Solution

» Finding the reactions
The fixed support has three reactions Ya, Xa and Ma

Q) YE,=0>»»>»X, =3->
D) XMy g =0>>>>» 10x3 - M, =0

* M, = 30mt j

) XF,=10—Y, =0>» Y, = 10t 1
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10t
X, = 3t4g§a J/ 3t

M,=30mt| / 3m————3m ——
[
Y. =10t |
|
|

3t

\

N.F.D ¥ _
\ .
[
10t ;
|
\ '
S.F.D 3 |
)
§ |
|
30mt :
’r
|
B.M.D \ !
|

Fig. 3.12.b

Example (6)

The given simple beam in Fig. 3.13 subjected to uniform load w, draw the

normal force, shear force and bending moment diagram due to the applied load.
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w t/m’
X .
- L -
Fig. 3.13.a
Solution

1- Calculate the reactions at the two supports due to the uniform loads

wL
Yo=Y, = - due to symetry

2- Normal forces equal zero at any point of the beam due to the absent of
the forces that are parallel to the center line of the beam.
3- Shear force diagram
e At point a, the shear force equals the reaction Y,
e At any joint of the beam with distance x from point a , the shear

force can be calculated from below equation:-

wL

QX=7—WX........(a)

4- Bending moment diagram
e At point aand b, the bending moment equal zero
e At any joint of the beam with distance x from point a, the shear

force can be calculated from below equation:-

wx?
Mx = Yax — T (b)
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It can be noted that the maximum bending moment at shear force=0 at
2
the mid-span and it equals %

e From EqQ. b, it can be observed that the bending moment
diagram on the beam under uniform load is second order
parabola.

e To draw this diagram, flow the below steps:-

a) Draw a line from the beam mid-span perpendicular to the
center line of the beam with wL#/4 length to give point c.

b) From the half of the drawn line in step (a), draw a line
parallel to the beam center line. This line is called
tangent#1.

c) Draw a line passes through the start point (a) and the
given point (c) in the first step and other line passes
through the end point (b) and point (c). The first line is
called tangent#2 and the second is called tangent#3.

d) Draw parabola tangent the three tangents.
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w t/m’

Fig. 3.13.b

Example (7)

The given simple beam in Fig. 3.14 subjected to triangle load w, draw shear

force and bending moment diagram due to the applied load.
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L

w t/m

Fig. 3.14.a
Solution

> Calculate the reactions at the two supports

a) YF,=0>»»»» X, =0

wL

b) X My =0 5> “2xZ =Yl = 03 Y, ==

wL

C) TMy =0 »>»»» x =~ VxL = 0» Y, ==

wL wL

d) Check 31 F, = WTL — 22— = 0 »>»»> ok

» To draw the Shear Force Diagram, flow the below steps:-

a) Draw a line at point (a) perpendicular to the center line of
the beam with Y, length (upward or downward) to get
point (y). Point (a) is at the base of the triangle load.

b) Draw a dashed line parallel to the beam center line from
point (y). This dashed line continues till the concentrated
point of the triangle load.

¢) Upward or downward with value of wL/2. Then draw a
dash line#2 till the support b (head of triangle load).

d) Divide the dashed line#2 to get point x.

e) Draw inclined line pass through point x and point y.
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f) Draw parabola tangent the inclined line and the dashed
line#2,
» To draw the bending moment diagram, flow the below steps:-
a) Draw a vertical line from the concentrated point of the
triangle load perpendicular to the center line of the beam
with wL?/9 length to give point c.

b) Draw a line parallel to the beam center line with

wl?2/9+/2 distance on the vertical line. This line is called
tangent#1.

c) Draw one line passes through the start point (a) and the
given point (c) in the first step and other line passes
through the end point (b) and point (c). The first line is
called tangent#2 and the second is called tangent#3.

d) Draw parabola tangents the three tangents.
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w t/m’ |W_L
l 2

|
)

Fig. 3.14.b

Example (8)

The given simple beam in Fig. 3.15 subjected to triangle load w, draw shear

force and bending moment diagram due to the applied load.

Solution
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B.M.D

Fig. 3.15

Example (9)

The given simple beam in Fig. 3.16 subjected to triangle load w, draw shear

force and bending moment diagram due to the applied load.

Solution
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w t/m’ w t/m

R anm \
S.F.D p

Example (10)

For the shown cantilever in Fig. 3.18 subjected to uniform load w, draw shear

force and bending moment diagram due to the applied load.

Solution
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g wt/m’
%& geaneny| , .
R
| L I
A pa— ':
S.F.D y
wl?
T anuw
B.M.D

y
A
/,h

Fig. 3.18

Example (11)

The given cantilever in Fig. 3.19 subjected to triangle load w, draw shear force

and bending moment diagram due to the applied load.

Solution
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wt/m’
Rl L |
(. . |
SF.D 2
.5 |
wl .
6 3rd

B.M.D

/

Fig. 3.19

Example (12)

The given cantilever in Fig. 3.20 subjected to triangle load w, draw shear force

and bending moment diagram due to the applied load.

Solution
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R
>, L =2
R.
s 2r'{]]:‘.heg1'ee
S.E.D ‘*
2
W_L 3rd Degree
3
B.M.D

— L

Fig. 3.20

Example (13)

For the given simple beam in Fig. 3.21, draw the normal force, shear force and

bending moment diagram due to the applied load.
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Fig. 3.21
Solution
» Finding the reactions
) YF,=0>>»»>» X, =0
b) Y M, = 0 >>»>»>» 12x2 + 4x1 + 8x4 — Y,x6 = 0

Y —60—1OtT
N S 6 =
C) I M, =0 >>>> 8x2 + 12x4 + 4x5 — Y, x6 = 0
84
-'-Ya:?::l‘l-tT

d) CheCkZFy =12+4+8—-14—-10=0>>»>> ok
» For drawing B.M.D
M1 from left side = 14x2-4x1 = 24 m.t
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| 2tUm

Fig. 3.21

Example (14)

Draw the shear force and bending moment diagram due to the applied load for

the given simple beam in Fig. 3.22.
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3t 3t 3t

N S

3 —~—3 3+

Fig. 3.22.a

)
\

Solution
> Finding the reactions

The fixed support has three reactions Ya, Xa and Ma

d YF, =0>»»»» X, =0
e) XMy, =0>»»> 3x3+3x6 +3x9 — M, =0

s M, = 54mt j

f) XFp=3+3+3-Y,=0>»Y,=9t1
» For drawing B.M.D
M. from right side = -3x3=-9 m.t

M: from right side = -3x3-3x6=-27 m.t
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—t
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W
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=
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|

('S

L «——

O
p4

S.F.D

yI77777774
_I.
+
(8]

Fig. 3.22.b

Example (15)

Draw the normal force, shear force and bending moment diagram due to the

applied load for the given simple beam in Fig. 3.23.
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6t
2t/m’
o \ ! 2
l— 1 ——1 3 i
Fig. 3.23.a
Solution

» Finding the reactions

a) YF,=0>»»»» X, =0
b) ¥ M, = 0 »>>>> 5.19x1 + 6x3.5 — ¥, x5 = 0

26.190
Yy =——=5238t1

C) XM, =0 >»>»>» 6x1.5 +5.19x4 — Y,x5 = 0

29.76
‘Y, =—C—=59521

d) Check» [F,=6+5.19—5952—5238=0>»>»»>» ok

» For drawing B.M.D
M1 from left side = 5.95x1 = 5.59 m.t
M. from left side = 5.95x2 -5.19x1=6.72 m.t
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5.95

L 076
— el

S.F.D M’_M

B.M.D -
= #;__,
5.95 6.?3 2.25 m.t
Fig. 3.23.b

Example (16)

Draw the shear force and bending moment diagrams due to the applied bending

moment for the given simple beam in Fig. 3.24.
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10mt
a 1 b
=— 2m ~!— 6m -
Fig. 3.24.a
Solution

> Finding the reactions
Q) YE,=0>>»>»>»X, =0
b) XYM, =0>>>»>»10—-Y,x8 =0

2 Y, —10—125tT
‘Y=o =1
Q) YM, =0>»»» 10+ Y,x8=0

Check ¥ F, = 1.25 — 1.25 = 0 »>»»>» ok

» For drawing B.M.D
M1 from left side = -1.25%2 = -2.5 m.t
M;: from right side=1.25x6=7.5
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10mt
a 1N b
l.Eﬁtf % )
R, ] 6m ~11.25t
S.F.D ﬁ;'%
1.25t¢ L
| |
|
| |
| ' |
| 2.5mt |
BM.IK
| k' |
7.5mt
Fig. 3.24.b

Example (17)

Draw the shear force and bending moment diagrams due to the applied bending

moment for the given simple beam in Fig. 3.25.
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10mt
a L. b
| 4m ~!‘ dm —|
Fig. 3.25.a
Solution

» Finding the reactions
a) YF,=0>>»>»>» X, =0
b) XYM, =0>>»>»10—-Y,x8=0

10
o Yb = ? = 1.25t T

Q) YXM, =0>»»» 10+ Y,x8=0

0

Check »; Fy, = 1.25-1.25=0>>»>»>» ok

» For drawing B.M.D
M: from left side = -1.25%4 = -5 m.t
M;: from right side=1.25x4=5
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10mt
a 1 N b
pa &7
1.25t
fop st i 1.25¢
S.E.D a ﬁ;
1.25¢
Sm.t
B.M.D i
_|_
Sm.t
Fig. 3.25.b

Example (18)

Draw the shear force and bending moment diagrams due to the applied bending

moment for the given simple beam in Fig. 3.26.

Fig. 3.26.a
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Solution

» Finding the reactions
Q) YE,=0>>»>»>»X, =0

b) Mg = 0»»»» 10 - ¥,x8 =0 . ¥, == =125t 1

C) XMy = 0>»»» 10+ Y x8 =0+ ¥, = — =125t |

Check ): Fy = 1.25-1.25=0>>»>»>» ok

» For drawing B.M.D
My from left side = -1.25x8 = -10 m.t

M from right side = 0

10mt
a b \l
1.25t+ 2%
[~ Sm -{1.25t
SFD 2 L
‘ j %zm
10mt
B.M.D _
£
Fig. 3.26.b
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Example (19)
Draw the normal force, shear force and bending moment diagram due to the

applied load for the given simple beam in Fig. 3.27.

71
6 m.t
omt 2%
pram <’ !
e s ] e

Fig. 3.27.a
Solution

> Finding the reactions
a) X F, =0>>»>»>» X, =6.06t >
b) XM, =0>>>»>» 6+ 3.5x3—-Y,x4.5=0

—=3.67t 17
4.5

Yb =

C) XM, =0>»»» 6—3.5x1.5+Y,x5=0

5
Yy =— =017t

Check ): F, = 3.5+ 0.17 = 3.67 = 0 >>>> ok

» For drawing B.M.D
M from left side = -0.17x1.5 = -0.255 m.t
M from right side=3.67x3-3.5x1.5=5.75
M. from right side = 3.67x1.5= 5.57 m.t
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3.5
6.06, . Smt | 606
A
k- g
6.06 6.06
N.E.D _
Ly
S.F.D \
0.17 — o a2
- 3.67
0.255
B.M‘.D f
+
575 251
Fig. 3.26.b

Example (20)
Draw the shear force and bending moment diagram due to the applied load for

the given cantilever in Fig. 3.27.

Solution
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] t/'m’
§ || | 1” o :?m.t
a ] :||

25—k o .

Fig. 3.27.a

> Finding the reactions
Q) YF,=0>>»»»X,=0->

D) XMy g =0>»»» 7 +25x1.25—M, =0

“ M, =10.125m.¢ g

C) ZFy=2.5—Ya =0>»Y, =25t17
> For drawing B.M.D

M, from left side =-10.125 m.t M from left side=-10.125-
2.5x1.25+2.5x2.5=-7 m.t Mz from right side = -7 m.t

10.125 2.5t

Fig. 3.27.b
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Example (21)

Draw the shear force and bending moment diagram due to the applied load for

the given cantilever in Fig. 3.28.
t

L o

0.75 t/m J\{) m.t lzm]
SO I
| 4 —1.5—I
Fig. 3.28.a
Solution

> Finding the reactions

The fixed support has three reactions Ya, Xa and Ma

YE,=0>>>»>»>» X, =6
XMy g =0 >>>>»>3x2+ 10+ 7x5.5-6x1—-M, =0
~ Mg, =485mt

a) XF,=74+3-Y,=0>»Y, =101
» For drawing B.M.D
Mi from left side = -48.5-3x2+10x4 = -14.5 m.t

M;: from right side=-7x1.5+6=-4.5 M from right side = 6x1=6 m.t
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7t
48.5 3t l ¢
0.75 t/m’} ,l\Om.l a—
6t T Im
101 «
| 4 1.5~
7t
6t
— |
N.E.D g
10 t
7¢ o
n |

S.F.D

B.M.D

Fig. 3.28.b
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Example (22)

Draw the normal force, shear force and bending moment diagram due to the

applied load for the beam with two overhangs in Fig. 3.29.

6¢t 12t 3 t/m'
T DY SRS RS pR— S Y
’ Fig. 3.29.a |
Solution
YE = 0.0 X, =0.0

XM, =00 —6x2+6x1+12x2+12x4—-6Y,+6x7=0 Y, =18t17
YM, =00  6x1—6x5—12x2—-12x4+6Y, —6x2=0 Y, =24t1
Check X F, =24+18—-12-12-6—-6—-6=0 Ok

For drawing B.M.D

Ma from left side = -6x2 = - 12 m.t

M. from left side = -6x4 -6x1 +24x2 = 18 m.t

M from right side = -6x1 =- 6 m.t
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Git 6 1it 6
v \ 4 R
 oreX, ©
fYa Xa *Yb
N.F.D -
; s

S.F.D

Example (23)
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Draw the normal force, shear force and bending moment diagram due to the

applied load for the beam with one overhang in Fig. 3.30.

10 10
l 2Um’
10 a IL%
=y L =z
15 d 13—
Fig. 3.30.a
Solution

YM,=0.0 —10x1.5+ 10x1+6x3.5—5Y,=0 Y, =3.2t1
Y>M, =0.0 6x1.5+ 10x4 + 10x6.5—-5Y, =0 Y, =228t17
Check X F, =228+32—-20—-6=0 Ok
» For drawing B.M.D
Ma from left side = -10x1.5 = - 15 m.t
M from left side = -10%x2.5 +22.8x1=-2.2 m.t
M. from right side = 3.2x3-6%1.5 = 0.6 m.t

104 Ass. Pr. Eltaly, B.



Chapter (3): INTERNAL FORCES IN THE BEAMS

10
101
N.F.D — 2
12.
M
SED [ ==
10 10 3.2
15
7™, 22
B.M.D e
o 0.6
2.25
Fig. 3.30.b

Example (24)

Draw the normal force, shear force and bending moment diagram due to the

applied load for the simple beam in Fig. 3.31.
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2 m’

[
L

et P s ol e oy ol B B ol I By

Fig. 3.32.a
Solution
> Finding the reactions
YF,=0.0 X, =6t -

>M, =00 3x0.75+ 6x1.5 + 6x4.5 + 8x4.5 - 6Y, =0
Y, = 12.375¢t 1
Y. M, =0.0 8x1.5 + 6x1.5 + 6x4.5 + 3x5.25 - 6Y, =0
Y, = 10.625¢ 1
Check X F, =12.375+10.625-3-6—-6—-8=0 Ok
» For drawing B.M.D
M: from left side = -3x0.75+10.625x1.5 = 13.688 m.t
Mafrom left side = -6x1.5 -3x2.25 +10.625x3 = 16.125 m.t
M3 from right side =12.375x1.5-3x0.75 = 16.3125 m.t
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6
il |

Y=10.625 ’ Yo=12.375

N.F.D paN

B.M.D

16.3125

Fig. 3.31.a
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Example (25)

Draw the shear force and bending moment diagram due to the applied load for

the given beam with two overhangs in Fig. 3.32.

6t 245t e P Gy OF 5t
v RAX S % Wi
gy 4 3
o cada Bt 5 cutlec] Buil] 6 ;-
Fig. 3.32.a

» Finding the reactions

X FE =00 X, =3t «
XM, =00 12+10x3 -6+ 6x6—6Y,+3x8—6x1=0
Y, = 15t 1
>M, =00 12—-6x7—-10x3—-6+3x2—-6Y, =0
Y, =10t 1
Check F, =15+10-10-6—-3—-6=0 0k
» For drawing B.M.D
Ma from left side = -6x2 = - 12 m.t
M. from left side = -6x4 -6x1 +24x2 = 18 m.t

Mo from right side = -6x1 = - 6 m.t
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6t Bt - F gy O >t

i . Lt, = 1 Wi

: WXM/ é
AY, :

1151515

By
b

NFD | +

Fig. 3.32.b
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Example (26)

Draw the shear force and bending moment diagram due to the applied load for

the given beam with two overhangs in Fig. 3.33.

8t/m
3¢k St/m
LT
- 6 1.5~
Fig. 3.33.a
Solution
> Finding the reactions

YM, =00 24x3—6x1+6x7—6Y,=0 Y, =18t1

YM, =00 24x3+6x7—6x1—6Y,=0 Y, =18¢1
Check Y F, =24+6+6—-18-18=0 Ok

» For drawing B.M.D
Ma from left side = -6x1 = - 6 m.t

Mo from right side = -6x1 = - 6 m.t
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8t/m

NFD | .

Fig. 3.33.b
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Example (27)

Draw the normal force, shear force and bending moment diagrams due to the

applied load for the given beam with two overhangs in Fig. 3.34.

Fig. 3.34.a
Solution
> Finding the reactions
YF,=0.0 X, =4t -

YM, =00 11.25x4.5+ 3x11 —6x1—2x0.5—-9Y, =0

YM, =00 11.25x4.5+ 6x10 + 2x9.5 — 3x2 — 9Y, = 0
Y, = 13.74¢ 1

Check > F, =11.25+2+6+3—-851-13.74=0 Ok
» For drawing B.M.D

Ma from left side = -6x1-2x0.5 =- 7 m.t

Mo from right side = -3x2 = - 6 m.t
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I2 11.25 3
| | |
4 4 , N
@Xa=4 %
Yo=13.74 Yi=8.51
4
N.F.D ——S

S.F.D
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Example (27)

Draw the normal force, shear force and bending moment diagrams due to the

applied load for the given beam with two overhangs in Fig. 3.35.

1.5 t/m’
10
a i ¢ 10
S 2
e T s 3 -+=—1.5
Fig. 3.35.a
Solution
> Finding the reactions
Y F. = 0.0 X, =10t -

YM, =00 10x1+ 2.25x4 + 1.13x5.5 — 5Y, = 0
Y, = 5.04t 1

YM, =00 10x4+2.25x1 — 1.13x0.5 — 5Y, = 0
Y, = 8.34¢ 1

Check > F, =10+ 2.25+ 113+ —834-5.04=0 Ok
» For drawing B.M.D

M1 from left side = 8.34x1=8.34 m.t

M: from left side = 8.34x2-10x1 = 6.68 m.t

Mp from left side = -1.13x0.5 = -0.565 m.t
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10 2.25 113
| |
a L 10 ¥ b
:% 2 /’%Xb= 10
Ya= 8.34 Yo= 5.04
10 10
_I_
pay
N.F.D
8.34
_I_
1.66
+ n : |
= |/
8.34 568
B.M.D
Fig.3.35.b
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Example (28)

Draw the normal force, shear force and bending moment diagrams due to the

applied load for the given beam with two overhangs in Fig. 3.36.

2t Sty -+ 5t
s\og hln 2{5
ey \ ! d
B 3 5
Fig. 3.36.a
Solution

» Finding the reactions
YM, =0 1.73x1+5x1+3.54x6—-8Y, =0 Y, =35¢t1T

YM, =0 1.73x7—5x1+354x2—-8Y,=0 Y, =177t 1

YF, =0.0 X, = 2.46t «
Check >Fy=1.73+3.54-3.5-1.77=0.0 ... OK
» For drawing B.M.D
M1 from left side = 1.77x1=1.77 m.t
Mo from left side = 1.77x3-1.73x2 = 1.85 m.t
M. from right side =3.5%5-3.54%3 = 6.88 m.t

M for the cantilever =5x1= -5 m.t
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173 3.5
| ™ JEY
: 2.46, l_* 1 2 l‘ln 3'54b
Ya=l.7’?i 1 | 5 . 3 5 IY};:SS
2.46
— 1 L1.46
N.F.D — s
3.54 3.54
1.77 .
+ + 0.04
S.F.D ﬁ
3.5
A
B.M.D N
3 +
1.77 1.85 —+
6.88 7
Fig. 3.36.b
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Example (29)

Draw the normal force, shear force and bending moment diagram due to the

applied load for the given compound beam in Fig. 3.37.

Solution

> For part a-b
E, = 0.0 X, =9t

XM, =0.0> 6x2+ 6+ 6x4+9x6 + 6x7.5—-6Y, =0.0>Y, =235t17T
XM, =0.0>» 6x1.5+6—6x2—6x4+6Y, =0.0 > Y, =351
Check YF,=6+6+6+9—-35-235=0 Ok

» For part c-a
YE =0 Y, =125t1
XM, =0 M,=19.5tm.t
YE. =0 X, =9t -
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e
6 6 9 6
: 6m\tl 9:
Ya—3.5 d TYb_235
M 33— 3]
xe (1 & %e=35
C _.{
AY, o
I — _
Fig. 3. 37.b

Example (30)
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For the given compound beam in Fig. 3.38, draw the normal force, shear force

and bending moment diagram due to the applied load.

Fig. 3. 38
§ 2 t/m’ 81 6 m.t
az : ) =-.e c@ 4)
le—g— 6 7 S DU S S TN Bl
Solution

» For part ec
YM,=0.0 >»8x3+6—-6Y.=0.0 » Y. =5t1

YM.=0.0 » 6—-8x3+6Y,=0.0 » Y, =3t17
Check Y F,=8-3-5=0 0k

Xc=Rsin® and Y:=R cosO

X _ sin9 tan® > X. = 4t
—_—= = e «—
Y. cosO an ¢

YFE, = 0.0 X, =4t >

> For part d-b-e
SE =0.0 X, =4t >

YM; =00 >»12x3+3x8—6Y, =00 >V, =10¢1
YM, =00 >» 2x3—12x3+6Y;, =00 > Y, =5¢1
Check Y F,=3+12-10-5=0 Ok

» For part ad
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>Fy=0.0 Ye=11t1
YMc=->Mcfixed Mc=24m.t

ZFx:0.0 Xa=4t—
Fig. 3. 38.
T  6mit
z : : :
Xep, j}’q-xc)
A G, L AR,
: 5 5 ¢ : Yo
a et
M, ¢ 6 Y_Yd 'Y :
dj :
Xc_,g‘a ¥ VeXd '

Example (31)
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Draw the normal force, shear force and bending moment diagram due to the

applied load for the given compound beam in Fig. 3.39.

8t 8t 12t

Pas, l l = 0 @%

I*—26—~|——26—~|*26*|——2—~|——4—--—2~l——2~—l———3—~|——3—~l
Fig. 3.39.a

» Finding the reactions
» For part k-L

M, =0.0 > 12x4 —6Y, = 0.0 > Y, =8t1
XM, =0.0 >» 12x2—-6Y, =0.0 » Y, =4t 1
Check ZFy= 12—-8—-4=0 Ok
> For part a-b-k
YM, =00 > 8x2.6+ 8x5.2+ 4x9.8—7.8Y, =0.0 »>Y, =13t 17
YM;, =0.0 >» 8x2.6+ 8x5.2 —4x2 — 7.8Y, = 0.0 > Y, =7t1
Check YF,=8+8+4—-13-7=0 Ok
» For part L-c-e
YM.=0.0 > 18x3—8x2—6Y, = 0.0 > Y, =633t 1
YM; =0.0 » 18x3+8x8—-6Y. =00 >» Y. =19.67t1
Check Y F,=18+8-6.33—-19.67=0 Ok

» For drawing B.M.D
> For part a-b-k
M, from left side = 7x2.6 = 18.2m.t
M, from left side = 7x5.2 — 8x2.6 = 154 m.t
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Mpfrom right side = 4x2 = —8m.t
» For part kL

Msfrom left side = 4x4 = 16 m.t
» For part Lce

M, from left side = —8x2 = 16 m.t
8t 8t 12t

mll'zjg'&b?k;u&ﬁﬂﬂ%

L——zs#za#z&#z*l——at—-kz*!ﬁz# —-|—— —~|

12t

81 321 ﬁ 8?

# 13? 196?% 633l

11. ﬁ'f 5

Fig. 3.39.b
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Example (32)

For the given inclined beam in Fig. 3.8, draw the normal force, shear force
and bending moment diagram due to the applied load.

4 t/m’

b

| s

PR — 4 PR —

Fig. 3.40.a
> Finding the reactions

YM, =00 >»8xl+16x4+8x7—8Y,=00 >V, =16t1
YM, =0.0 >» 8x1+16x4+8x7—8Y, =00 > Y, =16t1
Check Y F,=16+8+8—-16—16=0 Ok

» For drawing B.M.D
M, from left side = 16x2 —8x1 = 24 m.t
M,from right side = 16x2 —8x1 = 24 m.t
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4t/m’ |
O T T

j ; '
3 I ?
[ Yb
Xa' ! 1
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8cosp 8t

8sinp

4.8

N.F.D ~:

4.8
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S.F.D

B.M.D

24 24

Fig. 3.40.b
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Example (33)

For the given trussed beam in Fig. 3.41, draw the normal force, shear force and
bending moment diagram due to the applied load.

4 t/m’ 6 t/m’

v v#‘v

NG

~—4—— 24—
Fig. 3.41.a

Solution

» Finding the reactions

YM, =00 >»—24x1+12x4—6Y, =00 >V, =4t1
Y M, =0.0 >» 24x7+12x2—6Y, =00 > Y, =32¢t1
Check Y F,=24+12-4-32=0 Ok

3 4 4
Ya = gRa and Xa = gRa > >> Xa = §Ya = 42.667 t «

5
R, = §Ya >>>> 53.333 t (comp)
Y Fx=0.0 Xp =42.667t—
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4 t/m’

A
Y Y Y T Y Y Y YYTYTYYTYTYY .-f'i"“'

e
-~
-

6

t/m’

l 4 1'. :ﬂi'

Ya=32t

Fig. 3.41.b

1b= 4t

J/F'—w—-l-—w——i

X, —42.67t

To draw the internal forces, consider the equilibrium of joint#a and joint#b

as shown in Fig.3.31.c

32¢
36t
Fia 3333t 53.33t $
X,=42.67t )
L 2.67=-3], X,=42.67t
\ 77
T R
Y,=32¢ 53.33t Y =4t
Fig. 3.41.c
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36t
42.67 1
- — J/—"}-
32t 3¢
A
14.4
A R
X
53.33t s
N.F.D
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S.F.D

120mt
120mt

B.M.D

Fig. 3.41.d
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Example (34)

For the given continuous beam in Fig. 3.42, draw the normal force, shear
force and bending moment diagram due to the applied load if the bending
moments at support a, b and are indicated.

Ma=-20.31 m.t Mp=-20.125 m.t Ma=-19.90 m.t
Ma 15 15 M
Ivm’
Gy ¢+ 4 S &
A
| 9 IO S S
Fig. 3.42.a
Solution
20.31 m.t 15 15 19.9 m.t

e

Ya Ye
Fig. 3.42.b

Y. M, from left side = —20.125 > —20.31 —27x4.5+9Y, =
—20.125 Y, =13.52t17

Y. M, from right side = —20.125 >» —19.90 — 15x2 — 15x4 + 6Y,
—20.125 Y. = 14963t 1

Y. M, from left side = —20.31 >» —27x4.5 —15x11 —15x13 —19.9 +
14.96x15 + 9Y, = —20.31 Y, = 28.52t 1T

Check Y F,=27+15+15—-13.52—-14.963 —2852=0 Ok
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15.04

S.F.D

2031 20.125

e e 199
BM.D 3\\/%—\ 30 s 30 /E
*

Fig. 3.42.C

Example (35)

For the given a bending moment diagram in Fig. 3.43, put the static system of

a beam to give this bending diagram.

27.5 mt

10mt

- 3.5m - 3m -

Fig. 3.43.

Solution
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1- The structural system of the beam that has bending moment diagram
indicated in Fig. 3.43.a must be cantilever beam because this moment is
negative moment.

2- The location of fixed support is at point#a.

3- The bending moment in portion 1-2 is constant so that shear force in this
part is zero and there is no force in this part and the applied load is

bending moment and it equals 10mt (Q = ddix and p = Z—i).

4- The bending moment diagram in portion a-1is a straight line so that the
shear force diagram is constant and the applied load is concentrated load
at point#1. The value of the concentrated load P1 can be calculated as

below:-

5- M, =10+ Px3.5»» P =" =5t

St

10mt

Fig. 3.43.b

Example (36)

The given diagram in Fig. 3.44 is a bending moment. Put the applied load on
the beam to give this bending diagram.

134 Ass. Pr. Eltaly, B.



Chapter (3): INTERNAL FORCES IN THE BEAMS

10mt

A fmy

jx om 4

Fig. 3.44.a
Solution

In the natural case, the bending moment is zero at the end hinge and roller
supports. In the beam shown in Fig. 3.44.a, the beam has bending moments at
the two supports. This means that there are two moments at the two supports;
Ma.=-10mt and Mp=-5mt. Additionally there are any different in the bending
moment in span a-b or the slop of the bending moment is zero. This means that

there are not applied load in this span.

10mt Smt
; a b
ja' om .
Fig. 3.44.b

Example (38)

The given diagram in Fig. 3.45 is a bending moment. Conclude the applied

load on the beam to give this bending diagram.
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nd degree
5 2

39.5

= T
=]

Fig. 3.45.a

Solution

1- The bending moment in portion 1-2 is a straight line started with zero at

a and with value at point#2 so that shear force in this part is constant and
the applied is concentrated load (P) at point#1 (Q = ddlx and p = Z—i).

2- The value of the concentrated load can be calculated from the moment

at point#2

3- The bending moment diagram in portion a-2 is a parabola from the
second degree so that the shear force diagram is a straight line and the
applied load is uniform load in this portion.

4- The intensity of the uniform load can be calculated as below:-

WL* 9

=—rsw=1
3 3 w t/m
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39.5mt
St
1t/m
V (5,
1 > Ea
4m =. 3m
| 8t
Fig. 3.45.b

Example (38)

For the given compound beam in Fig. 3.46, conclude the applied load (P) to

give negative moment at support b equals the maximum positive moment in

span a-b.
P
l 2t/m
a b Al YYYYYYYYYRYYYRYTYC
A 1 o 4 for
, 1dm  , 1.5m , 1m | 4m )
7 7 I ] !
Fig. 3.46.a
Solution

» For partd-c
F,=0.0 X,=0.0
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YXM; =0.0 >»>8x2—-4Y.=0.0 > Y, =4t1
Y>M.=0.0 » 8x2—-4Y; =0.0 » Y; =4t 1
Check YF,=8-4-4=0 Ok

» For part a-d
M, fromright side = —4x1 = —4mt

M,; = M, (Negative moment = Positive moment)

4
My = Yoxl5 » Y, = 7= = 2.67¢ 1

Ye¢=6.67t1
M; = 2.67x3 — 1.5P
—4 =2.66x3 —15P »>» P =8t1
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|
i 2t/m
a b ;l Y YTIVIIIIFITYC
s 1 VAN er
, 1.5m ;. 1.5m , 1m 4m ;

4t

| 4t
N

b
ek 1 PANY

Fig. 3.46.b
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Chapter (4)

INTERNAL FORCES IN THE FRAME
STRUCTURES

4.1. Introduction

In the frame structure system, the beam girders are connected to the
columns to transfer the bending moment and the other components or members
(floors and roof panels) are not connected to the columns (and called secondary
members). Framing systems are the basic structure used in the majority of new
residential construction to get larger spans to caver large area without inter
columns as shown in Fig. 4.1. It may comprise of wood, steel or concrete

members.

Fig. 4.1: Steel frame building
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The difference between the ordinary building and frame structures is the
connection between the column and beam. There are two types of connection
between them as indicated below:-

1. Flexible Joint or Pin Joint

It is a hinge which can transfer forces only. In this case, the column and

beam end moments are both equal to zero (Mcoi = Mbeam = 0). This

connection is constructed by separating the reinforcements of the
columns and beams in the case of reinforced concrete building. This

connection is illustrated in Fig. 4.2 and it is modeled in Fig. 4.3.

2. Rigid Joint

In this joint, bending moment can be transmitted through the connection.

Also in a rigid connection, the end moments and rotations are equal

(Mbeam = Mca #0). This connection is constructed by inserting the

reinforcements of the columns in the beams. This connection is

illustrated in Fig. 4.2 and it is modeled in Fig. 4.3.

|
| -
Al

b) Connection in frame
Fig. 4.2: Connection between reinforced concrete beam and column

a) Connection in beam
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r 2m 4m -
Y, %Q_
Y,

— X, -

/TN
0777% Joint PaN
AT
a) Ordinary building b) Framed structures

Fig. 4.3: Modeling of the connection between the beam and column

4.2. Statically Determinate System of the Frame

A statically determinate system is a system in which all the reactions of
supports can be determined by means of equations of equilibrium
(X Fx, X Fyand Y M) and the internal forces also can be found by method of

sections. A statically indeterminate system means that the reactions and
internal forces cannot be analyzed by the application of the equations of static
alone. The below equation is used to find the degree of indeterminacy in frame

structures.
I=BM+R)—3/—n

Where:-
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| is the degree of indeterminacy

M is the number of members

R is the number of the reactions

J is the number of the joints

n is the number of the intermediate hinge

Examples: Calculate the degree of indeterminacy in the below frames:-

-

a) Frame#1 b) Frame#2

o]

REReend

>
i
2

c) Frame#3 d) Frame#4
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e) Frame#5 f) Frame#6

For (a) » I =(B3x3+4+3)—3x4—-0=12-12=0
For (b)) » I =(3x2+3)—3x3=9-9=0
For(¢c)»1=(Bx3+4)—3x4—-0=13-12=1
For(d)»I=Bx6+6)—3x7—3=24—-21-3=0
For(e) > =(Bx6+4)—-3x6—-—0=22—-18=4
For (f)» I =Bx4+4)—-3x4—-0=13-12=1
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4.3. Solved Examples

Example (1)

For the given frame in Fig. 4.4, draw the normal force, shear force and bending

moment diagrams.

10t
1 2
4m
a b
5708 v
A—2m—y 4m >
Fig. 4.4.a
Solution

» Finding the reactions
a) YF,=0>>»»»X,=0
b) XM, =0 »>>»>»>» 10x2 — Y,x6 = 0

20
Yy =7 =3331
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C) XMy, =0>>>»>»10x4 —Y,x6 =0
40
“Yy = =667t1

d) Check ¥ F, = 6.67 + 3.33 — 10 = 0 »>>»>»> ok
» For drawing B.M.D

M from left side = 0 M from right side = 0
M3 from left side = 6.67x2= 13.33 m.t

10t

—

[ )

Xa:ﬂ

—_— e

Y,=6.67t Y =3.33¢
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S -1
D —_ H
o “ N.F.D
6.67t
+
_ 3.33¢
S.F.D
s AN
13.33mt
i B.M.D
s AN

Fig. 4.4.b
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Example (2)

For the given frame in Fig. 4.5, draw the normal force, shear force and bending

moment diagrams.

10t

a b
s oy
A—2m— 4m 4
Fig. 4.5.a
Solution

» Finding the reactions
a) LFE,=0>>»>»>» X, =3t-
b) XM, =0>>>»>» 10x2 —3x4 —Y,x6 =0

Y, —8—133tT
Pl ==
C) XM, =0>>»>»>» 10x4 + 3x4 — Y, x6 = 0

52
o Ya=?:867tT
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d) Check ¥ F, = 8.67 + 1.33 — 10 = 0 »>>»>»> ok
» For drawing B.M.D

M from left side = -3x4=-12mt M2 from right side = 0
M3 from left side = -3x4+8.67x2=5.34 m.t

10t
1 \L 2 3t
3
Xa= 3t b
5 ﬁ,»a raa
2m— 4m L
w Ya=8.6?t Yb=1.33t
Fig. 4.5.b
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10t
12mt \L
3t / 3t
- 3
12mt
m 8.67t 1.33t 1.33¢
8.671
TP E‘
3t
—;._
8.67t 1.33t
3t
5 -|=
o N.F.D
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$.67t
+
_ 1.33t
-1 .
S S
S.F.D
A Ly

N

Fig. 4.5.b
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Example (3)

Draw the normal, shear force and bending moment diagrams for the given

frame in Fig. 4.6.

o

| e

Fig. 4.6.a
Solution

» Finding the reactions
a) YF, =0>»>>»>»» X, =5t «
b) XM, = 0>>>>»>» 5x4 + 10x3 - Y,x6 =0

50
Yy = =8331

C) XM, =0 >»>»» 10x3 — 5x4 — Y,x6 = 0
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10
Ya:?: 1.67t17

d) Check ¥ F, = 8.33 + 1.67 — 10 = 0 »>>»>»>> ok
» For drawing B.M.D

M from left side = 5x4=20 mt Mp from right side =0
M from left side = 5x4+1.67x3= 25 m.t
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20 mt
20 mt T
1.67 1.67
51 pY
4 51
1.67
10t
L l b
> 7
8.33
4
a
1 IS!
1.6
g —ala— 3
Fig. 4.6.b
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1.67 1.67

1.67

P
s

8.33 8.33

1.67 5

N.F.D S.F.D

B.M.D
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Fig. 4.6.c
Example (4)
Draw the
force and 3 Um
diagrams  for
in Fig. 4.7.
3
D1
3
. 1
. 6
Fig. 4.7.a
Solution

» Finding the reactions
a) YF, = 0>»>>»>»»X, =6t -
b) XM, =0>>>»» 9x3 + 6x3 —Y,x6 =0

normal,  shear
bending moment

the given frame
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~ Y, —45—75tT
S Xy = 6 = /.
¢) XM, =0 >>>»»» 9x3 — 6x3 — Y,x6 = 0
9
..Ya=g=15tT

d) Check ); Fy =754+15-9=0>>»>»> ok
» For drawing B.M.D

M from left side =0

M. from right side = -6x3=-18 m.t

c 18 mt
3 7.5
6 v
6t — —r
1| +——
3
b o5
??
| 6 |
A
7.5

Fig. 4.7.b
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15 £

N.F.D S.F.D
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31.[] degree

18

I8

".-
o

B.M.D

Fig.4.7.c

Example (5)

For the given frame in Fig. 4.8, draw the normal, shear force and bending

moment diagrams.
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3 tm’

_ MUM&%

4 10 tl

S .
¢ TR VS S
Fig. 4.8.a
Solution

» Finding the reactions
a) YF, =0>>»>»>» X, = 10t «
b) XM, = 0 »>>»>»>» 18x3 + 10x2 — Y,x6 = 0

74
Y, =—=1233t1
6
C) XM, =0>»»>» 18x3 —10x2 —Y,x6 = 0
34
Ya == ? = 567t T

d) Check }: Fy = 12.334+5.67—-18 =0 >>>> ok
» For drawing B.M.D
M1 from left side = 10x2= 20 m.t
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M from left side = 10x4-10x2= 20 m.t

20mt

SN ey

I3

v % 12.33
20mt
12.33
s Gt >
.__t.. 1 ¥
—>
a
' o
5.67
10
F' 3
5.67
Fig. 4.8.b
5.67, - e
|
N.F.D
5.67
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5.67

10 . 12.33

S.F.D

10

20 135

B.M.D

Fig. 4.8.c

Example (5)
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For the given frame in Fig. 4.9, draw the normal, shear force and bending

moment diagrams.

2t/m

| : _

Y

2

‘il_%

2

pras £y l

Fig. 4.9.a = 8 -

Solution

» Finding the reactions
a) 2F, =0>>»>»>» X, =5t -
b) XM, =0>>>»>» 16x4 —5x2 - Y,x8 =0

54
o Yb = - = 6.75t T
8
C) XMy =0>>>>»16x4+5x2 -Y,x8 =0
74
o Ya = E - 925t T

d) Check ¥ Fy = 6.75+ 9.25 — 16 = 0 »>>»>»> ok
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» For drawing B.M.D
M; from left side = -5x4=-20 m.t
M from left side = -5x2=-10 m.t

M3 from right side =0

16t
|

1 v 2
|
2
3|2t L
2
a b =

ot 4‘?
2254 6731

|- 8 -|
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10t

20mt 10mt
5 5
20mt - 10mt
/\( Ké 9.25 6.75 6.75
9.25
.5 Vs o
-
5
—;._
9.25 6.75
T L 5
5 5 .\IL
9.25 = 6.75 T~
; ; : -
TTTT6I5 4
| | -
P
9.25 6.75 5 2
N.F.D S.F.D
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20

K ____________ 10
B A

B.M.D
Fig. 4.9.b

Example (6)

For the given frame in Fig. 4.10, draw the normal, shear force and bending

moment diagrams.

4t
| 1.5 t/m
P LN [ 2t
3
Ay
|—2— 6 |
Fig. 4.10.a
Solution
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» Finding the reactions
a) YF, =0>>>»>»>»X, =4t «
b) XM, =0>>>»>» 9x3 4+ 6x2 —4x2 —3x1 —2x3 —Y,x6 =0

oY, =22 Z 367t 1
Y= =3
) XM, =0 >»>»>»> 9x3 — 6x2 + 4x8 + 3x9 — Y, x6 = 0
74
Yy = =12331

d) MZFY =1233+4+3.67—9—-3—-4=0>>>»>» ok
» For drawing B.M.D
M: from left side = -6x1=-6 m.t
M: from left side = -4x2-3x1=-11m.t
M3 from equilibrium = -6-11=-17m.t
Mas from right side = -4x3=-12mt
Ms from right side = -12mt
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4t 3 S
L2 i s 20
| | 1 --4
6t
3
a b 4 -t
12.33ti S.G?ti
|—2—~] 6 -|
Fig. 4.10.b
4 3 9
\L : 11mt 17mt |t 12mt
[V 5/ U 6
6mt ’” 12mt
7 /\{ kTﬁ.ss 357’T ﬁ
12.33 3.67
=6 | ‘xﬁ_
6
— - - =
,%4
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@

12.33

12.33
N.F.D

S.F.D

B.M.D

Fig. 4.10.c
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Example (7)

For the given frame in Fig. 4.11, draw the normal, shear force and bending

moment diagrams.

3 t/m’ l(l)t

JJILTITITJITTITIT
5t T

e e

Fig. 4.11.a

Solution

» Finding the reactions
a) YF, =0 >>»>»>» X, = 6t «
b) XM, =0> 12x2 + 12x6 + 10x4 + 3x2 + 3x4 + 5x6 — ¥,x8 = 0

184
o Yb =T=23tT

C) XMy =0>»12x6 + 12x2 + 10x4 — 3x2 — 3x4 + 5x2 - Y,x8 = 0

128
o Ya =?= 16tT

d) Check ¥ Fy, =12+12+10+5—-16 — 23 = 0 »>>»>> ok
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» For drawing B.M.D
M1 from left side = 6x2=12m.t
M: from left side = 6x4-3x2=18m.t
M3 from left side =6x6-3x4-3x2=18m.t
Mz from left side = -12x2-3x2-3x4+6x6+16x4=58 m.t
Ms from left side = -12x2-10x4-12x6-3x2-3x4+6x6+16x8=10 m.t
Me from right side =0
My from left side = -5x2=-10 m.t

Mg from equilibrium = 10 m.t

12t 10t 12t
i |
v v s
4 5t
3t,), "
&
3t|1
a b
‘_ﬁ
Iﬁi 23'
Fig. 4.11.b
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12
18mt 1|2 | 10mt
\ y

18mt 10mt
[_\ 18 / Ty

16 18

16
< !

~ lnmtlﬂmtjlﬂ

N 18
-~
3 l 23
=
_ 6
/Flﬁ TZS
16 = 18 .8 :
—— 23 -
I 3 18
TP
16 23 | ?\
N.F.D
s
S.F.D
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18 10
+ |10
1§H + A0
13\. 10
+ 58 @
12 %1\
fmr
B.M.D
Fig. 4.11.c

Example (8)

For the given frame in Fig. 4.12, draw the normal, shear force and bending

moment diagrams.

10t

2.5t/m’ l
2
6t 1
2
pas v

4 ! 4

Fig. 4.12.a
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Solution

» Finding the reactions
a) XM, =0>>»>»>» 10x2 + 10x6 + 6x2 —Y,x8 =0

oYy =2 =115t 1
Y=o =11
b) ¥ M, = 0 >>>> 10x2 + 10x6 — 6x2 — Y,x8 = 0

68
Ya - ? == 85t T

c) Check ¥ F, =8.5+11.5—10 — 10 = 0 »>>»>»> ok
d) X M. for the left side = 0
10x2 + 6x2 —8.5x4 —4x, =0 >> x, = 0.5t -
e) Y. M. for the right side = 0
10x2 — 11.5x4 + 4x, = 0 >> x;, = 6.5t «
f) check)F, =6+ 0.5—6.5=0>>»>»>» ok
» For drawing B.M.D
M from left side = -6x2-0.5x4=-14 m.t
M. from right side = -6.5x4=-26 m.t

M3 from equilibrium =-0.5x2=-1m.t
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10 10t
: |
1 o 2 5
2
LB _{_
2
05 &2 ol L
_’/{» ‘ﬁf” 455
8.5 11.5
10t 10t 26mt
14mt ;
6.‘,/ v 65 J/ 6.5
14mt -
> kT 6.5 \L T 26mt
8.5
m v 11.5 /m
6.5 | b ¥ 6.5
—_— —=
_6
0.5 6.3
—_— ————————
8.5 11.5
Fig. 4.12.b
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8.5

8.5

6.5

6.5

ol

N.F.D

11.5

11.5

S.F.D

14

B.M.D

Fig. 4.12.c

26
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Example (9)

Draw the normal, shear force and bending moment diagrams for the shown

frame in Fig. 4.13.

10 3 t/m’
2 t/m
2}." rerrrersrerazerszrall 11N
2 2tm
1 T O -
~i 1]
DL
3
;; b -
|2~ 8 |2~
Fig. 4.13.2
Solution

» Finding the Reaction
a) YM.=0.0

=16%4 +6x9 -10x2 +2%6 -2%0.5 -5x3-Y,x8 = 0.0
Yp=11.75t1
b) >Mp=10.0
=16%4 +2x8.5 +10x10 -2%x6 +6x1 +5x3 —Yx8 = 0.0
Ya=22.25t1
c) Check >Fy=-11.75-22.25+16+2+10+6=0.0 .... OK
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d) > M= 0.0 for left part
= 5%3 —XpXx6 = 0.0 Xp=25t—
e) > Me= 0.0 for right part
= 16%4 +10x10 +2x8.5 -6x1 -22.25%8 +X:x6 = 0.0
Xa=05t—
» For drawing B.M.D
M from left side = -0.5x4=-2m.t
M from left side = -2x0.5=-1m.t
M3 from equilibrium =2+1=-3m.t
M, from left side = -0.5x6-2x0.5=-4m.t
Ms from left side = -10x2=-20 m.t
Me from equilibrium = 4+20=-24m.t
My from right side = 2.5x3=7.5 m.t
Mg =0
Mo from right side = -6x1=-6 m.t

Mj1o from equilibrium = 0+6=-6 m.t
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10
) 16! 6!
thv -“.'j v VoY
LE J | |2|
4 5
21
—
Je5t
a b X
Rig X
Ya Yo
o 16 6
\L 20me  Z4mt 6mt 6mt !
) 2 1
o =
10 2.5 5 )
10.25 575 0
4me 11.75
20.24 |
2.5
I1mt 0.5
A
20.25
2| H=—10.5
21]]( - 2.5
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9 2.5
= - 8
20.25( |
| [11.75
2225 |
N.F.D

10

0.5 2.5

S.F.D
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B.M.D

Fig. 4.13.b

Example (10)

Draw the normal, shear force and bending moment diagrams for the shown

frame in Fig. 4.14.

61 41
1.5 vm’
2.5
s T
= 1
Lo | ™ /74?)7 1‘5
2 5 s
I 3 —=f—2 |2
Fig. 4.14.a
Solution
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» Finding the Reaction
a) YF, =0>>»>»>» X, = 1t «

b) YMa=4.5%1.5 +4x5 +4x1-3x4 -1x1.5-Ypx7 =0
Yp=2.46t1
C) > Mp =3x2.5 +4%2 +6X7+4.5%5.5 +4x0.5-Yx7=0.0

Ya=12.04t1

d) Check YFy=-12.04-2.46+6+4+4.5= 0.0 ....OK

» For drawing B.M.D
M. from left side = -4x4=-12 m.t

M1 from left side = -4x1=-4 m.t
M3 from right side =-1x2.5-4x2+2.46x4=0.66 m.t

Mg from right side = -1x2.5=-2.5 m.t

6t 4.5¢ 4t
|
|
Yy v l 443t
2.5
|
r o d
H—h | ”%}4' 1.5
al ! h
ﬁ? 2.46t
12.04t
Fig. 4.14.b
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6.04
4 4 %
12.04 = 2.46 5 i -
| 4 2.46
| -1+
| 4
2.46
12.04 o
N.F.D SED

12

\‘\0.66 BN, 1.
& = /

12 Nt 2.5

B.M.D

Fig. 4.14.c
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Example (11)

Draw the normal, shear force and bending moment diagrams for the shown

frame in Fig. 4.15.

10

- |

EN ==Y

1 ¢ 3mt

2

18

2

4

| 3 | 3 1+

Fig. 4.15.a
Solution

YE, =00 X,=6.0t«

YM, =00 4x2+ 2x5+ 10x1 + 6x3 + 3 — 6x2 + 6Y, = 0.0
Y, =627t 1

YM, =00 6x3+10x5—2x3 —4x0 — 3 — 6Y, = 0.0

Y, = 9.83t 1
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Fig. 4.15.b

» For drawing B.M.D
M1 from left side = -4x2=-8 m.t M from right side = -10x1=-10 m.t
M3 from equilibrium = -10 m.t
Mg from right side =-1x10-2x1=-12 m.t
Ms from equilibrium = 12-8=4 m.t
Me from right side = -6x2=-12 m.t
My from right side = -3 m.t

Me from equilibrium = -12-3=-18 m.t
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10 "
| 6
10 = e
|
| 6.17
9.83
N.FE.D
10 10
s | F
+
2l | 4 6
0171 =
/| +
| 6.17
B i
0
S.F.D
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15
e 3
-+ _/12
PL
T
s
BM.D
Fig. 4.15.c

Example (12cas#1)

For the given frame in Fig. 4.16, draw the normal, shear force and bending

moment diagrams.

3t/m
TTYTLY A | K ry K ] Y rw ¥ IERE :‘ 4t
ot
i 3m
. 3m E
om
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Fig. 4.16.a

Solution
» Finding the reactions
» For part b-c
e) YF,=0>>»>»>» X. =4
f) M, =36x6—Y,x12=0-Y, =18t 1
9) XM, =36x6—-Y,x12=0-Y, =18t 1

Check > F, =36 — 18 — 18 = 0 »>>>»> ok

» For part c-a
h) YF, =0>>»»>» X, =4 -
) XM, =0>>»>»>»6x3—-4x9-M, =0

“ M, =18 th

Check ¥ F, =18+ 6 — ¥, = 0 »>>»»>» ¥, = 24t 1
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3t/m

C YTYEY

4t

18mt —Fm

24

A A K ‘

3
24t

Fig. 4.16.b

18t

—p L

() —

N.E.D

18
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18

4

S.F.D ﬁ

» For the BMD
M, =18 — 4x6 = —6mt
M, = 6x3 = 18mt
M;from the equlibrium = 18 — 6 = 12mt

18 12
6

Joint#1

B.M.D ﬁ

Fig. 4.16.c

Example (12cas#?2)
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For the given frame in Fig. 4.16.d, draw the normal, shear force and bending
moment diagrams.

6 4
3m
- 3m | &
om
20mt
D
[ 12m -]
Fig. 4.16.d
1.67t 3Im
v s
1.67tT
¥ .
3wy
20mt
: D
12m -
a

7 Tl.ﬁ Tt
ﬁ.ﬁ?t
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]
~
]
= G |
-
i N.F.D FAN
¢ =
1.67
o S.F.D i 2.9
(4]
ot
el =
=
~1
IS B.M.D

Fig. 4.16.¢
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Example (12cas#3)

For the given frame in Fig. 4.16.f, draw the normal, shear force and bending
moment diagrams.

5 i
3m
- 3m | 1
6m
20t
‘_
Vi ﬁ
e 12m -l
Fig. 4.16.f
20t
¥ - ;
15t 3m
v j5
4— 20t
15t
3 6m
— Lm .l
20t
o
- 12m -
x 180mt
15t
v
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20t
ik @l
mn N.F.D £
1] ot
15t
- -
- E o E

o~ S.F.D AN

180mt

180mt

180mt
" B.M.D

Fig. 4.16.9
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Example (13)

For the given frame in Fig. 4.17.a, draw the normal, shear force and bending
moment diagrams.

3t/m

3t lateseslesesestasatiataaiaaiageenily

Sm
4.5m
Ferrsceisd d
-ILSIE. 6m _J-qu
] 1 | 1
Fig. 4.17.a
Solution

» Finding the reactions

» For part a-c

) XF,=0>»»»» X, =0

K) Y M, =0 >>»»» 18x3 —3x1.5-Y,x6 =0 -~ ¥, = 8.25¢ 1
) XM, =0>>»>»>» 18x3 +3x7.5-Y,x6 =0 Y, =12.75¢t 1T

Check ¥ Fy = 12.75 + 8.25 — 18 =3 = 0 »>>»>»>> ok
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3t/m
T 3t LIy TTTYTYIITIIYTIYTTYYYTYYTFTTYFTYIC
1.5m
) | 8.25t
S.ZStll'_-L[ 3
t
4.5m |
AN
A
12.75t Sm
‘.1.51:3 6m N
] 1 ]
"‘\
3t
—® b b
A
2m 46.5mt
14.25t
Fig. 4.17.b

> For part c-b

MY F, =0>»»»» X, =3 -
n) XM, = 0 >>>»>» 8.25x2 + 3x8 + 6x1 — M, = 0

o~ My = 46.5 mt)

Check ¥ F, =825+ 6 —Y, = 0 >»>>»>»>» ¥, = 14.25t
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~ 14.25
E.?S
12.75
N.ED
14.25
278 \
+ \e
3|,: ™ 14.25
o 3
S.F.D o

B.LD

Fig. 4.17.c
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Example (14)

For the given frame in Fig. 4.18.a, draw the normal, shear force and bending
moment diagrams.

2t/m
miiiiili I'QI"II"I' III'II"II"LL'[JL'_'_L 21’
¢ “—
6t‘ 'm
4m
a 4m
b L~
2m , 2m 6m ”é’}hn
Fig. 4.18.a
Solution

> Finding the reactions
a) Y M, = —4x1 + 4x1 + 12x5 — 2x4 + 6x10 + 2X;, — 8Y, = 0

2112 + 2X, —8Y, =0 ... .... (1)
b) ¥ My = —6x2 + 2x6 + 12x3 + 4x7 + 4x9 — 2X, — 8Y, = 0
250 =X, —4Y, =0 ... (2)

c) X M. for the left side = 0
4x1 + 4x3 + 4x, — 2Y, = 0 216 +4x, —2Y, =0 ... (3)
d) X M, for the right side = 0
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12x3 + 6x8 + 6x, — 6Y, =0 -~ 84+ 6%, —6Y, =0 ..... (4)
By solving the four equations
X,=2- Y,=1217 X, =0 Y, =141
e) check),F, =2—-2=0>>»>»>» ok
j) MZFY=4+4+12+6—14—12 =0 >>>»> ok

2 2

@
o

12 14

S.F.D AN
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4 12 12mt

12mt

12
12 -
12mt

B.M.D AN

Fig. 4.18.b

Example (15)

For the given frame in Fig. 4.19.a, draw the normal, shear force and bending

moment diagrams.

Solution

» Finding the reactions
a) XM, =0
2x4 — 6x2 + 24x2 + 84x11 + 20x20 — 3x4 — 2X,, — 18Y, =0
1356 — 2X, — 18Y, = 0........ (1)
b) ¥ M, = 3x2 — 20x2 + 84x7 + 24x16 + 6x20 — 2x2 + 2X, — 18Y, =
0
~ 1054 4+ 2X, — 18Y, = 0 ....... (2)

200 Ass. Pr. Eltaly, B.



| Chapter (4): INTERNAL FORCES IN THE FRAME STRUCTURES

c) X M. for the left side = 0

24x2 + 6x6 + 2x2 + 6%, —4Y, =0

~ 88+ 6x, —4Y,=0......(3)
d) Y M. for the right side = 0
84x7 + 20x16 + 3x2 + 4x, — 14Y, = 0
5% 914 4+ 4x, — 14Y, =0 ... (4)

By solving the four equations

X,=2632-> Y,=61481T X, =2532« Y, = 725217
e) check ) F, =26.32+2—3—2532=0>>»>»>» ok
f) Check ¥ F, = 20 + 24 + 84 — 61.48 — 72.52 = 0 »>>»> ok

20t
6t/m l
L Tl A AL L LK  ALALAIAEAL11A2X50%
Y
6t
2m l
1+ 2t »> je—3t 4m
4m b: |
i da
2m_, 4m 14m 2m

Fig. 4.19.a
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28.32

==}

TAEY N

61.48

20
.].
~l
]
(= =]
~l
+
= ~
e
L' ¥
L |

26.32

W S.F.D
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107.28

147

B.M.D

Fig. 4.19.b

Example (16)
For the given frame in Fig. 4.20.a, draw the normal, shear force and bending
moment diagrams.

2t
4t/m
zt ’A TYRRT A A A A | F ¥ A ¥ AAR

4.5m

Q T
1.5m

VW d ,,é;}, .

1.5
fe Om . n‘]'J1

Fig. 4.20.a
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Solution
» Finding the reactions

The hinged support at right side and the intermediate hinge are link
support and it was considered as roller support as presented in Fig. 4.20.b
e [or part c-b
YF,=2-X,=0>>» X, =2t «
a) Y M. =36x4.5 + 2x10.5 — 9Y,, = 0 ~ Y, =20.331
b) XMy = 36x4.5—2x1.5-9Y, =0 ~ Y, =17.67t 1

c) Check ¥ F, =36 + 2 —17.67 — 20.33 = 0 »>>»> ok
For part a-c

d) XF, =0>>» Y, =17.67tT TF,=0>>» X, =2t <
) XM, =0>>»2x6—M, =0> M, = 12mt C

2t
4t/m
2t C TEYYRY ALE N ] ALEELAK] A i ki AAR e
Y, 4+—2t )
17.67t
2t
~ > 4.5m
ll?.ﬁ?t
20.33t
12mt .1.51:1‘]_J
9m e 1
a ‘ 2t
17.67¢ Fig. 4.20.b
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(8]
s o
N = — H
= =
)
i N.E.D AN
17.67¢
+ 2t
—
18.33t
+
2
o
Vi S.F.D pé»; :

Am»  Fig. 4.20.c
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Example (17)

For the given frame in Fig. 4.21.a, draw the normal, shear force and bending

moment diagrams.

12t
3t/m ‘
m l Lé 2t/m
2
jf,t
2
Lo
| 6 I 6 f=—2 6 I
Fig. 4.21.a
Solution

% Finding the reactions

» For part d-c

e) YFE,=0>>»>»>X.=0-
fy M, =0>>»»».Y; =61
9 XM;=0>»»».Y. =61
» For part a-b

a) XE, =0>>>»>>» X, =3t «

206
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b) XM, = 0 >>>»>» 3x2 + 12x6 + 36x6 + 4x13 + 6x14 — 3x4 —
Y,x12 = 0
418

.Y, = — =34.833t1
b™ 12

C) XMy, =0>>>»>» 36x6+ 12x6 + 3x2 —4x1 —6x2 —Y,x12 =0

Yy =2 = 2317e1
12 T

Check > F, = 23.17 +34.833+ 6 —36 — 12 —4 — 12 = 0 >> ok

» For drawing B.M.D

M from left side =0 M. from left side = -3x2=-6 m.t
M3 from right side = -3x2-18x3+23.17x6=79 m.t
M, from right side = -4x1-6x2=16 m.t

omt 36t
i

| d : =
2 : *
ot
omt | _ﬂ: 6t
Joint#2 : lﬁl
b

|3t
2

34.833t

12::

—
[ §¥]

|
k-
tj——
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fad

— ——o 2>

23.17
I

N.F.D

23.17

S.F.D
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omt

9mt yﬁ

B.M.D
Fig. 4.21.b

Example (18)
For the given frame in Fig. 4.22.a, draw the normal, shear force and bending

moment diagrams.

2.5t/m’

K S_t.' C d _i_
3 3
J 3 T
3 1.5
g L3
IJ_S

— a b

Fig. 4.22.a o
o— 4 —fo— 4 —f-— 4 ]
Solution
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% Finding the reactions

» For part a-c

a) YF, =0>>»»» X, = 6.5t «

b) ¥ M, = 0 »>»>»>» 1.5x2 + 5x6 + 10x2 — 6.5x6 — Y.x4 = 0

14
~ Y, = i 3.5t 1T

C) TM. = 0>>»>»» 1.5x4+10x2 — Vx4 = 0 = ¥, == = 65t 1
d) Check ); Fy =10—-65—-35=0>>>> 0k

» For part c-b

a) XF, =0 >>»»» X, = 3.5t «

b) XE, =0>»»»»10+10—-35-Y, =0 Y, =23.5¢ 1

C) XMy =0>>»>»>» 10x2 + 10x6 + 3.5x8 + 3x1.5 — 6.5x6 — M}, = 0

# M, =73.5mt )
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10
|

51'. _'I' (_‘6.5

- <
: 3_5% 1:0 1:[1
6:_5,‘-‘ v v d ST
T 35 8 \
T 1.5t 3
2
e
4
A a I_L <
1
6.5i e 3
4 :
o 4 — b 3.5 ) ¥
23.5" 735tm
—4 —f— 4 —|
Fig. 4.22.b
For part d-e-b
dYMg=10.0
73.5+3.5x6+3x4.5- 3F1x=0
Fix=36t
_ _ | 3.5
Fiy = 36x3/4=27t . M :_)

F1 = 45t (compression)
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IIO
_ fu".._vz‘i' ¢ 3
3 3.4 I:l} 1:{]
6. v —» 3 —
“’15 vis b !
{151 27
1 i 2'1
2
l . 3G et | € ¥
L F i
6.5 2 115
4 .
-4 - b33 ) 0
235! 73.5tm
—4 —f—4 —|
Fig. 4.10.c
6.5
6.5 o
29.5
B 3.5
6.5 5 193 5
N.F.D
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6.5 .

[
b G
+ 13.5 \
1.5 295 6.5

+
i 5
NEE
3.5
S.F.D
34

B.M.D
Fig. 4.22.b
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Example (18)

For the given frame in Fig. 4.22.a, draw the normal, shear force and bending
moment diagrams.

Fig. 4.23.a
t 3t/m 10t
P DT v A

€

i
]
i

—2 2 —A— 2 —— 2 —

Solution

» Finding the reactions
) IM, =0>»»» —6x2 + 12x2 + 10x6 — 4x4 — Yyx4 = 0

¢ —56—14tT
wYp ==

g) XMy, =0>>>>» 6x6 +12x2 + 4x4 — 10x2 — Y,x6 = 0

56
Y == 14t

h) Check ¥ Fy =6+ 12+ 10 — 14 — 14 = 0 »>>>»> ok
1) XM, for the left side = 0
6x4 + 6x1 — 14x2 —4x, =0 >> x, = 0.5t «
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J) XXM, for the right side = 0
6x1+ 10x4 +4x, =0 S>> x, = 4.5t -
K) check > F, =05+4—45=0>>»>»>» ok

6t 6, 6, 10t
|
1 Yy w2 41
e € gi_
J h
0.5 :
L 43 b
Fla 14
Fig. 4.23.b e
> For part e-f-a F, Fx
>
dYMe=0.0 05%4=Fxx2Fx=10t Fy=1.0t Fyvy

F1 = 1/2 t (compression)

> For part 2-g-h 05

YFy=0.0 ? «
o 14

Fox =10t

Foy =10t
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F2 = 10v/2 t (compression)

llﬂ t
ZFX: 0.0 F].‘_g*.il t
_ Fx—>,
4-10=F, F1=61t<« (Tension) E
2
F:!l"

» For drawing B.M.D
Ms from left side = -0.5x2=-1 m.t
M for the cantilever from left side = -6x2=-12m.t

M for beam from equilibrium =-12m.t Ms from right side = 4.5x2=9mt

M from right side = 4.5x4-10x2=-2m.t

6t 6| ﬁl

¢ 1 "Ir 4’ 2

=T Te : Bt
i
HJ JlDt

1t— g = 10t

h

2 (05 45
o $14
Fig. 4.23.c
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10

+)1 9¢ +
1777777
B.M.D
8 |
+1
N+ " s =
5 5.5
0.5 +
1 6
I ‘:, 2;5 g
\ 13 4l /
) 102
| |14 14| |
T
Fig. N.F.D
4.23.d
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1.75 tm’ 6t

Example (19) :

For the given frame in Fig. 4.24.3,
draw the normal, shear force and

bending moment diagrams.

Solution

a. Finding the reactions

a LF, =0>>»>»>»X, =3t«
a) XM, =10.5x3 + 6x8 +

3.5x7 —3x4 - Y,x6 =0
Y, =15.33t 17T

218
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b) > M, 10.5x3 + 3x4 — 6x2 — 3.5x1 - Y,x6 =0 ~ Y, =
467t 1T

3.?’[
|
=
lol... r 5 )
|

3
1
/ 3t
‘_
N=3x6/6.7+4.67x3/6.7=4.77
Q=4.67x6/6.7-3x3/6.7=2.83 3 a b
—'f' 5
4.67 5.
- p 15.33 5. fae

Fig. 4.24.b

& ]
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4.25.=2_.,5.36
425_~__2.69
- 1533 283 -~~~
477 P \ X
4.67 3 6356 |+
l
| ' 3
4.67 15.33 3 £
N.F.D S.F.D
Example (20)
For the given frame in
Fig. 4.25, draw the normal,
shear force and bending
moment diagrams
24
6 f
AN E 5
4
;; =
e e e S ot R e s e e e N s
Fig. 4.25.a
Solution
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3 6 6 6 8
| | |
l v v ¢ v i
a b 0.75
0.75, N8 b
$19 *10
Fig. 4.25.b

> Finding the reactions
XM, =—-3x3 —-6x1.54+6x1.5+ 6x4.5+8x9 —Y,x9 =0
~Y, =10t 1T
> M, =3x12 + 6x10.5 4+ 6x7.5 + 6x4.5—-Y,x9 =0
~ Y, =19t 1
Y. M, for the left part = 3x6 + 6x4.5+ 6x1.5 —19x3 — x,x4 =0

s x, = 0.75t -
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0.75

24

) 8 ]. : ANRNRONNW

175777777

N.E.D
Y. M, for the right part = 6x1.5+ 8x6 — 10x6 + x,x4 = 0

S Xp = 0.75t «

Fig. 4.25.c
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Example (21)

For the given frame in Fig. 4.26.a, draw the normal, shear force and bending

moment diagrams.

20t 20t
4t > l 0 l
e
3m
e tl{_‘ d‘,
Zm 3t/m
a w LA B ARAR A AALNI L J L FYYYY "uu-éﬁlj
, 3m , 3m ,
Fig. 4.26.a
Solution

» Finding the reactions

YF, =0 >>»»» X, = 4t «

M, = 20x1.5 + 20x4.5 + 18x3 + 4x5 —Y,x6 =0 .~ Y, = 32.33t 1
Y M, = 20x1.5 + 20x4.5 + 18x3 —4x5 - YV,x6 =0 -~ Y, = 25.67t 1
MZFY =204+20+4+ 18 —-32.33 —25.67 =0 »>» ok

> To finding the internal forces
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The structures must be separate into two parts (see Fig. 4. 26.b) as below

For part c-e-d

Y M, = 20x1.5 + 20x4.5 + 4x3 — 6Y, =0 - Yy =22t1

Y My = 20x1.5 + 20x4.5 —4x3 — 6Y, =0 .~ Y.=18t1
Y. M, for the left side = 20x1.5 — 18x3 —3X. =0 ~ X, =8t—-

Y. M, for the right side = 20x1.5 — 22x3 — 3X4 =0 ~ X4 = 12t «

For part c-a-b-d This part is equilibrium
20t 20t
4t > l o l
ue
3m
12t
-1 d
St——p¢ Q"
Y 5
18t 22t
18t 22t
v v
T «—S8t 12t—»
Z‘m 3t/m
41-‘ dlyyyyyrryyeyy TTTYYIYYYY -'uu_'}ﬁljl
A 3m , 3m 4
! ’ 132.33¢t
25.67t
Fig. 4. 26.b
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12t
_'.:
| — 5
a 0 o — IN
12t
_|_
N.F.D
18t
_|_
2t -
22t
5 + - )
0 0 a
7.67t
AN +
S.F.D 10.33t
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24

B.M.D

Fig. 4. 26.c

Example (22)

For the given frame in Fig. 4.27, draw the normal, shear force and bending
moment diagrams.

X A % .
< fo
X Yb
4
1021
1N 4 t/m’
C&!l ry th.l_u.u_'__u.l.nﬂ _—
—3 }——— 3 —] 3
Fig. 4.27.a
Solution
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» Finding the reactions
b. YF, =0>>»>>» X, = 6t «
C) Y M, = 24x6 +8x6 — 6x4 — Y, x12 =0 -~ Y, =14t 1

Z M, = 24x6 + 8x6 + 6x4 —Y,x12 =0 .Y, =18t 1

b. Finding the internal forces at the intermediate hinges as shown in Fig.
4.27.b

> Me= 0.0 for right part=12x1.5 +8x3 +12x4.5 -Yx6 =00 Y:=16.0t"
> Mg =12x1.5 -6%4 -14%6 —Xx4 +16x3-12x1.5=0.0 Xe=15.0t «
> Mc=12x1.5 +12x4.5 +8%3 -14x9 +Xgx4 —Y¢x3 = 0.0

230 +XaX4 Y X3 =0.0  orreoreeeeee, (1)
TMe=14%3 —Y¢x3 -Xgx4 = 0.0 ooooeieeei.. )
By Solving (1), (2) 12-Ysx6=0.0 Ya=2.0t1 Xi=9.0t—
Xd —P} . T
Yd ?
Yh
4
12 8 12
K o & | 6 ! i
I I ﬂ et
\'j v v ¢
’ 3 l—3 3
Fig. 4.27.b
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|2

< < 5
%3 : j&

o 2 18 12
]—Fﬁ « 1! ﬁi* i d
16% 5V 4
6 f
N.F.D T = 3
- i
|9 gl
s *
N 9
16 L. 16
18 18

Vi
m
b

i
¢ e
(Y]

w ==
14 14

lﬁ"-l;.__

| f

I

!I

[
1 f+
|

&
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6

Fig. 4. 27.b

Example (23)

For the given frame in Fig. 4.28.a, draw the normal, shear force and bending
moment diagrams.

Solution
> For part d-e-f
YMy = 10x4 + 16x4 —8Y, =0  ~Y,=13t1
YM, = 16x4 — 10x4 —8Y4 =0 Yy =3t1

Y. M for the left side = 8x2 — 3x4 —4X3 =0 ~ X4 =1t «
Y. M¢ for the right side = 8x2 — 13x4 — 4X, =0 -~ X, = 9t «
Check > F, =16 —13 —3 =0 >> ok
Check > F, =10—-13 -3 =0 >»>» ok

> For part a-c-b

XM, =24x4 4+ 13x8 + (1 +9)x6 — 8Y, =0 =Y, =32.5t7
XYMy =24x4+3x8—-(1+9)x6 —8Y, =0 ~ Y, =75t1
Y. M, for the left side = 12x2 + 3x4 — 1x2 — 7.5x4 — 4X, =0
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Xa = 1t «
Y. M¢ for the right side = 12x2 + 13x4 + 9x2 — 32.5x4 — 4X, = 0
oo Xb = 9t —

Check > F, =24 +13+3—7.5—-32.5=0>>» ok
Check > F, =1—-1—-94+9=0>»>» ok
2t/m

lﬂt ' Ty .y L i & fﬂf" A LA NI L l_l_
f
4m
Q
. “d e
Zm 3t/m
L A i L A | ¥ f'lof"f"f' ¥ l_l_
C
4m
i a b
LA AN
; 4m 4m

s
! ¥

Fig. 4.28.a
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2t/m
10t > - - IIVIINIIIIIIIY u_'_l_u_l_
f
4m
7&.. d €L e— 9t
A AN
A A
3t 13t
3t 13t
» ] 1t 9t_..'
2m 3t/m
L L L r'lec I TYYTYY
4m
1t
?_ a ;;bﬂ—ﬁ't
4 4m ; 4m ‘
7.5t ' 32.5t

Fig. 4.28.b
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) .
+
(Z
p 1 A S
p -
B.AMD
Fig. 4.28

Example (24)

36 Ot
36 - [
|- o
L] -
0
0
e | ~ |
_ ~ o
N.ED ”
3
Nc\
13
0 ® 0
4.5
\?"\‘ 0 +
\
1 19.5
7 S.F.D
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For the given frame in Fig. 4.29.a, draw the normal, shear force and bending
moment diagrams.

2t/m

v r'iliii;al_;_u[_Ll_:l_l_l_l_‘ 4t

3m l 3t/m
TYTITY u.r.ur.u.u.l.L

4m
a b
1 e
' Sm . Sm
Fig. 4.29.a
Solution

> Finding the reactions

YF, =X, —4=0>»»X,=4t—

XM, =10x2.5+ 15x7.5 + 10x7.5 — 4x10 — 10Y, = 0 ~ Y, = 17.25t T

> M, = 10x2.5 + 15x2.5 + 10x7.5 + 4x10 — 10Y, =0 Y, =17.75t1
Check ¥ Fy, = 17.75+17.25—-10— 10 — 15 = 0 »>> ok

> For part c-e-d
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YM, = 10x2.5—4x3 —5Y; =0 Y, = 2.6t 1

XMy =10x2.5+4x3 -5Y.=0 ~ Y. =74t 7
Y. M, for the left side = 5x1.25 — 7.4x2.5 — 3X. =0 ~ X. = 4.08t «

Y. M, for the right side = 5x1.25 — 2.6x2.5 — 3X4 =0 ~ X4 = 0.08t «

Check ¥ F, =10 —-74—-2.6 =00k X F, =4.08 —4—0.08 =00k

2t/m
1’ (1Y !!i' é;l' 21112 < 4t
3m
| %'iéc ;..ﬂ_ﬂs
7.4t 2.6
7 4 —4.08 0.08—»
?.4[1. uz'ﬁ
10t
3m l 3t/m
ey Lu.l.l.l.u.l.l.L
4m
4t b
——pla
VAN Sant-
A A

Fig. 4.29.b
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|l o

7.4
2.6

4.08

0.08

- 5

17.73
17.2

7.4

&)
0.08

17.78 B

7.75
0.35\
14.65
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12.25
12.25
16
16—
_ ~.35.5
12.5 47.75
B.M.D fm
Fig. 4.29

Example (25)

For the given frame in Fig. 4.30.a, draw the normal, shear force and bending
moment diagrams.

Solution

> Finding the reactions

Y,=0 Y,=0 X,=0

Y. M, for the left side = 10 — 3X, = 0 .. X, = 3.33t «

Y. M, for the right side = 10 — 3X43 =0 ~ X4 = 3.33t «
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10mt f-lﬂmt
)? \
3m
Qc dQ
3m
4m
,,43, ﬁé
7 Sm ~ 2. 5m———2.5m—
Fig. 4.30.a
10mt /-mmt
\s
3.33 dlg 3-33
3m ) ¢
3.33 3.33
3m o4 »
4m
,,4,3, ﬁé
7 Sm ~ 2. 5m———2.5m—
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G —
3.33
Ol ol ¢ 7
e e
+
3.33
S.F.D ok N.F.D o

10— 0——1710

T

10 10

”é;’ B.M.D ﬁ

Fig. 4.30.b
Example (26)

For the given structure in Fig. 4.31.a, draw the normal, shear force and bending
moment diagrams.
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+—8t T
_2tm 1m
pebtle st LTt olid bﬁ,}l' |
2m
a
-2 M-} 21 = 6m = 2m -~
Fig. 4.31.a
Solution
Finding the reactions
YF,=0>»>» X, =8t—
YM, =12x54+4x9 —8x3—-8Y, =0  ~Y,=09t1
Y'M, = 12x3 4+ 8x2 —4x1 —8Y, =0 “Y,=7t1

Check ¥ F, =12+4—-9—-7=0>»> ok
> For joint#l
YF=F,+8—-F,=0.....(1)

YFy=Fy—7+F,=0...(2)

By solving the four equations F;,, = F;,, = 0.5t and F; = 0.701¢t (tension)
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Fyx = F5, = 7.5t and F, = 10.61t (comp)

<+ 8t T
2t/m 1m

TTIITT] lr" ."._L'u_‘u'.".lﬂ 3 -h?é}wl--. L

|r- |
F E
a

T

} Joint#l

o
=

/
-
=
=
—
It
[

=-2m 2m - 6m = 2m -

Fig. 4.31.b

4— 8t

2t/m
ITTTTRTET T TT

— (11211 IIITITITIITITIRIY) TEYRYY

Fig. 4.31.c
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3t

N.E.D

7t

4t 3t

tn
p—.

S.F.D
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ﬁ Smt
+

Smt

B.M.D

Fig. 4.31.d

Example (27)

For the given structure in Fig. 4.32.a, draw the normal, shear force and bending
moment diagrams.

Solution
Finding the reactions
YM, =12x3 + 12x9 + 4x13 — 2x2 — 9Y, = 0 ~ Y, =21.33t7T
Y My = 12x6 + 2x11 — 4x4 —9Y, = 0 ~ Y, =867t1

Check > Fy, =12+ 12+4+2—21.33 -8.67 = 0 »> ok
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2t/m 2t/m
4 ] ]
2t
6m
3m
Y b
a
7=z
) 2m A 6m . 3m 1\ 3m_, 2m
21.33t|
8.67t
Fig. 4.32.a
> For joint#b 10.67t 110-5'”
ZFX - le - sz - O (1)
5 - 5,331
SFy=F,—21334F,=0....(2) >V
le - 05F1y ...... (3)
F,. = 05Fy o (4) .

By solving the four equations
Joint (b)
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Fi, = 5.33t and F;,, = 10.67t and F,; = 11.92t (comp)

F,x = 5.33t and F,,, = 10.67t and F, = 11.92t (comp)

12t 4t
1 1
I 1
T ——p !
-— . = .
10.67¢

8.67t

5.33t

Fig. 4.32.b
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5.33t
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Chapter (5)
TRUSS STRUCTURES

5.1. Introduction

Truss is a type of structures that consist of one or more triangular units.
Each unite is constructed with straight slender members whose ends are
connected at joints referred to as nodes. This type of structures may be used in
building structures or bridges as indicated in Fig. 5.1. In the truss structure, the
external forces and reactions to those forces are considered to act only at the
nodes and result in forces in the members which are either tensile (pulling the

pin) or compressive forces (compress the pin). Moments (torsional forces) are

explicitly excluded because all the joints in a truss are treated as pin joints. The
components of the truss structure are presented in Fig. 5.2. There are various
types of the trusses according to the shape of the trusses as presented in Fig.
5.3.

a) Building
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b) Bridge
Fig. 5.1: Type of truss structures

Gusset plate

Purlins

34
=
P

r o ‘“'::t-ég
/ Bottog cord i

Span

a) Building
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i
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b) Bridges

Fig. 5.2: Components of truss structure

PP ZAN

Pratt Fan

Baltimoro

Pennsylvania
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/T INNN
NN

K Truss

Fig. 5.3: Classification of the trusses
5.2. Determinacy of the Truss

The degree of the determinacy of the truss structures can be calculated from

the below equation.

b = number of bars

r = number of external support reaction

J = number of joints

If 1=0 the trusses is statically determinate

If 1 >0, the truss is statically indeterminate 1<0 the truss is unstable

The truss may be externally unstable if all of its reactions are concurrent or
parallel as shown in Fig. 5.4. Also it may be internally unstable as shown in
Fig. 5.5.
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Fig. 5.4

b) Internally unstable
a) Internally stable

c¢) Internally unstable

Fig. 5.5
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5.3. Method of Analysis

The analysis method of trusses is based on the assumptions that all members

are connected only at their ends by frictionless hinges in plane trusses. Also

all loads and support reactions are applied only at the joints.

1.

Method of Joints

The method of joints consists of satisfying the equilibrium equations > F =

0 and ), F,=0 for forces acting on each joint. The below steps are followed

to determine the forces in the truss member using this method.

1)

2)
3)
4)

5)

6)

Determination all the support reactions using the equations of
equilibrium.
Selecting a joint with one or two unknowns force.

Drawing the free-body diagram of a selected joint.

Assuming that all unknown member forces act in tension (pulling the
pin) unless the force that can be determined by inspection that the forces
are compression loads.

Apply the scalar equations of equilibrium, ¥ FX = 0 and XFY =0, to
determine the unknowns. If the answer is positive, then the assumed
direction (tension) is correct, otherwise it is in the opposite direction
(compression).

Repeating steps 2 to 5 at each joint in succession until all the required

forces are determined.

. Method of Section

This method is used to find analytically the forces in selected members

of the truss. In this method, we isolate a portion of truss by an imaginary cut
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section. This section passes through all or some of selected members. After
that we satisfy at the isolation portion of truss the three equilibrium equations
ZFx=0andZFy=0andZM =0

at any point

3. Graphic Method

This method depends on the three properties of the force; the force has

magnitude, direction and point of applied. In this method, the force can be
represented by a straight line or vector. The below steps are followed to
determine the forces in the truss member using this method.

1) Determine the reactions

2) Represent graphically the external forces (reactions and the applied
loads) graphically. In this step, the external forces are represent by a
diaphragm starts at a point and end at the same point. Each force is
represented by its magnitude and direction.

3) Start with a joint having only two unknown forces.

4) Draw vectors parallel the force directions for the joint. These vectors are
closed. Measure the length of these straight lines and multiply by the
scale factors. These values represent the force magnitude.

5) Go around the joint in the same direction used in drawing the external
forces.

6) Repeat the steps 3 to 5.
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5.4. Zero members

The force in the truss member equals zero in the below cases
1) If only two non-collinear members are connected to a joint that has no
external loads or reactions applied to it, then the force in both members

Is zero (see Fig. 5.6.a).

E
. L -
f/;:, \\ Y [
e
F_?
ZFy=OF1=O

-
ﬁ ZFX=OFZ=O

Fig. 5.6.a

2) If three members form a truss joint for which two of the members are

collinear and there is no external load or reaction at that joint as shown

in Fig. 5.6.b, then the third non-collinear member is a zero force.

F3=Zer0
V_ ‘ ‘
- -
;‘“\\ YF, =0 F;=0
" e & YE,=0F,=F
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5.4. Solved Examples

Example (1)

Find analytically the forces in all members of given truss in Fig. 5.7. by

the method of joint.

4.29t 15.71¢

Fig. 5.7.

Solution

» Finding the reactions

a) YF,=0>>»>»>» X, =10t «

b) Y M, =0 »>>»>»>» 20x4 4+ 10x3 —Y,x7 =0 ~ ¥, = 15.71¢t 1
C) XM, =0 >>>»»>» 20x3 —10x3 — Y,x7 = 0

“Y,=4291
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d) Check ¥ F, = 20 — 4.29 — 15.71 = 0 »>>>»>> ok

4.291

10t a_ €—5.71t
2.
15.71t

-

4.29t

YF, =0 F, =429t

4
Fr, =5 429 =571t

YF,=0 Fq = 1571t >
Joint (a)

20t

¢\ ——3 10t
S.71t 1(4';—15.?1t

4.290¢t 15.71t

YF, =0 F5 = 1571t 1

3
Frp =5 1571 = 1571t «

Y. F, = 0 ok (check)
Joint (d)

Zero

15.?1t<J"—>15.?1t

YF,=0F,=0
YF, =0 F, = 15.71t -

Joint (d)

15.71t

15.71¢
15.71t b

15.71t

X F, =0 ok
Y. F, = 0 ok (check)

Joint (b)
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Member 1 2 3 4 5

Force 15.71) 7.14 |15.71) 0 |22.22

Type T C T C

Fig.5.7.b

Example (2)

Find analytically the forces in all members of given truss in Fig. 5.8. by the

method of joint.

20.5t _
129.5t

Fig. 5.8.a
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Solution

» Finding the reactions

e) XF, =0 >>»>»>» X, =6t «

f) XM, =0>>»>>» 25x4 +50x8+ 6x3 —V,x4 =0 .Y, =129.5t 1
g) XM, =0>>>»>» 50x4+ 6x3 —25x4 - Y,x4=0-Y,=295¢t!
h) Check }: F, =25+ 50+ 25+ 29.5—-129.5 = 0 »>>»>»> ok

129.5¢
1| 50¢ )
66.67t=—\ . 66.67¢ ZAN 66.67t
66.67t——
—jﬁﬂt 129.5tT
NF, =0 Fy =50t1 NF, =0 F; = 129.5t |

4 _ _
Fyr, = 3—50 = 66.67t « % F, =0 F, = 66.67t >

YF,=0 F, = 66.67t -
Joint (c) Joint (b)
25t 25¢

6t Gle 6t ld 6t
72.67t e, —5.66.67¢

50t 254
54.5t7199 5¢
Y F, =0 Fy5 =545t SF, =0 F,=25t1
4 —_—
Fys = 3—54.5 = 72.67t « 2 Fy =0 ok
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zFX:O F6:6t_)

Joint (e) Joint (d)
54.5t
25t
6t 72.67t
-+ — 4 66.67t
29.5tl
XF, =0 ok
. F, = 0 ok (check)
Joint (a)
Member 1 2 3 4 5 6 7

Force 83.33 66.67 | 129.5 | 66.67 | 90.84 6 25

Type T C C C T C C

Fig. 5.8.b
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Example (3)

Find analytically the forces in all members of given truss in Fig. 5.9.a by the
method of joint.

= 60t

60t

20t
Fig. 5.9.a
Solution
Finding the reactions
YM, =20x6 —2X, =0 =X, =60t—
Y M, = 20x6 —2X, =0 ~ Xy = 60t «

Check > Fy =Y, =20t 1T
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20t

c 20t

l 20t

20t
S F, =0 F, =20t1
FXl - Fy1 - ZOt -

YF, =0 F, = 20t «
Joint#c

20t
20t

20t
40t

20t
ZFy == O Fy5 == ZOtT
FX5 == Fy5 == 20t -

Zszo F, = 40t «
Joint#e

20t 20t

20t
20t

NF, =0 F; =20t 1
YF, =0 F, = 20t -

Joint#b
f

20t 40t
20t -e——
l 20t

20t
Y F, =0 F, =20t 1

ZFX:O F8:40t_)

Joint#f
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20t 20t Zero
60t
20t %kai&—ﬁﬂt
40t
60t
XF, =0 Fyo=20t1 X Fy, =0 F;; = zero
Fys = Fyo = 20t —> Y2F, =0 0k
ZFX - 0 FlO - 60t<_
Joint#g Joint#a
20t
SN —> 60t
20t
¢Zern
20t
2L F, =0 ok
Y. F, =0 0k
Joint#b
Member 1 2 3 4 5 6 7 8 9
Force 21 |28.28| 20 20 [28.28| 40 40 20 60
Type C T C T T C T C C
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Member 10 11

Force 2828 O

Type T

Example (4)

Find analytically the forces in all members of given truss in Fig. 5.10.a by

the method of joint.

3.0m

V15t 12ty 7t 15t
|- 4x3=12m -
Fig. 5.10.a
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Solution
Finding the reactions
>M, = 15x3 4+ 12x6 + 15x9 — 12Y, = 0 ~ Yy =21t 1
>My =15x3 + 12x6 + 15x9 — 12Y, =0 ~ Y, =21t 1T
a 2 c 3
8 9 10
7 15 h 16
—>
ol
21 15t 12 t
Check » F, = 0 ok
Fig. 5.10.b
21
7.8 7
21
ZFy=0 Fo =21t ZFy=O Fy6=21tl
ZFX:() F14:7t(_ FX6:Fy6:21t_)
YF, =0 F, =21t «
Joint#f Joint#a
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SF, =0 Fys = 14t -

ZFYZO F9:6tT
YF, =0 F=27t-

Joint#h
62 6
21

27 ky21
15

YF, =0 F,, =21t >

.6.-
-4

Joint#k

>

FX8:Fy8:6t_>

YF, =0 F, =27t <
Joint#b

ZFy:O Fle:6tT
Fy19 = Fy19 = 6t «

YF, =0 F; = 21t «
Joint#c

d
B O
“l\{-‘"
21 212

21

Fy12 = Fy1p = 21t <
SF,=0 F, =0
Joint#d
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N

YF, =0 F3=0 Y F, =0 ok
Y F, =0 ok ok
Joint#L Joint#e
Member 1 2 3 4 5 6 7 8 9
Force 21 | 27 21 0 21 [21V2| 6 | 6vV2 | 6
Type C C C C T C T T

Member 10 11 12 13 14 15 16 17

Force 6v2 | 21 [21v2| O 7 14 27 21

Type C T C C T T T
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Example (5)

Find analytically the forces in all members

method of joint.

of given truss in Fig. 5.11.a by the

3m
- ral
40t 40t
f 3m v 3m £ 3m 5
Fig.5.11.a
Solution
Finding the reactions
YFE, =0 X, = 4t - ok
Y M, = 40x3 + 40x6 —9Y, =0 -~ Y, =40t1
Y>My = 40x3 +40x6 —9Y, =0 ~ Y, =40tT

Check > F, = 0 ok
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d 6
3
1 3
4t a 2 c 4
> ——
T 4t
40t 40t
. 3m , 3m
Fig. 5.11.b
40t ‘T
l 36t d — 401
s a e 40t - —
S 2 36t 4t
T 40t
40t
XF, =0 F,; =40t1 XF,=0 F;=40tT
Fy = F,y = 40t « YF,=0 F, = 40t -
YF, =0 F, = 36t -
Joint (a) Joint (c)
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d i
4Ut—;|-4\
Lero
40t i

40t

ZFy=OFy5=O
Fys = Fys =0
YF, =0 F, =40t «

Joint (d)

40t

l

40t
— =
40t e b

)tlﬂt

LF, =0 F,y=40t!l
Fys = Fys = 40t -
YF, =00k

Joint (b)

40t 10t

Zero

401 -

YF, =0 F, =40t 1
YF, =0 F, = 40t -

Joint (e)
40— —f
40t
40t
XF, =00k
YF, =00k
Joint (f)

N

40t

268
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Member 1 2 3 4 5 6 7 8 9

Force 56.57| 36 40 40 0 40 40 40 |56.57

Tye [ C T T ] TTTT]-— c]TtT]T1]C

Fig. 5.11.c

Example (6)

Find analytically the forces in all members of given truss in Fig. 5.12.a. by the

method of joint.

6t 10t 6t
_ .L L 5t
40m
AN Lo
l—2m——2m——2m—t—2m——2m——2m—
Fig. 5.12.a
Solution
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Finding the reactions

ZFX=OFXd=5t_)
XMy = 6x2 + 10x6 + 6x10 — 5x4 — 12Y, = 0 Yy =9.33t1

X Mg = 6x2 + 10x6 + 6x10 + 5x4 — 12Y4 = 0 ~Yq =12.67t 7

Check » F, = 0 ok

6t 10t 6t
a) 2

12.67
D F, =0 F,3 =12.67t l ZFy =0 Fy, = 6.67t l
F3 = O.SFy3 = 6.33t « F3 = 0.5Fy4 = 3.33t >
YF, =0 F=133t— YFE, =0 F =9.67t «
Joint#d Joint#a
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146 33 746
334/ 16.67

6.67!
1334 ! 53

NF, =0 Fys = 6.67t
Fys = 0.5F,5 = 3.33t «

S F, =0 F,=333t1
FX3 = O.SFy7 = 1.67t -

ZFX=0 F]_O =8t_)
Joint#e

YF, =0 F; = 466t -
Joint#f

Y F, =0 Fg=933t1 Y F, =0 ok YF, =0 ok

FX3 == OSFyB == 466t «

Y F, =0 ok
Joint#c Joint#g
Member 1 2 3 4 5 6
Force 9.67 11.33 14.16 7.46 7.46 3.72
Type C C C T C C
Member 7 8 9 10 11
Force 3.72 10.43 1.33 8 4.66
Type T C T T T
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9.67 : 11.33

-----

Fig. 5.12.c

Example (6)

Find analytically the forces in all members of given truss in Fig. 5.13.a. by the

method of joint.

30t

30t 30t

, 2m . 2m ., 2m 2m )

T x T _I."
Fig. 5.13.a
Solution

Finding the reactions

YF, =0X, =6t

2. M, = 30x2 + 30x4 + 30x6 + 15x8 — 6x2.31 — 8Y,, =0
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Y. My = 30x2 + 30x4 + 30x6 + 15x8 + 6x2.31 -8Y, =0 Y, =61.7317
Check > F, = 0 ok

30t

30t 30t

=— 80.94¢ l 3,
6t Va_oo 80.94t ——m
—2 30 2 74.94t T“ e Fy
Tﬁl.?St Fys
46.73t
YF, =0 F,, =46.73t NF, =0 Fp—Fy,=1673t L
F,, E,,
F,, =—2_=280.94 F,=—2
X1 tan30 < X2 7 tan30
YF, =0 F; = 74.94t > YF, =0 F, + F,, = 80.94t
F., = Fys
Xt tan30
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Joint#a

43.27t

i 15t
74.95¢
<
74.95¢

38.27t

YF, =0 F, =4327t !

F.
y7
= = 74.95
tan30 -

Fx7

Joint#b

ky

sz == 54‘.95t «— FX4 = 25.98t «—

» = 3173t | Fyy = 15.00¢ 1

Joint#c
F‘:.'ﬁ 30t
F ¢
> 74.95¢
Fg — S T —
Fﬁj ?
43.27t

Y Fy, =0 Fyg— Fyg=13.27t
F

Feg = —2
X6 ™ tan30
Z FX = 0 FX6 + FX8 == 7495t
FE
FX8 = Yo
tan30

Fye = 2827t | Fy =15.00¢ 1

Fye = 48.97t —» F,g = 25.98t -
Joint#f
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30t
30t
15t A 13t
N ¢ T i 25.98t
34.97t =2, 25.98t S.
-~— 48.97t \J/<7
74.95t e . 20 74.95¢
31.73t 28.27t
|
30t
ZFy=OF5=30tl szzo ok
Y F, =0 ok Y. F, =0 ok
Jointt#e Joint#d
Member 1 2 3 4 5 6
Force 03.46 63.45 74.94 30 30 56.54
Type C C T C T C
Member 7 8 9
Force 86.54 30 74.95
Type C C T
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Fig. 5.13.b

Example (7)

Find analytically the forces in all members of given truss in Fig. 5.14.a by the

method of joint.

10t
4t

10t 10t

2x3=6m

8t 81

I 4x3=12m 1
Fig.5.14. a

Solution

Finding the reactions

YF, =0X, =6t
Y M, = 10x3 + 10x6 + 10x9 + 8x12 — 4x6 — 12Y;, = 0
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Y M;, = 10x3 + 10x6 + 10x9 + 8x12 4+ 4x6 — 12Y, =0 -~ Y, = 25t 1
Check » F, = 0 ok

10t
C y<_4t
2 3
10t 10t
b 9 g
1 8 11 4
6 12
8t 8t
4_y \/a 5 a 7 e 10 £ 13 h
25 21
Fig.5.14. b
17t Zero
gt i..rFljt 13t d 2131
4_px/a — ] 3t
25
ZFy=O Fy1=17tl ZFy=O F¢ = zero
Fys = Fyy = 17t « YFE,=0F =13t—-
ZFXZO F5 = 13t_)
Joint#a Joint#d
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10t |F
PF}{.:

: F};E
Z emT

17t

1 71—t

Fg

NF, =0 Fpp—Fpg =7
Fyp = Fyp and Fyg = Fyg
Y Fy =0 Fy, + Fyg = 17
Fp =12t « F, =12t |

FX8:5(_ Fy8:5tT

12t
V 8t
10t

ZFXZO FX3:8tT
FX3=Fy3=8t(_

YF, =0 Fy=10t !

Joint#b Joint#c
5¢ 10t
St Zero
_ \lr _ 13te—o-~" 213t
St -3t
131 - . Sp13t
XF, =0 Fy; =5t X Fy, =0 Fy, = zero
FX11:5t<— ZFXZO F13:13t_>
YF, =0 F,=13t-
Joint#e Joint#f
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St 13t
_ 13t - h
St —
e | 3¢
T ZemT T
5t 21t
13t
ZFy:OFy4=13tT szzo ok
Fro = Fyy = 13t « YF, =0 ok
Y F, =0 ok
Joint#g Joint#h
Member|| 1 2 3 4 | 5167 |89 (10]11]12]13
Force ([17v/2]12v2]8v2[13v2] 13| 0 | 13 |5v2] 10 |13 |5v2| O |13
Type C c|cj|c |T T|C| T/ |T|C AT
1312
8 t

13t
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Example (8)

Find analytically the forces in all members of given truss in Fig. 5.15. a by the
method of joint.

7t 91 9t 9t 9t 7t
_ 51t
3
40m
1

lb—2m—-t—2m—-t—2m—-t—2m—-—2m——2m—

Fig. 5.15.a
Solution

Finding the reactions

YF,=0X, = 5t—

%M, = 9x2 + 9x4 + 9x6 + 9x8 + 7x10 — 5x4 — 12Y, = 0
“Y,=19.17 1

XM, = 7x2 + 9x4 + 9x6 + 9x8 + 9x10 + 7x12 + 5x4 — 12Y, = 0
~ Yy =30.831

Check » F, = 0 ok
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Tt 0t 9t 9t 0t it
a 22 b 15 ¢} 14 d ot ' EL 5t
6
16| 13 3
23 2 20 ! 3 1
17 12 9 .
g h K L 4 n 2 03,
19 18 11 10
30.83 19.17
Fig. 5.15.b
19.17 Zero
14.59 . 14.59
- ot
9.591 5
ﬁ" 5]
50 -— Sk
19.17
YF, =0 F, =19.17t ! YF,=0 F;3=0
Fy1 = 0.5F,; = 9.59t - YF, =0 F, = 14.59t «
YF, =0 F, = 14.59t «
Joint#o Joint#n
20.68t Tt 20.68t
. 20.68t .
e ¢ -
6.09 -E— -<— 9 59t A
zero
[t gt
12.17¢ 19.17t
YF, =0 Fjs =1217t YF,=0 Fg =9t 1
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FX5 - O'SFYS - 6.09t J/

YF,=0 F, =20.68—>
Joint#f

9t
3.17t |

12.17t
\j
1.59t |
*

22.27t =
YF, =0 Fyo=3.17t!

Fys = 0.5F,9 = 1.59t -

YFE, =0 Fio = 2227t «
Joint#m

9t
20.075t 20.68t
o ¢ -

e

2,195t 1.59t
ErnT

5.83t 3.17¢

ZFy == O Fy13 == 583t T
Fys = 0.5F,15 = 2.195¢ —

YF, =0 F, = 20.075t >

YF, =0 F, = 20.68t —

Joint#e
Zero

22.27t i1l

= 22,27t

ZFYZO F12 :O
YF, =0 F, = 2227t

Joint#L

9t
20,075t ¢ 20.075t
— <

ot

Y'F, = 0 Fys = 20.075t —

Joint#d Joint#c
14.83t 9¢ 5.83¢ Zero
T ‘l ‘l( 12.661t ae—>" 212.66t
7.415t
-—— ——2.195¢
12.661 - k S 22.27¢
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FX5 - O.SFy17 = 7.415t «— ZFX == O F19 = 12.66t —
Z FX = 0 F18 = 12.66t «—
Joint#k Joint#h

9t

Tt
Zero D 20.0t a
r— Zero
11.91 5ttt 415t
Zer{i
17t

14.83¢
23.83t
XF, =0 Fy, =23.83t1T XFy =0 Fp3 =7t1
Fys = 0.5F,; = 11.915¢ - YF, =0 ok
Y F, =0 F,, = zero
Joint#b Joint#a
23 83t
1 915t
-ﬂ.
12.66t
30.83
2 F, =0 ok
Y. F, =0 ok
Joint#g

Member|| 1 2 3 4 5 6 7 8 9

Force 21.43|14.59|zero|14.59| 13.61 |20.68|20.68] 9 | 3.55 |22.27

Type c| T |-y T | T | C}|T]C]|C
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Member 11 | 12 (13| 14 | 15 | 16 | 17 | 18 | 19 | 20
Force 22.27) 0 [6.23|20.07|20.075 9 |[16.5812.66|12.66| zero
Type T |--—-—-]C| C C C T T T [ ----
Member 21 | 22 | 23
Force 26.64| zero | 7
Type cC|-—-—-1]C

Example (9)

Find analytically the forces in all members of given truss in Fig. 5.16. a by the

method of joint.

30t

£

4m

4m

!

Fig. 5.16.a
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Solution

Finding the reactions

YF,=0X, = 10t «
> M, = 5x4 + 5x8 + 15x4 + 30x8 + 15x12 — 8Y},, = 0

>My = —15x4 + 15x4 — 5x4 — 10x4 — 8Y, =0
2Y, =751

Check » F, = 0 ok

4m ; 4m , 4m

Fig. 5. 16.b
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2.

tn

!
10t

SF, =0 F, =10 -
sz - Fy2 - 10tT
SF,=0F =25tl

2.5t
YF, =0 Fy, =25t

7 ]

t

FX4 == FX4 &S 25t «—
SF, =0 F = 2.5t «

Joint (a) Joint (c)

10t 15t
St 15t
—:::-VE —
| 25t/ :
2.5t 7.5t — — 2.5t
o 3 S

101 cte— MtV

10t 22.5t

NF, =0 Fg =10t 1
YF, =0 F, = 7.5t >

Joint (d)

SF, =0 F,, =22.5t1
FX7 - FX7 - 225t —

YF,=0 F3 =15t >
Joint (e)
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30t 15t
15t 15t 15t
AN L Sy
15t—22
A Tlat
30t
ZFy=OF9=30tT ZFy=0 Fy11=15tT
ZFX = 0 Flo = 15t - FX11 = Fyll = 15t -
YF,=0 ok
Joint (f) Joint (g)
22,5670
¢ 15t
22 5t+ = 15¢
67.5t
X F, =0 ok
YF, =0 ok
Joint (b)

Member 1 2 3 4 5 6 7 8

Force 25 [1414| 25 [3.536| 7.5 10 |31.82| 15

Type C T C C T T C T
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Member 10 11
Force 15 |21.21
Type T C

Fig. 5.16.a

Example (10)

Find analytically the forces in all members of given truss in Fig. 5.17.a by the

method of joint.

288 Ass. Pr. Eltaly, B.



Chapter (5): TRUSS STRUCTURES

10t 20t 20t

10t

[ ]
-

3m

!— 3x3m=9%m

Fig. 5. 17.a

Solution

Finding the reactions

YF,=0X,=5t-

Y M, = 20x3 + 20x6 + 10x9 — 5x3 — 9Y;, = 0
~Y, =28331

Y M, = 20x3 + 20x6 + 10x9 + 5x3 — 9Y, = 0
~Y, =31.671

Check > Fy, = 0 ok
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10t 20t 20t 10t
e 4 e 8 f 10 h St
| 3 6 4 o 4 13
St 1 a 2 3 12 b
d -4
- 3x2m=9m -
31.67t 78.33¢t
Fig.5.17.b
31.67t
10t
21.67t
C
5t a - ——=-21.67t
31.67t
21.67t
31.67t
YF, =0 F, =3167t!l YF, =0 F3 =21.67t!
ZFXZO F2:5t(_ FX3:FX3:21.67t_)
YF, =0 F, =21.67t «
Joint (a) Joint (c)
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21.67t 20t
21.67t
21.67t o
23.34t
21.67t =—— \ L6
5¢ 16.67t —=LoN
d i
21.67¢ 167
YF, =0 F, =21.67t ! YF, =0 F,; =167t!
YF, =0 F; = 16.67t - F., = F,; = 1.67t -
YF, =0 Fg = 23.34t «
Joint (d) Joint (e)
20t
20t 1.67t| 18.33t
23.34t 4 23.341
1.67t—=—— /%—IS.SSt
16.67t Zero
20t
YF,=0 Fy=20t1 YF, =0 Fy,, =1833t1"
Z FX - 0 F10 - 2334t — FX11 - FX11 - 1833t -
Y F, =0 F, = zero
Joint (f) Joint (g)

291 Ass. Pr. Eltaly, B.



Chapter (5): TRUSS STRUCTURES

10¢
23.34¢ h Sl
18.33¢ e
18.33¢
28.33t

NF, =0 Fj3 =2833t1

Check Y F, =0 ok

Zero

check ¥ F, =0 ok
Check Y F, =0 ok

28.33t

28.33t

Joint (h) Joint (b)

Member|| 1 2 3 4 5 6 7 8 9 10
Force 31.67] 5 [30.65(21.67| 16.67 [21.67|2.36 |23.34| 20 |23.34
Type C|C| T C T C T C C C
Member 11 | 12 | 13

Force 25.92| 0 [28.33

Type T || C
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Example (11)

4 £ 8 £ 10 h
2 5 12 i
d g
Fig. 5. 17.c

Find analytically the forces in all members of given truss in Fig. 5.18.a by the

method of joint.

15t 30t 30t 30t 301 15t
5 —
g
Lar]
3 5
3x4=12m | 3m [
Fig. 5.18.a
Solution
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Finding the reactions

Z FX =0 Xb = 5t «
> M, = 30x3 + 30x6 + 30x12 + 15x15 + 5x3 — 12Y, = 0

Yb =95t 1T
2. M, = —15x3 + 30x3 + 30x6 + 30x9 + 15x12 — 5x3 — 12Y, =0
Y, =55t7

Check » F, = 0 ok

15¢ 30t 30t 30t 30t 15t
5t . Ye 4 e 8 f 10 L
A1 3 E - 9 11 21
1a 2 5 12 ;
d g k

! 3x4=12m [

55t 95t
Fig. 5.18.b
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55t 15t
s
LI (- 45t
—= 40t
FZEFG \L
33t 40t
35t
YF,=0F =55t1 YF, =0 F3=40t!
YF,=0 F, =zero Fi3 = F;3 =40t -
YF, =0 F, = 45t «
Joint (a) Joint (c)
40t 140¢ 30t
T 45t £ 55t
‘““"’P\ —= 10t
Zero . 40t \L
d
40t 10t
YF, =0 Fs =40t YF, =0 F,, =10t!
YF, =0 F, = 40t - F,, = F;, = 10t -
YF, =0 Fy = 55t «
Joint (d) Joint (e)
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30t

rn
rn
-

30t
S F, =0 Fy=30t1
ZFX=O F10=55t<_

30t
10t 1$0t
10t = /%Zﬂt
40t 5 30t

Fi11 = Fxqqp = 20t -
ZFXZO F12:30t_>

Joint (f) Joint (g)
30t Eﬂt\L S0t
S5t h 33t | —= S50t
20t e 30t i 20t
20t 50t

ZFy:O F13:50tT
ZFXZO F14:35t<_

Fy15 = Fy45 = 50t —
ZFXZO F16:20t<_

Joint (h) Joint (i)
05t 30t
35t ] Zero
20t b 15¢ ﬁﬂt‘?/\%—lﬁt
Ay 5t \L
S0t 95t '15t
95t
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ZFXZO F18:15t<_

Joint (b)
15t

Zero

15t

Check), F, = 0 ok

Fy19 = Fy19 = 15t -
ZFXZO FZ():O

Joint (j)

15t

15t

Check > F, = 0 ok
Check ), F, = 0 ok

Joint (L) Joint (k)

Member 1 2 3 4 5 6 7 8 9 10
Force 55 | Zero |56.56| 45 40 40 |14.14) 55 | 30 | 55
Type C - | T | C T c| T|C]|]C]|C
Member 11 12 | 13 | 14 15 16 | 17 | 18 | 19 | 20
Force 2828 30 | 50 | 35 |70.71| 20 | 95 | 15 |21.21] zero
Type T C cC | C T c|cj|c|T]|-—--
Member 21

Force 15

Type C
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c 4 e 8 £ 10 20 9y
11 21
1 3 § . 9 " 19
a 2 5 12 18 ,
d g k
Fig. 5.18.c

Example (12)

Find analytically the forces in selected members of given truss in Fig. 5.19.a

by the method of section.

4t 4t

y: 4x3=12m y

Fig.5.19.a
Solution

Finding the reactions

YF, =0X, = 2t «

Y M, = 6x3 + 4x3 4+ 8x6 + 4x9 — 2x3 — 12Y, = 0
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Y. My, = 4x3 4+ 8x6 + 4x9 + 6x9 + 2x3 — 12Y, =0

~Y, =13t1
Check » F, = 0 ok
At 4t
. A
/ v ' :t
3m
a b ——==2t
i~/ ] 7
B & 8t A ¢
Bt 4x3=12m {ot
» For Sec. A-A
4t
YF, =0 F, =9-4=
5¢ | o 1
A
F
Fpy = Fpx Fox = 5t =
F \L .
2 1
F, = 5V2 (tension) p E% ’
YM, =9x3+2x3 - F,x3=0 _%/_ 5 b_l - o
DAN

F, = 11t «

YM,=9x6 —4x3 4+ 2x3+ F;x3 =0
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F, = 16t — (compresion)

zFx=0 2+5+11-2-16=0

> For Sec. B-B
ZMO = 13x3 - F3x3 - 0 4t
16t
Q
:;%R
F \L F -
1 2
B
E | 2¥
c
13t/r
F3 = 13t «—

YM.=16x3 —13x3 - F,,x3 =0
Fy, =3t -

Fyy =Fyy Fpy =3t |

F, =3V2t

Check )E,=0 3+13—-16=0

YE =0 F, =13-4-3=6tT" (tension)
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4t At
16t (C)
£ 2t
—~ 542 t(T)
=, 3Am
O
a b
TN PAW
J: 4x3=12m 7
Fig. 5.19.b

Example (13)
Find analytically the forces in selected members of given truss in Fig. 5.20.a

by the method of section.

= T
6t 6t 1t
F 4x2.5=10m 4
Fig. 5.20.a
Solution

Finding the reactions

YF, =0X, =2t «
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Y M, = 6x2.5+ 6x5 + 1x7.5 + 2x3.75 + 2x2.5 — 10Y, = 0
~Y, =6.5t7

Y. M, = 6x7.5 + 6x5 + 1x2.5 + 2x6.25 — 2x2.5 — 10Y, = 0
~Y, =8.5t1

Check » F, = 0 ok

B A

, s {
|

5
a b
\
S INH e
61 6t 1t
A 4x2.5=10m y
Fig. 5.20.b
» For Sec. A-A F
1
YF, =0 F, =65-1= \
5.5t 1 /\
le% 2.5m
A
SRR b )
= == =+ Dt
Jo &
It W\;S.St

Fy, = Fpy Fpe = 5.5t
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F, = 5.5V2
XM, =1x2.5—-6.5x5 - F;x2.5=0
F, = 12t - (compresion)
XM, =65x2.5—-2x25—-F;x25=0
F; = 4.5t « (tension)
checkE, =0 2+4+454+55-12=0
» For Sec. B-B

Y M, = 8.5x2.5 + 2x1.25 — F;x2.5 = 0

F; = 9.5t - (tension)

check ) M, = 10x2.5 — 8.5x5 + = .
2x1.25 + 6x2.5 = 0 ok =t

YF, =0 F,, =85-2-6=0.5tl

y
Fy, = Fpy Fpe = 0.5t >
F, = 0.5V2 (tension)

checkZFx=0 12—-2-95-05=0 ok
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> For Sec. C-C

Y M, = 8.5x1.25 + 6x1.25 — 9.5x1.25 —
F,x1.7677 = 0

F, = 5/V2 (tension)

> M, = 8.5x3.75 — 6x1.25 — 9.5x1.25 — F,x1.25v2 = 0
F, = 5vV2(comp)

checkF, =85—-6+25—-5=00k

YF,=0 95+25—-5+F =0

F, =7t « (compresion)

2t 12t (C)
2t /\
7t(C) 5
f 0.5/3(T) 2om
a _ . b
> \L 4-5t{TJ\L PAN
6t 6t 1t
A 4x2.5=10m y
Fig. 5.20.b
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Example (13)

Find analytically the forces in selected members of given truss in Fig. 5.21.a
by the method of section

2m L
¢ 2
¢3{]t
ot 2t
4m
a
e b
£ 8x2=16m
Fig.5.21.a
Solution

Finding the reactions

YF,=0X,=0

YM, = 8x4 + 2x10 + 20x16 — 10Y, = 0
Y My, = 8x6 — 20x6 — 10Y, = 0

“Y, =72t
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Check » F, = 0 ok

DI E( B-B
/""\
# : }
2m
; il
D E/
8t 2t
4m
-
/
|a | A
- 8x2=161n
l.at .
d/ 3?.3T|
Fig. 5.21.b
> For Sec. A-A

YXE =0 F,, +F, =372t

2E =0 Fp— F,=0F,=F,
F,, = F, =186t |

Fyy = 2F;, F5, = 9.3t «

Fi, = 2F, Fi, =93t >

20t
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> For Sec. B-B

YXE =0 F =zero

> For Sec. c-Cc

YE =0 F, =18.6t (compresion)

> For Sec. E-E

93—

18.6

ZMC =8x4 + 7.2x8 + F,x2 = 1
0 2m

|

F, = 44.8 (compression)
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> For Sec. D-D

YM,=8x2+72x6 —F,x2=0

_\hc

¢3Gt

724 8t
F, = 29.6 (tension)
29.6t (T)
’ ' Zaro
2m | 13.%1((3
} 44 Stf{C]
\ | ¥
8t 2

Example (14)

Find analytically the forces in selected members of given truss in Fig. 5.22.a

by the method of section
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2x3=6m
10t 10t 10t 10t 10t
# 6x6=36m s
Fig. 5.22.a
Solution

Finding the reactions

YF, =0X,=0

Y M, = 10x6 + 10x12 + 10x18 + 10x24 + 10x30 — 36Y,, = 0

2. M, = 10x6 + 10x12 + 10x18 + 10x24 + 10x30 — 36Y, =0

Check > F, = 0 ok

2 Y, =25t 1
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-

2x3=6m (

ESt? 10t 10t 10t

10t

10t litT

F 6x6=36m

> For Sec. A-A

YE =0 F, =10t (tension)

Fer\
L
i

10t :ﬁ
> For Sec. B-B ; 1:1
YM,.=25x6—-F,x3=0 . i
25t 10t
F; = 50t - (tension) A
> For Sec. C-C § -
—=—F
XM, =10x6 — 25x12 + F,x6 = 0 F’
2x3=6m 1_:”
4
-+ ;;.J l/ .-"ll 0 F:
litT 10t 10t

F, = 40 (tension)

Y M, = 25x12 — 10x6 — 6F, = 0
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F, =40(comp)
> At joint K
E

2N

D Fy =0 F4 =10t - \LP

E, )
Fyy =2F,, Fpy=5t- ng—:}_:ﬂ 10
5 iK _

YF, =0 F, =15t 1

10t
) 40t ((}‘]
2x3=6m 5t (T)
i 10t)(C) |
N FO (T) ¢ A
10t 10t 10t 10t 10t
F HxH6=36m 7
Fig. 5.21.b

Example (15)

Find analytically the forces in selected members of given truss in Fig. 5.23.a

by the method of section
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2

5

13

T ” ” 701

6 m

B —4m —4m | 3x4=12m l
Fig. 5.23.a
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fy

Mo = 0.0
70x12 = Fox = 6

Fox = 140 t (tension)

70t

Fay _ 4 _ _
Fax N 6 - F2y— Fl"‘ 0,
03.33t 70t
. EY
F> =168.26 t (tension) 3
ZM02 = 00
Fix =140 t (compression)
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>Mo=0.0
Fiyx4 + Fixx2 -70%8 = 0.0
4 F1y +2 Fix -70x8 = 0.0

F 2
_ 2 — F1y =05 L, l
F1x 70 t

2 Fax +2 F1y -70x8 = 0.0
Fix = 140 t (tension)
Fiy = 70 t (tension)
F1 = 156.52 t (tension)
Example (16)

Find graphically the forces in members of given truss in Fig.5.24
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Member

Force

|| I ||

Type

Example (16)

Find graphically the forces in members of given truss in Fig.5. 24

2t

4t
S

2t 2t

2t

=11

2x4=8m

Finding the reactions

YF, =0X,=4«

XM, =2x2 + 2x4 4+ 2x6 + 2x8 + 4x2 — 8Y, = 0

Fig. 5. 24.a

Solution

o Yb =6tT
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Y My, = 2x2 + 2x4 + 2x6 + 2x8 — 4x2 —8Y, =0 s Y, =417
Check » F, = 0 ok
2t 2t 2t 2t 2t
’ i
K T M 0
2 C
2m .
7 : N p |1
4t
| =
B 2x4=8m
A
4t 6t
C
r“ % BD
K E
JN
JL AFP
M 2 G
e H
w1
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Member C) | JA |EK| KJ | KL | LA | LI | JF | IM |GM

Force || 4 | 4 | 8 |2v2| 2 | 8 | 0 | 8| 2 | 8

Type [ c [ TJclTt]cJt]..Tclc]c

Member || MN | NA | NO | OH | OP | PA | PI

Force 22 | 4 4 | 4 |42 0 6

Type T T C C T C

Example (17)

Find graphically the forces in members of given truss in Fig. 5.25.

+— 2m —— 4m , dm ——— 2m —+

Fig. 5.25
Solution

Finding the reactions

YF, =0X,=4«
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>M, = 6x4 + 4.5x8 + 1.5x10 — 1.5x2 + 4x4 — 8Y, =0
Y M, = 6x4 + 4.5x8 + 1.5x10 — 1.5x2 — 4x4 — 8Y, =0

Check » F, = 0 ok

Yb =11t 17
2 Y, =71
4.5t 1.5t

At e —
B A
+— 2m —— 4m > 4m T 2m
Member|| c1 [ E1 ] 12 | F2 | 23 | 32 | G4 |45 H5 | 51 |3A
Force |o.75d5 3.251 45 325 \2 [5V2]0.75(4.5 0.75”0.75%5 4.25
Type clclclclclc]l]TlclT]| C
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C

iﬁ\ & BT
& & £

1
f/q} & F
3 .
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Example (18)

Find analytically the forces in members of given truss in Fig.5. 26

30t

Fig. 5. 26
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Solution
» For the main system
30t
C
B1o
Zsro 30t
15t
b d
f s
Zaro
52
13 Zero
1542
al £730% 45° 15t e
’ A
15t 15t
30t

f

15t 15t
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b
Fl £ 0.995
\M
b 137 122 1
I 122 1P
F2
F1 cosd45=1s1n60 15 . 1t
Flsind5+1cos60=F2 a0 1.726 e
$ind 5 . 2

= > 8.69t
—-1.726
Total forces
Member | Fo F1 F=Fo+xF1
AB 0 -1.37 [-11.9
BC 0 -1.22 |-10.614
CD 0 -1.22 |-10.614
DE 0 -1.36 |-11.83
EF -15V2 [ 1.22 |-106
EB 0 1 8.69
EA 15 -1.726 | 0
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AF -15V2 [1.22 |-10.6
AD 0 099 |[8.7
CF -30 1.72 |-15.06

Example (18)
Find analytically the forces in members of given truss in Fig.5.27
20t

]

m

h

m

£ 10m i 10m .

Fig.5.27
Solution

» For the main system
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Joint £ Jointa
yl+y2=20 20t ZLero
xl=x2 £
F1=F2 - Fl p1=20t
v1=10t and yv2=10t

x1=2yl

F1=Fl=1{]\]?

10t 10t
20t
C
TO o 10m
20
b df
Zero ’/Z-EI Sm
Zero
a 20 el
1{]\|? IOE Sm
—10m £ 10m .
Main system

To find X1

Zero

F1
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Jointb Joint ¢
F1 -

x1=0.97 7 1=0.97

b ——= 0.97 X _
v1=0.97 1t v1=0.97 QQ?———fﬁﬂﬁgxxhﬁf:i—ﬂﬁf
F1=137t  F2 \L F1=137t T
F2=1.21t 0.24 F2=1.93 F2: F1

0.97 097

Joint £ Jointa
y1+y2=1.93 0.24
xl=x2 1.93 1.21

F1=F2 k2 WH ¥2=0.24
y1=0.97and y2=0.97 x2=0.96

x1=2vl
Fi1=F2=2.166

F1=0.97

=20 062t
X =797
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Total forces

Member | Fo F1 F=Fo+xF1
AB 0 -1.21 |-24.95
BC 0 -1.37 |-28.25
CD 0 -1.37 |-28.25
DE 0 -1.22 |-25.16
EF 10V5 | -2.166 | -22.3
FC -20 1.93 |19.87
EB 0 1 20.62
EA -20 097 |0

AF 105 | -2.166 | -22.30
AD 0 1 20.62

326 Ass. Pr. Eltaly, B.



Chapter (6): INFLUENCE LINE

Chapter (6)
INFLUENCE LINE

6.1. Introduction

Structures may be subjected to live loads whose position may vary on
the structure as bridge structures. As the car moves across the bridge, the forces
in the bridge members change with the position of the car. Also the maximum
force in each member will varied at a different car location and the design of
each member must be based on the maximum force in its.

Influence Line is defined as the behavior of a structure as a function of
the position of a downward unit load moving across the structure. The behavior
of the structure includes the reactions, shear force, normal force, bending
moment and the torsion. To calculate the influence line follow the below

equations:-

a. Consider a unit load to move over the structure from left to right

b. Calculate the values of reactions, shear force or bending moment,
at the point under consideration, as the unit load moves over the
structure from left to right

c. Plot the values of the reactions, shear force or bending moment,
over the length of the beam, computed for the point under

consideration
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6. Solved examples

Examplettl

Find the influence line for Ya, Yb, Qm-m, Qs-s, Mss and Mm-m as a result of

moving unite loads from left to right on the shown beam in Fig. 6.1.

1t
L a 1 m, b
Ay sl ml s
2m
. Sm ,
.-'.'Ir : 101“ 4
Fig.6.1.a
Solution
> For I.L (Ya)

When the unite load moves from ato b

e The load at a —the reaction Y. will be 1t upwards

e The load at a distance 1mfrom a —the reaction Ya will be 0.9t
upwards

e The load at a distance 2mfrom a —the reaction Y. will be 0.8t
upwards

e The load at a distance 5m from a — the reaction Ya will be 0.5t
upwards

e The load at a distance 10m from a (at b)—the reaction Y. will

be zero
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> For I.L (Yy)
When the unite load moves fromatob

e The load at a —the reaction Y, will be zero

e The load at a distance 1m from a— the reaction Yy, will be 0.1t
upwards

e The load at a distance 2mfrom a — the reaction Yp will be 0. 2t
upwards

e The load at a distance 5m from a — the reaction Y, will be 0.5t
upwards

e The load at a distance 10m from a (at b)—the reaction Y, will
be 1t upwards

» For l.L (Qs-s)
When the unite load moves from a to the locations of the sections Qs-s =

Ya-1
e The load at a —the shear Qs will be zero
e The load at a distance 1m from a— the shear Qss =0.9-1=0.1t
downwards
e The load at a distance 2m from a — the shear Qss =0.8-1=0.2t

downwards

When the unite load moves from the locations of the sections to b Qs.s =
Yp-lato

e The load at b —the shear Qsswill be zero
e The load at a distance 1m from b —the shear Qss =0.9-1=0.1t

upwards
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e The load at a distance 8m from b — the shear Qs.s =0.2-1=0.8t
upwards

» For I.L (Qm-m)
When the unite load moves from a to the locations of the sections Qm-m

=VYa-1
e The load at a —the shear Qm-m Will be zero
e The load at a distance 1m from a— the shear Qm.m =0.9-1=0.1t
downwards

e The load at a distance 5m from a — the shear Qm-m =0.5-1=0.5t

downwards

When the unite load moves from the locations of the sections to b Qm-m
=Yp-lato

The load at b —the shear Qm-mwill be zero

e The load at a distance 1m from b —the shear Qm-m =0.9-1=0.1t
upwards

e The load at a distance 8m from b — the shear Qm-m =0.2-1=0.8t
upwards

e The load at a distance 5m from a — the shear Qm-m =0.5-1=0.5t

upwards

> For I.L (Mss)
When the unite load moves from a to the locations of the section Mss =

Ya.* the distance between the section and the support a-1*the distance

between the location of the moving load and the section

e The load at a —the moment Ms.s will be zero
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e The load at a distance 1m from a— the moment Mss
=0.9x1=0.9mt

e The load at a distance 2m from a — the moment Mss
=0.2x2=1.6mt

» For I.L (Mm-m)
When the unite load moves from a to the locations of the sections Ms.s =

Ya.* the distance between the section and the support a-1*the distance
between the location of the moving load and the section
e The load at a— the shear Mm-m will be zero
e The load at a distance 1m from a— the moment Mm.m
=0.9x1=0.9mt
e The load at a distance 5m from a — the moment Mm-m
=0.5x5=2.5mt
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1t

l\
LL (Y,) a

1t
IL{Y)K/‘

0.8t
LL Q) drs I\ﬁf
. a b
5-5 _
0.2t
LL (M) a
V

E'

0.5t
LL (Q 1) a \
M 0.5
LL (M, )2 b
+ | +
Fig. 6.1.b
2.5mt

Example#2
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Find the influence line for Ya, Yb, Qm-m, Qs-s, Ms-s, Mm-m, Qn-n, Mn-n, Qtt

and M. as a result of moving unite loads from left to right on the shown beam
in Fig. 6.2.

1t
t
a 1 m, 1 b
ol ml a8
7;2—“]} Jﬂ,_t
.-"r 41“ !
J:.-’ Sm ,.-" zm;’
Fig. 6.2.a
Solution
> For I.L (Ya)

When the unite load moves fromato b
e The load at a — the reaction Y. will be 1t upwards

e The load at a distance 8m from a (at b) —the reaction Y. will be
zero

e The load at a distance 10m from a (at the free point) the reaction
Ya will be 2/8t=0.25t
> For I.L (Yy)
When the unite load moves fromato b

e The load at a —the reaction Y, will be zero

e The load at a distance 8m from a (at b) —>the reaction Y will be
1t upwards
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e The load at a distance 10m from a (at the free point) the reaction
Y will be 10/8t=1.25t

» Forl.L (Qs-s)
When the unite load moves from a to the locations of the sections Qs =

Ya-1
e The load at a —the shear Qs.s will be zero
e The load at a distance 2m from a (the location of the selected

section) — the shear Qss =0.75-1=0.25t downwards

When the unite load moves from the locations of the sections to b Qs.s =

Yp-lato

e The load at a distance 6m from b(the location of the selected
section) — the shear Qss =0.25-1=0.75t upwards

e The load at b —the shear Qsswill be zero

e The load at a distance 10m from a (the location of the free point)

—the shear Qss =10/8-1=0.25t downwards

» For l.L (Qm-m)
When the unite load moves from a to the locations of the sections Qm-m

= Ya'l
e The load at a —the shear Qm-m will be zero
e The load at a distance 4m from a — the shear Qm-m =0.5-1=0.5t

downwards

When the unite load moves from the locations of the sections to b Qm-m

=Yp-lato
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e The load at a distance 4m from a — the shear Qm-m =0.5-1=0.5t

upwards

e The load at b —the shear Qm-m Will be zero

e The load at a distance 10m from a (the location of the free point)
—>the shear Qs-s =10/8-1=0.25t downwards

> For I.L (Mss)
When the unite load moves from a to the locations of the section Ms.s =

Y.a* the distance between the section and the support a-1*the distance

between the location of the moving load and the section

The load at a —the moment Ms.s will be zero

The load at a distance 2m from a (the distance of the section) —
the moment Mss =0.75x2=1.5mt

The load at b —>the moment Ms.s will be zero

The load at a distance 10m from a—the moment Ms.s = 1x8-
Ypx6=-1x8+10/8x6=-0. 5mt

> For I.L (Mm-m)
When the unite load moves from a to the locations of the sections Ms.s =

Y.2* the distance between the section and the support a-1*the distance

between the location of the moving load and the section

The load at a—> the shear Mm-m Will be zero

The load at a distance 4m from a—the moment Mm-m
=0.5x4=2mt

The load at b —>the moment Mm-m Will be zero

The load at a distance 610m from a—the moment Mm-m = -
1x6+Ypx4= -1x6+10/8x4=-1mt
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> For I.L (Qn-n)
When the unite load moves from a to the locations of the sections Qn-n

=Ya1

The load at a —the shear Qn.n will be zero
The load at a distance 6m from a — the shear Qm-m =0.25-
1=0.75t downwards

When the unite load moves from the locations of the sections to b Qn-n
=Yp-lato

—>

The load at a distance 6m from a — the shear Qn.n =0.75-1=0.25t
upwards

The load at b —the shear Qn.n Will be zero

The load at a distance 10m from a (the location of the free point)
the shear Qn-n =10/8-1=0.25t downwards

» For I.L (Mnn)
When the unite load moves from a to the locations of the section Mnn =

Ya.* the distance between the section and the support a-1*the distance

between the location of the moving load and the section

The load at a —the moment M., will be zero

The load at a distance 6m from a (the distance of the section) —
the moment Mss =0.25x6=1.5mt

The load at b —the moment Ms.s will be zero

The load at a distance 10m from a— the moment My., = 1x4-
YbX2=-1x4+10/8x2=-1. Smt

» For I.L (Qw)
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e \When the unite load moves from a to the locations of the section

Q=0

When the unite load moves from the locations of the sections to the free
point Q. = 1t upwards
» For I.L (Mw)
e \When the unite load moves from a to the locations of the section
Mt-t = O

e The load at a distance 10m froms the moment Mt = -2mt

1t
LL (Y,) a . - -
¢ 1078
LL (Y, ) '
. b a
0.75t e
LL(Qqq) B i
0.25¢ 0.25t
Fig. 6.2.b
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LL (Mg ) a

1.5mt
0.5t
I.L {Qm_m) a + b _
”N 0.5t 0.25¢
1mt
a b 7
ILL (M )
m-m
+ | +
2mt
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1t
IL Q) P b| *
2mt
LL (M, ,) a r]
A
Fig. 6.2.d
Example#3

Find the influence line for Ya, Yb, Qm-m, Qs-s, Mss, Mm-m, Qn-nand Mn.n as

a result of moving unite loads from left to right on the shown beam in Fig. 6.3.

1t

n

| ] m b

A sl my

n_, 2nu '

y 1mi,r 6m . 2m ;
Fig. 6. 3.a
Solution
> For I.L (Ya)

When the unite load moves fromato b
e The load at a — the reaction Y. will be 1t upwards
e The load at a distance 6m from a (at b) —the reaction Y. will be

ZEero
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e The load at a distance 8m from a (at the right free point) the
reaction Y. will be 2/6t downward

e The load at a distance 1m from a (at the left free point) the
reaction Y. will be 7/6t upward

> For I.L (Yy)
When the unite load moves fromatob

e The load at a —the reaction Y, will be zero

e The load at a distance 6m from a (at b) —>the reaction Y will be
1t upwards

e The load at a distance 8m from a (at the right free point) the

reaction Yp will be 8/6t=4/3t upwards

» For l.L (Qs-s)
When the unite load moves from a to the locations of the sections Qs-s =

Ya-1
e The load at a —the shear Qs will be zero
e The load at a distance 2m from a (the location of the selected
section) — the shear Qss =2/3-1=1/3t downwards

e The load at the location of the left free point the shear —Qs.s
=7/6-1=1/6t downwards

When the unite load moves from the locations of the sections to b Qs.s =
Yp-lato

e The load at a distance 4m from b (the location of the selected
section) —> the shear Qss =1/3-1=2/3t upwards

e The load at b —the shear Qsswill be zero
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e The load at a distance 8m from a (the location of the right free
—point) the shear Qss =8/6-1=1/3t downwards

» For I.L (Qm-m)
When the unite load moves from a to the locations of the sections Qm-m

=VYa1
e The load at a —the shear Qm-m Will be zero
e The load at a distance 4m from a — the shear Qm-m =0-1=1t

downwards

When the unite load moves from the locations of the sections to the free

point Qm-m = Ys-1a to

e The load at a distance 6m from a — the shear Qm-m =1-1=0
upwards

e The load at a distance 8m from a (the location of the right free
point) — the shear Qs-s =8/6-1=1/3t downwards

» For I.L (Mss)
When the unite load moves from the left free point to the locations of the

section Mss = Ya* the distance between the section and the support a-
1*the distance between the location of the moving load and the section
e The load at a —the moment Ms. will be zero
e The load at a distance 2m from a (the distance of the section) —
the moment Ms.s =2/3x2=4/3mt
e The load at the free left point — the moment Ms.s =7/6x2-
1x3=2/3mt
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When the unite load moves from the left free point to the locations of the

section Ms.s = Y,* the distance between the section and the support a-

1*the distance between the location of the moving load and the section
e The load at b —the moment Ms.s will be zero

e The load at a distance 6m from a (at the right free point)— the
moment Mss = -1x6+Y px4= -1x6+8/6x4=-2/3mt
> For I.L (Qn-n)

When the unite load moves from the locations of the sections to the left

free point Q.+ = 1t downwards

> Forl.L (Mt-t)

When the unite load moves from the left free point to the locations of

the section Mn-n = 1xthe distance

e The load at the free point —the moment M., = -1x1=-1mt

e The load at the location of the section Mn.n =0

7/6 1t

LL (Y,)

Arh b 1/3

ILL (Y,)
b1/6
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2/3
1/6 a +
2/3mt
LL (Mg )
4/3mt
Fig. 6. 3.b
1/6
a b
LL (Q mm’

— mpﬁ}

1t
LL(Q, ) a b
e
1t ﬁ;}’

b
G-

Fig.6. 3.c

343 Ass. Pr. Eltaly, B.



| Chapter (6): INFLUENCE LINE

Example#4

Find the influence line for Ya, Yb, Qm-m, Qs-s, Ms-s, Mm-m, Qn-nand Mn-n as

a result of moving unite loads from left to right on the shown beam in Fig. 6.4.

1t
l a___ b ]|] O -
A sl A m! 3Im A
. 3m f——
y Om ~2m -+ 6m 7
Fig. 6.4.a
Solution
» Forl.LYa
Unite load at a Y.=1t Unite load at b Y.=0
Unite load at the intermediate hinge Y.=-2/9t  Unite load at ¢ Y.=0
» For l.L Yy
Unite load at a Y,=0 Unite load at b Y,=1
Unite load at the intermediate hinge Y»=11/9t  Unite load at ¢ Y.=0
> Forl.LY:
Unite load at a Y=0 Unite load at b Y=0
Unite load at the intermediate hinge Y.=0  Unite load at ¢ Y.=1t
» For l.L Qs
Unite load at a Qss=0 Unite load at s-s left Qss=2/3-1=-1/3t

Unite load at s-s right Qss=1-1/3=2/3t
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Unite load at the intermediate hinge Qss=1-11/9=-2/3t

Unite load at ¢ Qss =0
» For |.L Mss

Unite load at a Mss=0 Unite load at s-s Mss=2/3x3=2mt

Unite load at the intermediate hinge Ms.s=-1x8+11/9x6=-2/3t

Unite load at ¢ Mss =0
» For I.L Qm-m

Unite load at a Qm-m=0  Unite load at the intermediate hinge Qm-m=0

Unite load at m-m left Qm-m=0.5-1=-0.5t

Unite load at m-m right Qm-m=1-0.5=0.5t  Unite load at ¢ Qm-m =0
» For I.L Mnm

When the unite load moves from a to the intermediate hinge the

moment at m-m equal zero (the section in secondary element)

Unite load at m-m Mmn.m=-0.5x3=1.5mt  Unite load at ¢ Mm-m =0
» For |.L Qnn

When the unite load moves from a to the location of the section, the shear

at n-n equal zero (the section in secondary element)

Unite load at n-n left Qn-n=0 Unite load at n-n right Qn.n=1t
Unite load at the intermediate hinge Qn-n=1t  Unite load at ¢ Qn-n =0
» For |.L Mnn

When the unite load moves from a to the location of the section, the

moment at n-n equal zero (the section in secondary element)
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Unite load at n-n Mm-m=0 Unite load at the intermediate hinge Qn-n=-
1x2=-2mt Unite load at ¢ Mnn =0

1t

I.L (YR) 0@; _m

LL (Y,) a 70
1t
I.L (1?.[') a ’Mf
A bgmy A

Fig. 6.4.b
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w2 = N

1.5mt
1t

LL(Q. ) a o c

n-n ; \?\ b L%

2mt

LL (V — c

M) 3 = v

Fig. 6.4.d
Example#5

Find the influence line for Ya, Yb, Om-m, Qs-s, Msss, Mm-m, and Qm-m as a

result of moving unite loads from left to right on the shown beam in Fig. 6.5.

1t

l \a S| . b
N s Y ml A

3m ;o —2m—y
£ 4m . 6m
Fig. 6.5.a
Solution
> Forl.LY,
Unite load at a Ya=1t Unite load at b Ya=0
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Unite load at the intermediate hinge Y.=1

» For |I.L Ma
Unite load at a M.=1t  Unite load at the intermediate hinge Ma=-4mt
Unite load at b M,=0

» For l.LYp

When the unite load moves from a to the intermediate hinge the response

at part c-b equal zero (the secondary element)  Unite load at ¢ Y.=0

» For |.L Qs

Unite load at a Qss=0 Unite load at s-s left Qss=0

Unite load at s-s right Qss=1t

Unite load at the intermediate hinge Qss=1t Unite load at ¢ Qs-s =0
» For I.L Mss

Unite load at a Mss=0 Unite load at s-s Mss=0

Unite load at the intermediate hinge Ms.s=-1x1=-1mt

Unite load at ¢ Mss =0
» For I.L Qm-m

Unite load at the intermediate hinge Qm-m=0
Unite load at m-m left Qm-m=2/3-1=-1/3t

Unite load at m-m right Qm-m=1-1/3=2/3t Unite load at ¢ Qm-m =0
> For I.L Mmn-m
Unite load at m-m Mm.m=2/3x2=4/3mt Unite load at ¢ Mm-m =0

349 Ass. Pr. Eltaly, B.



Chapter (6): INFLUENCE LINE
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Example#6

Find the influence line for Ya, Yb, Om-m, Qs-s, Mss, Mm-m, Qn-nand Mn.n as

a result of moving unite loads from left to right on the shown beam in Fig. 6.6.

1t
a__ S pj A m 2 cR
VAN Ty 0wl 0}
m A— 2m-
p 2m 4 2m
Fig. ’ om—="> m ’ 6.6.a
Solution
> Forl.LY;
Unite load at a Ya.=1t Unite load at b Ya.=0

Unite load at the intermediate hinge #1 Y .=-2/6t

Unite load at the intermediate hinge #2 Y.=0  Unite load at ¢ Y.=0
» For l.L Yy

Unite load at a Y,=0 Unite load at b Y,=1

Unite load at the intermediate hinge#1 Y»=8/6t

Unite load at the intermediate hinge #2 Y»,=0  Unite load at ¢ Y»=0
» For l.L Y.

When the unite load moves from a to the intermediate hinge#1, the

responses in part 2-c are zero

Unite load at the intermediate hinge#1 Y =0

Unite load at the intermediate hinge#2 Y.=1
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>

Unite load at ¢ Y=1
For I.L M¢
Unite load at the intermediate hinge#1 M:=0
Unite load at the intermediate hinge#2 M =-1x2=-2mt
Unite load at ¢ M=0
For I.L Qs
Unite load at a Qs-s=0 Unite load at s-s left Qss=2/3-1=-1/3t
Unite load at s-s right Qss=1-1/3=2/3t
Unite load at the intermediate hinge#1l Qss=1-8/6=-2/6t
Unite load at the intermediate hinge#2 Qss =0
For I.L Msss
Unite load at a Mss=0 Unite load at s-s Mss=2/3x2=4/3mt
Unite load at the intermediate hinge#1l Ms.s=-1x6+8/6x4=-2/3t
Unite load at ¢ Mss =0

» For I.L Qm-m

When the unite load moves from a to the location of sec. m-m the second

intermediate hinge, the responses at the section are zero

Unite load at m-m left Qm-m=0 Unite load at m-m right Qm-m=1t

Unite load at the intermediate hinge#1l Qm-m=1
Unite load at the intermediate hinge#2 Qm-m =0

> For |.L Mmn-m

Unite load at m-m Mpu.m=0
Unite load at the intermediate hinge#l Mm.m =-1x2=-2mt
Unite load at the intermediate hinge#2 Mm.m =0
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» For I.L Qnn

When the unite load moves from a to the first intermediate hinge and the
second intermediate hinge, the response at n-n equal zero (the section in

secondary element)

Unite load at n-n left Qn.n=-0.5t Unite load at n-n right Qn-n=0.5t
» For |.L Mn-n
Unite load at n-n Mm-m=0.5x2=1mt

1t
- X
LL (%) o 0 §
LL (Y,) A
b D
1t

) /-l- \
LL (Y, S 0 3
Y A yem N

LL (V _

( chﬁ_ ~—0 O
Fig. 6.6.b
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Example#7
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Find the influence line for Ya, Yb, Qss and Mss as a result of moving unite

loads from left to right on the shown beam in Fig. 6.7.

St 3m
4m
a b
£ aN
i 12m .
Fig. 6.7.a
Solution
> Forl.LY;
Unite load at a Ya=1t Unite load at b Y=0
> Forl.LYp
Unite load at a Y,=0 Unite load at b Yp=1
» For |.L Qs

Unite load at a Qss=0 Unite load at s-s left Qss=3/12-1=-3/4t (upwards)
Unite load at s-s right Qss=9/12-1=1/4t (downward)

» For |.L Mss
Unite load at a Mss=0 Unite load at s-s Ms.s=3/12x9=2.25mt
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\J/

2.25mt

AN LL (Mg ) A

Fig. 6.7.b

Example#8

Find the influence line for Ya, Yb, Qm-m, Qs-s, Ms-s, Mim-m, Qn-nand Mn.n as

a result of moving unite loads from left to right on the shown beam in Fig. 6.8.

1t

a__ s M ° ,
4y s h ml nl i
4m
b C
£y A
e Em = zm 7 IUII:I A+
Fig. 6.8.a

357 Ass. Pr. Eltaly, B.



| Chapter (6): INFLUENCE LINE

> Forl.LY,

When the unite load moves from the intermediat hinge to the end of the

frame, the responses in part a-1 (secondary) are zero

Unite load at a Ya=1t
» For l.L Yy
Unite load at a Y,=0 Unite load at column ¢ Y,=0
Unite load at column b Y,=1t
Unite load at the intermediate hinge Y»=1.2t
> Forl.LY:

Unite load at a Y=0 Unite load at column ¢ Y.=1t

Unite load at column b Y¢=0 Unite load at the intermediate hinge Y.=-0.2t

» For I.L Qs
Unite load at a Qss=0 Unite load at s-s left Qs.s=3/5-1=-2/5t
Unite load at s-s right Qs.s=1-2/5=3/5t

Unite load at the intermediate hinge Qs.s=0

» For |.L Mss
Unite load at a Mss=0 Unite load at s-s Mss=3/5x3=6/5mt
Unite load at the intermediate hinge#1 Mss=0

» For I.L Qm-m
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When the unite load moves from the location of sec. m-m to column c, the

responses at the section are zero
Unite load at m-m right Qm-m=0 Unite load at m-m left Qm-m=-1t

Unite load at a Mm-m=0
» For |.L Mn.m
Unite load at m-m Mm-m=0
Unite load at the intermediate hingel Mm-m =-1x2=-2mt
Unite load ata Mm-m =0
» For I.L Qnn

Unite load at a Qn-n=0
Unite load at the intermediate hinge Mn.n=0.2
Unite load at column b Qnn=0

Unite load at n-n left Qn.n=0.6-1=-0.4t
Unite load at n-n right Qn.n=1-0.4=0.6t Unite load at column ¢ Qn-n=0
» For |.L Mnn

Unite load at a Ma-n=0
Unite load at the intermediate hinge Mnn=-1x6+1.2x4=-1.2mt

Unite load at column b Mn.n=0

Unite load at n-n My,=0.6x4=2.4mt Unite load at column ¢ Qnn=0

359 Ass. Pr. Eltaly, B.



Chapter (6): INFLUENCE LINE

LL (Y,) I\
2t g
LL (Y,) hl
0.2t
LL (Q, ) +
—, 5
LL (M)
6/5Smt
Fig. 6.8.b
LL(Q m—m) \
1t
2mt

360

Ass. Pr. Eltaly, B



Chapter (6): INFLUENCE LINE
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2.4mt

Fig. 6.8.c

Example#9

Find the influence line for Ya, Yb, Om-m, Qs-s, Mss, Mm-m, Qn-nand Mn.n as

a result of moving unite loads from left to right on the shown beam in Fig. 6.9.
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Sheet 1

State whether the structures shown in the following figures are stable or

unstable and statically determinate or statically indeterminate.
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Sheet (2)
For the given beams and frames, find the reactions at supports.
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[1]For the below beams, draw normal, shear forces and bending moment
diagrams
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2] For the given bending moment diagram, find the applied load then draw
the shear force diagram
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Sheet#4

For the below beams, draw normal, shear forces and bending moment diagrams
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