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- Elementary Structural Analysis, by Norris, Wilbur and utku.
- Statically Indeterminate Structures by Chu-kia Wang.

References
- Analysis of Structural system by Jobn F. Fleming.
- Elementary Theory of Structures by Yuan Yu Hsieh.
- Structural Analysis by Hibbeler.
- Indeterminate Structural Analysis by Kinney.

Syllabus
- Introduction.
- Stability and determinacy of structures.
- Axial force, Shear force and bending moment diagram of frames and arches.
- Trusses
- Influence line and moving load.
- Elastic deformation of structures.
- Method of consistence deformation.
- Slope deflection method.
- Moment distribution method.
- Approximate analysis of indeterminate structures.
- Stiffness matrix analysis of structures.

Introduction.
1- Sign convention:
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For the analysis procedure, the active and reactive load acting on the structure and the
displacement of the joints will be expressed as components in a right hand orthogonal ““ Global

Coordinate System” with the three axes being designed as X, Y, and Z, Fig,(1).
% Y

i Z

Figure (1): Sign convention
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2- Structural loads:
Dead Load: it’s usually consist of:
- Own weight of the structure.
- Immovable loads that are constant in magnitude and permanently attached to the
structure (for celling, ducts .... ext).
The weight of several structural materials are shown in Table (1).

Table 1: Weight of Structural material.

Material Weight (SI) kN/m?3
Concrete 23-25
Steel 76.97
Wood 6.28
Aluminum 25.92
Live load
a- Vertical live load
- Movable load.
- Moving load.
- Snow load

b- Horizontal live load
- Wind load.
- Earthquake load
- Soil pressure.
- Hydrostatic load.
- Thermal force.

3- Equilibrium and reactions
a- Equilibrium
A rigid body is in equilibrium if it is either;
- At rest (velocity = 0).
- State of constant motion (acceleration=0).
This require that:
- The resultant force on the body must be zero to prevent linear acceleration

Y F=0.
- The resultant moment on the body must be zero to prevent angular acceleration
YM = 0.

For plane truss or frame (two dimensions), these two conditions are usually designed by
the three equilibrium equations:
XE =0 ZFyZO YM=0
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b- Types of Supports
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Type of Sample Reaction
Support
Hinge Two reactions
perpendicular
o Ry to the
4 or 7 supported
?;\ T o T surface and
_ ’ parallel to it,
7 Ryand Ry .
T,
RYT RVT
Roller ﬁ One reaction
R perpendicular
' s 3#5' to the moving
RyT A surface , R.
3 ’ ?\k\
Fixed Three
7 reactions, two
E( force and one
Re p 7 Rx moment. Ry,
" \ A TS Ry and M.
Ry
RyT T/M‘
&
Re ! OR \
TR T2
¥
1y
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Smooth
surface

One reaction

perpendicular
to the smooth
surface , R

7
7
R
=D 7
/.
Link or strut R> One reaction
+— .
Link in the
Inclined Link direction of
the link, R
R3
R1T
Note :
Link is a straight element of a pin end support and no
external acting force a long its length.
Guide o § Two
support R S reactions
. R moment and
\‘ ‘ Mo YR force, R and
M RyT M.

Allow movement
in Y direction

Allow movement
in X direction
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c- Types of applied loads

' P3 (Vertical)
- Concentrated load. P1 (Horizontal) 52 (Inclined)
s =
- Concentrated moment M~
| ] |
7/7%/7 ¥ %
W KN/m

- Uniform distributed load.

e ] e
R’l = WL (Resultant force)

Uniform distributed Moment il
M

[N R R I e
W W W W W W

7 7
L
L/2
_ - \7 R=ML
- Triangular load
W KN/m

|

ket o L A
[

R =W L/2 (Resultant force)

v

L/3
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Trapezoidal load.

Wi KN/m
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W2 kKN/m

"

=1

R1=W2L

L/2

L/3 R2 = (W2 -W1) L/2

Notes:
- The applied loads may be a case of combination from the above mentioned load
cases.
- Cases of distributed load can be partially distributed along the affected span.
100 kN/m
100 kN/m
50 kN/m )
02m
40m LE
200 kN/m 150 kN
100 kN/m ‘%i\;\_(éf
N = £
N o) | wEE
~
N
20m % 1.0m 1.5m E
 — o o - 0
120 kKN/m é ;
100 kN/m ’
‘_.
s F
| |
3.0m 1.5m
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d- Determinate and indeterminate structure
- The structure is said to be determinate if:
(Number of unknown = Total number of equilibrium equations)
- The structure is said to be indeterminate if:
- (Number of unknown > Total number of equilibrium equation)

Conditional equations ( C)
- Interior hinge “pin“ that’s connecting two members.

c=1 : ® :

- Interior hinge “pin‘ that’s connecting m members.
C=m-1

Interior roller
C=2 % |

(M=0 and F« =0)
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Stability and determinacy of structures.
The structure is said to be unstable if:
1- Numbers of Unknown (reactions, NR) < Total numbers of equilibrium equations (NEE)
NR < NEE
2- All reactions are parallel

R, // R, // R P
Suea + 2 |

TR1 TRQ TR3

ZMth

3- All reactions are concurrent (meat at one point). /]
|
\
|
|
|
|

4- When the structure is geometrically unstable.

— (@] —
At ~ o o
/// \\‘\\
I [E} I F @ (&) |
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a- Stability and determinacy of beams
Let r=No. of reactions (Unknowns).
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And No. of equilibrium equations in a case of plane structure =3 (Y F, =0,YF, =0,YX M = 0)

~Total No. of equilibrium equations=3 + C
Where ( C) is the number of the conditional equations.

Therefore:
If r<@+0C) (The beam is unstable).
r=(3+C) (The beam is determinate, if stable).
r>@3+C) (The beam is indeterminate, if stable).
Example 1
r=>5

C =2 | (@]
No parallel reactions % % %

No concurrent reactions
r =(3+ C) =5 (The beam is determinate and stable).

Example 2

r=5 | 0] 0]

C=2 au o o

No parallel reactions
No con reactions
r =(3+C)=5 (The beam is determinate and stable)

Example 3
r=6 | ]
No parallel reactions o -
No concurrent reactions
r =(3+ C)=6 (The beam is determinate and stable)
Example 4
r= 6 l-:) |
| o . B
C=3 AN AN B
No parallel reactions
No concurrent reactions ® A
r=(3+C)=9 ¢R1 e

The beam is unstable because the reaction (R1& Ry) are parallel
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Example 5
r= 7 1 £ {JI ﬁ
C=3 AN b =
No parallel reactions

No concurrent reactions

r>(3+C)=6 (The beam is Indeterminate and stable)

Example 6
22_62 § 2] [2] ]
No parallel reactions '

No concurrent reactions

r >(3+C)=5 (The beam is Indeterminate and stable)

Example 7

r=38
c=0 ! A oo N

No parallel reactions
No concurrent reactions
r >(3+ C) =3 (The beam is determinate and stable)

H.W.

(@] (] ]

NI

(@] (@] }

AN

(]

LL T

b
b

AR

LIRS
&
||

10
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b- Stability and determinacy of truss

Let:

r= No. of reactions
b= No. of bars
j = No. of joints

No. of unknown =b +r
No. of equilibrium Egs. =2]  (Two equilibrium Egs. can be written at each joint

Therefore:

ZszovZFyZO)

If r+b < 2j (The truss is unstable).
r +b=2j (The truss is determinate, if stable).
r+b > 2j (The truss is indeterminate, if stable).

Example 1
r=4
b=8

W Jomts\‘/m\

\

3

N pr—

]=6 - 2j=12

r+b =12
r +b=2j

Example 2
r=3
b=13

(The truss is stable and determinate).

]=8 - 2j=16

r+b =16
r+b=2j

Example 3
r=4
b=13

]=8 - 2j=16

r+b =17
r +b> 2j

Example 4
r=3
b=14

j=8 = 2j=16

r+b=17
r +b> 2j

(The truss is stable and determinate).

(The truss is stable and indeterminate to the 1  degree).

(The truss is stable and determinate to the 1 s degree).

11
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Pt

Example 5

r=3

b=13

]j=8 - 2j=16 %
r+b =16

r +b=2j (un stable).

Example 6
r=4
b=16
]=10 - 2j=20 &

r+b =20
r+b=2j  (The truss is stable and determinate).

Example 7
All the reactions intersect at point A ( Un stable )

Example 8
(Un stable)

Example 9
r=3

b=7
j=5 - 2j=10
r+b =10 »

r+b=2j (The truss is stable and determinate).

Example 10
r=4

b=7
]=5-2]=10
r+b=11
r+b>2j  (The truss is stable and indeterminate to the 1% degree).

12
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c- Stability and determinacy of frames and arches
1- Open frames and arches.
Determinacy of open frames and arches can be estimated in a way similar to that adopted in

>
a case of beams determinacy, i e by applying the relation [ r = (3 + C)].

<
Example 1
r=11 _ ~ ;
C=3 ° ‘ N
No parallel reactions Q
No concurrent reactions
r>(3+C) =6 (The frame is Indeterminate to
the 5 1" degree and stable).

A - o

Example 2
r=>5
C=1

No parallel reactions

No concurrent reactions

r>(3+ C)=4 (The frame is Indeterminate to the 1 " degree and
stable)

Example 3

r=10

C=5

No parallel reactions

No concurrent reactions

r>(3+ C) =8 (The frame is Indeterminate to the 2 "
degree and stable)

Example 4
r=6 ? ?

C=2

No parallel reactions

Concurrent reactions for the right column 4 /
r>(3+C)=5 (The frame is Indeterminate to the 1

degree and unstable)

14
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2- Closed frames and arches. 1 ”
Frames are classified as closed
frames if they contain at least one

closed panel. o b .
Let r = No. of reactions Closed ]
b = No. of members. 0S€d bane

J = No. of joints.

No. of unknowns = 3b + r (“3” denotes to the three interior unknown force “N, V and M” that
IS generated at each members).
~Total No. of equilibrium equations = 3j + C (No. of equilibrium equations at each joints = 3)

CFE=0,YFE=0,YM=0))

Therefore:

If 3b+r<(3j+C) (The frame is unstable).
3b+r=(3j+C) (The frame is determinate, if stable).
3b+r> (3] + C) (The frame is indeterminate, if stable).

Example 1
r=9 b=10 C=0 J=9

3b+r = 3*10+9 = 39

3j+C=3*9+0=27

3b+r > (3j + C) (The frame is Indeterminate to the 12 ™
degree and stable)

iz . T Tk

Example 2 o o
r=9 b=14 C=6 j=13
3b+r = 3*14+9 =51 —° e—
3j+C=3*13+6=145

3b+r > (3j + C) (The frame is Indeterminate to the 6 ™
degree and stable) s i, B

Example 3

r=8 b=11 c=1 j=10
3b+r = 3*11+8 = 41

3j+C=3*10+1=31 ?
3b+r > (3j + C) (The frame is Indeterminate to the 10 ™
degree and stable)

15
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Example 4
r=8 b =10 c=3 j=9 \/
3b+r = 3*10+8 = 38

3j+C=3*9+3=30
3b+r > (3j + C) (The frame is Indeterminate to the 8 ™" degree

and stable) — — o
Example 5 ©

r=5 b=11 C=4 j=10

3b+r = 3*11+5 = 38 o

Gj+C=3*10+4=34
3b+r > (3] + C) (The frame is Indeterminate to the 4
t degree and stable) o whom. o

Example 6
r=9 b=7 C=5 J=7 :

3b+r =3*7+9 =30

3j+C=3*7+5=26

3b+r > (3] + C) (The frame is Indeterminate to the 4
" degree and stable)

Example 7
Un stable

e} —

M #0

16
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3- Multi- story or multi-bay buildings
An easier way to estimate the degree of indeterminacy for multi = story of multi bay frames of
fixed base is as follow :

Example 1 one — bay , two — story frame

3b +r= 3*6+3 = 24 Bay
3j+C=3*6+0=18 3
3b+r>3j+C
Stable and Indeterminate to the 5
6 " degree » 3

g

9p]

I A T77777777; 77777727, T777072.
Example 2 two — bay , three — story frame
3b +r=3*15+9 = 54 3 3
3j+C=3*12+0=36
3Bb+r>3j+C
Stable and Indeterminate to the 3 3
18 " degree
3 3

Example 3

3b +r = 3*[3*12+3*11+4*5+3*5]+3*12 = 348
3j+ C=3* (12*4+4*5) + 0 =

228

3b+r>3j+C

Stable and Indeterminate to the

120 ' degree

17
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4- Stability and determinacy of composite structures

A composite structure can be defined as a combination of flexural and axial members where
the flexural members can resist bending moment (like beams, frames and arches) while the
axial member can only resist axial force (like cable, strut, link and truss).

The solution process will be based on:
- Each (F. B. D.) gives three equilibrium equations.
- Each pine connection involved two unknowns.

Example 1:

No.of (F.B.D.) =3
No. of equilibrium equations = 3*3 =9

No. of unknown =10 r/\ﬂ\ )
Stable & Indeterminate to the 1% degree % Q§
- 7

Example 2: ® DI 2

No.of (F.B.D.) =3

No. of equilibrium equations = 3*3 =9
No. of unknown =9

Stable & determinate

Example 3:
No. of (F. B.D.) =2 = -
No. of equilibrium equations = 2*3 =6 A T

No. of unknown =7
Stable & Indeterminate to the 1% degree

18
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Example 4:

No.of (F.B.D.) =2

No. of equilibrium equations = 2*3 = 6
No. of unknown =8

Stable & Indeterminate to the 2" degree

Example 5:
No.of (F.B.D.) =4
No. of equilibrium equations = 4*3 = 12
No. of unknown = 14
Stable & Indeterminate to the 2" degree

Example 6:
No.of (F.B.D.) =2 Ba & o
No. of equilibrium equations = 3*3 =9
No. of unknown = 12
Stable & Indeterminate to the 3™ degree ¢ P
TR fo oo
Example 7:
No.of (F.B.D.) =3 & & ® o

No. of equilibrium equations = 3*3 =9
No. of unknown =10
Stable & Indeterminate to the 1% degree ¢

T
=

19
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Example 8: .
No. of (F. B. D.) = 3 ;(E
No. of equilibrium equations = 3*3 =9
No. of unknown =11
Stable & Indeterminate to the 2" degree

rom
Example 9:

No.of (F.B.D.) =2

No. of equilibrium equations = 2*3 =6
No. of unknown = 9+3

Stable & Indeterminate to the 6™ degree

Example 10:
No.of (F.B.D.) =2
No. of equilibrium equations = 2*3 =6
No. of unknown = 7+3 =10
Stable & Indeterminate to the 4" degree

HW.

/\ §>m .

20
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Axial, Shear & Bending Moment Diagram.

a- Left section partinterior force : three interior forces are generated if any beam element
was cutting, these are:
- N= Axial Force
- V= Shear Force
- M= Bending Moment.

b- Sign convention:

o +N Tension Force ( directed outward from the section)

o +V Downward direction on the left section part ( clock wise rotation )
o +M Counter clock wise effect on the left section part.

o+ W UpwardT and left side «—— reaction load.

o +R UpwardTand left side «—— reaction.

¢ Exterior applied moment is consider as positive moment if its clock wise affected.
c- Relationships between ( applied vertical load and generated interior forces V & M).

V = [W dx (Shear force at any section is equal to the summation of the applied
vertical load from x=0 to the considered location)
av

or —=w ( Slop of the shear force diagram at any location equal to the applied
vertical load at that location).

I
I I
M = [V dx (The momentatany location is equal to the summation of the area under
the shear force diagram from x=0 to the considered location)
am

or —= V' ( Slop of the moment diagram at any location equal to the generated shear
at that location).

21
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d- Types of curves and lines slope.

Slop=0 Slop = Posative constant  Slop = negative constant
Slop = increased Slop =increased Slop = decreased Slop = decrease
negative posative posative negative
Notes:
- Axial, shear and bending moment diagrams are usually started from the left
side.
- Any concentrated load (force or moment) causes a jump in the corresponding
diagram.

- The value of the interior force ( axial, shear or moment) at any location is equal
to the cumulative area under the corresponding force diagram from (x=0) to the
considered location.

22
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Example 1: Draw axial, shear and bending moment diagram.

Solution:

From symmetry the vertical
reaction at (A & B) is equal
(Ay =By =P/2)

Example 2: Draw axial, shear and
bending moment diagram.

Solution:

From symmetry the vertical reaction
at (A & B) is equal (Ay = By = WL/2)

P kN
A |B
P/2 - L | P2
|
| N.F.D. kN)
P/2 |
N |
S.F.D. (kN)
|
P2
PL/4 |
|
| + |
i i M. F. D. (kN.m)
W kN/m
A B
w2 T L =] W2
, |
N. F. D. (kN)
WL/2
+
S.F.D. (kN)
| .
WL?/8 “WL/2
|
. |
| M.F.D. (kN.m)

23
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Example 3: Draw axial, shear and bending moment diagram.

Solution:

sz =0 - 4,=WL sz'/ W kN/m
Aé B

.

4%

ZM@A=0_>MA=

we | L
l |
N. F. D. (kN)
WL |
+
S.F. D. (kN)
M. F. D. (kN.m)
+
WL2/2
Example 4: Draw axial, shear and bending moment diagram.
Solution:
ZFy=0—>Ay:P Pl_'/ P kN
A§ B
ZM@A—O—>MA—PL > 4 L
| |
N.F.D. (kN)
P
+
S.F.D. (kN)
M. F.D.(kN.m)
PL }

24
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Example 5: Draw axial, shear and bending moment diagram.
Solution:

WL W kN/m
ZFY_O_)Ay_T Wwav/ m
¥

3 - '
Maa =0 — My = )
6 WL/2 T# L -
| |
| N.F.D. (kN)
WL/2 ‘
+
S.F.D. (kN)
M. F. D. (kN.m)
WL?/6
Example 6: Draw axial, shear and bending moment diagram.
Solution:
From symmetry the vertical reaction at
(A & B) is equal (Ay =B, = WL/4) W kN/m
A B
wus - . L =.i WL/
I
N. F. D. (kN)
WL/4
+
S.F.D. (kN)
{ WL#12 -WL/4
| . |
| M. F.D. (kN.m)

25
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Example 7: Draw axial, shear and bending moment diagram.

Solution:
ZFx=0—>Ax=50*§=30kN fﬁm“
Y Mgy =0 - B, =20kN 0 ) "
YF,=0 > A, =20kN = O ,
onﬁ 3 g
|
iw. F. D. (kN)
230 —
20 |
+ |
S.F. D. (kN)
| _
20
‘ 30 |
‘ + |
i M. F. D. (kN.m)

Example 8: Draw axial, shear and bending moment diagram.
Solution:

YF =0 > Ay, =260%—+1=100kN
SF =0 - A, =260 —x1=240 kN

0.5 = 120 kN .m py [{
260 kN/m [fh2
120

§{J.(.NJJ.(.U.(./JJ
2401A --—--L:2 .
B 7]
- % N. F. D. (kN)
-100 |
240 |
+ |
S.F.D. (kN)
|
| M. F. D. (kN.m)
y |
120 !

26
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Example 9: Draw axial, shear and bending moment diagram.

\'70 KN.m

60 kN/m 50 kN\
3
A | ) 2 ¢ |
i B wtmdm c D E
- 40m - 40m — 3.0m - 20m _
|
Solution: 40 kN
Cx le 30 kN
E
30m
- -
40«5+ 70
> Mac=0 - Dy =————=90 kN
YF, =0 > C,=90—40=50kN
60 kN/m TC
y
| bbbl =
’;/%7777' Bx
40m — > TBY 4.0m

ZM@A=O
—50%84240x6

B, = 7 = 260kN

YE =0 - A, =260 — 240 + 50 = 70 kN

27
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60 kN/m 0 kN4
i 1l )
Al \'?0 kN.m
T B wiemm C D e E
; 40m o 40m o 30m o 20m .
30
+
P 3 N.F.D. (kN)
+ 40 T
S.F.D. (kN)
70 50
PL
20833
M. F. D. (kN.m)
70
150
280

28
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Example 10: Draw axial, shear and bending moment diagram

20 kN/m

B ASEIieiliet s birbiiy C

Solution:
20x4 %6
D Maa=0 - €, ==——""=60kN

NE =0 — A, =—60+ 204 = 20 kN

80 kN.m 20 kN/m

| /N.F.D. (kN)
20 |
+ | S.F. D. (kN)
*_x= 1.0m _ -
| -60
90
| |
|
a0 + |
| M. F. D. (kN.m)

| I
29
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M. F. D. (kN.m)
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Example 11: Draw axial,

10 kN/m B
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ro kN

shear and bending moment
diagram

40m

Solution:
40«5+ 40 %2
D Maa=0- ¢, =

8 40 k
= 35 kN

YE =0 - A, =40—35=20kN

YE =0 - A, =40 kN 4
40 kn 1‘5 KN
95 kN.m 140 kN
oy

TS kN

| N.F.D.(kN)  KN/m
° + S.F.D. (kN
- (F-DAN) g kim
-35
105 |

|

9 + I
M. F. D. (kN.m)

31
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4074/5= 32 kN

40
4073/5= 24 kN
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9 kN

9*3/5=3 W5*4f5= 4 kN

N.F.D. (kN)

32

[

-35

M.F.D.(kN.m)

L)
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Example 12: Draw axial, N
shear and bending moment o
diagram c —
£
20 kN/m g
§ A
. %
7777777, -
| 10.0m | 50m | 50m | 50m | 50m |
Solution: e LOKN/m
FGH as F.B.D, vG
20 YRy 77,
D Map=0 - Hy="5=2kN Py
| 5.0m | 5.0m |

NE, =0 — F,=2kN
YE =0->E =0

AB as F.B.D,

ZM 0 4 10«5+ 105 10 kN
= —_ = =

©r Y 10
sz=o - B, =0kN
YE =0 - B, =10kN

BCDEF as F.B.D,
ZM@Ezo—>ME=10*15—2*5=140kN |8y

Bx—w
B

YF,=0 - E,=2kN
YF, =0 - E, =10kN

o
l O
M —*q
f

g
‘SDm | 50m | 50m

Exe— 7/577{7? jME
y

| 50m ‘ 50m ‘
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52 .1“9/.5\5

5/2
10y

FGH axial, shear and bending moment diagram

10 20 kN/m
g o N H

l2 vG #}}7

N. F. D. (kN)
' |
|
- S.F.D. (kN)
2
| |
|
10 10
+ _I* IM.F.D. (kN.m)
10
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o 10 )50
— — =

04"

(WNY) a4 W
(NY)'Q'4°'s
(NX)'Q'4°'N

BC axial, shear and bending moment diagram

5\/2%’5 /gx@_

x
Y
A
o
f;
A K
v ©
%
Zp 7
R,
“,
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M. F. D. (kN.m)
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N. F. D. (kN)
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H.W.: Draw axial, shear and bending moment diagram

100 kN/m
C £
(]
T}
B D |
e
O
o
A E
T T, —
| 100m |
100 kN/m

50 KN/m
20 kN/m

40m
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P

Example 13: Draw axial, shear and bending ,
moment diagram 5

A C
Solution: 4 7
From symmetry, the vertical reactions at (A & C)
are equal (Ay = Cy = P/2) P
XFE=0->4,=0 % \

=

Only one section is required (at angle (0) from
point A or C) due to the symmetrical status.

P/2 C

. A
P/2 sinB
w %/ Ax 7
P/2 cos @ C
Ay y

Taking a section at angle (0) from point A. Three

interior forces will be appear, these are (N, V and M) M N
that’s will be calculated as a function of (R and 0) by {V
applying the three equilibrium equations. N
N\
N=-Lcoso 0 N |V M N
p z P @f N\
V = =sinf 0O | -—=10 0 Abe——a__f_1
Zp 2 P12 05 O.r
M=?(1—C059) 90 0 E ﬁ \ R e| |
5 5 Pr2 sing\ 2129 Reose

RP/2

-P/2 -
N.F.D. (kN) o S.F.D. (kN) M. F. D. (kN.m)
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Example 14: Draw axial, shear and bending moment
diagram

Solution:

From symmetry, the vertical reactions at (A & B) are
equal (Ay =By =WR)

YE=0->A4,=0

Only one section is required (at angle (0) from point A or
B) due to the symmetrical status.

Taking a section at an angle (0) from point A. Three
interior forces will be appear, these are (N, V and M)
that’s will be calculated as a function of (R and 0) by
applying the three equilibrium equations.

’/l\VXR“_ cos ) sin 6
WR(1- cos 6) cos 6 WR(1- cos 8)

N = WR(1 — cosB)cosf —WRcosf = —WR cos? 0
V =WRsin —WR(1—cosf)sinf =
WRsinf cosf = ? sin 26

_ 2
M = WR? (1—cos€)—WR2@
M= WR?(1—cosf —

1-2cos B+cos? 6
2 2
M = WRz(l—%—COS o )=%(1—c0529)

. )
2

WR?
M = . sin? @

ANALYSIS OF STRUCTURES
Asst. Prof. Dr. Shatha Dheyaa Mohammed

W KN/m

1 ¥ ¥ 9 ¥

)
AN B
% Ax %
AyT By
W KkN/m
M N

WR(1-cos B)sin 6
WR(1- cos 8) cos ©

0 R(1—<:088)| R cos @ |

WR \WR sin 6

The drawing will be set at three values of the angle (0), these are (zero, 90° and angle of critical

section)

a- Angle of axial force critical section: the section will be found by setting the slope of the

. dN
axial force to zero (E = 0).
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dN

T —2WR cos6 (—sinf@) = WR sin 26

dN

%=0 - WR sin20 =0 - sin20 =0 —» 260 = 0°7r 180° - 6 = 0° or 90°

b- Angle of shear force critical section: the section will be found by setting the slope of the
shear force to zero (Z—; = 0).

dV—WR 20
210/— cos
EZO - WR cos20 =0 — cos20 =0 - 260 =90° » O = 45°

c- Angle of moment critical section: the section will be found by setting the slope of the
moment to zero (i—lg = 0).

dM WR?
EzWstinecosez 5 sin2 6
dM WR? _
EzO—) > sin20 =0 - sin260 =0 - 20 =0°r7r 180° - 6 = 0° or 90°
0 N V M
0° |—WR| O 0
40| WR|WR| WR?
2 2 4
2
ooc| o0 | o | VR
2

WR?2

S.F.D. (kN) M. F. D. (kN.m)
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Example 15: Draw axial, shear and

bending moment diagram
£
g o
Solution: = o
For the whole structure -
22”7 0L C WR *R/2
= - =
@4 g 2R
_ WR N . P B
4
WR WR i
ZFy=0—>Ay——TkN —
YE. =0 - A, = WREN
A b N C
/2 AX "
X
Ayﬁ TCy

Since the structure is not symmetry, two sections will be considered. The first at an angle (0)
from point A and the second at an angle (0) from point C. Three interior forces will be appear,
these are (N, V and M) that’s will be calculated as a function of (R and 0) by applying the three
equilibrium equations.

1- First section ( Portion BC): N
( ) ‘G/V
N = —ﬂcose a
4R /
V= —W—sinQ /
4 /
M—WR2 1 9 /N
=7 (1 —cosB) SN

WR/4 cos©

WR/4 sin 6 /WRM
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2- Second section ( Portion AB):

WR ) )
N:—c059+WRsm9—WRsm29= .
WR sin® 6
0 ) ) .
WR( cos + sin @ — sin? 9) WR sin 6 <
WR sin 6 cos 6
V= WR cosd —WRsin6 cos6 —9 WR cos 8
WR . in 2
== sind = WR (cosf — = — WR“%
sin% 2 WR sin 6
4 ) WR/4 cos e'q
M = WR?si WR/4
WR? 1—cos 6 in% @
—— sin? @9 = WR2(51n9 =270
2 4 2
Portion AB Portion BC
0 N V M 0 N V M
WR
0° T WR 0 o° - @ 0 0
45° | 0.384WR | 0.03Wr | 0.384 WR? 450 WR WR | 0.414W R?
o | 0 _WR | WER? WZ| 42| 42
4_ 2
4 o0 | o |_WR| WR
4 4
VR4
\ /
0.073WR?

0 384'-".'142'

N | /
N |/
NS

N.F.D. (kN) ' S.F.D. (kN) M. F.D. (kN.m)
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Example 16: Draw axial, shear and bending
moment diagram

Solution:
From symmetry, the vertical reactions at (A & C)
are equal (Ay =Cy = P/2)

The horizontal reactions at point (A and C) will be found by applying the equilibrium equation
M =0 ) at part (AB or BC)

P
ZM@B=0 > Ak R=Ay xR - Ay = kN
For the whole structure
SFE =0 - C,=—kN

Taking a section at an angle (0) from point A. Three interior forces will be appear, these are
(N, V and M) that’s will be calculated as a function of (R and 0) by applying the three

equilibrium equations. " N

N = —g(c056+sin9)
V=§ (sinf — cos6)
Mz? (1—cosf —sinf)

P/2 sin Q‘[\ \
o %‘PQ S Y AU
The drawing will be set at three P/2 cos 6
values of the angle (0), these are P/2 cos /eq

/4
10059)| R cos 8 ’

\F’/2 sin B

a- Angle of axial force critical section: the section will be found by setting the slope of the
axial force to zero (Z—Z = 0).

(zero, 90° and angle of critical
section)

dN_ 0 0

T 2(cos sinf)

dN
Ezo—>c059—sin9=0—>tan9=1—>9=450
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b- Angle of shear force critical section: the section will be found by setting the slope of the
shear force to zero (Z—; = 0).

v _ 0 + sinf
glev— ( cos sin6 )
E:O - cosf +sinf =0 - tanf = -1 - 0 = —45° or 270° (Trivial sol.)

c- Angle of moment critical section: the section will be found by setting the slope of the
moment to zero (‘;—IZ = 0).

dM PR
E=7(31n9—c059)
dM
EzO — (sinf —cosf)=0 - tanf =1 - 0 =45°=0°
6 N \ M
oo | 21221 o
2 2
45° | ——| o !
V2 0.207PR
90° L 0
2 2

A

M. F. D. (kN.m)
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Example 17: Draw axial, shear and bending moment
diagram

Solution:
From symmetry, the vertical reactions at (A & C) are
equal (Ay=Cy=WR)

The horizontal reactions at point (A and C) will be
found by applying the equilibrium equation (3 M =
0 ) at part (AB or BC)

R
ZM@B =0 - Ax*R=Ay*R—WR*E
WR
- Ax = TkN
For the whole structure

SE =0 C=="kN

Taking a section at an angle (6) from

ANALYSIS OF STRUCTURES
Asst. Prof. Dr. Shatha Dheyaa Mohammed

W KN/m

1 EEEEBEEEREEREEEREE N

point A. Three interior forces will be \é\{\%
appear, these are (N, V and M) that’s |y i <
will be calculated as a function of (R Q‘\’\’ N
and 0) by applying the three N M —
equilibrium equations. WR(1-cos 8) cos © 1NV
WR(1-cos 6) N
N 2
I
!
WR/2 sin 8 AN
WR2 AL L~ 1
WR/2 cos 6

N = —WR cos @ —gsine
+ WR(1 — cos@) cosb
N = —WR(SHZIQ + cos? 0)
V =WR(sinf — % —sin @ + sin 6 cos0)

V = WR (sin 0 cosd — — 9)
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sin@  (1-cos6)?

2
sin 6 1—2cosf+ cosH?
M = WR*(1 — cosf — = . )

2 2
M =%(1— sin@ — cosf?) = %(sin@z— sinf)

M = WR*(1 — cosf —

The drawing will be set at three values of the angle (0), these are (zero, 90° and angle of critical
section)

a- Angle of axial force critical section: the section will be found by setting the slope of the
axial force to zero (Z—Z =0).

cos @
E=—WR( — 2cosfsinf)
dN cos O 1
E=O—> —2cosfsingd =0 —>cosH(E—ZSin9)=0
—WR
either cos@ =0 - 6 =90° —> N = —

1 1
or ( 5 2sinf) =0 —sinf = 7> 0 = sin"1(0.25) = 14.48° - N = —1.09WR

b- Angle of shear force critical section: the section will be found by setting the slope of the
shear force to zero (Z—g = 0).

av . . . 1 .
5= WR (—sin?6 + cos*6 +sinf) = WR (1 — 2sin?%0 +§sm 9)
an 0 1 — 2sin?60 +1 ind =0 n2o Lsi 0 1 0
_ = 4 — _ = - —_—— —_—_=

70 sin 5 sin sin 2 Sin 5

| 0.25 +0.252 + 2

sinf = >

= 0.843(neglect the negative value since it gives a negative angle)
- 0 =sin"1(0.843) = 57.46° -» V = —0.185WR

c- Angle of moment critical section: the section will be found by setting the slope of the
moment to zero (‘;—IZ = 0).

dM  WR?

— = (2sinf cos @ — cos6 )
ao

a _ §(2sinf—1) =0
—5 =0 - cos (2 sin ) =

either cos@ =0 - 6=90° - M=20
WR?

1
or (2sin@—1)=0 - sinf = §—>9=300 - M=
46
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0 N 6 \% 0 M
0° —WR 0° _ @ 0° 0
14.478° | —1.09WR 2 300 | _WR®
WR 57.47° | —0.185 WR - 3
90° - 00° 0 0
> 90 0

-1 09WR |
. —
WR WR2 WR/2
N.F.D. (kN) S.F.D. (kN) M. F. D. (kN.m)
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Example 18: Draw axial, shear and bending moment
diagram

Solution:
For the whole body:
2E=0- A4,=C

For part AB:

ZM@B=O — Ay *2R = A, * 2R
- Ay =4,

For part CB:

ZM@B=0 S C,*R=C, *R

- Cy =G,

But(4, =Cy) > (A, =C,=C, =A4,)

For the whole body:
Y>E=0->A4,+C, =P - A,=C(C, =

P
2

The two parts (AB & BC) will have the same equations of (N, V & M) since they are identical
in their parameters (4, = C, = C,, = A,) that’s included in the calculations steps.

N = ) cosf —Esine
N = —g(cose + sin @)

R sin @

V=2=Lrcos6-Lsing

PZ 2
Vzg(cose— sin @)
M =?(1—c059— sin 0)

P/2 sin 6,

P2 4%

P/2 cos ©

/ P/2 cos©
P/2 sin© P2

The drawing will be set at three values of the angle (0),
these are (zero, 90° and angle of critical section)

a- Angle of axial force critical section: the section will be found by setting the slope of the
axial force to zero (Z—Z = 0).

aN _ P .
E__Z( sin@ + cos )

dN .
E=0—>—sin9+c059=0 - cosf =sinf —» O = 45°
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b- Angle of shear force critical section: the section will be found by setting the slope of the
shear force to zero (Z—g = 0).

dV—P inf + 0

d9_2( sin cos )

dN

@:0 — —sin@ + cos@ =0 - cos@ =sinf - G = 45°

c- Angle of moment critical section: the section will be found by setting the slope of the
moment to zero (‘;—IZ = 0).

dM PR
0= 7(51n9 — cosf)
dM
i 0 - (sinf — cosf) =0 — cosf =sinf — O = 45°
0 N \ M
o | 212 o
2 2
s | -2 o )
2 0.207PR
90° L 0
2 2

N. F. D. (kN) " S.F.D.(N) M. F. D. (kN.m)
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Example 18: For the composite 100 kN 10 kNim
structure shown below, draw axial, N J' ‘* thetteedes e
shear and bending moment diagram e ) ° ’ €
for beam ABC. N
b e 1
£
c f —
SO'““‘?“: L 30m ‘ 3.0m ‘ 3.0m ‘ 30m |
For Joint b
SFE=0 > Fpe=2Fyc oo 1
4
YE =0 > Fop=_Fpc v 2 b Fa Fe |
For Joint e
3 b <FE F—beb e
ZFx=O—>Fbe=§LFef ......... 3
sz =0 - Fde = gFef ......... 4 /Fbc Fef\
From Egs. (1&3) = Fye = Fop v e . 5 10 kN/m
From Egs. (5,2&4) - F,, = F4, = F Bx
- C
By d — g
BCasF.B.D.: i '{F Ic ”
Fx3— 60x3 y
ZM@C=O —)By: c - B, | 3.0m | 30m
F 100 kN 5
=—-=30 ......... 6 y
2 l ‘ Bx
ABasF.B.D.: A, - o
100 %3 — F * 3 A’y%” fF
ZM@A =0 - By = 6
F L 30m | 3.0m |
- By =50 — 7 ......... 7

From Egs. (6&7) > = —30 = 50 —— — F = 80kN & B, = 10 kN
BCasF.B.D.:

D F=0C,=60+10-80= ~10kN

ABasF.B.D.:

D F=0 - 4,=100-80-10= 10kN

Whole body as F.B.D:
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100 kN 10 kN/m
| I ‘1 r I 1 r I 1 I
A c
=T T T
80
IDI %0 Im/
|

N. F. D. (kN)

|
!
40 I
| S.F.D.(kN)
I I
I I
I | I
I + I
, | M. F.D. (kN.m)
I I

Example 19: For the composite structure
shown below, draw axial, shear and bending
moment diagram.

Solution:
Whole body as F.B.D:

90
> Map =0 >4y =—=15kN

3.0m

3.0m

Zszo S D, =15kN

> B =0 D, =30kN
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For Joint D # Feo
4 FBD‘ Fco
ZFx=O—>FDC*§=15 S Fp, = 18.75 kN e
3
3 4
ZFy == 0 - FDC *g"‘ FDB == 30 - FDB == 1125 kN D e
30T
45 KN. m
90 kN. m
15'/—\ /\ 15sin B
-——Bl IC 45 15 —
l11.25 111.25 15 cos 6
- 4.0 m | -
I T v
| |
15
| + | N.F.D. (kN) ‘
| |
-11.25 - S. F. D. (kN)
| ! N = 15 siné
M.F.D.(kNm) V = —15cosf
45 } M = —45 sin@
|
, , 90° | 15 0 —45
-15
15
+
-11.25 -
N. F. D. (kN) S.F.D. (kN)

M. F. D. (kN.m)
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H.W.: Draw axial, shear and bending moment diagram
30 kKN/m

50 kN/m B

By ] rrré
C J
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Trusses

Truss is usually defined as a structure that’s composed of slender members (two-force members)
joined together at their end points. Trusses are physically stronger than other ways of
arranging structural elements, because nearly every material can resist a much larger load in
tension or compression than in shear, bending, torsion, or other kinds of force. It is usually used

for large- span panels since it will be more economic and strength.

Some common trusses are named according to their "web configuration"
Common types of bridges truss ( h = 1% to %5)

e \Warren truss.
e Pratt truss.
e Howe Truss.
e K- Truss.
e Parker.
\/
X[/ N
Pratt Parker K-Truss
| AAAAAA It
Howe Warren (with Verticals) Warren

Common types of roof truss (h =

Fink.

Pratt truss.
Howe Truss.
Fan.

PEVAVNZ 0 NP AN

Fink Howe

S|

)

Types of statically determined trusses ( b+r= 2j)
a- Simple truss: this type of trusses are consisted of a base triangle ( three members

connecting at three joints) and any additional two members connected at an additional
joint.
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b- Compound truss: can be defined as two or more simple trusses compound together using

one of the following processes:
1- Three links that are neither parallel nor concurrent.

1

secondary- 4
simple
truss

secondary
o simple
W Iruss

simple
trusses

simple

frusses

3- A pin and two links intersecting at a support.

4- Three pins.

Pin o Pin

= Bin .
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c- Complex trusses: In this type of trusses, three or more members are connected in each
joints. It cannot be solved easy since many members will be intersect at any adopted

section.

Link
E Pin 1 Y = = 1 E/@

If hl = h2 (unstable)

Notes:
1- If not more than two members are joint together (not straight) and there was no

applied force on it then; the axial force in these members are equal to zero.
0 0 0
N
0
0o A

2- If three members are joint together (two of them configurator a straight line ) and
there was no applied load on the joint, the axial force in the third member will be

— 7N
P :

3- The path of any section cannot pass through the same members more than one time.
This will cause canceling the axial force in this member.

1%

)
uncorrect section
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Example 1: Find the axial force in the members
of the truss ABCDEFGH

Solution:
It Is a simple truss. Du to symmetry
= D, =10 kN

ZF —0 5 A, =0
JointHas F. B.D.

ZFX=O_>FHD=O

ANALYSIS OF STRUCTURES
Asst. Prof. Dr. Shatha Dheyaa Mohammed

//

6.0 m

A b
»4%: J1OKN 10N %
Al 40m | 40m | 40m |Dy

12.0m
! I

E H
ZFyzo—)FHG=O oc:\ _____ FHG‘ 1 7
Joint G asF. B. D. TSl
N £
zFXzO_)FGF:O TS - o
D
Joint F as F. B. D. FDC =— 7#%7
ZFx=O—>FFE=O 10 kN
ZFy=0—>FFB=O | 12.0m |
Joint Aas F. B. D.
E  FFG - 2 o bl
ZFXZOQFAB:O \Q\\\
S\~ _FDE
ZFy:O - F,z =10 kN Comp \\>< E
From Sec 1-1 Fc;\ ©
10 % 12 \\
ZM@Ezo S Fyp = — 20 kN Ten Foc - c D
2 J10kN %(;
1 10’kN
ZFy:()_)FDE* \/—§=10—>FDE
=105 kN Comp
From Sec 2-2
10x12—10=%8
ZM@E =0 - Fgc = c = 6.67 kN Ten

3
ZFy =0 - Fop x £ =10 > Feg = 16.67 kN Comp

JointBas F. B. D.
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=10 — Fgz = 12.02 kN Ten

Member | Force (KN) | Type | Member | Force (kN) | Type

AB 0 BF 0

BC 6.67 T CG 0

CD 20 T DH 0

EF 0 DE 105 C
FG 0 CE 16.67 C
GH 0 BE 12.02 T
AE 10 C

Example 2: Find the axial force in members
AB, CD & EF

Solution:
It is a combined truss.

110 % 8 +22 % 5
ZM@A=O - B, =

11
= 90 kN
DB =0 - 4,=110-90 > 4, = 20 kN

ZFx:O S A, = 22kN

ZF,C:O — Fop =22 kN Comp
22 %3
ZEV:O - FEF=9O+6_) FEF

=96 kN Comp
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Example 3: Find the axial force in all members of the truss shown below:

Solution: 10kN C D H

10 + 6
ZM@f=O_>Ay= 12

=5kN

ZFy=O—>]y=5kN G |
Joint Fas F. B. D.
Fec=Fre=0 Ax o &A F JR e dx
JointB & las F. B. D. A 4
Fee = Fq = 0 Af30m 30m _|.30m | 30m s,
JointE & GasF.B.D.

Fce=Fen=0

Joint H as F. B. D. 10 kN

Fio = Fri=0 D

JointCas F.B.D.
Fco =10 KN Comp
FCB: 0
JointBasF.B.D.
FAB= 0

Joint Aas F. B. D.

E F,=0 1 F 5 F 5v2 kN C
= _ — = - = om
'y 2 AE AE p

1
ZFx:OQAx:ﬁFAEZSkN
Joint D as F. B. D.

1 1
F,=0 »— Fpg =— Fpg = Fpg =F,
Zy \/7 DE \/7 DG DE DG

1 1 2
FF=0 >—Fyp4+—Fy.—10 > —F,. =10 = Fr. = 5V2 kN Ten
Zx \/E DE \/E DG \/E DE DE

30m

3.0m

Fpg = 5V2 kN Comp
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Example 4: Find the axial force in members (bc, bf & id) of the truss shown below:

|2
| 10 kN
| .
o3 | ]
c |
0
[+
e
£
0
¢ c o d
X ot ° 2
ay Cy
| 40m | 4.0 m | 4.0m |
. 10 kN
Solution: N ' i

10 %12 E
ZM@a—O—’Cy= g = 5 kN =
From Sec 1-1

10x4 40
ZM@i=O—>FbC= =— kN Comp

3 3 4.0m |
From Sec 2-2

4 40
ZM@h=o A—EFM*3+15*4—10*8+?*3=0 - Fy. =7.12 kN Comp

| 10 kN
10 kN Fidw A% Fid A 2 i !
\\\ | b ]
% Fid Fjd=10 kN | ~<
- I |
I £
Fjd ! : 'f =
| | K
|
e
Joint j as F. B. D. bR 2 -
| '’
Epy=o—>Fjd=10kNComp “
| 40m | 40m |

Jointdas F. B. D.
3
ZFy =0 - SRy =10 - Fy = 1667 kN Ten
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Example 5: Find the axial force in members (cf, 30 m 10m
ce & ab) of the truss shown below: | | |

f

Solution:

ZFx:0—>ax=0

D Mag=0 - by x4=20+3 —b, =15
= kN

30m
I |

chE

20 kM

.‘/Fd l

5.0 m

2
ZM@czo ~ J Fap*6.=20 %3 > F,, = 5V5 kN Ten

2 2
ZF,C=O - ﬁFab = ﬁFcf - Fr= 55 kN Comp

ZFy=O - Fe=20—-5-> F, = 15kN Ten
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20 kN
20 kN h i i k | m

4.0m

30m 3.0m | 3.0m 3.0m
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Influence Line

Influence line can be defined as a graph of a response function for a structure relating to the
position of a downward unit load moving across the structure (Response Function may be
support reaction, axial force, shear force, or bending moment)

Coals of the Influence line: Once an influence line is constructed, the following aims can be
obtained

* Determining Where to place the live load on a structure to maximize the considered response
function.

* Evaluate the maximum magnitude of the response function.

Notes:

1- The influence line of a statically determinate structure is usually characterized by
connecting lines while it’s represented for a statically indeterminate structure by
connecting curves.

2- The path of the influence line can be divided to some parts depending on the geometry of
the structure (No. of F,B.D. = No. of parts in the I.L.)

3- No movement is allowed for all supporting points along the path of the influence line for
any response function except the one that represents the considered response function.

4- The rotation of the interior pin is allowed if the next connected part is free to rotate.

5- Points of shear influence line are separated from each other vertically. The summation of
the absolute vertical distance between them is equal to one unit.

6- Points of moment influence line are connected to each other (either at zero elevation or at
the same elevation value). The summation of the absolute rotated angles of them is equal
to one unit

7- No discontinuity (bent or broken) is allowed for any part of the influence line path.

Method of Drawing

1- Equilibrium Method: In this method the corresponding response function will be

calculated in term of (x) for a unite load that placed at distance (x).
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Example 1: Draw I.L. for (Ra, Rs, 1
V¢, Mc, Vp & MD) X 10-x

Solution: A J ; : 1 B
Allocate a unit weight at distance (x) 7/@” c D ;/5,/}7;—”

from the support (A). The reactions Tl 20m | 3.0m | 50m |T '
R Rs

in both end-supports will be found in
term of (x) as shown below:

10 10
E, =0 Rg = —
Z y=U T T 0 1
C Mc Mc
0<x<2 A @ \g'c N
ZFzO_)VC:i 20m | B 8.0m e
y 10 Ra *RB

5<x<10

X
Z}@=0—>VD=1—E

X X
ZM@D=0 S MD=5(1—O)—(x—5)= 5
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1
X | 10-x
I~ " "1
A 1 : * : | B
A 0 T
h 20m| 30m | 50m |
Re | | e
+1 I I
| |
| ; L (Ra)
| +1
|
I | ||l (Re)
| 08
I |
i . L (Vc)
I I
| e | |
| I
, | | L (M)

L (Mo)

2- Muller-Breslau Principle: In this method the virtual work is applied to obtain the
influence line for a response function by removing the displacement constraint
corresponding to the response function of interest from the original structure.

a- Vertical reaction: Since the reaction sign convention is (+) for upward direction, the

corresponding support will be lift up for one unit to get the I.L. graph for the support
reaction.
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b- Shear: The positive assumed direction of the interior shear at left and right side of the

beam section ( I 441 ] ) will be adopted to draw the I.L. of the shear
force. The corresponding point of the lift side will be lift upward and the right will be
lift to the down . The total absolute summation for the vertical elevation should be equal
to one unite.

A

c- Moment: The positive assumed direction of the interior moment at left and right side

of the beam section ( I 1y (I 1 ) will be adopted to draw the I.L. of the
interior moment. The corresponding point of the lift side will be rotate counter
clockwise and the right will be rotate clockwise. The total absolute summation for the
rotated angles should be equal to one unite.

0=1 —>tan9=1—>%=1—>y=L b
| - i
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A C il '
40m %ﬂ o 30 m

|.L. (Ver)

L (Ms)
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=

-1/

Example 4: Draw I.L. for (RB, RD, VE,VGL, VR , MD, Me & MH)
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Maximum value of a response function

The maximum value of a response function (Moment, Shear or Reaction) can be produced by
multiplying the considered load case by the corresponding I.L. under curve area. Since the
applied load can be either concentrated (moving load) or uniformly distributed (dead and live
load) the maximum value of the response function can be calculated using one of the forms
shown below:

a- fmax = P * max negative ordinate of the I.L (For a case of concentrated load)
b- fitax = P * max posative ordinate of the I.L  (For a case of concentrated load)
C- fmax = W * Y. negative area of the I.L (For a case of uniform distributed load)
d- fitax = W x Y. posative area of the I.L (For a case of uniform distributed load)

Example 1: Find the maximum moment at point C due to the following load combination:
1- D.L. =50 kKN/m + L.L= 20 kN/m (max positive moment).
2- D.L. =50 kKN/m + L.L= 20 kN/m (max negative moment).
3- D.L. =50 KN/m + L.L= 20 kN/m + P= 100 kN ( max positive moment)

Solution: ﬁ|~ com  oom © 50m V*é'g'*
| ///%:Hhahaha““““aunlL(Mﬂ
NV it s B
(LI LTI e
illi_u'll'm i i max Negative
| | i WD=?0 ka’n“1 ‘ | Mc(loag 2)

LI
- [1OOKN =20 kN/m |
AR ARRARNAR Y

| | Wo=50 kN/m I max posative

(T LTI M e
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Load case 1
1.6 x 10 3.2x4
MC+=(20+50)*( 5 )—50*( 2 >=240kN.m
Load case 2
1.6 x10 3.2x4
Mc‘=50*< )—(50+20)*( >=—48kN.m
Load case 3

1.6 +10 3.2%x4
)50+ (

MC+=(20+50)*( >+100*1.6:400kN.m

Girder — Floor Beam — Stringer System
Some of structure types like bridges and stories
have a large spans that’s required a large slab
thickness if it’s constructed as a girder—slab
system. Hence; these types are recommended to
be constructed by girder—floor beam — stringer
system.
Advantage of the girder—floor beam — stringer
system:

- Minimize the required thickness of the

slab.

- Reduce the overall weight of the
structure.

- Increase the strength of the constructed
building.

Steps of I. L. drawing in a case of Girder —
Floor Beam - Stringer system

1- All the floor and stringer beams should be

canceled.

2- Drawing the I. L of the corresponding response function for the girder.

3- Allocate all the floor beams on theirs corresponding locations along the path of the I.L.

4- Connecting the points of the floor beams locations to get the final shape of the I.L. (all the
supports of the stringers are considered as zero elevated points on the path of the I.L.
The I.L. of any response function that’s belong to the stringer is drawn traditionally.

5
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Example 1: For the girder — floor beam — stringer system shown in below Draw I.L. for (Ra, Rg,

, Me & Mo)
paw
|
|
|
|

I.L. (Mg)
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Example 2: For the girder — floor beam — stringer system shown in below Draw I.L. for (R, Ry,
RA, RB, VA-2, VA-l, Ml—girder)

=
1
i
Fn
;]

som | zom | zom |1om|iom]| zom

S

/F)/ -0

-

|
|
|
<
|
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[.L. (a)

[.L. (M =kgirger
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Example 3: For the girder — floor beam — stringer system shown below Draw I.L. for (Ra, Rg,
Rl, RZ,VA-Z, VA-l, MZ-girder)

E

m

o
o
&

AN )

L. (Re)

L (R2)
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Fa

|20m|[20m]| 30m |

|20m|20m]| 30m |
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4.0m

—— T
\
/

__ 1
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