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40 % Fixity 600 kg 580 kg 40 % Fixity
assumed assumed
M:ﬁ 50 cm 50 cm }MR
250 cm
R T Rr
A g ) mlaia Al sl A ML) MaSd
FEM.o = Pab?
AB T T2 | a b
Pa’b B
FEMgy = +—5- A L
|
Example Numbers
P1 PZ a b L
600 -580 50 200 250

M, 1 -19,200

M, 2 4,640

M, -14,560

M, -5,824

Mg, 4,800

Mg2 -18,560

Mg -13,760

Mg -5,504
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40 % Fixity 600 kg 580 kg 40 % Fixity

assumed assumed

{ | ; Mg =-5,504 kg cm
=- 50 cm 50 cm R !
M, =-5,824kg cm t 250 cm
R, R

409 kg
389
-191
146 kg m
/‘ 55.04 kg m
-58.24 kg m -140 kg m

@ Deflection

6

4

2

0 : : : : -
-2 05 1 1.5 2 25
-4

6
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P FEATRRNIFER N RPN S R OREIN o
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(Stress Range) 3 L& AG = O max = O min (11.1)

(Stress amplitude) 2= s sl 2 Jid s G 5= %( O gy - O g ) (11.2)
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3 = O mi 11.4
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=%(800 -80) = 360 Mpa
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558 I alee i 2l Gyl (fully reversed stress) 4 s o sy JLis
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360 440 _
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=K (g,)" (11.36)

i a8yl b s SG a8 o i o n sl (coefficient) cu s ) se 2 K (S Adalas sy
&2 (strain hardening exponents)
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g= () *+ () (11.54)

Ac==20, (11.55)

Ae, = 2¢, (11.56)

A
o, =(3%) (11.57)
_(Ae 11.58 .

g, =(5") (11.58) L9 SIS ol
e o Aoy, Ao (11.59)

2 2k 2E

:J‘SSJJJQ)'A‘_AJLLQJM}.AJ\DJ\}J
Ac, \1/In° Ao
Ag =2(32)  + & (11.60)
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E = 21.0x 10" Mpa (30x 10° psi)
n' = it SIS s o i SAISGLL o (exponent ) = 0.204
K' = cuwa o) 58 SISGLs o (coefficient) =1200 Mpa

35 S des 530.03 22 o> ¢ A JNle Gn i ) JeSw i g s iy
58 deall GeSe 0 i -0 i 2 53 50 3 Cad o

da e a11.24

S Jasd 6 S dee (o Qe 4y (o2 s e 3 )l Y o

1 3
+003 A
Ag =0.06
O \/ V
-0.03 !
2 4
e 580y gm0 5l g 2 11-36 sl
Ao, \1/n° Ao
— —1 —1
Ag, = (=) + =
_ o, 1/0.204 o
003 (1200 + 21 x104

c, = 575 Mpa (83.4ksi)

Ac \1/n’ Ao

=2(= + =2

Ag, 2(2k‘) =
1/0.204 Ao

_ Ac
0.06 = 2(2 x1200 ) 21x104

Ac = 1150 Mpa  (166.8ksi)
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Adls oyl ol oyt JBe di) sy 11-37 s

g,= € ,—Ag
e,= 0.03 —0.06 =—0.06
c6,= 6 ,—Ac
c,= (575 —1150)
c,= — 575 Mpa
Al S g Gasiw 11.25
aalae a3 (523 ) S SY- Y 4y L yiu a0 58l (Basquin) o sSb
L ouS A gl
Ao b

— =0, (2N) (11.61)

Ao - _— TS adalas 4
5= sl i (S 2 '

(1 cycle = 2 reversal) 2N, =535 i (reversals) Jds S 4w ol s
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O = G D h Sl

A S by ) el (e 3 a S gl e A

25 LS"‘JJA*‘
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2 3
15
——————————————————— Ac
1 A ¢y el e e 3
. (stressrange )
0.5
A
hd \
2 —» . 5 | G min
0 >

TRy
(N) omads sighilu s iy

bl o S )b el n Jle 11-38 LAl

> CoS (Al GTf ua K (e Aigald S ey bl (07f) S Al gy
S Fe4a (-0.12)4 (-0.05) ¥ o)) > ()il DA KBy | Gaor 4 st
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4> S (gp- N) oase el (i Sy 2 5 )10 (Manson) cie ) (Coffin) cAlS
‘}a.:n ‘QS\AA Gu:‘d qua daj-‘-.‘jj QJ‘)S «SY-ASY

A . c
—;12 = &, (2N) (11.62)

(1 cycle = 2 reversal) 2N =l i (reversals) Js S, 48w ol ss 2
g’ = <= (Ductility) koS S
c = Cila LSy (S o

Cpedd g wﬁ@;ﬁ;@q (S Auald (K a e ¢ ) (g7) S ol s
ol e ) (£77) 4 Gsbee o> S
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Y 4y o2 A8 (g N sdse = (i Siudly 3 5450

(Manson) e sl (Coffin) cAls
o SIS ol (55 S SY

odﬁw&‘};ﬁ&n)\ﬁ J\&JLM\A&JLL});J%\

&z(Age) A g,
2 2 2
Ae, Ao _ o (2Nf)°
2 T 2E E

A & .
T = & (2Nf)°

Ag, o' (2Nf)P
B E

+ &' (2Nf)e

(11.63)

(11.64)

(11.65)

(11.66)

o3 adilae o )3US (strain-life) x5 -Gusiw » (11.66) 4hlas 55

Jba 11.26
Zd}\

3ol S -0l 3 (558 Jag o 53l 50 Cal y g 63V B (5 02 3 6B se il 3 (S s 2 4

QA';\}_)\SMJJJM«SY-JY

A S g om A
Aagad 4 53 3 9o Cu y s

4 gad 4l gl 3 ga il ysan Stress (Mpa)| N (cycles)
Stress (Mpa) cycles 561,233 44,000
222,701 45,000 515,038 85,000
208,911 240,000 493,665 140,000
192,364 800,000 446,091 630,000
165.474 1,500,000 428,165 1,000,000
158 579 2,700,000 399,896 2,900,000
151,685 7 800,000 379,212 6,400,000
151,685 10,000,000 365,422 10,400,000
151.685 26,000,000 310,264 900,000,000
310,264 900,000,000
Su= 300 Mpa
Su= 700 Mpa
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M}AWJJJ\}A&L\@JPJ

Stress (Mpa)| Ng(cycles)
758,423 24,000
723,950 31,000
689,476 45,000
675,686 87,000
655,002 150,000
634,318 100,000,000
620,528 100,000,000

Su= 1200 Mpa

P

2 I maor =l Mpa G Om 4 4l S afie g el Sl l-al 30 )L gal8 ) 5 5500 3
sl e S gile s el e3lge d (6 IS 108 ax JSile 0 S 2 slee H 3l e

.S JS3 1350 Mpa

@Yo 5l (> 107 cycles ) ease aiadu 53l sad abad 49 Jusa )l 2 (S dsan gai¥ a4
st 32 gl 90 (594 Hea 52850 Mpa (ultimate strength) = )55 (obe) (> 53 9
el 4y 5 ghie ¢ (i sl 52 558 JSSI (700 Mps) (Endurance Limit) 2

(S35 (mal (655 Mpa) i
S

. (alternating stress Sa) o i Ssis s )

Mean stress 6 casis L)

A AITST FEFE

(S 1 Ai kA S el 3 easS 3 L) 13 a4

o Syhuol | e (sl
(Mpa) (Mpa)
-415 415
-370 400
-300 455
-225 580

0 670
200 690
350 700
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Jée 11.27

(om =180Mpa) JSouy 8« 180 Mpa (2 ps i ol (o2 Jb o dd ns e eV e m 4
Ko 470 2 Moo oo riv 3 (2 AW s S lagease dalln 5 2 0 558 bl 0

4 (Morrow) sk 2

. (stress amplitude ca =470 Mpa) JS

i
A el A Y 1 53l se g2V 58 1o

o, =1800 , b=-0.098

2 — 5" (2N)°

(S35 st S Jean a4y ey 26l ) Jsiojll Ll 2 Ja o

03 oo 2 sy aalas g e 2 Al S alaa

(o) (¢}
2 4% =1 (11.67)
S c
e f
S = 5. (11.68)
e 1- S.
o
f
§ et o 5l il Gl ol Guadag) | Meysl g | L
A5 A adsassd o Jaa ( Fatigeu coefficient) | (mean stress) (amplitude) P s s
c G
N;-(1/2) * (So/o')™® | (Se/c')™™ | s./o b Se= 1- %," U_m c's (Mpa) G (Mpa) o, (Mpa) £ 931503
T
158,364 316,729 | 0.290 | -0.098 | 522.22 0.10 1800 180 470 Y

oralSilu 158,364 035 4alls (5 ¢ 2

Jés 11.28

s a5 el L Vo4 (11.39 Lsad) Jbewd n s
al o) et Al )0 9 S lmoede el (g2 M e dddle 2 b )yl (Ao)

(S8 st (S s iV a4 Sdee wdd o S0k
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JsS iy aga eallwd JL mdd pu 0

&Y (b=-0.10) 2 <ws))) b 25 (or = 1800 Mpa) i suile o 53l ga (52Y 68 (23

1200
1000
800 ‘
600 ' l
400 '
200
0
012 5 10 35 50
?st‘f“ﬁf“ed)f Jéea 11-39 A0
G min O max G, Gm O a [ (1/b) Nf=(1/2) *
n; b 1/b -m (1-(on/oq) [S.= —&—| (Se/o) 2n/N
(Mpa) | (Mpa) | (Mpa) |(Mpa)| (Mpa) o ' 1-Sm ! (/o)™ '
5 0 1000 | 500 | 500 | 1800 -0.100 | -10.000 | 0.28 0.72 692 14,117 |7.06E+03| 7.08E-04
30 400 900 250 | 650 | 1800 -0.100 | -10.000 | 0.36 0.64 391 4,242,075 |2.12E+06| 1.41E-05
15 300 700 200 | 500 | 1800 -0.100 | -10.000 | 0.28 0.72 277 |134,627,433]6.73E+07 | 2.23E-07
D= 7.23E-04
1/D ~= 1300

2 sy, (1/D =1/7.23E-04=1,300 ) &2 &jbe o )l Qg 3 sage alle i)y a2
Lfis d 5al5e 0 (S Qb o G2 Sydes Gl a4 J2 1300 e dd oy dildy b e S
e ) s Ssaeds o) s D00 (A A Ee b
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da/dn = A (AK)™
\K, =1.11 Ac Vrn a
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A, m are constant material dependent
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M, (maxwhenR, < P,) . ... .. =Rpb

M, (whenzx <a) ... ... ... = Ryx

M, {whcnx::u;am]ﬁ(f—b}]. .. =Rx-Rlx-a

P, l le

+V;

|
Shear|Diagram // Va
|

R

Moment Diagram
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A e JBa s o) (Cualpa ¢ pud (S

A an 33l s edldn g tam galilis

S35 Jasaa) (A g )

BE=V ... ... . ... ... =
V. = wx
e
M, lathxedend). . . . . . = “T
M -9
M, - ... ;
wé?
A latfreeendy ... ... 0 0L = ~
A .y vy P PR, T
! 24E1

i
B

i L

<

. X

«—>

_—

|
I
|
I
I
I
|
I
I
:
¥
|
I
I
I
|
A
I
|
!
]

Shear Diaﬁg}'\\

Moment Diagram

L

]
I
I
I
I
|
I
I
I
|
|
T
I 1.
|

I

I

Ll S A 5l ciasa ¢yl (S 2

e

b AT Ay a3 98l (638 a0 am Haly
6 9 JA gl oia

R=V ... ... ....... =P

M, (atfxedend). . . . 0. L. =P

M, . ... . 0000 =B

]

A latfreeend) 000 0L = 1

’ 3EI
Ao =P e s 3ee 1)

6EI

|

Al
1 B
Lx | “T R
T v
E Shear Diagram E

Moment Diagram ——1-Yt--.
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A giagy) Judd o) (Cuaga ¢ i (S

(18 a2 dgl (IS Al ram ) galilis
G5 Jage) ST oo Ay

R=V .. ... ... ... =P
M, (athxedend). . . . ... =Pb
M, (whenx>a) . ... ... .. = Plx —a)
Pb?
A fi dy .o =—(3t-h)
e (@t free end) oFl
Pb?
A intofload) . . . . . . .. L —
. (at point of load) 3El
1
A (whenx<a). . . .. .. ... =i(3{’—3x—b)
6EI
£ — )t
A whenx>a). . . .. . ... =u[3b—(’+x)

6EI

—
=]

A gia )y Jaasd o) (Clalga i (S )

:ng;&\ﬂg\g\wogﬁaxﬁ
G Jagaw) 99l s e Sl g

Ri=Vi oo o Jut
8
Swé
Rl = V} .............. = —8—
V., oo =R, —wx
Moo o oo e
8
M, |atx = 3 £ = .iwgl
8 128
1
T = R,x—wi
2
¢ oy wed
Ay larx == +433) = 4215¢| . = 22—
“"‘[ 6 ] I85E]
A, o = X (03 - 3ex? + 2x)

R, {e L
1 §<€
e, Pr,

T

\'
I I
Shear:Diagram\I ______

|

<

(<}

3

']

4

9

Q)

o

o

3
/H
—

£
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A giagy) Jud i o) (Cuaga ¢ i ((SG)

J

:Lsﬂﬁm\@\g\woﬁoxﬁg

2 gacu) (,s'“j'{').ﬁ‘ JMJL':\QJS cngJAS

R, =

R,

M, (at fixed end)

M, (at point of load)

_________ -p| Lok
2 16

pe'
48EI5
7Pe

T68E1

Px_ (362 _ syt
96EI

P
96EI

M, | when x < ¢
2
M, [when x> ;]

—

A acx=€[L = 44720
\s

A, (at point of load)

A, | whenx < ¢
2
A, | whenx > ¢
2

)
.0093 l'r’E
El

(x —€)*(11x — 2€)

R,

v

0
I

|

Moment Diagram

A giagy Jud e gl Calpa i (S 2

SIS0 5 1 A ST ALy o) S 0308 0 gy A

G54 Jasin) (gl 3 (SS e A

Ph*
Ry=Vie oo = S a+20
Pa
R, =V, = E(R‘Z a?)
M, (atpointofload) . . . . . . . .. =R
Pab
M; (atfxedend) . . . .. . .. .. = EET(G+€)
M, (whenx<a) . . ... ... .. = Ryx
M, (whenx>a) . . ... ... .. =Ryx-Px-a)
1 1 £ — g1y}
A whenu<-4|4€atx=££’+ﬂ =E{ a)
3! - a? 3EI (37 - a?)?
;|
A,.| whena > 414€ acx = € |— _Pab? | a
U+a 6EI ‘\'284—:.:
p
A, (atpointofload) . . . . . .. .. = li;_‘:ﬂbf’ (3¢ + a)
2
A, (whenx <a) .. ... ... = Pbix (3af? - 26x? - ax?)
12E1¢?
A (whenx>a) ... ...... = 12!;{‘{3— (M ix—alx —2af)

A 1
Rife—2 i b 8
b Ar,
i
AR

Sf\ear DiagrarﬁI

Moment Diagram
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A i) Jaa a9 (Cialga i (S )

i g 160 0 92 ) JMD.}BD‘*\H
$ 35 Jagn A3 el dga gl (6 5

R=V, ............
R,=Vi+V,. ... .... ..
Ve oo

V‘I (for overhang) . . . . . . . .

Mo, (a0 R,)
M, (between supports) . . . . . .
M, (foroverhang). . . . . . ..

€
A | between supports at x = —=
v

A, (foroverthangatx, =a) . . .

A, (berween supports) . . . . . .

A, (foroverthang) . . . . . . ..

wa’x e -

12EIE

wx,_

24EIl

(4a*{ + ba*x, — 4ax12 s xll)

Moment Diagram !
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Agia ) JAA A o (Calsa ¢ pud (S

djSJ.Aﬂ 1l o g2 gl JQ.\.L\.\.\S“:' b.;.'\s 054 A
G5 Jaghn) o3 ) suliS 4y 94l

P
Ro=V, oo =2
€
P
Ry=V,+V,. .. ... .... =—(f+a)
Voo oo =P
Mg, (atR) - o = Pa
Pax
M, (between supports) . . . . . . = ra
M,, (foroverhang). . . . . . .. = Pla - x;)
Pat? Paé?
A, | between supports at x =£,_ = ?’ = 06415 “
' 43 9+/3EI El
Pal
A, (foroverhangatx, =a) . . . = %(t@ a)
A (between s ris) - Pax (€2 - x%)
cLwW su 4 e e . =TT/ -
: PR 6EIE
A, (foroverhang) . . . . . . . . = h{lat’ + 307(1 - xlzj
B G6EI

i

Shear Diagram
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Agia ) JaA A o) (Culaga ¢ pud (S )2

SIS0 1) 0 93 g)  galiliS o4 093 A
G Jasan) (Al gaygl 3 ST os 4y 3!

R, = V| (max whena <b) . . . . .. =%
Pa
R, =V, (maxwhena >b). . . . .. = ?
M, (atpointofload) . . . . . . . . = —%‘é
M, (whenx<a) . . . ... .. .. - %

—
A [ mehm,,,]_ _ Pabla +20)3ala +20)

27EI€
Palb?
A, (atpointofload) . . . . . . . .. = —
» {atpo ) 3EIE
A, (when x < a) . =P—bx(f‘—b‘ - xt)
6EIE
A, (whenx>a) . . . ... ... . = Pa(t— x}(zfx— xt —at)
6EIE
Ay oo = Pabxy 41 o)
! 6EI¢

Ag x Bg X,
R, a | b

i R

[~ T 7I

! 1

!

!

.

.

!

Moment Diagram

A giayl Jud a9l (Clalga ¢ pud (S

16 A 69 s 09 g JsaliiS AR 40 93 A
G54 Jasn) (Modysl Al s 9d Jday

Ri=V, oo = 2 (- a?)
1 ] 2% a
Ry=V,+Vyo o oo =;”—€(.*3+u)l
Voo = wa
Vi =2 (et +a2)
€
V, (between supports) . . . . =R —wx
V., (foroverhang) . . . . . . =ula-x)
4 al w
M =—|1-— = —(£+a)?(€-a)
‘[m z[ rzD AN
2
M, (atRy) o o = wet
2
M, (between supports) . . . . = %(f1 —a? — xf)
M,, (for overhang) . . . . . . = %(a - x )
A, (between supports) . . . . = —— (€%~ 202x% + €x* — 2a2€1 + 2alx?)
24EI¢
A, (foroverhang) . . . . . . = &{‘hzf— £+ 6a’x, — 4(1.1:12 + x|1)
! 24EI1

A L B\ X1
R« > 2
1 R,

L -
;-7

A

Shear Diagram

g i7alll

a* N
L1 7?)

Moment Diagram
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A g ) e ¢ pudi (S 2

1ol 593 g JgaliiiS 5338 b)) 93 am
G5 Jagcu) (Mgayg) A agl g sdldag

¢ (€-1c
Ry oo o weE-20)
b
Ry oo _wie-la
b
V] ----------------- = ua
Vi o =R -V,
Vi oo =R, -V,
Ve oo oo oo = wc
Vi, e =V, —wx
V (whenx <€) . . ... ... ... =R, —wila+x,)
V. (whena<e) .. ... ... .. =R, —wc
:
Moo = -
1
z
M. oo =W
2
My oo o = R,[&—-a]
2w
H
M,[ma:-: when x = &-a] ..... = Ryx - watz
w

w
A: y Y B
i a JRy b R, c
P ! L >
] I <
! | i
| ! 1
! | i
V _:__~_—W\ So
J% x fue
¥
W \\J Vs
! ‘ U
] 1
! i Shear Diagram
. ,
b
o !I 121N M
e -
oY M,
1
1
1

A gl Juasd gl (Clalga ¢ pad (S

by dgas) (s S al 1S g3l 0 ) 58 a
S5 Jagea) (A gayl

P
R=V ... ... .. ....... =—
2
Pe
M, (atcenterandends) . . . . . . = 5
M, | whenx < E .......... = 3(41— 4l
2 8
Pe?
A, latcenter) . . . ..o L L L = -
) 192EI1
7 H
A, | whenx < L2 - P (3£ - 4x)
2 48E!

L/2

B
.

Shear Diagram
1
1

T

Moment Diagram

———m——————
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Agia ) Jaasd gl (Cuaga ¢l (WS 2

g 9l (5 S a0 g 1S (a8 b )l 90
(éyi Ja ) gi\\gd:)pg\

R, =V, (maxwhena <b) . . .. .. = P{—If (3a + h)

R, =V, (maxwhena > b) . . . . . - Pf;'\‘l(a +3b)

M, (maxwhena<h) .. ... ... :Rgziz

M, (maxwhena>h) . .. ... .. = P:;b

M, (atpointoflead) . . . . . . . .. = 2?%

M, (whenx<a) . ......... = Ryx - PS?J

A wiienabbarx=jj‘fb} . =$gﬁ

A, (at point of load) .= i}i;-;i—:

A dwhenx<a) . .. .. ... = ::;:! {3af — 3ax — bx)

|
Al ! B
PER.SN |
! 1
) a o b A
R, i R,
1
] | |
VIU :
SEEUNUNIRSHELTHET ] SE————
i Shear Diagram i Vv
1
| R
1 1 M
e 1] ﬂh\ iy
M11 M,

A g ) Culaga ¢ i (S 2

dari dg 39l g odldng i £ LSSN 0 59 A
G54 Jagu) (Al gayg) 343

R =V, = Lue
16
S
R, =V, +V, = =wi
" 8
1
R =V e - —
3 : 16
Ve - e
16
M_“‘(':ll.'(=if] ﬂ|.|.\f'2
16 511
M (atsupport B0 . 0 o 0L L =L w?
16
M, (whenx <€). . .. ... .... =T%(?€-—8x)

Moment Diagram
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A gia ) Jud a9 (Caga pudi (S 3

4,;.;‘93 GW‘:‘J :w4ﬁ°4\33ﬁ:’
G54 Jagiw) (A gayl

R=V ... .. .. ........ = ﬂ
2
Voo = w{£ = x]
2
1
M. (atends) . . . ... ... L. = wt®
12
wé?
M, (atcenter) . . . . . . ... .. = —_—
24
M, = 2 (66x— €2 —6x7)
12
wét
A_,, latcenter) . . . =
3B4EI
A, oo =2 (g x)?
! 24E1

L/2

Shear Diagram\*\

~

I
o ee——— e — -——

V Moment Diagram \W Mmax

A g ) Cilalga i (S

A sl s S0 gt A e O ot
G5 Jasim) (A 9an9) 3 (A g 3l

H|=V| R — L}
52
. 11
E,=V,+V,............ ==P
N N ! 16
3

R1=V|‘ e e e e =_EP
Voo =
il

M__ (atpointofload) . . . . . . . . = 13 P
max 64

M, (at support R,) “ii’f
! o 32

TTTTTTTR

4% X . T \
R; L/2 \: L/2 \uRz L R;
> >l
|
|
|
|
I
I
|
|
|

1

1

I 1
[
<l
S

] 1
'Shear DFagram
1

——————ta

Mpnax

>

Moment Diagram
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e o P a“ 1S pad : (LN d
A gha ) Cula'pe e (oS 3 338l @ 3540 53 16 s O s e
S Jage) (A gayl
[}
Ry=V, . . =4%€4{"‘—a(f+a]] A l : B
Pa (., Rl” a ib IRZ L VR;
Ry=Vy+Vy. ..o _...==E:PF+HE+ﬂ) . o> >
I |
Ry=Ve oo oo =-E$u+m i i |
VZIT '
Pai,,; _2 L 1Vs
‘v*;.................=4F[4-°?+h(t+a}] AR 10111 B E_j_vz
| Shear Diagram |
M, (atpointof load) . . . . . . .. = %(‘H: —alf+ aJ:] i ' i i
‘ ! e R EEEE R 15
| H !
M, (avsupporc R,) . . 0 o 0 L L L = %(f-ﬁ a) '//mm ! " | Mimax
\ My
Momentl Diagram
A g3 Cala'sa ¢ ":~ o :'S“J.: Mjgjéﬁwajé:é)lé‘gg&a\@:g‘)d&

54 Jagiu) (A gayl 4

R =V, =R, =V, =F lP lp
16 \
A ! | B
1P h ! I I V
R,y=2V,. .. ........... 58— ! I
: ' 8 le a Loa MRy g Rs
e bt
V,=P-R, L ! ! | |
16 ! : i i i
[ S SN St TR
V.. -v, VO — iC
pe ! A
M o A A1 O oo il A7
16 ! \ N !
spe E S?hearqulgram i
M! = 1 ! |
2 L |
| ! I

1
1

M,{whenx<a) ... .... ... =Rx -MX ;-----i. ............. -
e |

! M

wf oA Afﬁm 2

Moment Diagram
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A g ) Culaga ¢ i (S0

gl ISl 098 1 A s es Il (i 50 A
‘53& Ja gl @\JJQJ\ “a

M, P
=20 L
Rl 7 t3
Ry oo =R +P R -R,
M, P
3 , 2
Vi o =R,
Vo oo oo =f-R,
Vi oo =P -R,
Vy o =R,
M _ o __3[Refeme)
ooy 16| £ +¢,
My oo = Rja
Y = Rpb

k

4 le—
e

A ‘B
h I
RJ i RZT | R
a . a bbbl
D) L o IL,
) : N
| | | 1
1 1 1 I
1 1 1 I
1 1 | I
1 1 ] I
) 1 1 1
i I H |
| i I
"1__%__ [V
T I S— Five-
ss
m

Shpar Diagra
i
1
1
1
1
1
{

e ]

<
!
: —_—-
i
|
|
|
>
£ N—
>E.
/_ |
<
<
R

<
1
1
i
e
‘2

Moment Diagram

Agia ) Jadad o) (e ¢ padi (S )

R\ RPR AT PR RPR LS YRR PeY
G54 Jasiw) (A gays

R,=V, =R, =V, =E
B
0
Ry oo 10wt
’ 8
v, = 1'rm\.nu = E
) 8
:
M, . ot
8
B 3
M, [at —| = Jut
) 128
A ar 0.4215 €, approx. from R, and R,) - e
e 122 0. . approx. vand Ry) - = o

RN

A ! X I
Ry 2 ) RZT : k.

f———)i(_—,

'E 3L/8 i\_ ________ ib____ .
U Ju.
V} _____ U e

i Shearé)iagram é

' A\

Momént Diagram
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s e (et . A a sedddng 1 s Oy g0
Ayl Glaa e ((usqy T Lk daeed i)
G5 Jasaw) Ay
Ry oo M
£ 2 w
Ry e = w, +wl, - R, - Ry Ny EEEEE N .
h
¥ M U.'{ Rl Rz R
R‘ = \-'4 ______________ = é—‘l- + —-2—3 |-1 I-z 3
1
Vi =R ! i i
V, = wé, - R, i i P
Vi oo e e = wé, - R, o o Lo
v‘ R, vil i 'r}_‘is_
4 o 1 1 PR :\DI Ve
M __wl; +uf | | ~ Lok
e —— 1 1 ] 1
: B, +4L,) ! $hear Diagram i o
_ o .
- —_ _ 1 I ‘ I
M"[Whm e :J e =R 2 'M@’.‘pm i TN IMye
1 ! W 1My
M, [“’}“’“"e = R—‘J cae e e = Ryxg - b T o
. w Moment Diagram

Qg ) Ciiaga ¢ pd Sy 3 pa S AR 053 4y 981 s gl g T ol

:

>

Q
Py
y
o

R, =V, (max whena <¢) . . . =%{2€+HI

. B

R, =V, (max whena ¢} . . . =1-J-)—-b[?.a+b} h 7|Rz
2 R L N
V, [:whenx:\-a:hnd{{a +b}] .- =R —wlx-a) ) ! ! l
\ i 5
M, . [;—1[ i=a+ ﬁJ ..... = R,[a + i] . .
: w lw ] ‘
M, (whenx<a) . . ...... = Rx i Y, \
M, [whenxbﬂandﬁl{a+b})- . a+ :
J‘u‘[r {whcn x> {fl - b}} ..... = Riif- K}

1l
=
-
I
|
=
[
B
N TR
( .
R
|
-

Shear Dia'gram
E Mmax

Moment Diagram
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s e >
Volume) o= &S i dalo
(Surface Area) ( ) p> oS (g
(Cube ) aSe
65’ g3
(Rectangular Prism) Jskiwe ) siia
2(wh +wd +dh) wdh 1 u
jw‘- P
(Right Circular Cone) by cwly j9do
Zh
nrvrZ+h? T[r3 h '
An ' ' (Pyramid) »_»
Coluwe GuelB o ? h
(Area of base)
2 4mr3
" 3 (Sphere) 0,8
o (Cylinder) Ll
2nrh +2 7 r? 412h h
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Plane) 4wia ahw

rimeter) Lass | (Ar “1alise
(perimeter) (Area) = (Geometry
2
2mr Tr @ ol
a’+b?
27 mab 2 . (Ellipse) Sgsan
2 2a
(Rectangle) Julaiuws
2a +2b ab

b

a

(parrellalogram) g3uayl ) s

2(sum of adjacent sides) bh I-
—t
B ITriangle) cdis
a+b+c 1/2 bh a ‘
o A
szaz +b2 ab/2 (nght Triang|6) 433!) P.e@ AV
a+b+c sin@ =a/c . o
cos6 =b/c
tanO =a/b b
S(lf) (Regular Polygon) (sl ¢ ol
2 s = $°‘b'*‘°
nxs n—, /
A= clha Ad=r
(Trapezoid) 4 ; 53
a+b+c+d (1/2(a+b)h

2y
o/n
L b |
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Mass 1 kg =2.205bm

( g=9.8m/s”=32.27 ft/s?):4 gi) )| ol

G = 6.67 x 10t m¥kg.s*

1slug=32.21bm 1ton =2000Ibm
n=3.1416
A2 909 Mass 1 kg = 2.205 Ibm alis
Temperature Change
1K =100 1slug =32.2 Ibm
=18°F 1 ton = 2000 lbm
=1.8°R Area 1 acre = 4047 m? = 43,560 ft? = 0.00156 mi
9 Length OJ'U.B‘
Time
1m = 3.28 ft
1d  =24h 1km  =0621 mi
1h - F 60 min 1in. =254cm
Tmin =60s 1mi =5280ft
1yr =365d 1yd =3ft
‘..éuy Volume =
Power
1L = (.264 gal
1W  =3.412 Biu/h - 0.0353 f
= 0.00134 hp _
= 14.34 callmin =338floz
= 0.7376 ftlby/s fmL  =1cm”=1cc
A94>19|  pressure Jlae
14 =1Nm 1atm =1.01325 bar
1N  =1kgm/s’ =33.9ft H,0
1Pa =1N/m? =29.92in. Hg
W =1W/A = 760 mm Hg
1W =1J/s =101,325 Pa
1w =1V/A =14.7 psi
1THz =1 s_" _ ipsi  =2.31ftof H,0
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Numbers Less Than One
Numbers Graatlar Than Dneh _ Power of 10 Prefix Abbreviation
Power of 10 Prefix Abbreviation 10" deci- d
10! deca- da 102 centi- c
107 hecto- h 107 milli- m
10° kilo- k 10°° micro- n
10° Mega- M 107 nano- n
10° Giga- G 10" pico- p
10" Tera- T 107" femto- f
101 3 Peta- P 1 [T;f atto- a
108 Exa- E 10 Zepto- z
107" Zetta- Z 10% yocto- y
10% Yotta- Y
Gl g3 U]
Power Eats Energy: Work e
E W =F.
p-c_W W =F-d
t t
_ trpm W = work
T9c7 F= ftl}arce
d = distance
P = power
E = energy
W = work
t = time
T = torque
rpm = revolutions per minute
Syl SksS S Sl
Energy: Kinetic Energy: Potential
K =zmyv? U =mgh
T U = potential energy
K = kinetic energy m =mass
m = mass g = acceleration due to gravity
v = velocity h = height
S Qo>

Energy: Thermal
Q =mcAT

Q = thermal energy

m = mass

¢ = specific heat

AT = change in temperature
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Moment of Inertia -
h
x|
| _ bk’
LT _LL N

l,x = moment of inertia of a rectangular section
about x-x axis

Complex Shapes Centroid

¥ = x-distance to the centroid

¥ = y-distance to the centroid

¥, = x distance to centroid of shape i
y, = y distance to centroid of shape i
A, = Area of shape |

Rectangle Centroid —
h "_1___?_
_b _h i
x== and V=3 ‘—'—_;Jh .J
Right Triangle Centroid -
_b _h h
=2 and §=: i,:—-*

Semi-circle Centroid

=t and 4r F,—I,LME \
-ran F'sn L=

%= x-distance to the centroid
¥ = y-distance to the centroid
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Beam Formulas

l Reaction Ra=Rg ="
.. r.'g? Moment Moax = % (at point of load)
l: * | Deflection P :%; (at point of load)
Reaction Ra=Rg= =
- ,_,57 Moment Mmax = “TLQ (at center)
* - Deflection Az = Eﬁ"ﬁﬁl (at center)
l Reaction R.= Rg=P
y. —,-I— Moment Mmax = Pa (between loads)
I: — :I Deflection Amax =%[3L2-4n2) (at center)
2 Reaction Ry = F—Lb and Rg= %
l Moment Mpax = ? (at Point of Load)
i . ,_,:I;,n Deflection Dy = DRAEITEN 0170
L - (at x = m1.-'l.fl'JE]'|33=-I:|]
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(Stress Matrix) |(S s HLd8 2

Equations of Equilibrium ) :Jse Jalas

ot
Box L% 4p =0

Ox Gy
Ot O
¥ F
“® T yh =0
Ox Gy ¥

o aﬁyr oz
+ +—EE b =0
Gx By gz "
S5 By O
Iy F¥ £y
y b, =10
B By B

do aﬁyz Oy
b, =10
O T thy + iz +o
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(Plane State of Stress) <l jLab o

¥

(o3 i
T VX

—

Txy g T
X T

A — g T o
. Ox yx o 9y

(Coordinate Transformations) Jsu sisose

_Px +op  op 0oy

Tyl = 5 £os 26 + Typ sin 26
Ox Ty Oy —0p _
Tt = - cos 28 —Typ 80 20
{ ¥ 2 5 ¥
—'::'-x +l::'_};| I:Txl'
Ty —0
Tyt =— il 5  sin 28 +1yp cos 28
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(Principal Stress and Principal Directions ) <y s lal gl 4igLid lal

2T 2
tan 28, = — 2% _oxtop oy oy 2
P =0y 012 =t | gy
l" 5 ¥]
Gy \ 0 ]

Xy 0
% X L
..._l 0 \_ I_; = = ¥
X
Txy Gy

Stresses in given

coordinate system Principal stresses

O — O
tan 26, =—— ¥

21:1},
=6, =6, +45°

¥ ‘
(TJ,
TJ‘X

I /
= |[LEe QM/@
TXJ, — ¥ =z

/

Stresses in given
coordinate system

Maximum shear stress

1012



(Mohr’s Circle) s )l Aasa

Xy

'f;_'__o-"_

Ca Cavg Oy

oy to Oy — O
Thvg = £ R:J[ J

1013



(Stress and Strain ) 4isisas cusiv o) Lk s

Stress (o) = load / area

Strain = change in length / original length

E = Stress / Strain

Bending of Beams

2nd Moment of Area (rectangle)

Torsion Equation

2" Moment of Area (cylinder)
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=k

10°  (1000) kilo 2% (1024) kilobyte

10° Mega 2% (1024%)  megabyte
but

10° Giga 2" (1024°)  gigabyte

10" Tera 2% (1024%)  terabyte

10" Peta 2*  (1024°)  petabyte

(Laws of Mathematics) ¢l 8 ) s (a2

Associative laws - for addition and multiplication

a+(b+c)=la+b)+c albe)=(ab)c

Commutative laws - for addition and multiplication

at+b=b+a but a—b#b—a
ab=ha but a.b
b a

alb+c)=ab+ac btec b, c
a a a
Arithmetical Identities
x+0=x xxl=x (xx0=0)
(a+b)'=(a+b)la+b)=a’+2ab+b’ a’-b*=(a+b)(a-b)

(a+b)V=(a+b)a’+2ab+b )=a’+3a"b+3ab’+b" s
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. 0
P=—
s H

Sine Rule
. a b ¢
Sine Rule sind sinB sinC
sind _sinB_ sinC
or = =

a b c
Cosine Rule

b +c'—da’

2bc

cos A=

or a’=b+c*—2bccos A

Area formula

Area = besin A

2
Trigonometric Identities
tan A =311 A cot A= L _ (the cotangent of A
cos A " tand sind’ 9 4)
sec .42—4, (the secant of 4), cosec Az—q‘ (the cosecant of 4)

A
cosf=—
H

lanB:Q
A

(an ODD function)

cos(—0)=+cos(0)

(an EVEN function)

(The Triangle ) <l



Multiple / double angles

sin( A+ B)=sin A cos B+cos Asin B sin(24)=2sin Acos B
sin( A4 —B)=sin Acos B —cos Asin B

cos(A+B)=cos Acos B—sin Asin B cos(2A)=cos> A—sin> 4
=2cos’ A—1
0053A=15(cos(2A J+1)
cos(24)=1—2sin’4

sinj.:i:%(l—cosuft}}

cos(A— B)=cos Acos B+sin Asin B

tan (4 + B)=tand+tan B tan (2 4)=—21204_
l—tan Atan B 1—tan" A4

tanl’A—B]:M

Products to Sums

sin A cosB=%(sin(_4 +B)+sin(4—B))

cos Asin B=—(sin(A+B)—sin(A—B))

b | —

cos Acos B=%(cos(.4+8]+cos(.4 —B))

sinAsinB=%{cosl{A—B]—cosl{_4+3)]

Sums to Products

sin A +sin B=2sin('4;8)cos( A; B)

sin A8
2

cos A+cos Bchos{ A ;B)CDS(A _B)

A+B
2

sinA—sin B=2 cos(

cos A —cos B=—2sin(‘4;B)sin(A _B)
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Rules of Indices:

[TIrJll _ :;'E

a'

o5 and Va=va

of Logarithms) «i i a3 8¥ 2

amxan — {m+n)
E =
(anr]n :ﬂiﬂif
_ k
ka™” =
a
0_ _ L
a =1 Vi=x'=x
a'=a Va=beb"=a
(Definition
If N=¢" then n=log, N
log(AxB) =logA+logB
lo 4 =logA-log B
g B =log A-log
log 4" =nlog 4
log, N
log, N _ 08,V
log,a
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Brief Introduction to the book

This book is covering some of the fundamentals of structural analysis. This book can be covered
in one or two semesters of an academic curriculum of Civil Engineering at the University level or
post-secondary education institution. The book could also be used as a reference guide by Civil
Engineers in practice.

The book is written in Pashto, a native language of Afghanistan, which can be used in all
universities across Afghanistan and practicing engineers in the country. English words are used
when equivalent word of Pashto was not found by the authors.

The book is divided into three volumes and has twelve chapters and an appendix at the end of
each volume. The first volume covers Forces, Reactions, Shear and Bending Moment Diagrams,
Truss Structures, Deflections, and Influence Line. The first volume is basically covering analysis
of statically determinate structure.

The second Volume which includes chapters six through nine covers Slope Deflection method,
Moment Distribution method, Matrix method of Analysis and Fundamentals of Structural Dynamic
Analysis. The topic of earthquake analysis of buildings is also briefly discussed in chapter nine.

The Third volume covers brief introduction to how airplane flies and the forces acting on it. Chapter
eleven has introductory information on fatigue and crack growth in metallic structures. Chapter
twelve covers how to write a structural analysis report.

The book is written by two former professors at Kabul University, currently living in the USA, with
about 40 years of working and teaching experiences of each, at the United States of America.

Numerous examples have been solved in each chapter and exercise problems are included at
the end of each chapter or topics discussed.

Any comments about the book is welcomed by the authors and will help in the possible future
editions of the book or related topics published by the authors later.

All rights of the manuscript are reserved with the authors.
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Publishing Textbooks

Honorable lecturers and dear students!

The lack of quality textbooks in the universities of Afghanistan is a serious issue,
which is repeatedly challenging students and teachers alike. To tackle this issue, we
have initiated the process of providing textbooks to the students of medicine.

For this reason, we have published 342 different textbooks of Medicine, Engineering,
Science, Economics, Journalism and Agriculture from Nangarhar, Khost, Kandahar,
Herat, Balkh, Al-Beroni, Kabul, Kabul Polytechnic and Kabul Medical universities. The
book you are holding in your hands is a sample of a printed textbook. It should be
mentioned that all these books have been distributed among all Afghan universities
and many other institutions and organizations for free. Out of the total, 96 medical
textbooks funded by German Academic Exchange Service, 210 medical and non-
medical textbooks funded by Kinderhilfe-Afghanistan, 7 textbooks funded by
German-Afghan University Society, 2 textbooks funded by Consulate General of the
Federal Republic of Germany, Mazar-e Sharif, 4 textbooks funded by Afghanistan-
Schulen, 2 textbooks funded by SlovakAid, and 8 textbooks funded by Konrad
Adenauer Stiftung. All the published textbooks can be downloaded from
www.ecampus-afghanistan.org & www.kitabona.com.

The Afghan National Higher Education Strategy (2010-2014) states:

“Funds will be made available to encourage the writing and publication of textbooks in Dari
and Pashto. Especially in priority areas, to improve the quality of teaching and learning and
give students access to state—of-the—art information. In the meantime, translation of English
language textbooks and journals into Dari and Pashto is a major challenge for curriculum
reform. Without this facility it would not be possible for university students and faculty to
access modern developments as knowledge in all disciplines accumulates at a rapid and
exponential pace, in particular this is a huge obstacle for establishing a research culture.
The Ministry of Higher Education together with the universities will examine strategies to
overcome this deficit.”

We would like to continue this project and to end the method of manual notes
and papers. Based on the request of higher education institutions, there is the

need to publish about 100 different textbooks each year.



I would like to ask all the lecturers to write new textbooks, translate or revise
their lecture notes or written books and share them with us to be published. We
will ensure quality composition, printing and distribution to Afghan universities
free of charge. | would like the students to encourage and assist their lecturers in
this regard. We welcome any recommendations and suggestions for
improvement.

It is worth mentioning that the authors and publishers tried to prepare the books
according to the international standards, but if there is any problem in the book,
we kindly request the readers to send their comments to us or the authors in
order to be corrected for future revised editions.

We are very thankful to Kinderhilfe-Afghanistan (German Aid for Afghan
Children) and its director Dr. Eroes, who has provided fund for this book. We
would also like to mention that he has provided funds for 210 medical and non-
medical textbooks so far.

| am especially grateful to GIZ (German Society for International Cooperation)
and CIM (Centre for International Migration & Development) for providing
working opportunities for me from 2010 to 2016 in Afghanistan.

In our ministry, | would like to cordially thank Academic Deputy Minister Abdul
Tawab Balakarzai, Financial & Administrative Deputy Minister Noor Ahmad Darwish,
Advisor at Ministry of Higher Education Dr. Gul Rahim Safi, Chancellor of Universities,
Deans of faculties, and lecturers for their continuous cooperation and support for
this project.

| am also thankful to all those lecturers who encouraged us and gave us all these
books to be published and distributed all over Afghanistan. Finally, | would like to
express my appreciation for the efforts of my colleagues Hekmatullah Aziz and
Fahim Habibi in the office for publishing and distributing the textbooks.

Dr. Yahya Wardak

Advisor at the Ministry of Higher Education
Kabul, Afghanistan, May, 2021

Mobile: 0706320844, 0780232310

Email: textbooks@afghanic.org



Message from the Ministry of Higher Education

In history, books have played a very important role in
gaining, keeping and spreading knowledge and science,
and they are the fundamental units of educational
curriculum which can also play an effective role in
improving the quality of higher education. Therefore,
keeping in mind the needs of the society and today’s requirements and
based on educational standards, new learning materials and textbooks
should be provided and published for the students.

| appreciate the efforts of the lecturers and authors, and | am very thankful
to those who have worked for many years and have written or translated
textbooks in their fields. They have offered their national duty, and they
have motivated the motor of improvement.

| also warmly welcome more lecturers to prepare and publish textbooks in
their respective fields so that, after publication, they should be distributed
among the students to take full advantage of them. This will be a good
step in the improvement of the quality of higher education and knowledge
transfer process.

The Ministry of Higher Education has the responsibility to make available
new and standard learning materials in different fields in order to better
educate our students.

Finally, | am very grateful to Kinderhilfe-Afghanistan (German Aid for
Afghan Children) and our colleague Dr. Yahya Wardak that have provided
opportunities for publishing textbooks of our lecturers and authors.

| am hopeful that this initiative should be continued and increased in order
to have at least one standard textbook for each subject, in the near future.

Sincerely,
Abdul Tawab Balakarzai
Academic Deputy Minister of Higher Education
Kabul, 2021
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