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Ry,=37.5

Mga=562.5  M_,=1125

s

4

R,,=37.5 kN

a— Fo=75

Mcs=1125 kNm
Vy=62.5

Rey =62.5

Fex=75
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I Rpy=62.5
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SIS s el Kol il ol Cuiee s Jl g3 i s Y (60

P, =500N

| (1)
|
B,éé_l 750 cm > '}JA/A

W= 100N/cm

|

500 cm 1500 cm
<
W= 100N/cm P, =500N
. e
& -
2 (2)
L
B 7
. y |~ A
700 cm 800 cm 1000 cm
P, =500N P3=300N P,=300N P; =200N

| 71 ! l
l (7 |
i 600 cm >l 700cm I 5|00 Cﬁl ll 500cm, 800 cm 500cm _|A

(3)

@P A
/ 300cm
S o !
a00em|[E D ‘ : /%-,c B ﬁ (4)
P 600 cm 300cm 300cm 500 cm 600cm
l <—>

A
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T;=200N m

7 | } )

|
A
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|‘ L |
(6)
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S8 25 ol Sy Siae
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|
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I I
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; | C
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(7)
Jee 3 s S aie o) (couple T) JS s s 508 g am sl (S A0 23 sy
S8 s a) Sho Ciiase il gl s S ame s b 0 ) e o) il 6 S

P, =10kN

C ; 400cm

+ 800 cm
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]
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D
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2n =2 (6) =12
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> Mp=0 *
Ray (27) — 20(18) +10(12) = 0
Ray =(360-120)/27 =8.89 kN 1,

> My=0
‘Rpy (27) + 20(9)+10 (12) = 0
Rpy =300/27 = 11.11 kN 1,

Y Fy=0
Ry -10 =0
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SRl 4 DC At s S esy Al daad H5l sy ol (25 sl nas sl Y s DCu g
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Foc
S Fy=0
Rov —(4/5)(Fpc) =0
Foc = (5/4) (11.11 kN) D .
=13.89 kN (S / oF
Rpy=11.11 kN

S Fe=0
-13.89 (3/5) +Fpe =0
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P psladl g 2 Al gl S 4 C s
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S F =0
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S Fy=0

Fer +(4/15)(Fep =0 Jow €
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N
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> F =0 Frs
Ray —(4/5)(Fag =0
Fag = (5/4) (8.89 kN) A
=11.11 KN S Rax = 10 kN
Fae
RAY:8.89kN
> F=0

11.11 (3/5)-Fag » Rax =0
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SIS oy oy glalae Jalai v as o )1 ) 5% 6 2 aslaaliogd (o aglan digad ARy g & s
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(S dee sl cilia 4y 3l Al ) g2 mnia

129



> Fy=0

Frc —(4/5)(Fge) =0 Fre =11.11 Fsr
Far = (5/4) (11.11 kN)
=13.89 kN (xS /
F%: =8.33 ! Fﬁ
=
S Fe=0

-8.33 - (3/5)Fge+ Fre =0
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tdsee g s S PG E s
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> k=0 Fae
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S Fy=0 - B
13.89(4/5) — (4/5)(Fga) — Fge =0 °
11.11+8.88-20 = 0

Fa,=11.11 kN

Faz =20kN

Geh A1y s aSa

2 Fe=0
- Fge- (3/5)Fga+ (3/5)Fgr =
-1.67-6.67 +8.33=0
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Al 83 Sl 213 a2 3.6 Al
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PGS D S AA Sy 88550
)X MD=O +
R, (16)—9(8) -4(6) =0

R,y =(72+24)/16 =6kN 1,

S Fy=0
‘Rpy +4 =0

Rox =4 kN

> F,=0
Rpy TRy-9=0
Rpy = 3 kN 1/
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IS Se E il
S F,=0
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X Fy=
Ry —4p+2p =0

Rpy, = 2p kN

50851 o b s S L )ysSadlaal Sl Sl Sa o o oS s S

S M. =0
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Ra=Rg=wL/2
V. =w(L/2 -x)
wlL?
I\/Imax = 8
wx
Mx = 7 (L - X)
A= o (13 = 2Lx? + x7)
_ 5wL*
max— 384 E]

ot 2| S
f

V| |4
\ —
Shear Diagram X | v
.
M

max

Moment Diagram

A gil ) Jud A o) cClaga ¢ g (S

A1 530 (Al g (Autingl s 9dddu g tam ol

V, =R, = w/3

V,=R,=V__ =2w/3

w wXx
Vi=3 T
M. = 0.13WL

wXx
I\/Ix = 312 (LZ - xZ)

wXx
— m (3X4 — 10L2X2 + 7L4)
wlL?
Amaxz 0.013E

|
B
L Tf\
Ra Rg
. - 'Vz
Shear Diagram 71
Mmax

Moment Diagram
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R=V oo _P
2
P
M., (at pointofload) . . . . . =T*'3
M, wu'-'i'u.-n:t:-::E :Ei
2 2
3
A, latpointofload) . . . . . . = 4]:;E]'
A, | when x -:f- e e .. = Px (362 — 4x1)
2 48E1

+V

Mmax

P S

Moment Diagram

Agia ) Jadgd gl (Cuapa ¢ (WS 2

A3 53 054 A9 o 3 39l (g gl g tam ol

wa
Vl:RA:E (2L—a)
wa?
V,=Rg= ”
V, (whenx<a)= RA — wx)

R 2
V, (when x> a) =ﬁ

RA R}

Munge (8EX=27) =20
2
M, (when x <a) = Rpx —%

M, (when x >a) = Rz (L —x)

wx
24 EIL

A, (whenx<a)= (@?(2L — a)? — 2ax?*(2L — a) +Lx3)

A, (whenx>a) = % (4xL — 2x%* — a?)

+V;

l€

Moment Diagram
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V. =R, = w,a (2L-a)+w,c’
1 A 2L
_w,c (2L—c)+w,a’

V,=Rg= .

V, (whenx<a)= RA —w;x)

V, (when x >aand < (a+b)) = R,-w;a
V, (when x >aand > (a+b)) = Rg- w, (L-x)

M

RA R}
max (At X= — when R, <w,a) = .

1
2

M

RA R
max (@t X= L- o when Ry <w,c) =2

1 2w,
2
W, X
2

M, (when x<a) = Ryx —

Wzla (2x —a)

M, (when x > a and < (a+b)) = R, x-

w,(L—x)?

M, (when x> (a +b)) = Ry (LX) - .

+V;

[ R EEE

Moment Diagram
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28 A and by (Mg a9l s piddn g tam ool

V, =R, = w/2
V, =Ry =w/2

w
Vx = E (LZ — 4-.X2)

1 2x?
Mx= WX(— _E)

2

_ wx
A=

2 _ Ay2)2
480 EIL? (SL 4x )

wlL?

max~  g0E][

A

T T

| il

A B

L/2 | L/2
I"Ry L | Re
+Vq 4
- v,
Shear Diagram
- 2
Mmax
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347




A sy Judd gl (Cdaga ¢ i (S 2

9999 a3 39l (IS Al g 1m0l
S SS AL

B, =V, (max whena <b) . .. .. = %
Pa
R, =V, (max whena >b) . . . .. = n
M. (atpointofload) . . .. . .. = %
M, (whenx<a) . ......... = PTBI
R
Ay (ALY = .||—ﬂ(ﬂ +2) whena>h| . = Pabla + IbWJa(a + 25)
V3 27EIE
HT*]
A, (ar point of load) = I;GE;
Pbx
), < e . == b - x?
A, (whenx < a) ﬁEIF.{ )
Pa(f—
A (whenx=al .. ..... ... = “ém’" (26x - x? —a?)

iz

e -

Moment Diagram

g JasA ) cilasa ¢ ppd Sy 3

&JMJ.}}S ‘gJSJAS 0499 A ol
G54 Jasem) J g9 001 e 4y (Al gay)

R=V.............. =P
M., (betweenloads) . . . . .. . =Pa
M, (whenx<a) . .. ... .. . =Px

Pa :
A, latcentery. . . ... L L =MEI{W—4¢}
A, (whenx<a) .. ... ... =%{ufﬂ—3af—xl}
A, [whenx:aaand-::ﬁf—a}} L. =—-r:|-j-{3fx-3x3 -a?)

6kl

< : t . >
+V Y I i
i Shear Diagram - I-V
\i Minay
N
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R, = V,(maxwhena <b) . . . . . =%{E-a+b}
R, = V, (max whena > B) . . . . . =%(f—b+a}
V, (whenx > aand < (€-b) . . . =%wq}

M, (max whena > b) . . . . . .. = R,a

M, (maxwhena <b) . . . . ... =Rp

M, (whenx <a) .. ... ... = Rx

M, whr:nx)&::rul-:;(f-b)) ... =Rx-Plx-a)

+V, "'/l
|

Moment Diagram

A e JRa s o) el ¢ pud (S

QAd gl (s S Al (s glua L0 g3 1o ol
Jasas) Jge Olsa U Ay (A1 gay9) an

_B(t-a)+Pp

R, =V, = ;
Ry=Vy oo - P'—"‘T?L'b}
V, (whenx >aand <(€-b). .. =R -B

M, (maxwhen R, < B). . . . . . . =Ra

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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BE=V ... ... . ... ... =
Voo
e
M, lathxedend). . . . . . = “T
M .
M, - ... ;
wé?
A latfreeendy ... ... 0 0L = SEl
A e e e r e e e e e e e . = w (xt — 4% + %)
! 24E1

i
B

i L

<

. X

«—>

|
I
I
I
|
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|
I
|
I
I
I
|
I
I
:
¥
|
I
I
I
|
A
I
|
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Shear Diaﬁg}'\\
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g5 Jush ) ccalaa (S 2

s AT Ay a3 39l (g IS Al tam saliiS
5.5 Jasanl o3

R = v ______________ = P
M, acfxedend). . 0000 =P
M, . ... .. L. . =D
)
A larfreeend) . o000 L P
] 3EI
P e 1 1
A, .o oo = =M+ xT)
6EI

Al
« ! 3
X
>

Shear Diagram
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A giagy) Jud i o) (Cuaga ¢ i ((SG)

(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 Jagiw) 99l s e Jlng

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 <€
o, Pr,

T
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I I
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|

<
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:éﬂﬁm\@jwoﬁbxﬁg
Ja gl (,s"UJ:).J‘ 4_&“34_':,_“3 @JSJAS

Ry =V,

M, (atixed end) . . .

M, (at point of load) . . .

M, | when x <
2

M, | when x > ¢ L
2
i

A |atx =€ = = 4472
W5

A, (atpoint of load) . . .

A, whenx{E
2

A, whenx:-E S
2

Ry=Vy oo

_ue
16
3Pe

_swe

_plf_1kx
2 16
3 3
=P oot
48EI5 El
~7pe

" 768EI

= X o2 sx)
96EI

P
96EI

(x —€)*(11x — 2€)

v

R,

v

Moment Diagram

1t

A gy Jud e o) Calpa i (S 2

SIS 53 1 ST ALy g S 2238 0 53
G54 Jasin) (gl 3 (SS e A

M, (atpoincofload) . . . . . ..
M; (atfxedend) . . . . . . ..

M, (whenx<a) . . ... ...
M, (whenx>a) . .. ... ..

ﬂm,(whenu < 414 atx =€

&M[whena > 4146 arx =€

A, (atpointofload) . . . . . . .

A, (when x < a)

A, (when x > a)

. =R1x—ﬁx—d)

= Ryx

_ Pa (£*-4%)

7 3E1 (32 - a?)?
=Pﬁ.bz \I a
6E1 \|2€+ a
_ Pa‘b’
12E1¢*
_ Phx
12E1¢}
_ Pa
12E1¢}

(3¢ +a)

(3a€? - 26x* - ax?)

(€— x)2(Mix— alx - 1a’f)

Sf\ear DiagrarﬁI

Moment Diagram
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S g 1ol 0 90 JJNMbﬁaxﬁg
G99 Jagn) AR ) liiS gl (5 94

Ro=V, oo = W
2
Ry=Vi4Vy. oo =00 a)
Vooooo oo oo = wa
V‘I (foroverhang) . . . . . . . . =wa—1x)
M (atRy) . ... ...... =%
PA
2
M, (between supports) . . . . . . - warx
€
M, (for overhang) . . . . . . . . = %(a -x )
€ wal€? wa’€
A, |between supportsatx = — | = —=— = —
V3 18+3EI El
i
A, (foroverthangatx, =a) . . . = %(4‘.@ 3a)
A, (berween supports) . . . . . . = 1‘;‘;}:} (€2 - x?)
? 1
A, (foroverhang) . . . . . . .. = Zl:};]’ (4a€ + 6a*x, — 4ax, +x, )

Shear Diagram

e

S]]

Moment Diagram

[y AN R ——
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G54 Qg odid LS 4y 9]

P
R=V, ... ... ... =2
4
P
R,=V,+V,. ... ...... =—(f+a)
Voo =P
1 1 1 = Pa
Pax
M, (between supports) . . . . . . = T
M,, (foroverhang). . . . . . .. = Pla - x,)
Pag* Pat
A, | between supports at x = i,— = ? = 06415 @
' V3)  93EI
Pa?
A, \foroverhangatx, =a) . . . = —(f+a)
3EI
A_ (berween supports) . . . . .. = &(EE x?)
' 6EIE
A, (foroverhang) . . . . . . . . = mI[Zm°.'+ dax, - x,zj
" ' 6ET

A I

ul.

Shear Diagram

Moment Diagram

354




Agic ) JaA A o) (Cudaga ¢ 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 giay Jud i gl (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
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a* N
L1 7?)

Moment Diagram
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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,[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
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] 1
! i Shear Diagram
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b
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oY M,
1
1
1

Ay JaA A o) e ¢ ppd (S

huj‘g:433 @8 sl :w&ﬁ°4‘3dﬁé
G5 Jagcu) (A gaggl

R=V oo =P
2
re
M, (atcenterandends) . . . . . . = ry
P
M, [whenx < —] .......... = g(ﬂlx— {)
Pe?
A, latcenter) . . . .. ... = -
) 192EI1
: 2
A, whenx < L - X (36— 4x)
2 48EI1

a!
A x ! : B
<~ |
o2 L/2
>
|
! = !
R ! i
1
v 1 L
i | v
:ShearDiagram 1 !
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Sl et |
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R, = V,(maxwhena <b) . . . . .. - P{,—If (Ga + b}

Ry = V,{max whena > b) . . . .. = P%\‘I(a +3b)

M, (maxwhena <b) . .. ... - E?EE

M, (max whemna = b} . . . ... .. = F:jb

M, (at pointof lead) . . . . . .. .. = 2?%

M, (whenx<a) - ... .. .... = Ryx- P:f‘

A wi\ena}barx=jj‘fb] .. 1%};}?

A, (at point of load) .= i%;—;i—:

A (whenx<a) . . ... ... ... - ::;:, (3aé - 3ax - bx)

‘|
Al ! B
X, !
a e b
R, i R,
1
o ‘ |
vl | -
Shear Diagram in
1
1

A gl ) Clalga il (S 3

dari dg 39l ol gt eSSl O 60 am
G55 Jagdn) (A gaygl 343

R =V, A,
16
S
R, =V, +V, = —uf
8
1
Ry =V, = - —wl
16
Vi -2 e
16
Mml(nlx=if] —ﬂwg!
16 512
M (atsupport B0 . 0 0 L = 1 wit
16
M, (whenx <€). . .. ... .... _‘%‘m—ax)

Moment Diagram
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R=V ... ... ... = ﬂ
2
Voo = w{£ = x]
2
2
M. (atends) . . . ... ... L. = wl”
12
we?
M, (atcenter) . . . . . . ... .. = —
24
M, = 2 (66x— €2 —6x7)
12
wt
Ay latcenter) . . . . ... =
IB4EI
A, oo =2 (-2
! 24E1

L/2

Shear Diagram\*\
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o ee——— e — -——

V Moment Diagram \W Mmax

A g ) Cilalga i (S

A sl s S0 gt A e O ot
G35 Jasin) (A 9an9l 3 A g by

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
' R ¥

TTTTTTTR

A X | T A
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|
|
|
|
I
I
|
|
|

] 1
'Shear DFagram
1

——————ta

;
|
|
|
i i
|
.
|
!
|
|
|
1
1
1
1
1
2
3

Moment Diagram

358




A gl ) Cualga i (S 3

A9 99 S Al gt eSO g0 A
G5 s (A gayl

Pby,.

R, =V, ﬂﬁglﬂ"—a(f-ﬁa]]

f v Pa ..,

R, =V, +V,. =z{—_1{2£-+h{|’+a})
Pab

R‘=1|r‘ =—EH’+u]

\ = P e 4 e

-4?[4'H('+ﬂ}]

M, (atpointofload) . . . . . . .. ~ %(%5 —alf+ aJ)
Pab

M, (atsuppore Ry} . . . . . .. ... = (£+a)

A = R B
1
1
Rlv a !'b [Rz L jTRs
. > % ]
| Lo |
I 1 ] 1
. o :
! | |
Wl ' :
0 A
_____________ V2
Shear Diagram

Moment Diagram
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R =V, =R, =V, =3P

16

R, =12V, S P

8

V, = P—R, _ P
16
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3PE
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w
R=Vi=Ry=V, . .... ... .. =% R
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"BI AR1KL>E RzT 1 RB
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Swé ! |
V, =V — | \
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G54 Jasan) Mgy

Ry oo Mt
¢ 12
Ry o oo = wé, +w, — R, - R,
Ry=WV, o000 = M, + E-{—“
£, 2
vy =k
Vy =wé, - K
Ve o o =wi, - R,
vy =R,
AP
M, - 1
BlE, +¢€,)
S
M, I(mrh{'n:clzR—t e =R|xL—wx'
'[ w 2
2
M, [“’}“’“"e = R—‘J cee oo = Raxg - i
! w

o
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Ry =V, (max whena <) - %{k +b)
R, =V, {max whena>¢c} . . . = ‘f—i’[zam}
V. (whenxbannd{{a +b}] ..o =R ~wix-a)
)
M. [;—1[ x=a+ ﬁJ ..... = R,[a + i]
) w 2w
M, (whenx<a) . . ... ... = Ryx

M, [when x> agand < (z + b?:] .-

M, {whcn x> {a+ b}}
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a+ 4 i

N TR
—]
=

Shear Dia'gram
E Mmax

Moment Diagram
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g o
Volume) e==> Lelli qwdid ol
(Surface Area) ( ) @
(Cube ) c25e
65 s?
(Rectangular Prism) Jikaiue ) sdia
2(wh +wd +dh) wdh h |
(Right Circular Cone) bgy%o coly joha
2h
nrvr2 + h2 nr3 ‘
Ah (Pyramid) »
Clus S8 o 3 ‘
(Area of base)
5 Amrr3
mr 3 (Sphere) 0,5
(Cylinder)
2nrh+2nr? 4r%h '
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Plane) 4wia ahw

i Lias Zialuw
(perimeter) L (Area) &~ (Geometry
2
2mr r @ ol
a’+b? 2b
27 mab . (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) 4;{9!) P.e@ Edie
a+b+c sin@ =a/c . o
cos6 =b/c
tanO =a/b b
S(lf) (Regular Polygon) (sl 33 ela
“\27) s [
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 =2.205 lbm

( g=9.8m/s® =32.27 ft/s?):b g )l ol

G =6.67 x 101t m¥/kg.s*

1slug=32.21bm 1ton =20001bm
1=3.1416
4293 (5999°|  Mass 1 kg = 2.205 lbm as
Temperature Change
1K =1 1slug =32.2 Ibm
=14% 1 ton = 2000 lbm
=18°R Area 1 acre = 4047 m? = 43,560 ft? = 0.00156 mi*
SS9 Length L3{8%)
Time
1m =328t
1d =24h 1km =0.621 mi
1h = 60 min 1in. =254cm
1min =60s 1mi =5280ft
1yr =365d 1yd =3ft
‘”_ébly Volume =
Power
1L = 0.264 gal
1w = 3.412 Btu/h = 0.0353 ﬂ3
= 0.00134 hp _
= 14.34 calfmin mL _ 33.8 gfz
= 0.7376 flbJs mL =Tcm =1cc
4'33"\"‘.9 Pressure JUI/..Q
14 =1Nm 1atm =1.01325 bar
1N =1kgm/s® =33.9 ft H,O
1Pa =1N/m? =29.92 in. Hg
W =1W/A = 760 mm Hg
1w =1J/s =101,325 Pa
1w =1V/A = 14.7 psi
1Hz =1s" 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|
L bh?
=92 _LL N

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

Complex Shapes Centroid

L% and y= 208

X= Ta Y= 3a

X = 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—E and ?—5 l_l_-ir-lh ‘J
Right Triangle Centroid -
b h h
Xx=-and y=: i,:_¢

T
B
I
o
I

Semi-circle Centroid /__—-.

_ _ 4r Ry

X=rand y= — e '
3n L=

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

l Reaction Ra=Rg=©
. . r.';? Moment Mmay = % (at point of load)
l: : T | Deflection = %Z (at point of load)
Reaction Ra=Rg= =
- ,_,57 Moment Mmax = “TLE (at center)
) " Deflection Apax = ??‘ELAI (at center)
l l Reaction R.= Rg=P
. - Moment Mmax = Pa (between loads)
|: — — :| Deflection Ao, =L19(3%.407) (at center)
Reaction R, = F—Lb and Ry = %
l Moment M = ? (at Point of Load)
A . L. | Deflection Aoy = 2obiot20olatib)
L - - {at x = Mwhr&na}h]
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(Stress Matrix) (S s a4 3

Equations of Equilibrium ) :Jsxe Jas

5'-:5'1- aryx
—+ +&, =10
Ox Sy g

ft Eer
Xy ¥
+—L b, =0
8 & 7

Boe | O7px | Bogy
+ 4 h =0
x & Bz
8oy Oop O
¥ F¥ ZF
\ b, =10
B Ay e Y

Sl aﬁyz G-
b, =10
O T Gy + Bz +oz
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¥

(Plane State of Stress) :cila L

Uy
Tyx
B —
- X Txo Ty
0 —_—
. Gx Tyx I:‘:I-.P
B —
Tyx
l G}:
(Coordinate Transformations) Jslu sigosae 2
Tyrtoy  Op—Op _
Ixt=—7 cos 260 + Ty sin 26
o o oy —
o= _F X ycosEﬁ'—’rx sin 28
F 2 F
=0y FOp — Oy
Ty — 0O
Tyt =— Y Viinze +1yp cos 2t
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(Principal Stress and Principal Directions ) 4y s lal gl 4igLié Lal

2T 2
tanzg — ¥ _CTI+{TJ; O J‘},
P oy —oy o1 =—— —| +y
1" 2 ¥l
Oy \ 0 I

T2 r
g _ \/ o1~
T

” <y
LI o) L |_-. f — P T
c p

Tay ! o]

Stresses in given
coordinate system

Principal stresses

O — O
tan 26, =———

2139,
=8, =8, +45°

2
o —
Txyz =21 :

o — T
Tmax=\/[ x2 F
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Y ‘
GJ"
Ty

X

L /
| & -/@
TXJ_. — 7\

Stresses in given
coordinate system

Maximum shear stress

(Mohr’s Circle) o i1 ,a4a 2

Ty
P
R
G
G5 Oavg Oy
e
fa -I—-:ry Oy —0p 2 9
T v ZT = — +
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(Stress and Strain ) 4istsast o sw o) JLad 3

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)

373

F
og=—
A
E:f:_i or e=>
) /
E=Z
£
M_o_E
I v R
bd’ )
I=—+4h
12
r_T_Ge
J r L
4 4
Jz'er _'rra'
32 32



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) ¢! # )} s (o=l

Associative laws - for addition and multiplication

Commutative laws - for addition and multiplication

a+b=b+a but a—b#b—a

alb+c)=ab+ac bte_b, ¢
a a [
Arithmetical Identities
x+0=x xX1=x (xx0=0)
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(a+b)Y=(a+b)la+b)=a’+2ab+b"

a’-b*=(a+b)(a—-b)

(a+bV=(a+b)a+2ab+b)=a’+3a b+3ab’+b" ¢

. 0
P=—
sin

Sine Rule
. a b ¢
Sine Rule - =—=—
! . sind sinB sinC
sind sinB sinC
Or = =
a b ¢
Cosine Rule
cos g iHe—a’
T 2be
or a’=b"+c"-2bccos 4

(The Triangle ) &b

A 0
cosf=— tanf=—
H A
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Area formula

Area = —bc 52111 4

Trigonometric ldentities

1 cos A
cotA= = the cotangent of A
cos A tand sinAd’ ( 9 )

sec A= 1 , (the secant of 4), cosec A=
cos A4

1
—, (th tof .
ind (the cosecant of A4)

(an ODD function)

(an EVEN function)
Multiple / double angles

sin( A+ B)=sin A cos B+ cos Asin B sin(24)=2sin Acos B
sin(4 —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(2.4)=1—2sin*4
sin3A=%(1—cos(2A}}
cos(4— B)=cos Acos B+sin Asin B
tan 4+tan B 2tan A
1 A+B)=————— tan(24)=——
an( ) l-tan Atan B (24) 1—tan® 4

tan A—tan B
tan(4—B)=———
an( ) l1+tan Atan B
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Products to Sums

sin A4 cosB=%(sin(A +B)+sin(4—B))
cos Asin B:%(Sinl{A +B)—sin(A—B))

cos Acos B:%(CDS(.4+B]+CDS(A —B))

Sums to Products

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

sin A4 —sin B=2005('4;B)sin('4_3

cos A+cos B=2cos( A ;_B)CDS(A;B)

cos A—cos :!1?:—2sin('4ﬂ'—&)sin(“1 _B)

Rules of Indices:

amxafr =a'ﬁm+frl'
m
{m—mn)

n =d
(anr]n :amar

'm} I [I?

= M m -

n =1/ n nr
a' a =Va
.If —n :i

a n

a
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If N=a" then n=log,N

log(AxB) =logA+logB

A
log| — = .
05(3) log A-log B
log 4" =nlog 4
|
log, N =L‘JN
log,a

L .
[ 2 05 and va=va

Vyx=x"=x

n—
Va=b=hb"=a

(Definition of Logarithms) < 2 as As¥
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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 two volumes and has nine 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 book is written by two former professors of 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 311 different textbooks of Medicine, Engineering,
Science, Economics, Journalism and Agriculture (96 medical textbooks funded by
German Academic Exchange Service, 190 medical and non-medical textbooks
funded by Kinderhilfe-Afghanistan, 6 textbooks funded by German-Afghan
University Society, 2 textbooks funded by Consulate General of the Federal Republic
of Germany, Mazar-e Sharif, 3 textbooks funded by Afghanistan-Schulen, 2
textbooks funded by SlovakAid, 1 textbook funded by SAFI Foundation, 8 textbooks
funded by Konrad Adenauer Stiftung and 1 textbook funded by inasys) 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. All the published textbooks can be downloaded from
www.ecampus-afghanistan.org.

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 190 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 Acting Minister of Higher Education
Prof Abdul Tawab Balakarzai, Administrative & Financial Deputy Minister Prof Dr.
Ahmad Seyer Mahjoor (PhD), Financial Director Ahmad Tariq Sediqi, 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, February, 2020

Mobile: 0706320844

Email: textbooks@afghanic.de



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
educational 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, I 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 project should be continued and increased in order
to have at least one standard textbook for each subject, in the near future.

Sincerely,
Prof Abdul Tawab Balakarzai
Acting Minister of Higher Education
Kabul, 2020
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