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Chapter One : Deflections
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Deflection
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y >>> deflection at any point hgell

Hinge, Roller and Fixed Support ) sis jia 5 gbu Ja gagl

O >>> rotation or slope at any point &gl

Fixed Support Jl e da 5 gbaw &l sl
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. Dead loads

. Live loads

. Dynamic loads (trains, equipment)
. Wind loads

. Earthquake loads

. Thermal loads

. Settlement loads
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Dead Loads

1. weight of the structure itself
floors, beams, roofs, decks, beams/stringers,

2.

13

superstructure
loads that are “always there”




Live Loads

1. People, furniture, equipment
2. Loads that may move or change mass or weight

3. Minimum design loadings are usually specified in
the building code




oad Example: Live Load

Live Load = 100 Ib/ft"2
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_oad Example: waterin a dam

A 4

Water,
p = density
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ROLLER SUPPORT
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Roller Support

Roller Support
Sloslly Gaalady) aa) A4S ally ey
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ROLLER SUPPORT
l Applied Force

Reactive Forces

da.ﬁ‘ AJSQS\
u.bcgdj.as

The Reactive Force must 4s jal) sla
always be perpendicular to

the surface of Rolling —ZM




HINGED SUPPORT
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PIN or HINGE SUPPORT

Applied Forces

\\

s

Reactive Force

The Reactive Force can be In

any direction
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FIXED SUPPORT

Fixed Supports
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Fixed Support
Sloslly Gualad) 84S ally e ¥

The Reactive Force can be in any
direction Also there iIs reaction In
the rotation direction
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Roller, Hinge and Fixed Supports

Hinge
supports

Roller Supports

Fixed Supports




Reactions




LATERAL: WIND, EARTHQUAKE

>F, = 00

>>>>> = <<
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VERTICAL: GRAVITY

2 F,

NN/N

0.0

V'V
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ROTATION: OVERTURNING LOADS

>M = 0.0

D = 2







39













Unstable structure.







Trusses NERTERIY
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Determine the reaction for the following truss




first method
12KN 14KN 14KN 12KN

R,=120 KN

6.0 m

10 KN/m

12 m 4m 4m 4m 4m
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% 12 m _4mmm4m."_M4mM“élm."I
3 1

Y.*12.0 = 4*4.0 +4*8.0+2*12.0
Y. = 6.0KN
YMR) =0.0

6.0*120 + Xc*3= 4*40 +4*8.0+2*12.0

B Xe = 0.0




% 12 m _4mmm4m."_M4mM“élm."I
v 1

IM5) =0.0

Y *12.0 + 6*28= 120%6+2*16+4*20.0+4*24.0+2%28.0
Y, = 68.0KN
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% 12 m _4mmm4m."_M4mM“élm."I
3 1

Y, +68+6 =120 +2+4+4+2
Y, =58 KN




secondmethod  p po o Je

KKKL]_

R,=120 KN




>EFE, = 00

F=Y.

(2+4+4+2) /2 =6.0 From symmetry >




R,=120 KN

12 m 4 m
SF, = 00 " h
X, =0.0
ZMA‘D =0.0
Yg*12= 120*6 + 6* 16
Yg= 68KN
D | ) = 0.0
54

Y,= 120 +6 —68 =58 KN
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-Jal) &) glad
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A 6.0 t/m B
NN EN

C
2 10.0 m ’”’@”
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M, =30*4-6*4*4/2 Mo =30* X -6 *X *x/2
= 72tm = 30x-3x2 tm

LY clibeall b Jud) 44, jall oda

LMG.@JS.U e s b asad) lan LgIIA (pa gt

OSally dadly oy gailly
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.double integration 3 Aalaa B ajal) daleay (i g2il) Al -2

1
n_ _ _— M
y = (M)
y'=— i(30 X—3X")
El

y'=0 = — El|(30x2 /2-3x° 13+¢ )= — El|(15x2 X' +c)

y:—El|(5x3—x“/4+clx+cz)

dq glhaal) calaall A5 LUlaaa L) JaaY
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Boundary Conditions

ROLLER

?

HING
E

ey Yaays

y =0.0 atroller
and hinged support
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v=0.0and 0 =0.0

at fixed support




Ol g dagagd) A A houndary condition = gasgedl) ady -3
Al

At x=0.0 >>>> y=0.0 e g gbun Jagagll A adadll) aic

y=— El|(5x3 —X"/4+cx+c )=0.0

5*(0)°—(0)*/4+c *(0)+c =0.0
c,=0.0

At x =10.0 >>>> y =0.0 a6 sbun gl B akadll) aic
L oe o
y:—a(Sx —X"/4+cx+c )=0.0

5% (10)° —(10)* /4+¢ *(10) +0.0=0.0
¢ =—250.0




S %(15 X* =X — 250)

y:_%(5x3—x4/4—250x)

at x=0.0 >>>>

0= — i(15*02 _03 _250):@
= El

y=— %(5*03 —0*/4—250*0)=0

at x=5.0 >>>>
0

b paSll Jiladl) Jad aie 9
®c=0.0

Jiladl) Gy -2
OA=-0B

0= — i(15*52 _53 _250):—:OO
= El

y=— %(5*53 _5'/4—250*5)=—

781.25

El




Position of max deflection = position of zero rotation

Ymax @ 0 =0.0

0= — é(lS"‘x2 —x*—-250)=0.0

15*x* —x*—=250=0.0 by using calculator x=5.0

781.25
El

Y = = %(5*53 ~5¢/4-250*5)= -

y’: +ve l 6= +ve /‘S
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Example No. 2
]

-
A 3m B

Required the deflection and rotation
at point b
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20 t l
ﬂA e—=—| B

Sl A de reaction J) (& Uad @y S o Aa J&d) B e x ) dgly

Mo=-20x t.m
1
rr:__M
y EI( )
1
”I———Z
y EI( 0x)
’—9———1 (-10x*+c,)
y_ _ EI 1

o y:—é(—10x3/3+clx+cz)




At x=3.0 >>> 0=0.0 Sl g gban o)l A adadil) aie

y'=0 = - é(—10*32 +¢)=0.0

~10*3%+¢,=0.0
¢, =90.0

At x=3.0 >>>> y=0.0 Jha g gbun Jagagll A adadll) aic

65

y=— é(—lO"‘fB3 /3+90*3+c,)=0.0

—-10*3*/3+90*3+c¢,=0.0
c,=-180




Final equations

0 =— 1 (~10x*+90)
i

y=— %(—mx3 /3+90x —180)

at x=0.0 >>>>

0= L (L10%07+90)=— 2
El El

Y= — L (~10%0° /3+90*0—~180) = o0
El El
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60_ A 20t l

(—

20 t

3m

Mo= 20x-60 t.m
1
m_ _ _— M
y EI( )
”——i(ZOx—GO)
A=
y’=9=—%(10x2—60x+cl)

y=— %(10x3/3—30x2 +C,X+C,)

67

Al da




At x=0.0 >>> 0=0.0 Sl g gban o)l A adadil) aie

y'=6 = - %(10*02 ~60%0+c,)=0.0

10*0°-60*0+c,=0.0
c,=0.0

At x=0.0 >>>> y=0.0 Jha g gbun Jagagll A adadll) aic

y=— %(10*03 /3-30*0°+0*0+c,)=0.0

10*0°/3-30*0°+0*0+c,=0.0
c,=0.0
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Final equations
0 =— i(le2 —60x)
El

y:—%(10x3/3—30x2)

at x=3.0 >>>>

0= — 1 (10%3—60%3)=— 20
El El

1 180
=~ = (10%3°/3-30*3") = —
=g )=

PR L PRI N e &
P kAl MY\ Cr O\S
dall & ¥ Asladll
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Problem 1

A 6.0 t/m B

ﬂ_u_u_l_l_l_l_\_l_\_u_\_\

| 3m |

Required the deflection and rotation
at point B
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M, = - 6*x*x/2=-3x?

Boundary Condition fixed support
at A>>> x=3.0 >>>> 0=0.0

at A>>> x=3.0 >>>> y=0.0




Problem 2

6.0 t/m

A \\\\ B

| 3m |

Required the deflection and rotation
at point B

712




T A A ]
........
°® ®e

W/X=6/3 >> w= 2Xx W W*X[2=2X*X[2=X>2
MO = - X2*x/3 = -X3/3 M

X/3

X

Boundary Condition fixed support
at A>>> x=3.0 >>>> 0=0.0
at A>>> x=3.0 >>>> y=0.0

B e by Jad) AL




Problem 3

A 20 t.m
ﬂ - )

| 3m |

Required the deflection and rotation
at point B

74




20 t.m

Boundary Condition fixed support
at A>>> x=3.0 >>>> 0=0.0
at A>>> x=3.0 >>>> y=0.0

B e by Jad) AL




Problem 4

| 12.0m _|

Required the deflection and rotation
at point A, B and C

76




w/x=6/12 >> w=0.5x w W*X/2=0.5x*x/2=x4/4
M, = 12X- X2/4*x/3 M

_ X/3 A
= 12x-x3/12 y

Boundary Condition hinged support
at B >>> x=0.0 >>>> y=0.0
at A>>> x=12. >>>> y=0.0

T e, by Jad) 2L




Problem 5

6.0 t/m




(6-W)*x/2= 0.67X

W*X= 6x-1.33x?

O
M, = 12X- 0.67x?*2/3x-(6x-1.33x2)*1/2 X T 213 x
=12 -3x2+ 0.22 X3 [
[e———>]
Boundary Condition hinged support

at A>>> x=0.0 >>>> y:OO
at C >>> x=45 >>>> 0=0.0 from symmetry
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Double Integration
With Variable Interval

Eng : Ayman abhdo




Problem 1

r

50t
10t.m
lc A

),

| 2 m | 1.5m |

Required the deflection and rotation
at point A and C

81




5.0t

10 t.m

sio Ml AGiae Alblaa 41 ¢ 58 JS Cmia ) amde 430 aad el I Ll !
Laa (O ja g gadl) 2y UL double integration dalaa A& (i il
4 boundary conditions 2539 2 Guedisw




==
2m 1.5m
Part A >> C

83

x1=0 >> x1=1.5
Mo =-10

1
rr:__ M

Y, EI( )

1

"— _ _— (=10

Y, EI( )

y' =6 ———1 (-10x +c,)
1 1 EI 1 1

1
= — —(-5X +¢,X +C
Yo == (9% +CX +C,)

2m 1.5m

Part C >> B
X2=0 >> x2=2

Mo =-10 -5x2

1
i rr:__M
L EI( )

1
"= _ — (-10-5x
! Y, EI( )
- 1 )
I y2 :92 —_— E(—].OXZ —2.5X2 +C3)

LY, = i(—5x22 —0.83x% +¢, X, +C,)
v El




At X2:2.O >>>> 9220_0 Jﬁmzez Ssbaw Ol gl B akadll) aic

y,=0,=— %(—mx2 —-2.5%; +¢,)=0
-10*%2-2.5*2° +¢, =0
c, =30

At x,=2.0 >>>> y,=0.0 Ja =y, sl Jagagdl B Adadil) aic

Y, =— é(—Sxi —0.83x; +¢,x, +¢,)=0.0

~5%27_0.83*2° +30*2+c, =0.0
c, =-33.33




At Xx;=15&X,=0.0>> 0,=0, 0;,=0, ssw O C aadll aic

0. (x,=1.5)=- i(—10 X, +C)=— i(—10*1.5+cl) >>1
El El
1 ) 1
0,(x,=0)=- E(—le2 —2.5x; +30)=— E(+30) >> 2

Froml1l&?2 1

— —(-10*1.5+c,)= — i(+ 30) >>>> ¢, =45
El El
At X, =15&Xx,=0.0>> y, =y, Y;=VY, s sl C akdll) vic
y,(x, =1.5) = — é(—le2 +C,X, +C,)=— é(—S"‘l.S2 +45*1.5+c,) >>>1
y,(X,=0)=— é(—S X; —0.83x; +C,X, +C,) = — %(—33.33) >>> 2
From1l & 2
- %(—5"‘1.52 +45*1.5+c¢C,)= - é(—33_33) >>>> €, =-89.6
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Final equations

Part A >> C Part C >> B
Xx1=0 >> x1=15 I X2=0 >> x2=2
yl':le—é(—lel+45) . ygzezz—é(—10x2—2.5x§+30)
y, = — é(—S X2 +45% —89.6) | y.=- é(—S X2 —0.83x° +30x, —33.3)
0 —— — (~10%0+45)=—
El El
89.6

y = — é(—5*0+45*0—89.6) _

at C >> x =15

0 =-— é(—10*1.5+45)= _30

c

86

1
=— —(-5*1.5"+45*1.5-89.6) =
V=g )~

333




Problem 2

10.0t
A B lc

H

6.0 m 2.0m
I | 13.33
3.33

SM,=00 >> Y *6=10*8
Y.=13.33 T

YY=00 >>Y,=333 |

87




10t T 10t
A B C A B

X, © 0 X,
6.0m 20m I 6.0m 20m
3 33 13.33 - 3.33 13.33
Part A > B I Part C >> B
x1=0 >> x1=6.0 ] X2=0 >> x2=2
Mo =-3.3x1 I Mo = -10 x2
1 . 1
n_ _ _~ M n_ _ _— M
/== =(M) | V== (M)
1 1
"= —(-3.33 (E—— g |
V= Z-(~3.33x) L Y= T(-10x,)
y, =0 ——i(—l 67 Xx°+cC,) . =6 ——i(—5x2+c)
1 1 EI . 1 1 I yz_ 2 EI 2 3
1 3 " 1 3
y,=——(-0.55x"+cx +¢,) . y,=——(1.67X; +C,X, +C,)
38 El ' El

A 4




At x,=0.0 >>>> vy, =0.0 Ja =y, sl dagagd) A adadil) aic
ylz—é(0+0+cz):0 >>>> €, =0

At X, =6 & X,=2>>>> vy, =y, =0.0
>>>> 91: 92

At x,=6 >>>> vy, =0.0
ylz—é(—0.55xf’+clx1 +¢,)=0
—0.55*6° +¢,*6+0=0 >>>> ¢, =20

At x,=2 >>>> vy, =0.0
Yy, =— é(l.G? X, +C,X, +C,)=0

1.67*2°+c,*2+c,=0 >>> 2c,+C,=13.33 >>1
At X, =6 & X, =2 >>>> 0, = 0,

~ L 16776 120)=— 1 (-5*2°1C,) >> C,=-20 >>C, =53.33
89 = . El 1




Final equations T

Part A >> B : Part C >> B
x1=0 >> x1=6.0 I X2=0 >> x2=2
1 1
=0 =— —(-1.67x2+20 =0, = — — (-5x2-20
y,=0, EI( X; +20) y,=0, EI( X, —20)
Yy, =— é(—0.56x13 +20x,) I Yy, =— é(—1.67 X; — 20X, +53.33)

OSay adali (o) Hlaaly (i sailly
e o)yl g b gagdl Ao J guanll

CI
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Problem 3

91

12 t
C ld




12 t
A C d e B A C d__¢e B

X; 9

i X
6.0 beee2:0m , 10,10, 20m 6.0|6.0 20m 9 10, 20m 6.0
Part A >> C I Part C >> d
x1=0 >> x1=2.0 _ x2=0 >> x2=1
Mo =6 x1 I Mo = 6*(2+ x2) = 12+6x2
1 . 1
n_ _ M n_ _ _— M
/== (M) | Vi === (M)
1 1
"=——(6 P =——(6x, +12
V=== (6%) by 3EI( , +12)
‘=6 ——i(3x2+c) . =6 ——i(lzx +3X; +¢C,)
y1 1 EI 1 1 I yz_ 2 3E| 2 2 3
y——i(x3+cxl+c) i ——i(6x2+x3+cx +C,)
- 1 = L 1 2 = yz_ 3E| 2 2 37\ 4




At x,=0.0 >>>> vy, =0.0 Ja =y, sl agagd) A 4dadil) aic

ylz—é(xf+c1x1+c2):0.0 >>>  0+c¢,*0+¢c,=00 >> ¢,=00

At x,=1.0 >>>> 0,=0.0 Aa =0, soba sl d adadil) aie
w‘ohﬁﬁdzwdﬁjw

, 1
Y, 92:—5(12x2+3x22+c3)=0 >>> 12*1+3*1°+¢,=0.0 >> ¢c,=-15
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At x,=2&%x,=0.0>> 0,=6, 0, =0, st Ol C Akl ais

1 1
0 (x=2)=——"(3*2°+¢c)=——(12+cC >>1
(X, =2) EI( ) EI( )
0, (X —0)——i(12*0+3*0—15)——i(—15) >> 2
e 3EI 3EI

From1l& 2 . .
- —12+c)= ——(-19) >>>> ¢ =-17
El 3El

At X, =15&x,=0.0>> y, =y, y; =Y, s Olusdll C Akl aic
1o 1700y 1 (_
yl(x1—2)_—a(2 17*2+0) = EI( 26) >>>1
1 1
yz(xz—0)——3E(O+0+0+c4)_—3ﬁ(c4)>>>2
From1l&?2
C,=3*-26=-/8

A




Final equations T

Part A >> ¢ : Part ¢ >> d
x1=0 >> x1=2.0 I Xx2=0 >> x2=1

Iy
0,=-—0C3x -17) 0 =—i(12x2+3x§—15)
El 3EI

— i(6x22 +X; —15x, —78)
SEl

<
I
I
~~
>
I
=
\l
<
—r
=
I

OSay adali (o) Hlaaly (i sailly
e o)yl g b gagdl Ao J guanll
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Problem 3
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12tl 12t1
A B C

| 4.0m ‘ 4.0m _| 4.0m ‘ 4.0m _|

LSl sadaa url) 3 yasl) odgd aad) aw o gllaall
A 55wy B adadil) aie L gagl) ) alal) za




A
x, . D
je—>] m—
4.0m 3.0m 3.0m
R
Part A >> D

Xx1=0 >> x1=4.0

Mo =R x1
rr__i
yl_ El (M)
rr__i
yl_ EI(Rxl)

yi=0,= —é(O.SRXf-I—Cl)

y, =— é(O.l67in3 +C,X +C,)




Part D >> B
X2=0 >> x2=3

Mo = R*(4+ x2) + 12* x2 = 4AR+Rx2+12x2
" _ i
yz o El (M)
"__ i
Yy, = = (4R + Rx, +12x,)
y,=60,=— é(4Rx2 +0.5Rx +6x° +,)

y, =— é(ZRxf +0.167Rx’ + 2X° +C,X, +C,)




At x,=0.0 >>>> vy, =0.0 A =yl s gben gl A adadil) dic

Yy, =— é(O.lG?R*OJrcl*OJrCZ) =0 >> ¢,=0

At x;,=1.0 0, =0, st Ol D 4kl aic
>>>> 0, =0, dadil) oda ale Jilad 3429
At x,=1.0

1 :
6 |(x, =4)]=- a(0.5R*4 +¢,) =6|x, =0]=- é(4R*O+O.5R*O+6*O+c3)

8R+c,=c, >>1

At x,=1.0 Yi=VY, Ssba Ol gl D 4dadll) aic
>>>> Y, =Y, dadll) oda Ao (Filal 3 ga g
At x,=1.0

Y, =— %(0.167R*43 +¢,*4+0)= y, :—%(ZR*O+O.16'R*O+2*O+C3 *0+4<,) :—é(g)

99 10.67/R+4c,=c, >> 2




At x,=4.0 >>>>0,=0.0 A =0, sobun byl B akiil) die

0

2

- 3%(4R*4+0.5R*16+6*16+c3):0

AR*4 +0.5R*16+6*16+C,=0
C,=—24R+96 >>> 3

At x,=4.0 >>>> y,=0.0 Ja =y, sl agagdl B Adadil) aic

y, = — é(ZR*16+O.167R*64+2*64+c3*4+c4) =0

2R*16+0.16/R*64+2*64 +Cc,*4+C, =0
42.66R+128+c,*4+c,=0 >>> 4

100




8R+c,=Cc, >>1
10.67/R+4c,=c, >> 2

C,=—24R+96 >>> 3

42.66R +128+c,*4+c,=0 >>> 4

From 3 in 1
8R+C,;=-24R+96
>>>C,=-32R+96 >> 5

From 5 in 2
10.67R+4(-32R+96)=c,
>>>c,=-117.33R+384 >>6

From 5,6 In 4
42.67R+128+4(-14R+96)-117.33R+384 =0
>>> R=6.86 ton

101




102

SY=0
Y =24-6.86*2=10.28




Problem 3

12tl 12tl
A B C

LSl sadaa il 3 yasl) o3l aad) aw o gllaall
2cm b B adadill vie Jagugll o) alall e
EI=4000 t/m?

103




je—>] —
4.0m 4.0m
R . R
Part A >> D /
x1=0 >> x1=4.0 .

104

Mo = R X1 ‘/
y{'=—é(l\/l)/

\ Y, = 7E£|(RX1)

L J
L 3 ‘r 1 2
=0.=— —(0.5Rx“+cC
‘/ =Y EI( .+

y, =— é(O.l67in3 +C,X +C,)




|e—>] —
= 4.0m 4.0m 4.0m 4.0m R
Part D >> B /
X2=0 >> x2=3 ¢

Mo = R*(4+ x2) + 12'/ 2 = AR+Rx2+12x2
1 .
Y. =—5 (l\il)/
\ A /El—l‘(4R + Rx, +12x,)
“/ 'yZ:HZ: — E(4Rx2 +0.5Rx +6x° +,)

— 1 2 3 3
. Yy, =— E(ZRXZ +0.167RX’ +2X° +C.X, +C,)




At x,=0.0 >>>> vy, =0.0 A =yl s gben gl A adadil) dic

yl:—5(0.167R*0+c1*0+c2)=0 >> ¢, =0 7
.
At x,=1.0 8,=6, sabwu‘%w$
>>>> 0, =0, M‘O&m&mdﬁju.\m

At x,=1.0 7
2
91[(x1:4)]:—é(0.5R*42+c1) :92[x2:O]:—%(4R*O+O.5R*O+6*O+cg)

/E

8R+C,=Cc, +>> 1
.

7

At x,=1.0 ylzyzgghagQ‘ngDM‘Jb
>>>> y2 Aaiil) o2 dis Jilad 392 g Gues
At\ =1.0

2

1 1
——4(0. *43+ *4+0)= y,=——(2R*0+0.16 R*0+2*0+c,*0+c )=——(c
E(WR C1 ) yz E|( Cs 4) EI( 4)

106 10.67/R+4c,=c, >> 2




At x,=4.0 >>>>0,=0.0 Aa = Gz/csawe b ¢l B Akl aie
2

1 ]
0,=— ——(4R*4+0.5R*16#6*16+C,)=0
2 3EI( }’ )

AR*4+0.5R*16+6*16+¢,=0
/ C,=—24R+96 >>> 3

At x,=4.0 >>>> y,=0.02 0.02 =y, s lgagll B adadil) 2ic

y,=— i(2R"‘16+0.167R"‘64+2"‘64+C3"‘4+C4) =0.02

4000
2R*16+0.167R*64+2*64+c,*4+c, =80

42.66R+c,*4+c, =48 >>> 4

107




8R+c =Cc, >>1
10.6/R+4c,=c, >> 2
C,=—24R+96 >>> 3

42.66R+c,*4+c, =48 >>> 4

From 3 in 1
8R+c1=-24R+96
>>>c1=-32R+96 >> 5

From 5 in 2
10.67R+4(-32R+96)=c4
>>>c4=-117.33R+384 >>6

From 5,6 In 4
42.67R+4(-14R+96)-117.33R+384 =48
>>> R=55 ton

108




yY=0
Y,=24-5.5%2=13

a ) ¢Sy ML

109




CONJEGATE
BEAM METHOD

~ Eng : Ayman abdo




Jad) @ ghad

super position ) A&y Jady g slaaall 5 jesl) Ao ajall amy ol -1

A 4.0 t/m BB 2t l A 4.0 t/m BB 2t




Example of

super position drawing

4t/m

" | i |

Om

6.0 m

2.0m

10t

112

18

10t

10t

10t
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.conjugate beam A 88l Jagal ol -2

Real Beam Support

Conjugate Beam Support

Himnged Support

|
| "

—— '

Himnged Support

|
| -

—— '

Roller Support
|
| -

== '

Roller Support

Fixed Support

Fixxed Support

'

Imnterior Support

ML

_— -

—t

Imntermnal Hinge
|
e @_ _='i__

Intermnal Hinge
| |
= & =

Interior Support

| = =
U ——




Examples of Conjugate Beam Supports

Real Beam Conjugate Beam
.- e e e
I | | |
| | | |
—— — | = = |
A - A &
| = ' =
! — . . o |
I I I [ = |
—e  WSETN fOE fOu i =
114




xamples of Conjugate Beam Supports

image

nnot be annot be

isplayed. isplyed.

omouter omputer

ot have ot have

frovan frousn

fremory o frerory

pen the pen the

froce. o frage. or

fre mes frase ey

Festart your Festart your 1
rouer M e |

e, o e, 1

WW”‘“""‘””""""""_""'"_"'”""_"'”"i"r s

¥
.u.lI.n.l.r\....h_u.f\_.l_u..u..ﬂ_._-.-\_._n.u_ﬁ.a.l.-.l....a_mhun

115




= conjugate A 5 sl Jdo (1) s shally o3 g2 gall ajal) dauy puag aly -3
°JASS‘UJQ Ddﬁﬁhﬁﬁ Jlaat) P’@""" ol Qﬁj@&ﬁuﬁed&‘ L@J\
ouSall g deY dga o aly 8 jasl) o) Jaad) oS o8 Mia

10t

Mgb«a&oéﬁ;ﬁ\s}aﬁ\&a-ll
deflection ) Laie G slhall kidl) e moment -
rotation J) Waie islhall bill) sic sheagr & clwa L)

_ (shear )

El
~ (moment )

from the new beam

from the new beam

y
116 El
















< glhaal) Clalocall o
W 58 5 (Skal g Lgtiasd 48 s

A=L.h EH“ A=L.h/2 A“&

ceL2 ~— T [coLs3

L

L

A=L.h/2 Alh A=2/3L.h I @
h

O T R e—— N T

CO 3L

121

L

a2sin |




Problem 1 al) S

Required the deflection and rotation
at point a, b, c and d.
And also draw elastic curve

122




1-Draw B.M.d

6.0

B.M.D

2- convert to conjugate

o Conjugate
A\ beam




3-Final Beam

124




RZX 12¥

I
—6
Sha = -6 >>2>> Qa — u [ (a9 e g g Jladd) (e shear -
El I Sl g G ga A 3 (e
M. =0.0 >>>> ya:M:O |
El |
(+12) |
sh,=+12 >>>> 0, = I
El I
M,=0.0 >>>> yb:%:O |
I

1T~ S S 12




6 3.0m

sh = —6+45=-15 >>>> eaz(_ElI'S)

M,=-6*3+45%1=-13.5 >>>> ya:(—13.5)

126 El 126




M, =-54 >>>>

127

ya_

sh,=+21 >>>> 0, = (+21)

El

~(+54)

El




Draw Elastic Curve




Problem 2

A 4.0 t/m B B th

| 6.0m _| 3.0m |

Required the deflection and rotation
at point a, b, c and d.
And also draw elastic curve

129




1-Draw B.M.d

6.0

B.M.D

A\

=

2- convert to conjugate

o Conjugate
A\ beam




3-Final Beam

18 A 60 AO
i3 111 They
|V

18 =
18 4

72 ¥

131




(a9 e ga adla g Jladdl (e shear &

I
I

I uSall g @ ga dua p JoL g Ol
M. =0.0 >>>> a:M:O |
El |
(-24) |
sh,=-24 >>>> 0, = I
El |
M,=0.0 >>>> yb:M:O |
I

IS - - e - - . . . e 13




Part AB —

R,=2/3*3*18=36 R,=1/2*3*3=4.5
X,=3/8*3=1.125 X,=1/3*3=1
4. 5
3 Om 0

_ (=1.5)
El

sh =30 -36+4.5=-1.5 >>>> 0, =

M. =30*3+45%1-36*1.125 =54 >>>> vy, __(ZAI')

133 13




sh, =15 >>>> 0, = (_E1I5)

_ (=54)

M,=-54 >>>> vy =
El

134




Draw Elastic Curve




Problem 3
o : »

Cﬁ
‘ 2.0m ‘ 4.0m —‘Z.Om \

Required the deflection and rotation
at point a, b, ¢, d and e.
And also draw elastic curve

136




1-Draw B.M.d

4.0 4.0

B.M.D

2- convert to conjugate

137

Conjugate beam




3-Final Beam

4 4
pesilINNRRNRRNRRRRNRREI TS




I

I

i * El I
M.=0.0 >>>> ya:M:O :
El I
_____________ -
(+8) |

sh,=+8 >>>> 0, = I
El I

M,=0.0 >>>> yb:%:O |
I

(a9 e ga adla g Jladdl (e shear &
aSad) 9 G ga Al J U (rand!

13




sh,=+12 >>>> @6,

M, =+21.33 >>>>

140

- (+12)

Yo =

El
- (+21.33)

El




s 4]




inertiad) 2 i3 gddla -1

Required the deflection and rotation
at point a, b, c and d.
And also draw elastic curve

142




1-Draw B.M.d

4.0

2.0

Jalaal) o dalical) dacd oty
inertia Js Jlsas 35 gall

B.M.D

2- convert to conjugate

143

Conjugate beam




3-Final Beam

4

4
2 |
4.‘|‘|‘u ‘ ‘ ‘ ‘ o o o O o ‘ ‘ ‘ |

D

4*1+4*1+2*2=12

T brrrrred 111

¥ \
17.33 441 A4
(] s
10

B>

10¥

7.33
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0

y

~ (shear )
El
~ (moment )

El




s 1) 3 e B intermediate hinge 3539 U -1

he image cannol be displayed. Your computer may not have enough memory 1o open the
image, of the mage may have been corrupted. Restartyour computer, and then open the o
agan.Ifthe red x st 2ppears, you may have (o doel the image and then insert i agan

conjugate beam

sda disreaction U o5 Jhwy hinge ) intrmediate hinge s die Badl
alby O 9all (yiasd 39 g AUl g A0alil) 038 e shear U oubiasd dllia (oS AUl g adaiil
8; and 0, Akiil Jlady Cpay Gl Adlal) B agalk
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final 2006

Required the deflection at ¢, d, n and
slope at point n, b.
And draw elastic curve

EI1=5400 t.m?

147




draw B.M.D

P F




convert to conjugate heam

A
the final heam with the new load

18t.m

m 18t.m ]
18t.m




18t.m

18t.m

3.0m

3.0m

6.0m

150




Part B-D

(36 *3+27 *2)

Y. = 0.03m
5400
(27 *2)
Vg = = 0.01m
5400
27 A
_ 27 _ n -
o 27 18 +18 _ _0.0033
5400 -
(=27 *1+18 *3 + 27 *5) \ &t 18
5400 '

3.0m 3.0m

151




Part A-B o

, _ (36)

= 0.0066 rad




final 2004 AT

ot

Required the deflection at a, d, e and slope at point b
and (6,) and (6,,) and (8, ). And draw elastic curve.
EI1=8000 t.m?

153




dl'aW BIMID 3.0t/m
M

3.0t/m 6'0It
|‘_’|‘—’|‘_’I‘—’|‘ﬂn’|

12.0t.m

12.0t.m 2.0t.m

154 24.0t.m 6.0t.m




convert to conjugate heam

 ————
the final heam with the new load




128
16 12 A 6 16iA12 12é
I Il.lll:ZS:IIIIIIIIIII:ES:II'.II
; 16 .
4 1 20 * \ 4 v12

|<1-_67, | 1.67 \
8.0m 2.0m 0m 2.0m 2.0m

156




Part B-C

(+16)
Y, = = 0.002 rad
8000




Part C-F 169_T,T“2 —
‘;’ 16 w12

20.
!f.67 :‘ | 1.67 I
2.0m 0Om 2.0m .
(-16 *2 +12 *1.67)
yd — = —0.002 m
8000
(12 *1.67)
Ve = = 0.002 m
8000
reaction d 20
0, :( @d) :( ) 0.0025 rad
8000 8000
shear d left —-16 +12
dL:( @ ) :( ) = —0.0005 rad
8000 8000

_ (shear @ d rnght )  (-16 +12 + 20)
iR 8000 - 8000

= 0.002 rad

158




final 2008
3 dl 2t

‘ 3.0m| 4.0m I 3.0m “ 4.0m I 3.0m \

Required the deflection at g, d, e and slope at point b
and (8, g) and (8 ).
EI1=8000 t.m?

159




draw B.M.D
m 2 2

3.0t/m

6.0t.m 6.0t.m 6.0t.m
I
160

4.0t.m




convert to conjugate heam

ﬂ__

the final heam with the new load

6.0t.m 6 Ot.m 6.0t.m
4




162

F&'

‘ 3.0m

60tm

6.0t.m




Part A-B 6718 47

[ | | | >
47 o

yg = L = 0.005875 m 20 k247
8000 |.t5f

Part B-C

 (-6.7)

L= = —0.0083 rad
8000

163




(97*2)
Vg = = 0.00225 m
8000
(9*2+6.7*3)
Ve = = 0.00475 m
8000
reaction e -20.7
0, . = ( @e) = ( ) = —0.00257 rad
8000 8000
shear d right 0-4
0,s = ( @ ght ) = ( ) = 0.000625 rad

8000 8000

164




Mid term 2008

Required:

1- the left rotation at b.
2- slope at d.

3- deflection at b and d.

4- draw elastic curve.
EI=8000 t.m?2

165




draw B.M.D

4.0t.m

3t/m

d

I:18 4.0 4.0

13.5

4.0t.m

(i)




convert to conjugate heam

the final heam with the new load

Eﬂ 4.0 4.0
|
|




= 39 .

F&; 1.67
Fﬂy ‘<|<__:2.0m |

168




169

(40.5)
O, e = = 0.005 rad
8000
(—20.5)
g = = —0.0025 rad
8000
(40.5*2)
Yy = = 0.01m
8000
(-49)
8000




final 2009

12t 12t

‘ 3.0m‘ 3.0m‘ 3.0m‘ 3.0m‘ 3.0m‘ 3.0m‘ 3.0m\

Required slope and deflection at point b, e, f and g.
EI1=3600 t.m?

170




draw B.M.D

e b

th
a
]




convert to conjugate heam

A DA A

the final heam with the new load

ESB.Ot.m 36.0t.ﬁ
172




ﬁ36.0t.m 36.0t.ﬁ

try your self




VERTUAL
WORK

Eng : Ayman abhdo




The principle of work and enerqgy Is:

UJ =U.

N

\IiVork o; E|i</|temal Strain Energy

Oorces oments Internal Forces
M .M QQ N,-N,

winternal = I EI dl +I A dl +I A dl

M >>> Moment.
Q >>> Shear.

N >>> Normal.

W: = [——=dI Winternal = I—dl

internal E| . EA

175 For Beams For truss




:Jad) @l ghad

super position ) 4k slaeal) 3 jasll Ae adal) ay al -1

A 4.0 t/m aB 5t l




Example of 10t
super position drawing

4.0m
5t 1 At/m 5t 1 15’(
om ¢ 6.0 m —2.0m | 2.0 mI

10t 10t

177 18




Clua qglhal) adadil) die ] toN gy s Sl Ao (e LgdS Jlaal 43 30 ady -2
e adall am g cadali die o) jeall qulla i 11 g AS ad) sladil L& Laic Lo gugl)




2 o shally J oY) ollaall o g yall JSE&I) g 1 6 phaddly lea) JSAT) JalSS a%y -3

cilaboce JalS5 ¢ gSam La JulSil) g

d
o

A=2/8LL.h Ih@

179

C@ L/9

A=2/8L.h h] 9

C@ 8/sL




180

J

¢C@ L2 ’ :

M .M

0

gL Y1 * adaal) dalua e o e 9a Cfialul) Jals
A JSE e dabuall o3 Syl Jilaal

4 X <
/N 4N N7\
v ¥ X X
N 2NN N
v ¥ x A

A
—
v

El

-di = (a.L) * b =a.h.L




gL Y1 * adaal) dalua e o e 9a Cfialul) Jals
A JSE e dabuall o3 Syl Jilaal

SN N N NN NN
N N4 L4 X A
SN N N N NN\ N
v

A=a-|- ‘ }A E
¢@ L2 ‘.

A
—
v

A
—
v

MM = (a.k) * /2 =a.b.L/2

181




182

MM (ali2)* 23h =a.b.L/3




183

MM (alli2)* 1/3h =a.b.L/6




184

| MI"E':VI&dI -(L/3)[ab+dc+0.5%(ad+bc)]




185

J

M .M

dl = 2/3*wL?*L/8*b=wL3/12*b




186

J

M .M

dl = 2/3*wL?*L/8*b/2=wL3/24*b




paly

I MI"E':\/Il.dI - (a.L/2)* b =a.h.L/2

187




paly
C@ L2

I MI"E':\/Il.dI - (a.L/2)*b/2 =a.h.L/4

188




A=2/3.a.L
@ 5/8L

et = 223l ) 5/8h)

189




VERTUAL
WO RK
FOR BEAMS

Eng : Ayman abhdo




Problem 1

5 2.0 t/m B . 16 ;
C A
| 12.0m _| 3.0m |

Required (1) the deflection at a, c.
(2) The rotation at point a, b, c, d.
And also draw elastic curve

E1=8000 t.m?

191




1-Draw B.M.d

AlalSS ol 00 JSA)
- 4l ey JS aa

192




193

||| =—-0.04725m |||

Tt )

bl (e g Jhua Wi (y ) ) Lica b Laais

laty) Luse A4S all ol Wline Al




1-Draw B.M.d

AlalSS ol 00 JSA)
- 4l ey JS aa

2- For vy .

1t

194 3.0




S~

12

: 54 ;

‘ : 12,

—| <—
3

#Ml.dlzL —1/2*3*12*9 |+ 2* ( *54*6*5/8*3)
8000

=0.081m

bl (e g Jhua Wl (y ) ) Lia b Laais

olady) (udly A4S all o) Lline 4ua ga
195




18 ALalSS s 02 JS)
TN A sy g8 g

- 1.0
2- For 0
1tm
M3
*x QA% * *
o | MM, _ 1 [1 3*18  1*18 12_2*54*12*0_5}
a El 8000 2 3 3

196 =—-0.0146 rad




18 ALalSS s 02 JS)
TN A sy g8 g

* *
.= | M, g 1 {1 18712 2*54*12*0.5}
a El 8000 3 3

197 =—0.018 rad




18 ALalSS s 02 JS)
TN A sy g8 g

a al= —*54*12*0.5
El 8000 6 3

108 = —0.0225 rad

o= (MM g 1[11812_2 }




18 ALalSS s 02 JS)
TN A sy g8 g

199




Jeadd) Challl (Y hua oy (plSal Jalss
o L&) Aary Cradd) ¢ Jad) g G ga 0 LA lany

e dlianal) Ul g dedl) (il Glla

0.5
0.5
2 18
6 , 6 .
5
0.5
*Q*
g = 1 {0-5 9 6_6*(0.5*9+O+O.5*(O.5*18))}
¢” 8000 3

200 =—0.001125 rad




CASE OF SETTELMENT 2 oag 1)

: 38,1 Ja gt

odas ) cuad 4y il JSUdia G sdas ) Ja g daay *

G () g Ldiiall ) g dad) Guaney Liday) Gaday a8 %
23S Y) Jhu) (e plall g b

Swelling soil

201




202

EEEEEEEEEEEEEEEEEEEEEEEEEETSN
P 4

. L4
S




Jall 4, )k

5asll cpa Jlaal) JS A1 ol -1
adic b gl Glua Gigllaal) ddadil) die 1ton puay ady -2
Jdton J ¢s =W reaction ) qlea oy -3

>(F*y+M*8)=0.0

203




Example two

3.0m

6.0 m

| 2.0m |
| 10.0 m |

Required: A, and A and O, due to settlement at b = 2cm.

204




For A,

da) N ¢ o gllaall
c aadll) Aie 4..)“\)3\

205

3.0m

6.0 m




206

0.0
— e
X, = 0.0
Y, *10 = = 1*8
Y, = 0.8
0.0 T l
Y,+08 = 1
A = 02




da) N uSe 5 gal)

207

5

1*Avc - 0.8 *0.02 = 0.0

>> Ave = 0.016 m

10.02 m

boo

given




For A4

dal Y ga sl c d 1t
d adadil) aie 488y
3.0m
a e
/\
T Yo 6.0 m
2o
/\ b
2.0m

() OO M Yg

208




X
I

1.0

1*3+1*6
0.9

209




210

1 * Ahd + 0.9 * 0.02 — 0.0 given

>> Ahd

l0.0Z m

Los

=-0.018 m




211

3.0m

6.0 m




X
I

0.0

212




1*6,+0.1*0.02=0.0 Joozm  given

>> fa =-0.002 rad l
0.1

213




>> Avc = 0.016 m \}
>> Ahd =-0.018 M| -

>> @a=-0.002 rad | J i

\

EEER HEEEBR EEEEEEEEEEEEEEETRm
.
*

*
*
X BN REREEREIBLEREER I

214




CASE OF TEMPRATURE 5 ) sl

Case of uniform temprature.
Jal) 4%y ke

5 aSl) e Jlaa¥l IS A1) Al -1
Laic b giel) Glua @ gllaall il Ae 1ton g ol -2
Aton 1l ¢e &W normal J) asy o -3

yor @ =a*dt*(Area of normal)

215




Case of non uniform temprature,
Sl A%y

5 aSl) (e Jlaa¥l IS A1) Al -1
Laic b giel) Glua @ gllaall il Ae 1ton g ol -2
Aton 1 ¢e &W normal J) asy o -3

y or 0= a.(tzztlj.z Area Normal + a.(tzhlj.Z Area of Moment

t >>>> external temrature.
t >>>> Internal temrature.
h >>>> beamdepth.

216 a >>>> thermal coeffiecnt.




Example three

3.0m

6.0 m

| 2.0m |
| 10.0 m |

Required: A, and A and O, due to uniform increase in
temperature equal 20°. o =10

217




For A,

da) N ¢ o gllaall
c aadll) Aie 4..)“\)3\

218

3.0m

6.0 m




219

0.0
— e
X, = 0.0
Y, *10 = = 1*8
Y, = 0.8
0.0 T l
Y,+08 = 1
A = 02







For A4

dal Y ga sl c d 1t
d adadil) aie 488y
3.0m
a e
/\
T Yo 6.0 m
2o
/\ b
2.0m

() OO M Yg

221




X
I

1.0

1*3+1*6
0.9

222




223

Ana= 105 * 20 * (+0.9*6)= 0.00108 m




224

3.0m

6.0 m




X
I

0.0

225




226




227

Avc = -0.00156 m

Apg = 0.00108 m

0. =0.00012 rad

t
)




Exams problems




final 2006 o

sheet

6.0 m

El = 9000 t.m-.
o =107

For the Shown Frame, Calculate the Vertical Deflection at C,
Horizontal Deflection at D and Draw the Elastic Curve due to:
1- Given Loads.
2- Horizontal Movement at B =2cm to the Right.
229 3- Uniform Rise in Temperature 400,




>M ED =0.0

Xz*6.0 +12*3 = Y6  >>>> X =6 t

>F, = 00
T <

230 X5

1
O
o




23




>M ED =0.0

Xz*6.0 = Yg*6  >>>> Xz =0.5 t

>F, = 00
q h
232 X, = 05




233




For hd

M 3 =0.0
1%6.0 = Yg*12 >>>>  Yp =05t
Mgy =00
X5*6.0 = Yg*6 >>>> Xy =05t
>F, = 00
X, = 1-05=05
>F, = 00

¢ Y, =Y, = 05




235




given loads

M,

* Q% * A%
Jom2 1{36 3 6} 1 {36 3 6_2*9*6*1.5}
Bl 3 2EI| 3 3

= >94 =0.066m
El

236




given loads

hd =0.0

237

JSi aa Jilala JSG JulSS
a5 gy puiSS Jilalia




Uniform temperature=40

Area of Normal =-0.5*6-0.5*12-05*6=-12

yc =a *dt* Area of Normal =10°*40*-12 =-0.0048m

238




Uniform temprature=40

Area of Normal =+05*6-0.5*12-0.5*6=-6

hd =g *dt* Area of Normal =10°*40*—-6 =-0.0024m

239




movement at b to the right =0.02 m

ll T
ly
0.5t
0.5 0.02m
054 o

1*yc—-0.5*0.02=0.0
yc =0.01m

240




movement at b to the right =0.02 m

Nd
1t —_—
0.5t
05 0.02m
o5 | o

1*hd —0.5*0.02=0.0
hd =0.01m

241
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sheet
mid term +°©

2 t/m

4.0m

B

| 3.0m | 3.0m |

For the Shown Frame, Calculate the Rotation at Point D due to:
1- Given Loads.
2- Rotational Settlement at A = 1 rad.
3- Rise in Temperature 30° in All Members.

El = 10000 t.m=.
0 =107,
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-12

2 t/m

4.0m

12

36




245




4




given loads

1[36*3*6 36*3*6

247

0

3

306*3*4




given loads

4

/—
M, 1
1| 36%4*6

248

36

M,

36%4*4

2/3*9*6*4




Uniform temperature=30

Area of Normal =-0.8*5+1*4=0.0

yc =a *dt* Area of Normal =10°*30*0=0

249




Uniform temperature=3(

Area of Normal =-0.6*5-1*6=-3

hd = *dt* Area of Normal =10°*30*-3 =

250




rotationatb =1 rad

1*yb+3*1=0.0
yb =-3cm

Acldl Qe pa dry i ga




rotationatb =1 rad

1*xb-0*1=0.0
Xb=0




3t/m

3.0m

For the Shown Frame, Calculate:
1- horizontal displacement at D.
2- vertical displacement at E.
3- rotation at C.

El = 10000 t.m?.

253




SMcy = 0.0
6*8+XC*3-12*6=0 >>> Xc = 8.0
> F, =00

X = 8.0

a

IM) =0.0

254

Ma —8*3 —12*2 —-12*4=0.0 >> Ma= 96




255




256
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(o0]
Lo
N
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MZ
s _
ye= T | 4878 8+f(48*8+o.5(48*4)) =
250 EIl 3 3 ]
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- —48*1*8 4

M,

3(48*1+ 0.5(48*0.5))—2/3*3*4*0.5




VERTUAL
WORK







-Jal) &) glad

xall truss ) Ao normal J) sy oy -1

Find N
truss Je normal 3 acyy 1ton Jeas puday Jaa) Al j) ol -2
Find N

2 09bally J oY) cisllaall o guu pall JSill g 1 0 ghadlly k) JSd) JalsS oy -3
LClaloce Jalst & oS Ld Jalsil) g

truss 3 2 normal 3 <la gy JS
Skl (e 5l () 9<0

" _ jNO.N1 i = 2 (No:N, L)
Internal — EA ' EA

264




o hc

for

0 ab

for

1/4 t

O VC

for

rel (ab)
1t

for

265
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Judlaa EB g calea &S

0.0
0.0

0.0
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Zero members

@

@

«Joint «Joint

 No loads  No loads

e Only two members o allia EdUl) g aal g oladl A (p maic

e The two members are zeros e 0.0 = Gl jualall

Example
. N\
«Joint \

o illia Gl g jalc dalfiuly 5 68
e 0.0 = Gl Jmlﬂ\ '

269 \\ YT /




Some famous joints

270

12.5*0.6—F, =0
F, =75

Joint one
— @
F1=10 | @
F2 =0.0 é
10]
Joint two =,
> F, =0 M-
0.8F,—10=0 m
F, =125 =
>F, =0




Joint three

F1=15 T

Joint four

F1=15 \
F2 =10 /




Example One

Required

272

12 t

€

ovc, orel(fe), and 6(fb)

EA=10000 t




273




AN\ 70167 0.167
2ra 11/8 1_1/8




member | L N, N, N, Ny | NgNoL | NgN,L | Ny NoL
Ac 4 12 | 0.67 1 | 0167 | 32 48 8
Cb 4 12 | 0.67 1 | 0167 | 32 48 8
Ae 6 9 0 0.75 0 0 40.5 0
Cd 3 0 1 0 0 0 0 0
Bf 6 9 0 0.75 | 0125 | © 405 | 6.75
Ad 5 15 | -0.83 | -1.25 | -0.2 | 62.5 | 93.75 | 15.625
Df 5 -15 0 | -1.25 | -0.2 0 | 93.75 | 15.625
Bd 5 15 | -0.83 | -125 | 0 625 | 93.75 | O
De 5 -15 0 |-125| 0 0 |9375| O
3 189 | 552 | 54
sye— ZNN.L 189
EA  EA
5rel (fe) = > N,N,L 552
EA  EA
o(fh) = > N,N,L _ 54

275

EA




CASE OF SETTELMENT 2 oag 1)

3 oS e SN ST ) s =1
Lﬂ‘&“u#‘@‘-&&yb“,cp‘, 2
ol a1l e mireaction 1 olee o -3

> (F*y+M*8)=0.0

276




o) JUiall

R (SEl cgllaal) 8 K]

Required

ovc, orel(fe), and 6(fb) dueto settelmentat B = 2cm

1 *Aee - 0.5 **0.02=0.0

>> Ave = 0.01 m

277




1t 1t

1 * Arelfef) - O * 0.02 = 0.0
>> Arelfef) = 0.0

1/6

1*6fb+1/8 *0.02=0.0
>> 0fb = 0.0025 rad

1/6

%1/8 00z &
2T

278




CASE OF TEMPRATURE __ 3_) ~1) 5L
Case of uniform temprature. o a v

5 oS o JY S -1
byl i 0 llall o) wie b dly g o =2

yor@=a*dt* (Area of normal) =a *dt *) (N*L)

9 Gl (o gllaall s 1)




280

Sve=a.Aty (N L)=10°*40*0=0

srel(fe) =a. Aty (N L) =10°*40*-12.5

4 12 0.67 1 0.167 | 2.68 4 0.67
4 12 0.67 1 0.167 | 2.68 4 0.67
6 9 0 0.75 0 0 4.5 0
3 0 1 0 0 3 0 0
6 9 0 0.75 | 0.125 0 4.5 0.75
S -15 -0.83 | -1.25 -0.2 -4.15 | -6.25 -1
S -15 0 -1.25 -0.2 0 -6.25 -1
S -15 -0.83 | -1.25 0 -4.15 | -6.25 0
3} -15 0 -1.25 0 0 -6.25 0

0(fb) = a.At.x (N L) =10°*40*0.83




Example Two

C 10t

3m

b

| | 4 m _|
Required o hc
1—given loads EA=10000 t
2 —settelment at b= 2cm

3—uniform rise in temprature 20’ in member ac
281




10 t

N
12.5
/5t
101t
AN ©
475 175
1.0t
Nl
1.25
0.75t
1.0t

282

— e
i0.75




member L N, N, N N, L N,L

AB 4 0 0 0

BC 4 7.5 0.75 22.5

CA 6 -12.5 -1.25 93.75 -7.5

S 116.25 7.5

SNNL 116.25 : Lind oda Y Ud adhll b
he= 2ot = Given loads | #4 O b 2ol laaa oy ol

0 EA ol ally AU L8 Giaay al
Ahc

ohc=aAt.(XNL)=10"*20*-7.5 temperature

1 *Ahe + 0.75 *0.02 =0.0
=-0.015m

>> Ahe

283

settlement

1.0t

<=




Example three

6t

For the shown truss determine the horizontal displacement at point

1 and relative displacement between 2 and 3 due to:

1- Given Load.

2- Settlement at B=1.5 cm.
3- Rise In Temperature 30° In Chord AB2.

2

84EAleOOO ton o =10"°

284




285




N,L

N, L

Ng N,L

24

24

34
132

Ng N, L

-24

-24

N

1.4
1.4

-1.4

No

8.5

L

member

AB

B2

13
Bl

Al

B3

12

280




>NNL -24

Shl= =
EA 10000
Given loads
593  ZNNL _ 132
EA 10000

Shl=a.At. (N L)=10°*30*4
temperature

§23=a.At. (XN L)=10°*30*-4

settipment
<
Ah1
1t
£ £ T
flt 015 ¥ 1t 015 ¥
1tV 40

1 *ARl1 +1*0.015=0.0 1 *A23+0*0.015=0.0

>> ARl =-0.015m >> Ah23 =0.0

37




Problem No. 1

D e B o e e e &
4m 4m 4m 4 m 4 m 4 m 4 m

For the shown truss determine the vertical deflection E and the
rotation of member CD due to:

1- Given Load.
2- VVertical and horizontal movement at A =2cm downward and 3cm

to the left. L/ZEA=.003 cm/t.

288




289

2t 3t 3t1 2t

3m

3m

3m

[e———p]




290

3m

3m

3m

[e———p]




291

4m

3m

3m

3m

[e———p]




member No N, N, NNy N N,
Al -2.2 -0.44 0.11 0.968 -0.242
12 -4.4 -0.88 0.22 3.872 -0.968
2b -6.6 -1.32 0.33 8.712 -2.178
bc 0.0 0.0 0.33 0 0
34 0.0 0.0 0.0 0 0
45 2.2 0.44 0.11 0.968 0.242
56 4.4 0.88 0.22 3.872 0.968
6d 6.6 1.32 0.33 8.712 2.178
A3 0.0 0.0 0 0 0
14 -1.65 -0.33 0.084 0.55 -0.1386
25 -1.65 -0.33 0.084 0.55 -0.1386
B6 -1.65 -0.33 0.084 0.55 -0.1386
Cd 0.0 0.0 0 0 0
A4 2.75 0.55 0.14 1.5 151
15 2.75 0.55 0.14 1.5 151
26 2.75 0.55 0.14 1.5 151
bd -1.67 -1.67 0 2.78 0
dE -5.0 -1.0 0 5 0
)3 36.2 4.11

292

ove= LA*Z N N, =0.003*36.2

L
o(fb) = *

S N,N, =0.003*4.11




293

l’[‘ 3m

3m

[¢———p]

3m
A A B A
4m 4m 4m 4m 4m 4m 4m
0.33 1.33

1 *Ack + 0.33*0.02+0*.03=0.0
>> Akl =-0.0066 m




294

1*60C-1/12*0.02 + 0 *.03=0.0
>> 6DC = 0.0016 m

3m

3m

3m

[




Example 2

For the shown truss determine the vertical deflection E and
horizontal displacement at D due to:

1- Given Load.

2- Settlement Of Support A=2cm And Horizontal Displacement At
Support C=3cm To The Right.

%QSRise In Temperature 30° In All Members EA=10000 ton a =107°




16.6

16.6

D 133 133 133 11(”

296




297




member L N, N, N, No N, L Ng N,L N, L N, L
A2 4 0 0 0 0 0 0 0
2b 4 0 0 0 0 0 0 0
13 4 0 0 0 0 0 0 0
45 4 0 0 0 0 0 0 0
Df 4 13.3 1.33 0 71.11 0 5.33 0
F6 4 13.3 1.33 0 71.11 0 5.33 0
6e 4 13.3 1.33 0 71.11 0 5.33 0
21 3 0 0 0 0 0 0 0
B3 3 -10 -1.0 -0.75 30 22.5 -3 -2.25
3d 3 -10 -1.0 -0.75 30 22.5 -3 -2.25
C4 3 0 0 0 0 0 0 0
4f 3 0 0 0 0 0 0 0
56 3 0 0 0 0 0 0 0
B1 5 0 0 0 0 0 0 0
5f 5 0 0 0 0 0 0 0
Al 5 | 16.67 | 1.667 1.25 138.9 104 8.33 6.25
1d 5 | 16.67 | 1.667 1.25 138.9 104 8.33 6.25
C5 5 | -16.67 | -1.667 0 138.9 0 -8.33 0
5e 5 | -16.67 | -1.667 0 138.9 0 -8.33 0

YD 768.8 253 10 8




_YNNL 7688

O Ve =
EA 10000

Given loads

Sve=a.At.(sNL)=10°*30*10
tem perature

Shd = . At(EN L) =10°*30*8

settipment

1 *“Ave + 3*1.33-1*2 =0.0 1 *Abkd + O.75* 2 + 3*0= 0.0
>> Ave =-2Chm >> Ahd =-1.5cCcm




Problem No. J

3.0m
2t
4.0m
4.0m
A B El =10000 t.m?2.
o =10~
| 3.0 mI 3.0 mI 6.0 m |

For the Shown Frame, Calculate the Rotation at Point D due to:
1- Given Loads.
2- Settlement at A =2cm.

300 3- Rise in Temperature 30° in All Members.




2tm
M , ‘) 0.0

3%4+2*12-12-Y*¥12=0 >> Y,=2.0t
YF, = 0.0

Y,=2-2=0.0

P\ | CL‘} 0.0

0*3 - X,*4 =0.0 >> X, = 0.0
YF, = 0.0
Xz =3.0




302

For 0,

1.0




given loads

—1*12*10

303

3

1.0

=—-4*10"rad




Uniform temperature=30

Area of Normal =-0.209*10+0.104*10=-1.05

0 =a*dt* Area of Normal =10"*30*-1.05=0

304




due settelment at A=2 cm

40.02

V112

1*6 +1/12*0.02=0.0
0. =-0.0167 rad




ProblemNo.4  sum

H K
3.
6 t/m
= G D
6.
A B
/\ AN

| 30m| 6.0 m | 6.0 m ‘I
For the Shown Frame, Calculate the Rotation at D, Horizontal
Displacement at B and Vertical Deflection at G due to:

1- Given Loads.

2- Downward Settlement at A = 2cm.
306 EIl =12000 t.m?

m

m




307




For A,

given loads

308

AVQ=—-

El

1

Fo:

——*3*12*135+Z(—
2 3

2

-
T s
*108*6*5/ 8*3j_ =0.15¢




For 6,

given loads
~°
l1/12 M, ‘fmz
& :Ell 1*2;*12 @*108*12*0.5) =—0.004rad

309




For Ay,

given loads

310

Ahb=—| -
El

6.0

2(~0*12 2

——>*108*12*6
2 3

6.0

=—0.513m




ownward Settlement at A = 2cm

For A, 1“
lAvg

Jo.02m

b

1*Avg -0.5*0.02=0.0
Avg =0.01m




Downward Seftlement at A = 2cm
For 6,

‘o.oz m T
1/12
l1/12

1*6, +1/12*0.02=0.0
6, =-0.0167 rad




Downward Seftlement at A = 2cm

For Ay,

Ahb 1t

Jo.02m

T 0.0

1*Ahb+0.0*0.02=0.0
Ahb=0.0




Consistant
Deformation

Eng : Ayman abhdo




5 11 = Y 1t 225 Ua deformation
R*® 11 = =¥ J4S reaction 2523 U deformation 2




Example 1

2.0t/m |16t
12.0m 6.0
e

Um —

Draw B.M.D, S.F.D, and N.F.D EIl = 10000

sllazal) 5 jasll uk’ saL ¥l reaction & ZJUL) g main system Jas al -]
Ad i A L) da

main system

4 2 Ix

316




2- draw ( My ) [ loads + X=0] m 3-draw (M, ) [ no loads + X=1 ]
|

2.0t/m 16t |||
K % 5.0 | A A ;
je———r|—]

12.0m A 5om 12.0m A 5om ‘1
T —
|||

48 |||
% - ||| W
||| ;
Mo ||| M,

317 v




48
6 10=M; &M, Ja -; !:
36 —

3

6
5. = 1 | _4876 12+(2*36*12*1/2*6)—3*(6*48+O.5*(3*48))
10000 3 3 3
648
=————m
10000
0 1= My e My A~ 4 —
6
s A
O, = +
10000 3 3
216 6
= m

10000
318




o,+ X.0,=0.0

048w« 215 50 oo X Z3ton
10000 10000

2.0t/m 16t
XA %
SaTY

12.0m p— 6.0m

e b E——
TYA YBT 13

M A = 0.0

24*6+16*15-Yg*12-3*18=0 >> Yg=2/7/.5t

>SF, = 0.0
Y,=24+16-275-3=95
>F, = 0.0

319 X, =0.0




320

—~| -3 Il

B.M.D




main system A da

A t A

X —
2draW(M)[Ioads+X 0] m3draw(l\/l)[noloads+x 1]

2.0 t/m |
12.0m 6.0m = ||| A 12.0m 6.0 Z

Um =
|

21.3
A
[

A —

\/ ”
|
\ 4

36 M,

321




&, =M &M, J : ‘ ‘ ,
\EE/

A

el B

5 =1 | 8974 12—(3*36*12*2j—§*(4*80+64*2+0.5*(4*64+2*80))—2*64*3/3
10000 3 3 3 |
__ 2640 1
10000 /_I\
., =M &M Q&
A
1 [ A% 4%1) 4*4*6} A
0, = +
10000| 3 3
96

=———m
10000
322




o,+ X.0,=00

_ 2040 w50 55 X =275t0n
10000 10000

2.0t/m 16t
XA %
SaTY

12.0m — 6.0m p—

fi———¢—j
TYA 2151 YBT

M A = 0.0

24*6+16*15-Y_*18-275*12=0 >> Y_ =3.0t

>SF, = 0.0
Y,=24+16-275-3=95
>F, = 0.0

323 XA — OO
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—~| -3 Il

B.M.D




Example 2
2.0 t/m 16t

—_— K=100 t/m
12.0m 6.0m

Draw B.M.D, S.F.D, and N.F.D EIl = 10000

R/k=A=spring 1 e Algill Jaggdl

main system >>> O ,+R*(d,+1Kk)=0

325




2-draw (M,) [loads + X=0] m 3-draw (M;) [no loads + X=1]
[

2.0t/m 16t |||
K % 5.0 | A A ;
je———r|—]

12.0m A 5om 12.0m A 5om ‘1
T —
|||

48 |||
% - ||| W
||| ;
Mo ||| M,

326 v




48
6 10=M; &M, Ja -; !:
36 —

3

6
5. = 1 | _4876 12+(2*36*12*1/2*6)—3*(6*48+O.5*(3*48))
10000 3 3 3
648
=————m
10000
0 1= My e My A~ 4 —
6
s A
O, = +
10000 3 3
216 6
= m

10000
327




328

O,+ X.(0,+1/k)= 0.0

_ﬂJrX*( 216 + : )=0.0 > X =2ton
10000 10000 100
2.0 t/m 16t
Xa
/ \
12.0m
TYA YBT
M, )= 0.0

24*%6+16*15-Yo*12—-2*18=0 >> Yo=29t
SF, = 0.0

Y,=24+16-29-2=9
SF, = 0.0

X, =0.0




329

B.M.D

2.0t/m

12.0m

-2 1l




Example 3

2.0t/m 16 t
12.0m — 3.0m 3.0
e e B |

um —_—

Draw B.M.D, S.F.D, and N.F.D EIl = 10000 |16t
3.0

m —

main system

111

330




2- draw ( My ) [ loads + X=0] m 3-draw (M, ) [ no loads + X=1 ]
|

|

2.0t/m ||| 1

IEEEEREEERRRRER;

Aﬁ_ III Qﬂ_
|||
|||

UL
2 4, A a
36
|||
Mo ||| M,

331 v




A 36
! rﬁ
Oy = B it 12—(3*36*12*0.5j __ 9
10000 6 3 10000

5, =M &M L& 1|~

1 { 1*1*12} 4 j—
m

5 — —
10000 3 10000 ﬁ

332




333

o,+ X.0,=00

_ier*i:0.0 >> X = 24 tm
10000 10000

2C4_ 2.0 t/m 8t
A AN

M, )= 0.0
16*6—Yg*12 +8*15-24=0.0 >> Yo,=16t
SF, = 0.0

Y,=24+8-16=16
SF, = 0.0

X, =0.0
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2C4_ 2.0 t/m 8t
AN Z_

N.F.D

16

S.F.D H|> |m+8 |
8

24

B.M.D %

24




8t
Example 4 20 t/m l
e a—
12.0m . 3.0m

Draw B.M.D, S.F.D, and N.F.D EIl = 10000

main system

X 2.0t/m 81

(X

335




2- draw ( M, ) [ loads + X=0] m 3-draw (M, ) [ no loads + X=1 ]

|
2.0 t/m 5t ||

EEEREEREERRENNY,
|I|

|||
|||

=
<
|||

|||

|||

=

336 v

-




A 36
! rﬁ
Oy = B it 12—(3*36*12*0.5j __ 9
10000 6 3 10000

5, =M &M L& 1|~

1 { 1*1*12} 4 j—
m

5 — —
10000 3 10000 ﬁ

337




o,+ X.0,=00

_ier*i:0.0 >> X = 24 tm
10000 10000

24 2.0 t/m 8t

M A = 0.0

16*6—Yg*12 +8*15-24=0.0 >> Yo,=16t
SF, = 0.0

Y,=24+8-16=16
SF, = 0.0

338 XA — OO




2C4_ 2.0 t/m 8t
AN Z_

N.F.D

16

S.F.D H|> |m+8 |
8

24 24

B.M.D %

339




Example 5 20t/m

6.0m

| 12.0m |

Draw B.M.D, S.F.D, and N.F.D EIl = 10000

main system 2.0 t/m

12.0m
340




2draw(l\/|)[loads+X 0] m3draw(l\/l)[noloads+x 1]

2.0t/m

| =

12.0m

2.0t/m

341




6 10=M; & M, Jalsd

O, = i — g"‘36"‘12"‘6 :—@m
10000 3 10000
O, =M, M, Jalsi
5. = 1 {6*6*6+6*6*6+6*6*12}: 576 M
10000 3 10000
o,+ X.0,=00
—%4— *5—76:0.0 > X = 3.0 t.m
10000 10000 2.0 t/m
3 3

q

12.0m
12 l l 12

342
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N.E.D 12

12

S.F.D

B.M.D

3.0

12




Consistant Deformation
orn degres o Indeterminaf




345

0,+ X,.0,=00

O,+X.o,+X,.0,=00

1° ™11

0,,+X.0,,+X,.0,=00

O0,+ X,.0,+X,.0,+X,.0,=00
0,0+ X,.0,,+ X,.0,+ X,.0,,= 0.0
0, +X.0,+X,.0,+X,.0,,=0.0

Indeterminate
1 degree

Indeterminate
2 degree

Indeterminate
3 degree




Example 1

|16 t 2.0t/m I 16t
6.0m 12.0m 6.0m
je———— | ——|

Draw B.M.D, S.F.D, and N.F.D EIl = 10000

main system

|16t 2.0t/m |16t
6.0 12.0m 6.0

.Uum .Uum

X1 X2

346




A

2- draw ( M) 3-draw ( M, )
[ loads + X;=0 & x,=0 ] [ no loads + X;=1 + X,=0 ]
|16t 2.0 t/m |16t

6.0m 12.0m = 6.0m
|e——bje————————p| ]




510 =
10000

O. =

* 10000

511 =
10000

S =
* 10000

o

21

348

L —48*6*12+(3*36*12*1/2*6j—§*(6*48+0.5*(3*48)) __ dead
I 3 3 | 10000
L —48*6*12+(3*36*12*1/2*6j—§*(6*48+0.5*(3*48)) __ tead
I 3 3 | 10000
1 {6*6*12 6*6*6} 216
+ = m
3 3 10000
1 [6*6*12 6*6*6} 216
+ = m
3 3 10000
s _ 1 [6*6*12 }_ 72
210000 6 10000
lo4 216 T2
10000 10000 10000
L4 T2 216
10000 10000 10000
X1=4.25 ton and X2=4.25 ton
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4.25

B.M.D

|16 t 2.0t/m I 16t
6.0m 12.0m 6.0m

23.75

23.75 4.25

22.5

13.5




main system

Jilail) afadind - A Ja

|16t 2.0t/m |16t
6.0

12.0m — 6.0m

.um

2-draw (M)
| loads + X=0]

|16t 2.0t/m |16t

6.0m 12.0m =

6.0m

[e— | ]

A

3-draw ( M, )
[ no loads + X=1]

1t

M
. 63 E6
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1

510 = T AAAA
10000
511 :L
10000

2

{—48*6*12+ (?‘36*12*6)— 2*(%*(6*48+O.5*(3*48)))} = -

[6*6*12+

_ 2448
10000

6*6*6,,
3

576
110000

576

= m
} 10000

X.—— =00 >> X=425t

Gl (2 o5 LaS (A

2448
— M
10000




eflmen o Temrtr

~ Eng: Ayman abdo




Case of Setteiment

)

10

511

ZEr0

010+ R * 0 11 = settlement

= the same In given loads

Case of Uniform Teprature

")
)

10

11

= o . A

= the same

t. Y A,

510+R*5 11 = 0.0 N

In given

Case of Non Uniform Teprature

")
o)

353

10

11

t+1

loads

o () XA +a.(2 by A,

the same

in given

Ioads

010+R*611=0.0




2- draw ( M,) [ loads + X=0]

12.0m — .Om

2.0t/m |16t
6.0
[e———— ]

48

——

36 —

Mo

354

m 3-draw (M;) [ no loads + X=1]

|
\ 4

W
12.0m A s0m ‘1




Case of given loads

* A *
5, = | 4876 12+(2*36*12*1/2*6)—3*(6*48+0.5*(3*48))
30000 3 3 3

648
=—————m

30000

1 [6*6*12+ 6*6*6} 216

511: =———m
30000 3 3 30000

0, + X.0,=0.0

648 x*ﬁzo.o >> X =3ton

-+
30000 30000

355




2.0t/m 16t
&&%

| 12.0m e 6.0m >

1YA Yg 13

ZMA>= 00 24*6+16*15-Yz*12-3*18=0 >> Yy=27.5t

2 F, = 0.0 Ypo=24+16-275-3=95
2 Fy = 0.0 X, =0.0
N.F.D *
9.5
+ 13
S.F.D -
14.5

B.M.D

356




Case of Settelment

0,, = Zero
5. = 216 -
10000
0, + X.0,=-0.02

00+ X * 3316 =-0.02 >> X =-2.7/8ton

000

357




YA
2M 4>= 0.0 Yg*12-278*18=0 >> Yg=4.17t
> F, = 0.0 Y,=4.17-2.78=1.39
> Fy = 0.0 X, =0.0

N.FED +

SED +2.78
o -1.39

16.67

B.M.D A

358




Case of uniform temprature

0,, = Zero
5. = 216 -
10000
0, + X.0, =—0.02
216

00+ X * 20 =-0.02 >> X =-2.7/8ton

000

359




YA
2M 4>= 0.0 Yg*12-278*18=0 >> Yg=4.17t
> F, = 0.0 Y,=4.17-2.78=1.39
> Fy = 0.0 X, =0.0

N.FED +

SED +2.78
o -1.39

16.67

B.M.D A

360




Prohlem No. 4 .
)

2.0m

B 2 t/m

3.0m

6.0 m 2.0m

Draw B.M.D , S.F.D, and N.FFD EI=6000t.m2 a=107°

Dueto (1) given loads.
(2) settlement at A = 2cm.
(3) uniform rise in temperature equals 20°
(4) t1=20,t2=40 and h =0.6m




362

Main System

2 t/m

6.0 m

1t

N

2.0m

3.0m




2- draw ( M,) [ loads + X=0] m 3-draw (M;) [ no loads + X=1]

| |

1

(@)}

363




Case of given loads

1
5, =
Y 6000|
1 | 6*6*6:| 12
O = -
6000 3

=—-mMm
I 6000

5.+ X.8, =00

643 x*izo.o > X =9

——
6000 6000

—%*(6*60+0.5*(6*6))+ 2/3*9*6*3} = —

ton

2 t/m
( o o
6t.m

364

648
6000




365

N.F.D

B.M.D




Case of Setteiment

5, = 0.0
B
72
511 = —— M
6000
5.+ X.5, = —0.02 1.
0.0+ X *"2 __002 >> X ——1.67ton uf
6000
10t.m (

11.67t

366 ll.G?t




1.67

S.F.D

N.F.D

10

B.M.D

367




Case of uniform temprature
5, =10°*20*(-1*3)=—60*10"°
511 — 7_2 m

6000

0,+ X.0,=0.0

—60*10”° + X *7—2=O.O >> X
6000

368

= 0.05ton




369

N.F.D

0.05

S.F.D

0.3 L=

B.M.D




Case of non uniform temprature
20+40 40-20

S5, =10"°*(—=*(-1*3)+10°*(——*(0.5*6*6) =5.1*10"°
10 ( > (—-1*3) + ( 06 ( )
511 — 7—2 m
6000 B
6
5, +X.8, =00
1t
(2

5.1107° + X *m =0.0 > X =-0.425ton

2.55 (

10.425

370 l 0.425




0.425

S.F.D

N.F.D

2.55

B.M.D

371




Closed
Frame




closed frame 1529 Ala
R Al Jaalae A0 dUia (S,

NOrmal e———p —g—

Shear 1 T
Bending C )

373




374

Normal =———p ——

Bending C )
A

Jl_aiag—agalla

(shear = zero ) ) ¢S Jilaill Jad xie




375

Normal

qh

link member 25— s

(normal force ) <) (& 2 w5l Jsgaadl Oy




376

Normal =———p ——

Bending C )

lP

)

Jl_aiag—agalla

(shear = zero ) ) ¢S Jilaill Jad xie

X1 X1




12l

A A A A A A A A

w t/m

Jg¥) J—Zall

121

4.0m

[fe——}riiiirm—mom————————idis—>|

377

2.0m 6.0m

2.0m

Draw B.M.D, S.F.D,and N.FD EI=6000t.m2
Dueto (1) given loads




Main System

378

12l

12

2.0m

2.0m

4.0m

6W = 24
W =4 t/m




24

24

379




1 1
MZ
: 1
510 = 4 4 4_24 *4*6_%*18 *6*4 _ 1248
10000 3 10000
Oy = k4 RIRA_2h *1RG_ Lx1g gL | = — 20O
10000 3 10000
5, = A A% 4 agwg | 11733
10000 10000
Op = [1*1*6*2 +1*1*4*2 |= 20
10000 10000
0, =0,= : 174 4*2+1*4*6 = 40
10000 2 10000
380




381

12l

1248 | 11733 40 _ .
10000 10000 10000

408 40 20 o
10000 10000 10000

X1=11.57 ton and X2=-2.75ton

11.57

w t/m

2.0m 6.0m

12

2.0m

4.0m







A Jal

121 24l

4.0m

A A A A A A A A A

w t/m

2.0m 6.0m 2.0 2.0m

Draw B.M.D, S.F.D,and N.FD EI=6000t.m2
Dueto (1) given loads

383




12l

384




Consistant Deformation

Truss




Example one

lst
6

3t

< 4m >le 4 m >le 4m >le 4 m >l

For the shown truss determine find the forces in all members due to:
1- Given Load.
2- Settlement at (point5)=1.5 cm.
3- drop In Temperature 30°.
EA=40000 ton a =107

386




main system

lSt

387

3m







settelment

temprature

member | L N, N, Ng N, L N,NL | NL Ne | Ne | Ng
2-6 3 0 -0.6 0 1.08 -1.8
3-7 3 -6 1.2 21.6 4.32 -3.6
4-8 3 0 -0.6 0 1.08 -1.8
1-2 4 8 0 0 0 0
2-3 4 8 -0.8 -25.6 2.56 -3.2
3-4 4 8 -0.8 -25.6 2.56 -3.2
4-5 4 8 0 0 0 0
6-7 4 212 -0.8 38.4 2.56 -3.2
7-8 4 -12 -0.8 38.4 2.56 -3.2
1-6 5 -10 0 0 0 0
2-7 5 1 0 5 5
3-8 5 1 25 5 5
3-6 5 1 25 5 5
4-7 5 1 0 5 5
5-8 5 -10 0 0 0 0

289 2 97.2 36.72 | 0.0




Case of given loads

SNNL  97.2
510 = —

EA 40000
s S>N,NL  36.72
o EA 40000

0, + X.0,=0.0

972 ., 3672

+ =00 > F =-2.65ton
40000 40000

Given loads

— x —
N_ = N, +F*N,=N_—2.65N,
390 Ikﬁda-\ei\uéagwm&g I




Case of Temprature

5, = a.AtY (N1.L)=0.0

o, =given load = 36.72
40000

0, + X.0,=0.0

O+F*36'72 =0.0 > F =0
40000
N, = F*N,=0

391 IJ:M Jdeaadl A clibuad) Jas oty I




Case of setteiment

5, =0.0
o, =given load = 36.72
40000
0,+ X.0,= 0.0
O+ F* 56.72 =0.0 > F =0
40000
N. = F*N,=0

bﬁéd\g-\;ﬁ\@&lﬁhﬂ\d&eﬁg

392




Example Two

lst 6t 3t
1 p 3

3m

I« 4m >l 4m |

For the shown truss determine find the forces in all members due to:
1- Given Load.
2- Settlement at B=1.5 cm.
3- drop In Temperature 30° In Chord AB2.
EA=10000 ton a =10>

393




main system

394







settelment

temprature

member | L | Ny | Ny | Ny | NgN.L | NgNoL | NyNjL | NpNoL | NoNL | NL | NoL | Ne | Ne | Np
AB 4101 0o |-08 0 0 0 2.56 0 0 | -32
BC | 4 0 |-08 0 0 0 2.56 0 0 | -32
12 | 4| -4|067|-08]|-1067 | 128 | 1.77 256 | -2.13 | 2.67 | -3.2
23 | 4| -4|067|-08]|-1067 | 128 | 1.77 256 | -2.13 | 2.67 | -3.2
A1 | 3| -6|05]|-06]| -15 108 | 0.75 1.08 09 | 15 | -1.8
B2 |3|-6| 0 |-12]| -15 21.6 0 4.32 0 0 | -36
cC3 |3|-6|05]|-06]| -15 108 | 0.75 1.08 09 | 15 | -1.8
A2 | 5|0 o 1 0 0 0 5 0 0 5
B3 |5| 5 |-83| 1 |-2083| 25 3.47 5 4,166 | -4.15| 5
B-1 | 5| 5 |-83| 1 |-2083| 25 3.47 5 4,166 | -4.15| 5
c2 |5|0] 0 1 0 0 0 5 0 5
5 -108 | 118.8 12 36.75 | -14.4 0

396




Case of given loads

5 >N,NL 108 5 _ > N,N,L _ 1188
¥ EA 10000 ? EA 10000
o = ZNlNlL — 12 o = ZNZNZL — @
" EA 10000 * EA 10000
5 PNNL 144
o EA 10000

0, + X,.0,+X,.0,=0.0
0,,+ X,.0,,+X,.0,,=0.0

>>x1=9.66 & x2=0.55

Given loads

= N, +9.66N, +0.55N,




Case of Temprature

5, =10°*-30*0=0 5, =10°*-30*0=0
s _ SNNL 12 s >N,N,L  36.75
" EA 10000 2 EA 10000
s _ >NN,L 144
+ EA 10000

0, + X,.0,+X,.0,=0.0
0,,+ X,.0,,+X,.0,,=0.0

>> x1=0 & x2=0

Temprature

398 I-EM Jaadl B clluall Jas aly I




Case of setteiment

510 =0.0 520 = 0.0
s _ 2NNL 12 s _ XNNL _ 3675
" EA 10000 2 EA 10000
s _XNNL 144
+ EA 10000

o0,+ X,.0,+ X,.0,=-0.015
0,,+ X,.0,,+ X,.0,,=0.0

>> x1=-23.6 & x2=-9.25

Temprature

= N, —23.6N, —9.25N,
399 Im




Consistant Deformation

Trussed heam




Example one

y A y y A y A y y A

» 4m >le 4m >le 4m >le 4m >

For the shown truss determine find the forces
in all members due to:

El ,..,,=6000 ton EA,..n»=2400 ton EA;,«=4000 ton

401




main system

402

1.5t/m
/\J O 02 \
X




403

1.5t/m




0.625 0.625

0.5
Nl

/ 10.375

0.625

404




Case of given loads

MOM1 Y NNL SFFL
1o:j T T

El EA EA
= 1{—2*48*8*5/8*3*2}+0.0+0.0:—0.16

6000 3
jMM SNNL SFRFL

EA EA
* Q%
_ [3 3 8*2}+1[0.5*0.5*16]+ L [0.625:%5%4 +1%8]-0.0136

6000 3 2400 4000

5.+ X.5,=00
~0.16+ X*0.0136 =0.0 >> X =11.74ton

405




F. = F +11.4F =0+11.4F =11.4F

7.125 7.125 7.125 7.12

114 e

N, = N, +114N, =0+114N, =114N,

N, 5.7
—
2. / 14.275

7.125
406




o.7

A{% .
T7.725 T9.45 7.7251 7./14275

4.275

125

4.275

7.7125

M. =M, +11.4M,

13.8

407




Consistant Deformation

Forced deformation




Forced deformation
virtual work 3 44 sy main system ) 2 dsala) glsall 1 daral) bagagdl Jagadi A

Given settlement at b =2cm

Required deflection at C

Ac*1-3*0.02=0.0
Ac =0.06

409




A B C

A*

— 6m 12 m

e b

Given settlement at b =2cm

410

1
Required slope at A m
0,*1—-1/6*0.02=0.0 10-02
8, =0.0033 ‘1/6




Problem No. 1

B 2 t/m

6.0 m ., 20

1t

N

2.0m

3.0m

Draw B.M.D , S.F.D, and N.FD EI=6000t.m2

Dueto (1) given loads.
(2) rotation at B = 0.003 rad clockwise.

411




412

Main System

2 t/m

6.0 m

1t

N

2.0m

3.0m




2-draw ( MO) [ loads + X=0] m 3-draw (M1) [ no loads + X=1 |

1t 4

1

(@)}

413




Case of given loads

1
5, =
Y 6000|
1 | 6*6*6:| 12
O = -
6000 3

=—-mMm
I 6000

5.+ X.8, =00

643 x*izo.o > X =9

——
6000 6000

—%*(6*60+0.5*(6*6))+ 2/3*9*6*3} = —

ton

2 t/m
( o o
6t.m

414

648
6000




415

N.F.D

B.M.D




S =

10

11

O,+ X.0,=A,

416

Case of Setteiment

0.0

72
— M
6000

AA Qaaad) & 35a5adlg OB s darall o)) BaY
virtual work 4y JayA dic g I B aie () ygal) J& aid

0.003* 12 + 1 *A,= 0.0
A, =-0.036







Problem No. 1

Draw B.M.D , S.F.D, and N.F.D EI =5000 t.m?

Dueto (1)settlementatA 2.5cm.
(2) settlementat B 1.0cm .
(3) settlementat C1.5cm .
(4) settlement at E3.0cm .

418




419

Main System

A ¥ determinate ) s 3l
E aic Jagagl) Cida ay il g Ja gaglly




420

Direct settelment Forced deformation settelment
B, C A A dic hgdl Ju

AB=-10cm

AC=-15cm
0.625*0.025+1* AB=0

AB=-0.0156

0.025 1

10.25
0.25*0.025+1* AC=0
AC=-0.00625

AB =-0.01-0.0156 =-0.0256 m
AC =-0.015-0.00625 =-0.02125 m




3.75

1.5
Ml
1
3
1.5
MZ
1

1 l: 3.75*1.5*6 3.0*1.5*4
512 - +
5000 3 3

= 0.0102 m

+ 36[1.5*3.75 +3%1.5+0.5%[1.5%1.5+ 3*3.75]]}

= [3.75%3.75%6/3+3.75*3.75 %10 /3 ]= 0.015 m

511
5000

1 |: 3*3*12 3*3*4
522 = +

5000 3 3
421

}: 0.0096 m




422

510 T X1'511++ X2'512 — AB
0, + X,.0,,++ X,.0,, = A_

0.0+ X,*0.015+ X,.0.0102 = —0.0256
0.0 + X,.0.0102 + X,.0.0096 = —0.02125

X1=-0.726
X2=-1.44




423

8.1 3.26







Xxamples one

10 8 9 10 11 12 10

4m

For the shown truss determine find the forces in all members due to:
1- Given Load.
3- drop In Temperature 30°™ member 8 — 12 .

EA=10000 ton a =10">
425




b=20 J=12 r=6 b+r=26 unknowns

2 | = 24 equations

a) 9 J g B aly Sl Sl Guay 9 2 00l 3 Jaalaall aae

10 10

426




427




member L Np N, No N, L
1-2 3 0 -0.75 0 1.6875 -2.25 0
3-4 3 0 0.75 0 1.6875 2.25 0
5-6 3 -10 0.75 -22.5 1.6875 2.25 0
6-7 3 10 -0.75 -22.5 1.6875 -2.25 0
8-9 3 -10 0 0 0 0 0
9-10 3 -10 0 0 0 0 0
10-11 3 10 0 0 0 0 0
11-12 3 10 0 0 0 0 0
2-5 4 13.3 -1 -53.2 4 -4 0
5-9 4 0 0 0 0 0 0
3-7 4 -13.3 1 -53.2 4 4 0
7-11 4 0 0 0 0 0 0
1-5 5 0 1.25 0 7.8125 6.25 0
2-6 5 16.6 -1.25 -104.16 7.8125 -6.25 0
3-6 5 -16.6 1.25 -104.16 7.8125 6.25 0
4-7 5 0 -1.25 0 7.8125 -6.25 0
5-8 5 0 0 0 0 0 0
5-10 5 16.6 0 0 0 0 0
7-10 5 -16.6 0 0 0 0 0
7-12 5 0 0 0 0 0 0
428 3 -359.72 46 0




Case of given loads

SN,NL  359.72
510 = — =

EA 10000
5 >NNL 49
H EA 10000

0, + X.0,=0.0

_399.72 + X * 49 =0.0 > X =7.35ton

10000 10000

Given loads

N_ = N +7.35%N,

F

429 I hd Jgaall & cillual) Jas ady I




Case of Temprature

5, = a.AtY (N1.L)=0.0

s _ SNN,L 49
" EA 10000

0, + X.0,=0.0

O+ F* 30.72 =0.0 > F =0

40000

Temprature

N, = F*N,=0
430 I b Jgaal) B clbual) Jas 2y I




Examples two

1

3m m 6m 3m

Draw B.M.D , S.F.D, and N.FD EI=6000t.m2

Dueto (1) settlementat A =1cm.
and left movement at B = 2cm.
and settlement at C = 3cm.
and right movement at D = 2cm.




432

2m

Part (ae) >> determinate
determinate structure ) & Jis ¥ b sl

FEY Al roller U dsda) 4s jal) A g 488 d sie 4S jal)




Main system

433

2m

2m




434

2*2%3 2%2%6

3

3

=12*10""




435

5, = 0.0
5, =12*10™

O0,+ X.0,=A
0+ X *12*10* =0.03 >> X

50

B.M.D

8.33

S.F.D




Exampleas three

N K2
“U
§K1

| 10.0 m > 2.0m |

Draw B.M.D , S.F.D,and N.NFED EI=10000t.m2

Due to
Anti Clockwise Rotation at A = 0.001 rad.
K1=400t/m K2=200t/m

436

4.0m




Main System
d

437

10.0 m 2.0m

4.0m




10

M1 T M2
1

*10N* ]
5. - L [ 1071070 .,
10000| 3 )
_ - _
5 =~ | 27474 4xgx10 20018
10000| 3 _

1 10*4~*10

512 — — 002
10000 2

438




T Ab, *1-4+*0.001=0.0
1

Ab,*1-10*0.001=0.0 Ab, =-0.004

Ab, = 0.01

0.0+ X, *(0.033+i8+ X_*0.02= 0.0
40

0.0+ X,*0.02+ X, *(0.018+i8 =00
20

X1=1.34
X2=-1.71

439




440

1.71

20.24

4.0m




Examples four o

<
#

8.0m

< 3.OmIII 3.OmII

For the shown truss determine find the forces
in all members due to:

44I%I column=0000 ton EA,;,.=4000 ton




442

4.0

8.0m

Main system

3.0 m 3.0m

continue




Examples five .o o

6.0 m

4tl
B

A

2m 8.0m 2m
e 1 L e E———

Draw B.M.D, S.F.D,and N.FD EI=8000t.m2 & EA =20000 t.m2

Dueto (1) given loads
(2) uniform risein temperature in member AD 500

443




Main system

continue

444

6.0 m




Examples six

4.0m

2.0m

th - th
§1000t/m

20m 20m 20m

40m

3.0m

Draw B.M.D, S.FED, and N.FFD EI=10000t.m2

Dueto (1) given loads

(2) uniform risein temperature 30°

445




Main system

4.0m 20m 20m 20m 20m

continue

446

C

I x

4.0m

3.0m




Examples seve?
10t

4.0m 4.0m

llOt

4.0m

< b N —

4.0m

Draw B.M.D , S.F.D,and N.NFED EI=10000t.m2

447




Main system

448

4.0m 4.0m

continue

4.0m

4.0m




Examples eight J1o

§ 1000 t/m =

4.0m 2.0m 2.0m
j——— e j——--—

| 4.0m |

Draw B.M.D , S.F.D,and N.NFED EI=10000t.m2

449




Main system

450

4.0m

2.0m

continue

2.0m

| 4.0m |




Buckling in Columns
Specten o Mormal ony

Eng : Ayman abdo




Jlaay 3 gandl (2 gt ol As i )Y Auilly 5 yiua 3 sand) dlayl (68 Ladise
Agand) B (( o) Elas) Gigan Guad o S babua

o

normal s il Jsaall axis 4 ga pdbe 4000 (2 Jaad) o) Bl
(y) Adlocas Jsn 55 LA (368 gl Cigin day ALY Allal) 3 Laj Jaks
I8 252y

M=P.y

452




O il

el o E S il :,...i




454

Clal) 8 13 dagal) clalthaiad) (i,

1- INERTIA

Flesal) g B olara 95 -]
Ix and |y

Al S8 58 5 Jilewal) (any b gl oy -2

)

a

JT 4 * |3 * ~3
XV 50 X= a12b ly = blza




Al sl S b abg el g ¢ jad jnertia A stae) aly Jilaad) iy 8 -3

i) b dsbla) a0 dgde

L’.A '..SS:' :” .-

IX =

ly =

2 plates 2*40 cm 5
1 <+——>
.Y
|
|
|
........ PR — -
|
|
< 30 ly >
A=2*(2*40)=160 cm?
2*(2*(40)3]
12
2*(—40*(2)3 v 80*(16)2]
12

for BFIB No 30
A =100 cm ?
Ix = 50000 cm *
ly = 100000 cm *

OO

s\\\\\\\\\\\\‘

R e

RN it

[
»

S pagi Y die =30 4dlwall o) NO 30 dre
| beam ) al (s g j2a aly ana )

A




456

t
LY
i
i
!

| X

ime-- SRR 2 A A AN 5592, ul EEREE

!
!
!
'

A=100 +160 =260 cm°*

2% (40)?

IXx = 50000 + 2*(

ly = 100000 + 2 *(

iy

40 * (2)°

+ 80 * (16)°
— ()]




A=135*2=27 cm’
Ix =2* (206 +13.5* (1.55)*)= 477

ly=2*(29 )= 58

cm4

I/




Minimum Inertia

y !
for L sec No 10 :
|
4 !
Ix = ly = 472 cm e ®-|-|1- - - X
Ixy =312 cm*

IX + ly IX — ly 2 )
I(min) ( 2 j_\/( 2 j +|Xy

2
(472;472)_\/(472;72) + (312)" — 160 om’

(min )

20




2- Buckling Length

Crusaall Jsa s sada buckling length 1 ¢ aad ALl Aol (e Al i 3 gand) (5% Ladis 1Y) Allad) m

Fixed — Free §

L,=2.0L %

Fixed — Fixed
L,=05L

Fixed ends

L, =L

Hinged — Hinged

Pinned ends

kY
i 85

Fixed and free ends

459

Fixed — roller
L,=L

Fixed — Hinged
L,=0.7L

Pinned and fixed ends




iLb2

L
Lb1l
L,1=0.35L L,1=0.35L L,1=0.5L
L,2=0.35L L,2=0.5L L,2=0.5L
ILb2035L.I |Lb:051_| | Lb:05L_|

- (a)

| Lb=L/3 | | Lb=L/3 | | Lb=L/3 |

460




M%gﬁ\)}}d\@

"’ L, X =0.5L (X) 25 o

— o |
12 ft l / AV sl ga
i ) (y) 25 o
4 b Y ~

abaii jeday oA} saall aa
(X) saadl o

L ,x=0.7*0.5L=0.35L

o
I—I?‘—I A Haall aa

(y) dsad =

L,y =05L

461




Critical Buckling Load of Column

first step ( Radius  of gyration )

i _\/Im in
min A

sec ond step ( sylinderne ss ratio )

b

1 =

min

The critical buckling load (p.,) known as euler buckling load as:

where: E = Young Modulus of Elasticity.
| = Minimum moment of Inertia.
L = Buckling length of column.
462




Permissible Buckling Load of Column

For steel 37
it 2>104 ———— o, = 200 (t/cm?)
A P b= Opp * A
if A<104 ---- o0,=11-0.000054 (t/cm?)
For steel 44
it 1>96 --—— o,-= 62‘30 (t/cm?)
i P = * A
if 1<9 -—-—— o,=13-0.000072 (t/cm’) pb = Fpb
For steel 52
if 1>104 -——— o,= 7580 (t/cm?)
2
P b= Opp * A

if 1<104 ———— o,=14-0000065% (t/cm?)
463




464

e — T

First step
( Calculate  Buckling Length )
Second step
( Calculate  Minimum Inertia )
Third step ( Radius of gyration )
L Im in
" A
Fourth step ( Sylinderne ss ratio )
Lo b
Imin
Fifth step ( Critical Load )
p T’ EZImin
Lb
six step ( Permissibl e Load ) by (st & A)
P,=0,*A
seven step ( Factor of safety )
n= il
P




Example one

given
for IBE 30

Ix = 25700
ly = 9010

E = 2100

A =154

st 52

Required Pcr Ppb and n in the three cases
(a) Hinged — Hinged case.
(b) Fixed --Fixed case.

(c) Hinged — Hinged and restricted in x direction only
465

[LLT]

10 m




Case (a)

First step
( Lb=1000 cm)

Second step

( Imin =9010)
Third step ( Radius of gyration)
= \/ll'n—ln — % — 7_65cm
A 154
Fourth step ( Sylinderness ratio)
= _Lb _ 1000 =130.7
| 65

Fifth step ( Critical Load)
b _ z* E 1, 7**2100*9010

. i — =186.75t
L (1000)°
six step ( Permissible Load) by (st52 & A =130)
_ P00 700 0.438t/cm2 --- P, =0, *A=0.438*154=67.45t

O oo 2 2
A (130.7)

seven step ( Factor of safety)
P, 186.75 5 77

cr

P 6745

pb

466

10 m




467

Case (b)

First step

(Lb =500 cm)
Second step

( Imin =9010)
Third step ( Radius of gyration)

imm:\/lmln :\/9010 7 65em
A 154

A= _Lb = 500 =65.35
I 7.65

Fourth step ( Sylinderness ratio)

Fifth step ( Critical Load)
7' El,, x**2100*9010

. i — . =747t
L, (500)
six step ( Permissible Load) by (st52 & A =65)
o, =14-0.0000651" = 1.122t/cm2 --- P, =1.122*154=172.85t

seven step ( Factor of safety)
o (4T =4.32
P 17285

pb




Case (C)

( Lbx=1000 cm)

(st52 & A =77)
o, =1.0114t/cm2

P, 534

— cr

P, 15575

-> P, =1.0114*154=155.75t

( Ix=25760) ( Lby =500 cm)
(ly =9010)
\/Ix 25760 _19.9%m | _
y:\/%: 15—4 =7.65cm
Jx= e = 1000 =77.32 ] 5\/00
I 12.93 L, 500 _ o

oy A El _7"*2100%25760 ., iy 7.65

cr LbX2 (1000)2 Pcr)( _ T Ezly _ T *2100;:9010 _ 747t

L,y (500)

(st52 & A =65.36)

o, =1.1224t/cm2

P, 74T
17285

-> P, =1.1224*154=172.8%t

P

pb

468

>> Pcr =534
>> Ppb= 155




Example two

Using Euler formula find the critical buckling load for each case of

the following member and draw the deformed shape.

| =300 cm4 and L = 600cm

469

Cased

Casec

Caseb

Case a

6m




Case a

( Lb=300 cm)
2 2 % *
px=" LEzlmm _z (230000(;2 390 _ 65.8ton
b
Case b
(Lb=0.7*300=210 cm)
oy 7 E Ly, _ 7 *2000%300 _ .

i L:?  (210)

b

470

6m

6m




Case C

( Lb=300 cm)
> El_ 72*2000*300
P X= 2 = (300) =65.8 ton
b
Case d
( Lb =200 cm)
py=7 Ezlmin _ 7’ *2000*300 _ 00
L (200)*

b

471

6m

6m




Example three
given
for IBE30
IXx =5740
ly =988
E =2100
A=534
st 37

4.0m

(a) Required Ppb in member AC

(b) Actual F. O. S
(c) Increase the permissible load to the twice without

increase dimension of section

472




2 M;=0.0
Fcos45*4=12*2

F=8.5 ton
( Lb =565 cm)
(1_ =0988)
\/7 98 =4.3cm
\ 53
= _—b 5—65 =131 >104
I 4.3
7 El  7%*2100*988 ¥
) == ———=20.37 ton
L, (565) s
o = 6009t/cm2 —> P, =0.3496*53.4=18.67 t
131 P
nactual = E = 24
8.5

473




474

P,=2%18.67 =37.35 >> o, =

P 534
O = 6000—07 -> A1=92.6
I—b
A=—-=926 —--->1L =400cm
4.3

A LS gUalll (al pa 5 Al
Lb Glua ais aal by Ppb 4 ddsliaa alyg




Buckling in Columns
Ao/ o o/

Eng : Ayman abhdo




normal and moment 4 (2 2 3 sead) (68 o) Al

P o M M
FEp Ty Fx < o
Ao, | |

X y

q
|

O'pc (permissible compression)

for st37---- opc = 1.1 t/icm2
for sSt44---- opc = 1.3 t/cm?2
for St52---- opc = 1.4 t/cm?2

MX, My Crajad) (e Jaid aal g ae V1 aa gy ¥ Jileaal) &
P {normal force in the column} X
{:I_y sagand) g X Jgaall S Ladic

Mx {normal force in the column} =%
y
My {normal force in the column} —=p» {:—x sisad) ay Jsaall ()5S Latie

==




Al dge il ‘ oY) Ae il \

(max load) Jee cs—1lhall g (check) Jee g—thaallg
1- calculate - P, (Mx or My) ) 1- calculate --------- P, (Mx or My)
Jsgaadl ¥y

2- omax = from the equation=------
2- Omax = as a function of P

seaall AN
s 5 3- if Omax < Opc safe

3- Omax = Opc _
>>>> P=---- 4- if Omax > Opc unsafe

477




| Buckling length |

>

—

L

AN o cfia dg—aad) S 131 Jilasal) b
(fixed —free ) s3a) aié fixed =

78

f_l

G o e 3 el (S 1) i) b
(hinged — hinged ) s33) a8 hinge =




Example one

given
for IBE32
Ix =45000
ly =10800
E =2000
A=190
st 44 L] v

Required for column AB :
(1) max safe load P.

(2) critical load Pecr.

479




M, )= 0.0

P*25-Yc*5=0.0 >> Y,=05P
SF, = 0.0

Y,=05P

ZM‘)OO

P*45-05P*7—Xc*=0.0 >> X.=2+P/6
SF, = 0.0

X, =2.0

(N=05Pt)A-B asdl 2 normal

( Mx = 2*600 = 1200 t.cm ) — Aad A A Mx - &YX usaa

Lb =600cm ---- (hinged — hinged) va¥ A& hinge = cia A-B 232l

480




7Bl 7**2000*10800

PCr =

glLtadll Lal g3

— 592 ton A=190

L

o =1.3-0.0000714=0.856 t/cm2

>2>2>>

481

IXx=45000
y =16

(600)°

05P, 13

190 0.856 45000
Pmax=32.87 ton

1200 ,,

for st44---- opc = 1.3t/cm2

(Mx =1200t.cm)

(N=05Pt)

6=1.3




Example two

given
for IBE32
IXx =4670
ly =13900
E =2000
A
A=254
st 44 L] x

12.0 m

Required in column AB:
(1) max safe load P.

(2) critical load Pecr.

482




483

S F, 0.0

Y,=05P

(N=05Pt)

(My =0.0 forlink member)

ly=13900
X =16

12.0 m
al

“ for st44---- opc = 1.3 t/cm2 H

\ 4




( Lb = 600 cm )

/Im In /4670 _ 498 om
254

_ 500 =140 < 96

4 .28

484

" E |

Lb °

6000

x ° * 2000

* 4670

= 0.306
O 2

o MaxX =

>2>2>>

(600 )°

t/cm 2

0.5P, 1.3
254 0.306

Pmax="/7 ton

= 256

ton




Example three

for BFIB No 30

B
A =100 cm°
IXx = 5000 cm °
ly = 10000 cm ¢
2 plates 2*40 cm A
£ =2000 —

W t/m

4m

<«Y=|

Required for column AB
(1) W max.
(2) critical load Pcr.

485

v

e s S = A e = AN S

[
>




A=100+160=260 cnt

* 3
Ix=5000 + 2 *(ZSO)) =27333

“+ 3
ly=10000 + 2*(40(2) + 80*(16)2j=51015 am
2
R v
o 2m 4 m -
2w | o g

‘ (N=2wt) A-B a3l 2 normal _X\\

( Mx = 2*400 + 2w * 200 = 800+400w ) — 4ad M A MX --

Lb = 2*400 =800 cm ---- (fixed —free) va¥l Je fixed = <uia A-B agal)

486




(Lb=800 cm) for st52---- opc = 1.4 t/cm?2
1/ =, |—— 24333 =32.42 cm
260

2-5_890 5,7 g5

i 32.42

L) ol s ( Mx = 800+400w )

"Bl 7**2000*27333 A=260

P — = =843 ton
" L (800)°

o, =14-0.0000654=1.36 t/cm2

IXx=27333
y = 15+2=17 (N=2w t)

Smax — 2w, 14 I(800+400W)*17:1.4

260 1.36 27333
>>>>  wmax=3.5t/m

487




Example four

given

for IBE30
Ix =80000
ly =120000 A
E=2100
A =300

lP 2 t/m

6m

8m -

st 37 < >«

Required for column AB :
(1) P max.

(2) critical load Pcr.

488




489

Lb = 2600 =1200cm ----

ﬁ

P+8

(N = (P+8)) A-B 213!l L& normal

( Mx = 200*P=200P ) — 4ll&& A A Mx -- Ao¥ X s~

(fixed — free) va¥ A= fixed =

Cifia A-B 3 geall




(Lb=1200 cm) for st37---- opc = 1.1 t/cm2
1/ 1 /8000 =16.33 cm
300

1200

T 1633
p 7 Bz *2100%80000 . o
L (1200)°

o, =1.1-0.000054"=0.83 t/cm2

= 73.44 <104
L) a5 ( Mx = 200P )

A=300

Ix=80000

y=15 ‘(N:8+P)\

Smax — B8+P), 1.1 : 200P *15_11
300 0.83 120000

>>>>  Pmax=52t/m

490




Example five
Final 2009
given
for IBE32
IX = 4670
ly =13900
E = 2000
A =254
st 44 || x

8.0m

Required in column AB:
(1) max safe load P.
(2) critical load Pcr and factor of safety.

(3) derive the formula of Buckling length

491




¥ Mg = 0.0
0.6 F *8 = 4*9+3P
F= 0.625P+7.5

0.6 F

(N=0.625P +7.5) For st44 ---- opc = 1.3 t/cm2

ly=13900
X =16




( Lb =1000 cm )

/Im In 4670 _ 498 om
254

_ 1000 _ oa3 g6
4 .28
CE 1 m*2000 *4670 _ o o
Lb ° (1000 )°
cuuL =0.11 t/cm 2
233 -
/5+0.625P ., 1.3
omax = * =1.3
254 0.11
>>>> Pmax=32ton

FoS = J2 =2.81
32

493




Example six
Final 2008
given
for IBE32
IX = 4670
ly =13900
E = 2000
A=254
st 44

4.0 m v 2.0Mm be2:0M ve4.0m

Required in column BD:
(1) max safe load P.
(2) critical load Pcr and factor of safety.

(3) derive the formula of Buckling length

494




Force in member CE iIs zero

M, =0.0 Yb *4 = 16P >> Yb=4P
D

A=254, ly=13900, x =16

For st44 ---- opc = 1.3 t/lcm2

495




496

( Lb =400 cm )

/Im In 4670 _ 498 om
254

_ 400 =93 .4 < 96
4.28

" E | L% *
_ 2000 * 4670 _ .. .

(400 )’
opb =1.3-0.00007 *93°*=0.6945 t/cm 2

omax = 4P, 1.3 =1.3
254 0.6945

>>>> Pmax=441ton

FoS:@:ls

44




Example seven

E =2000
st 52
for BFIB No 32
A =171 cm
Ix =32250 cm * t
7 = X 7
ly = 9910 cm ° g : g
for CH No 10 - ===
A=13.5 cm’ ! u
Ix =206 cm !
ly =29 .3 com For all links
e =1.55 cm
<y -

Required check all members

497

2m

A
\ 4

2 plates 2*3Q cm

110

[

<
<

2m

6m




Column section

A=171+2*(36*2)= 315

c 10 10
IXx=32250+2*(36*23/12+36*2*172) C
=73914 cm4 14
ly=9910+2*(2*363/12)
= 25462 cm4 b e

Link section
A

A=2* 135 =27 . N_Ij
L TV

IXx =2*206 =412 cm4

Member (be and ed) --- zero member

ly = 2*(29.3 +13.5 *1.55%) = 123.5 cm4 :
. ( ) Member (cd) ---tension member

498




Member bd

499

Lb =283cm

Imin = 1/% =2.138
27

l:ﬁzli’ﬂ > 104

2.138
~ 6000

132’
1414, 1.1
27 0.343

opb - 0.343

O MaX =

=1.67>1.1 unsafe




‘ column ac

Lb =1600 cm

o \/25462

Imn=.,|———=9
315

/1=16S;)O=178 > 104

oo =520 g 115

2

omax = 10, 11 2000 *18=0.669 < 1.1 safe

_I_
315 0.1916 /73914

500




Effect of Temprature




502

P.L

AL=—— ., 1
E.A
AL=a. At.L .......oovvviiiii, 2
E=0¢.A’[.L
E.A
>> P =a.At.E.A
P < Pcr
, .
7 .Imin

Al <

a. AL




Example one
B C

given I A I
for IBE32

IXx=12510 . 8 m 9 8 m
ly =782

E=2100

A=177.8

st 52 y |
a =1.2*10"(-5) I

Required At ...

503




IA B : CI

8m 9 8 m

yA

X

—p{ 4

Lb =0.7*800=560cm

At < 7" 182 — 26.36
1.2*10° *77.8*560°

504




Example two

given A B
for IBE32 I z A z

C

Ix=12510 . 9m . 12 m 9 m
ly =782

E =2100

A=77.8

st 52 ,1
a=1.2*10"(-5) S

Required At max

505




506

A B C

P Y

O9m U 12 m y O9m

yA

X

<_>

Lb =0.7*900 =630cm

At < 7" 182 ~14.8
1.2*10° *77.8*630°




el T WPGr Y 4




y=Cl.cos cx+c2.sin X

at x=0 >y=0 >c1 = 0.0
at x=L >y=0> c2.sincl=0.0

c2.sincL=0.0 >> sincL=0.0
>> cb=n*7r > cL'=n"*r’
PL 7 El
=N’ *71'2 >> Pcr=n’ = =

El |° Per=n'"—=n*2—
L’ L b’

Lb=L

508




y'+c.y—c’.A=0.0

y =Ccl.Ccos cx+C2.sIn CX+ A

at x=0>y=0 >¢cl = -A

at x=0 >y'=0 >c2 = 0.0

at x=L >y=A

> y=-AcoscL+A=A > coscL=0.0

2 S 2

>cL=n*7/2 >> CZLZ:n &
PL —n*rt >> Por=ntl =l e =
El (2L)° (Lb)’

509




Determency and
without calculation

Eng : Ayman abhdo




[ oeterminaey

For Beams and Frames

b >>>> No. members

r >>>> No. of Reaction

J >>>> No. of joints

c >>>> each of intermediate hinge (intermediate hinge -1) Llai Al jaliall 2
3b+r >>>> Jalas

3j+C >>>> Nalas

Jialas < &Yalea Unstable
Julae = Wi Stable & determinate

Jalae > WYaee  Stable & indeterminate

511




b=15 ,J=12 @
c=0 ,r=9

3b + r =54 unknowns @

3] + ¢ = 36 equations

Unknowns > equations
> stable & Indeterminate
> (54-36= 18 degree)

3] + ¢ = 42 equations

Unknowns > equations @ :
> stable & Indeterminate
> (50- 42= 8 degree)

512




first

b=16 ,J=13

c=6 . r=5
3b +r =53 unknowns

3j + ¢ =45 equations

> stable & Indeterminate E

> (53- 45=8 degree)

second

b=15 ,J=12

c=6 , =5

3b +r =50 unknowns

3j + ¢ =42 equations
> stable & Indeterminate
> (50- 42= 8 degree)

513

Unstable




[ oeterminaey

For Trusses

b >>>> No.members
r >>>> No. of Reaction
J >>>> No. of joints

b+r >>>> Jualaa

2] >>>> Nl

Jialas < &Yalea Unstable
Julae = Wi Stable & determinate

Jalae > WYaee  Stable & indeterminate

514




b+r=42 unknowns
2 ] =42 equations

Unknowns = equations
> stable & determinate

b+r=23 unknowns

2 ] =20 equations

> stable & Indeterminate
> (23- 20= 3 degree)

515




b

b

516

b=20 ,J=12
, =6

+r =26 unknowns

2 | = 24 equations

> stable & Indeterminate
> (26- 24= 2 degree)

+r =24 unknowns

2 | = 24 equations
> stable & determinate




Without Calculation

deferminate and Indeterminafte
structure

Eng : Ayman abhdo




[i-suprorts. Uil ] 2

ROLLER SUPPORT HINGED SUPPORT
Ol gall g 4u88Y) A< ally sl

ey ,‘
XX O s
e

SIS ST

FIXED SUPPORT

Z\SJA&L)&AMSY

518
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S0 oladl ) 198 -1




a ) dall e pliayl 16, -3

P P
B.M.D i 5MD
Elastic 1 o i Elastic
curve = - : 1 curve
Ny o

_ P
a9)s Wle 2 ¥ (Al £ aY)

elastic curve ) (2 au s

S~ asiicia Jod
A 7A gn




Reinforcement

-------------------------------------------------------------------

Reinforcement

aad) dali maledll 8 -4

P

Reinforcement

1P

Reinforcement




Determinate Structures
reactions ) clalad) a8 g Jeud) (o ¢ 9w liiall s2p 8
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Final 2009

For the following two shapes draw B.M.D, reinforcement
and elastic curve due to:

(a) given loads.
(b) settlement at A.
(c) uniform rise in temperature.
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