SRI VI DYA COLLEGE OF ENG NEERI NG AND TECHNOLOGY COURSE FI LE ( QUESTI ON BANK)

TIRUCHIRAPALLI - 621213.

QUESTION BANK
DEPARTMENT: CIVIL SEMESTER: V
SUBJECT CODE / Name: CE 2302 / STRUCTURAL ANALYSIS-I

UNIT 3 - ARCHES

PART — A (2 marks)

1. Write the types of arches based on the number of hinges.
(AUC Apr/May 2012, Nov/Dec 2013, May/June 2014)

Two hinged arch
Three hinged arch
Fixed arch

Four hinged

One hinged
Support reactions

YV VVYVYY

2. What is meant by degree of static indeterminacy of a structure? (AUC Apr/May 2012)

If the conditions of statics i.e., Y H=0, >V=0 and > M=0 alone are not sufficient to find either
external reactions or internal forces in a structure, the structure is called a statically indeterminate

structure.
3. Write the difference between circular arch and parabolic arch. (AUC Nov/Dec 2012)
S.No Circular arch Parabolic arch
1 The calculation part is difficult in this | The calculation part is easier in this
circular type of arches. parabolic type of arches.
2 The equation to find the height 'y’ under | The equation to find the height ‘y’
the section is under the section is
4y R®=x*+(R~-yc+y)’
y= ch (L-2x) Here R can be determined by
2
L
(2Rc - yc) Ye = (—j
2
4. Give the equation for temperature effect in arches. (AUC Nov/Dec 2012)
laTEI

Horizontal thrust, H = -——
[' y2dx
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SRI VI DYA COLLEGE OF ENG NEERI NG AND TECHNOLOGY COURSE FI LE ( QUESTI ON BANK)

5. Derive the expression for the horizontal thrust in a three hinged parabolic arch carrying UDL
over entire span. (AUC Apr/May 2011)

wi
HereVA=7 o V= —

Taking moment about C,

VAXL'(W—IXI—] 'HAXl :O

2 2 2 2
Mxl_(W_IXl]:HAxl
2 2 2 2 2

Horizontal thrust, H, = 0

6. Find the maximum bending moment at a section 30 m from the left end of the three hinged
stiffening girder of span 100 m when a UDL of 10 kN/m, 5 m length crosses the girder.
(AUC Apr/May 2011)

10 kM/m

¥ C

T
T
=]
3
m
T

[ 100 m

20.625
18.375
E

2525 375125 B2.75

2

Maximum BM = 10 x [(18.375 X 3.75) + (% X 3.75 x 2.625) +(20.625 x 1.25) +

(% x 1.25 x 0.375)]

=10x99.84
=998.4 KNm
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7. Which theorem is utilized in solving the two hinged arch? State the theorem.
(AUC Nov/Dec 2010)

Eddy’s theorem is utilized in solving the two hinged arch.

Eddy’s theorem states that “The bending moment at any section of an arch is proportional to
the vertical intercept between the linear arch (or theoretical arch) and the centre line of the actual
arch”.

8. What is the degree of static indeterminacy of the fixed arch? (AUC Nov/Dec 2010)

The degree of static indeterminacy of the fixed arch is three.

9. Name the different types of arch as per structure configuration.
» Curved arch
» Parabolic arch
» Elliptical arch
» Polygonal arch
10. Give an expression for the determination of horizontal thrust of a two hinged arch

considering bending deformation only.
|

_[,uydx
Horizontal thrust, H =
jyzdx
0
11. What is a three hinged arch and two hinged arch?
Sl.No. | Two hinged arches Three hinged arches
1 Statically indeterminate to first Statically determinate
degree
2 Might develop temperature Increase in temperature causes
stresses increase in central rise. No stresses.
3 Structurally more efficient Easy to analyse. But in construction, the
central hinge may involve additional
expenditure.
4 Will develop stresses due to sinking | Since this is determinate, no stresses
of supports due to support sinking.

12.Explain the transfer of load to the arches.

We have a load W acting at a point C on an arch. If there were straight members CA and
CB, the load W would transfer directly to the supports A and B in the form of thrusts along the
notational members CA and CB.
13.Give the applications of two hinged arches. (AUC May/June 2014)

e Two hinged arches are more practical.

e They are statically indeterminate structures.

¢ We have to invoke Castigliano’s Il theorem to sort out the support reactions.

e This is applicable to all shapes of arches.
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14.Differentiate between the cable and arch.

SI.No Arch Cable

1 An arch is essentially a compression A cable can take only tension.

member which can also take
bending moments and shears.

Bending moments and shears will The girder will take the bending
be absent if the arch is parabolic moment and shears in the bridge
and the loading uniformly distributed. | and the cable, only tension.

15.Write down the expression for the horizontal thrust when the two hinged arch is subjected to
uniformly distributed load throughout the span.

0

Horizontal thrust, H =

jyzdx
0

Where U = bending moment at the section for loading portion and unloading portion.
y = height in the arch where the section is acting.
16.Explain the term Horizontal thrust. (AUC Nov/Dec 2013)
The horizontal force is calculated by equating the bending moment at the central hinge
to zero is called as Horizontal thrust. i.e., M = 0.

My = px — Hy

|

.[yydx

0

I

fyzdx
0

Horizontal thrust, H =
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PART - B (16 marks)
1. A circular (three hinged) arch of span 25 m with a central rise of 5 m is hinged at the crown
and the end supports. It carries a point load of 100 kN at 6 m from the left support. Calculate
i. Thereaction at the supports and
ii.  Moment at 5m from the left support. (AUC Apr/May 2012)
Solution:

Jop kN

. ELa
/T B
4 = 25 m ¢
~ —H

ep 2 Vertaml veactions and pPovizontal thrust (H): —

DVertial veactiors vy and Vg :
Talcfncz rovment about A .

C’_"o"'é} -G {25) =0

E V=0
— 4
"I.I'F, +Ve = oo
. Vpa+24 T o

IVF! = TGI:M—I

M Hovizontal Hhwuat (W) .-
'ralcrﬂ-i moment about ¢,
-Vgx12:5 + (_H.m;) =

H = 34x[2.5
5

!"H = éOENI

CE6501- STRUCTURAL ANALYSI S-1 PAGE 5 OF 34



SRI VI DYA COLLEGE OF ENG NEERI NG AND TECHNOLOGY COURSE FI LE ( QUESTI ON BANK)

Stepaz « Reatlions B, and &y :-
LE’A = 9é-83 mﬂ

SRS [T

64-62@1

B
"

Step 3 « Moment at 5w £7ow left -5Hﬁm7t -

B\ R
2
o
To find R :-
(2r-Y:)Y. ‘:[,l&):.
@E— 5)s =(i2.5)*
loR - 25 = 156.25
[P = 18.125m]
'm—f-‘___n_d g
T A ODE,

0D* = DE*4 pE?

(R = ()4 (B- Y. +y)
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(18:05) = §5)" 4 (12255 4y

32852 = 4225 4 (13125 4y )?
286.27 = (J%-lzs,;.y)"‘

'T'tllfrr"‘ﬂg Laavre Irol o both 3?&"-@4’
}b-az2 = !3.1zg +Y

Jd = 3995 m)]
CE"?)D = VaXé6 - Hx 3.795

= (76x &) ~(box 3.795)

(Bm), = 228.2 kwm .

COURSE FI LE ( QUESTI ON BANK)

2. A parabolic two hinged arch has a span of 40 m and arise of 5 m. a concentrated load 10 kN

acts at 15 m from the left support. The second moment of area varies as the secant of the

inclination of the arch axis. Calculate the horizontal thrust and reactions at the hinge. Also

calculate maximum bending moment at the section.

Solution:

step 11 Neytital Reattions -

ENE=PC
Vp, + Vg = [D

Taring rmowent about 4
—Vg x40 +(lox15) =0

(AUC Apr/May 2012)
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P s
<
»
'l

2.75 ;mj

Step 21 Hovizomul Thrust (B):-

jp oot
y - Y
j Y *dx
o
s 40
Fo= JHydn + [ ppydn N4 Ay £
° 15— =
4_9 DT’
jy’"doc
R o
sihere,
M, = Beam b.endr‘n? roowent in AX.
Mz = Beam J:xzndir:? moment i XB |

?.‘J Dﬂﬂ{lmim'&of r -
Y = LrYe xl’_,{—?{) = foﬁ_(#oy—?t?)
-11 (4D}1
lﬁr = O.5Ex - o-0cl2gnt .

1]

i-l"'r j-rofj"dﬁt
o

40 2
= [ lo5x-o0r2g )
o

4o
= J 60-2512-1- _r--sém’*x* - ca-wzsﬁ?*)dot
o ' B QO
= G-_‘Z_S_'Ji?‘_\_ ]“36}(‘!5415 _ {'J.Qtzsjngj
3 _;-5 — -——"4 ]

- [(ééaa-aa-k 3)a4.§g - §000) — ]
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i) Numevator (1) 1~

15
NY LD = Iu,yd:c
u]

|

s
.MY“) = J 6'25160"5‘1 -—r_:_r.ol?g){i) adn

o
5
B J' (.3' 1o x*— ©O- 078 x %) dx
o

/5
: 3.1157(3-__ O-D'JED&’Q
= fT % |

D

_ [( 3515- 63 — _‘337"9)—9]

EE; 2628»45’\

D) Numm'!bf {2):-

0 Jﬁ;z Ejdx
15

Ny (2)

1"

here,
My = Vyxx, - Jo(x:-15)

= £.25% — jo%n +iS0

Is0 - 2.7¢ %

L

W,

o
Nyl2) - f{.—’SD- 3-5‘53,»:) (0-53&0-0!2;-;{2)41&;(
/s

Al
= fésx-, 1:€75° 32 — 1875 %7 4 0. D4vx3) dx
5

]
= f@5”=3-75x1+'0-o+7x3)dx

s
= [7ﬂ1_ 3'75—'2'_3_}_ 0.01}_73{#]%
2 3 z!_

s

COURSE FI LE ( QUESTI ON BANK)

= [(60000 ~ Booop + Boogo) - [ 8L37.5 — 42/8.75 + S%.g.;,)j
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COURSE FI LE ( QUESTI ON BANK)

W = Ne (D) +N~;(2)
br

Step 3. Reartions of A and B 1~
= VA2+H2 - JG_&J‘_
V ( -25)%(;4.75)
{603 @
l]VE"‘qLH* = Bers) (1 7)"

Bp = /5-22kn

— (2515!'45 +5255,4,)
S28.2]

=0
i

:""-u
™
p
1

W

2tep 4 1 Marimurr Berﬂfﬂg N}on')_ent:-
My = Va XI5 — Hxy
heve, y -

iif_;x-(.l-—ﬂx) = 4X5 x;g(#orig)
12- (-4932
b-68 mJ

1

[

3]

C Mg (625 x15) - (14.76x 4.568)
W"“"”‘: 24. 67 k.'umJ

3. A symmetrical three hinged circular arch has a span of 13 m and a rise to the central hinge
of 3 m. it carries a vertical load of 15 kN at 3 m from the left hand end. Find
i. Thereactions at the supports,

ii.  Magnitude of the thrust at the springing,
iii.  Bending moment at 5 m from the left hand hinge and

iv.  The maximum positive and negative bending moment. (AUC Nov/Dec 2012)
Solution:

B EN
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Stepi: vevhtal Reactiovr: ._

Er_;".o_
Vg +vg =15
'?‘ak‘.fng momwernt about A,
Vg >z +(15x3) =o
l_UB = 3-#6#2}
Va + 34b= /15
Vg = ll-’Sékﬁf\ﬂ

Step 2 : Hovizontal thvust :-
Takina moment about ¢,

Va X 6-5 - l'kf‘d,_ ~ I5x 3.5
Ns4%x65 _ 2 H, - I5X3:5

lHﬂ: 7 -EJ’_‘MC"—"}

ZH=-o

——

Hp =-Hg

;l He = T-EKMi (:_“F)

S‘tE'rEB H EESul‘tan{' Eﬂattz.,pﬂ-: [

Rp = J'Lfﬂz-}ﬁﬂz - J@-szf)z.;.@-ajl
/TE;; = 13.76 KJU_t
IEE. = 1, UBQ-;- .'-JB-l

1|
G

)
]

L}

(3w # (15 )

step4 B—Eﬂdl'ﬂq Morment at 5 ﬁvm left Sugport.

COURSE FI LE ( QUESTI ON BANK)

In Ahe Exmdin:a moment at A= 5m A;L'aom 1he ,_12317: Juﬂymt ’,

we find the radius and Y vedug Lg mn‘nﬁ Fho »fmmula .

CE6501- STRUCTURAL ANALYSI S-1
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To find Radius(®): -
— . -
(22—‘,},«_)3:. = E’/Q
(‘22_ 3))(3 - f?ﬁ *

2

R*= x4 (R-yery)
E?_: (15)" +(R-3 +4)*
(854)= (150 + [ 8-5h-3+3)
J0- 48 :{5-‘51}-&3)1
&4 = 754ty

150 o e

BV = Vax5 - Haly)=- 15x2
_ (H-SirxS)— (7.5 xg.gg)-—{lb‘ﬂ)

FB_M = 15 ENm [

CE6501- STRUCTURAL ANALYSI S-1
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Step 5 : Novmal thrwt and padial shear : -
Dnorwal Hovwt lat x= 5m faom A).
Ny = V 8ins + H tose
heve,

& = tan™' ('FIE{E)

- ~1 5
= tan Ty
& = 10° 7'

Vv = w~et verbial sheax foree at A= SrofrmA

= Vp =15
= ).54L-15
[V = - 3.4sen]

My &B-ijinﬂo"q"))_}é_s x toslio® d.'ln)J

]T"»J: = 6-77 xml

"IRadial sheay : -

R, = Viwse - HSing
= Labixwsfer 1) (7-5 x S0 fo" 7))

rEx = =472 kN I

step 6 MaumuwP Emdigﬂ' Moment : -

p—— b5 ——p—— b5 —
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Matimum positive (sagging) ordinah, = x (4=
A

= 5{1-5)
13
= 3. (o}:4
Net Marieourn Po&'f‘ﬁva ovdivgte x = 2-08 - 3-08
£-5

xE

= 0.7]

Marivoum Posf‘i}.lvp_ momgmt = LOG‘.J)F prdin ate

= J5 x 0.77)
= HJ.E_.S Knm
Mawmum Nzga'hW{hpgging)oyﬁm - a[l-n)
A
- 5(13-5)
12
=3.0%

Vet mawimum hﬂﬁa’ﬁuﬁl ovdipate = 3-08 _ 3:98 xb.¢

8
- 058

Manimusn Neﬁa‘ﬁm mowent = Lpad x ovdinale
= !5 x .58
8.7 Enm

H

4. A two hinged parabolic arch of span 25 m and rise 5 m carries an udl of 38 kN/m covering a

distance of 10 m from left end. Find the horizontal thrust, the reactions at the hinges and the

maximum negative moment. (AUC Nov/Dec 2012, 2013, May/June 2014)

Solution:
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step1: Vevtical Eeae_'h:on_up
E_Y;‘D —
Vy +Vg = 38x0 = 385
Takmg moment about ﬁ

—Vg % 25 + 38X wg
S

{ Vg = 7bikw
Vp' 3@0‘ 76
E"ﬂ = 304 keas i

'&tegﬁ : Hovizootal #hvust (HJ:r
j‘gi; ‘j + M, 'Q}d"x.

_j Yy dy

- 45.-. - = 4%X5 [asx-2?
! 'Tz{"‘ ) = e G

Yy = o.§x - ©0-032217%

i) Dennm?ﬂﬂ'}bf i
25 25
Dr = 1 ;
" J‘ Y dx :f (o-ex ~- 0. 032%2) alx
o

o
25
J’ -t x4 lo2xts3x%- 0-051%3 )dx

o

64 73 . -3 25
3 5 B

|

=]

[é333-33 + 199298 - 49@0-4{,)—0]
fDT = 3245 GEJ

1

CE6501- STRUCTURAL ANALYSI S-1
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VI DYA COLLECGE OF ENG NEERI NG AND TECHNOLOGY

) Murmm‘i:or(r) e { loaded Pof'blbn)
Hy = yyxw = 3gxxn? _ 04N - 19 %*

{o -l
Ny (1) = J' K, Yydy = j[gaqy-quﬂ)x(a-gx—a.oan:@ a'x
o 0

o

o
o .
= f@z,g.:z'xg.- 24-“33?(3+D~608914_)dx

]

v}
10
[:.243-..2 23 24.93 2% > §-60815j
_'_—-—___
= 4 5
o

EEIO&.{,- 67 - 62325 4 12160) — Q:(

—
—

r.wtr) = 30@01-6‘7!

1) Nuweyator (2D -
I'"Fr-
Hy = Vg x{.{-—.'x_)_ =76 {.25‘-——7() = /900 -7b%
i :

My {2) = ‘r Mo Y dn

Y _

25 -

= [ (1900-76x) (6-8%- ©-032%) o
. .

25
- f{-’-‘ii‘f—"?" 50'8'12—69-821,;.;.4333){;1

lo

= [‘:51::12 _ 12).6%3 4 2743 w‘szs

2 = 4 |
o

i}

[(475 coo '~ £33333.33 —;--237334.6@)
= (76000 — 40533.23 4 607s) ]

= T8971-35 — 4/)54) .67

[Mrl)= 37429 48]
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Ho= 0 Nyl e (2)
D
= (_3_0_@-_24* 37429-53)
3{‘5-05

98- 03 kn

)

LY
Step 3 : Resultant Reactons .

[ = 362 ik
Fg = m =1 (76)*+(198.09)*

Step 4 Matimum Bending Mosent i
The AUy D mﬁgﬁpﬂ; J:.zm’mg mowent occuyr At

vight of e fpap |

A = %f = %x.ES = 18.7% v}')vm‘_q

1% = 25-)8.7S = -2 $om 5.

i

B~ = Vg x 6285 _ thh

heve ,
d = 29¢ y0129)

,.[1
= 4Xx5
(25)"

Lﬂ‘ — 3'75'11;'3,

x 1875 x b2g

Vix = (36x6.25) - (j9g. 02 X375 )

M'y. = H-?E’;?'&,Ik”m‘ .
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5. Derive the expression for horizontal thrust in a two hinged parabolic arch carrying a point
load P at distance one fourth spans from left support. Assume | = |, sec 6.
(AUC Apr/May 2011)
Solution:

Stepy: Vertieal Beactions - .
=vc-o
Va+Vg = P
’Tar.in? moment about A

- Vg xl '!‘-_'P«},( =0

-

Va = P—-%

Va = 3p
A4

Stepa: Hovizoplal shyust (H):-

. {
H = J”ﬂd" _ fﬂ,gdﬁ +L“23’d‘1
J?dx I ?
Y2y
°
Y= Ade q{lw) = AX (y-xD
IR L*
i) Den brminator ;-
Pr = J’ Y ldn = f[%"—;-(lﬂr?fz)] %
) o
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i .
- f %'}E( paaat= 2 w3 ) o

&

— Jby? _f {_11114,14,.2)‘:;3) o=

\

1% 5 %
- Lo [(15 4 1% 4% ) o
FEa 3 5 &4

S S [,! 4 #.'_]
¥ 3 5 4 _

- 167 (_0-283)

i wﬁv_fitof (-

4
i
vv (D = [y da
]
hQ’ﬂa_, JU‘p = ‘Uﬂxx', = ?P__zr_'jé

Ny (1) = J' ap'x [ (11 12)] dx

Myli) = o©-0126 Py |2

_ i
[y ULTL: x© _zixﬂ
3 o

COURSE FI LE ( QUESTI ON BANK)
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S Numeyatoy (2): .

COURSE FI LE ( QUESTI ON BANK)

A
Nylz) - f“zfj’tf)(
Y
here, My = Vpxx, — P (12-1/{‘)
=3P — Px + B
= A
Ho = PL _ P
: ¥
1
My {2) =
Ji% -2 (= {430 %2D) dx
Y T
' A
= 4v [/P1%x _ plxz _ pix + Px3Y)
St T 4 4 VA
%
1
-4 pLzx _ pia™ , pa® )4
- -zi'{f ( & —= T ) dx
lr"i’.
= 4y pirx* _ piA3 -9-_?_'_1_%]1
Ve ] é 16
. Yy
4?[ b_plY | p1v % . plY pib
= 4x pL*_ p PL¥N_ [P pi
‘2 ( 8 z 7 ;e.) (,Zg ;@*R)
= 4 [ PL¥ gps ¥
4% 48 y22¢g
= Ly pPl¥ ' |
41¢ (0-0:5}

[uﬂz): c-o0b6 Pri?

[T MTFI) +UT!2)

00126 Pri? Lo 0bpr)2

D
o.0726 Prl?
4-528y%

0. 0ls PL
Y

1]

—
_—

—r

G528 Y
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6. Athree hinged parabolic arch has supports at different levels having span 20 m and carries
a UDL of 30 kN/m over the left half of the span. The left supportis 5 m below the crown and
the right support is 4 m below the crown. Draw the BMD. Also find the normal thrust and

radial shear at a section 4 m from the left support. (AUC Apr/May 2011)
Solution:

Ay = o-ga(z20-4,D

, = 173 - 089,
-89, = I7g

[t = 942m]

le = 20-4, = 20-9.42

llz = 10-58 |

step2: verbawl and Borizonta) Beattion ;-

Lonsidering the. portion 1o left of ¢ and taking romey

Van0-5g ~Hx& - 3oxfo.58)" _,
2
[0-58Vy -5H = 1679 -

CE6501- STRUCTURAL ANALYSI S-1 PAGE 21 OF 34
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COURSE FI LE ( QUESTI ON BANK)

Taring wmoment about vight of ¢ |
"UE- X342 + Hxlh =0p

-9-42Vg +4H o —@

By Sv=o,
VMp t+ Vg = 30XI0 = 2o
Vg = 2oo0-V, —20)
Sk @ v O ,

- Q- 42 (300-Vp) t4H =0
~2826 +9-42V) +4p =0
+9-42Vy +4H = 2826 =D
By 301»./717? egn. (D and &)
lvA = 223.12 mi]

[H = 15559 kn]
= =
[ -

= 66-BBEN

Step3 - Eend?r}g- Mowent ot A= 4w From A i

BMy = Vyxk - Hty - 30x4)*
2
hare,

9 = '43;' x { L0
L
= ‘ﬂ—i’ x 4 (f2x10-58) — &)
(2 x10:58 )
Y= 3.05m|

Mo, = {233-!'1 ?il,r) %’57-49,{ 3. US)" 24P

[0 = 2120 e

Step 4 1 Novmoal thvust and Radial $heay .-
i) Novwoal thyust |

-
.-

N = Vemeg + H tese
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heve,

v = net vevilical ¢hear 7"07.:0_ at ¥z dpm 7‘%:»1),4)
= Vg - 30Xx4
= Z233.{2 - 2p

Vo= H2.12

H = 157,49 kwn
& = tan-! Q(i‘és_ x{zf-fs-2x4)>

20.4)"
= tan~! -é-‘f%—l x {2118 -—&’)7
= tan'(0.58¢)

Nz J13-12x8inl30° 27') + 15749x tos(30°27)

57.33 +135.77
[ = 1930 kv |

fi) Radial gheay : -

R = WV ces@ -H Sime
12312 x tos {20°27") — 157 49 x$in(3c°27")

}E ;7-75‘

7. A parabolic two hinged arch of span 60 m and central rise of 6 m is subjected to a crown
load of 40 kN. Allowing rib shortening and temperature rise of 20° C, determine horizontal

1

-—

thrust, H. Ic = 6x10° cm*, Ac = 1000 cm?, E = 1x10* MPa, a =11x10° /°C, | = I sec 0.
(AUC Nov/Dec 2010)

Solution:
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Hovizontal +M1flﬂ = ‘H; + H,

I':-E-T-z’,H! — horizoptal Pt undey the load .
H, = horizomal Hrwt due 4o temperature vise
_ AATET
Hy = &T———
Jyrds’
o
H_i - -:"m
fyldx
Step ! Veytical Eeatlions:-
..?._'_:_\.;_f_:z::

Vﬂ_ +VB = 4—9
Ta;rnﬁ moment about A,

——VBX 5{:} -}-{4-91’ 3@) = O

Va = &o-—-2p0

—

/ ¥y .‘-‘JDEMI

Step2: Hovizental thrust LH!)"’

- 3o o
H, = Juy dx _ QJ'H::M'% +3f!-tltf=f1
ld - L=
Jy2dx f Yl
H; - ”'r':") + N,f,z} °
Dy
19 Daneminator ;-
- 6o
Dy = fyld'ﬁ.
o
here, Y = 4 x (1= = xd { 1ot =%2)
12 Lbo)l '
= 2% [bow -7
.[é:o)l

{T:’_;:f-x - oc-ocob7x™
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bo
Dr = f {ogx - o-obé?xijzd'x
o

o
= f -3 bodgosS no 0.0054%3) dx

o

— . 3 .
- [O 16X LugneSxS
3 -_ D-aasqy#]
] __-_T-_-

6

&
= [( 1520 + 6967-29 - 1749 ) ~o ]

}i'r = 99j).29

) Mumevdtor (1)1 -

v .o gg
30 -

My [1) =

v (1) af.u.ad'x :f'(gox)(o-zn-a-oasvﬂ}a’x

2o e
= [B7- 012453 )
o

3

= (_Ezt_z - D-IB{;?U ¢
3

& Q

= [—( 72000 - 27/35 ) - o]
LN*: (D= 44965_:[ '
" Numgrator(2) .

(1]
J’ My 4y dx
" 3o

1

Ny (27

hert, Uy = 20 % -4 pX 4 120D

H, = (200 -20%
bo 2y

My(2) = _f{morzo'x)(o-zfx_o-m&?x ) aix
20

':fo@go}c _ gosat- 8xT 4 0u3kx3 Jolx

2o

bo
= j {480% - 16-04 X* + 0,124 x3) dx

30

COURSE FI LE ( QUESTI ON BANK)

CE6501- STRUCTURAL ANALYSI S-1

PAGE 25 OF 34



SR

VI DYA COLLECGE OF ENG NEERI NG AND TECHNOLOGY

bo

= [48‘01'1 ru,-o.;m3+ o- JB#'}#]
z 3 %
ET)
= [{ gbhooo — |)54880 + 434160 )
— (216000 - 144360 + 27:35)]

N"(J) -}M-,lrl)
= s
1 D

- {4#8’65 + 44505
99). 28

- [”| -~ Go.b ku f

Step3: Tntveased Hovizomtal thyust ;-

”1 - Ji{T Ex
f Y2ds
h.h'f :
A = b0 m :
o = HJ’!D"”/’( .
T = 2p%¢
£z ixiotmps = X107 0 f 2
T = T, teeq
I, - 5
¢ b %10% ¢4 = 64'.!03-”9"3 = 0004 mt
= &Y | |
d o {1x - x?)
dy N
@ -,..;,: = j: ('{"2:')

= ._zﬁ‘__f;___ {65- ,2:{30))
(6o
82 = o -
I = I, Serp

oo g
—_—
tosip)

T — C-006 roé

COURSE FI LE ( QUESTI ON BANK)
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Y= Y fix-x?)
T
(ﬁo)"
y = 04N - 00067 X*
H, = 1ATETL
* s
f y? dw
o
heve,
bo 6o "
D '.r tﬁ‘zd"‘ = J (ﬂ-h'ﬂ*ﬂ-mb’?! )dx
© 0
bo s
= I@.bel-r 4oaggnsSat - 5.3bx16 3% )dx
’ —3 4 — bO
_ [n-ﬂbu?’+ 4o b8I NGS5 _ 23 X;D ]
= 2 = 5-36 A1F a

= [(Hﬁn@ + 6981.29 - 17366- 4) '-ﬂj

Dy -~ “3}'}'8:1

' Hy T (éc}x Hx® x20x 110'% n-cmé)

N3y -89

Hy = 69786 N

-

n = Hi#Hy = 9Fp.ip 4 0697
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8. A parabolic 3 hinged arch carries a UDL of 25 kN/m on the left half of the span. It has a span

of 16 m and a central rise of 3 m. Determine the resultant reaction at supports. Find also the
bending moment, normal thrust and radial shear at a section 4 m from left support.

(AUC Nov/Dec 2010, 2013, May/June 2014)
Solution:

Stepl i Vevlhiaml Reatlions V, and Vg 2o

ZEV o

——]

Taxing moment about A

Vg x1b + 25 4/g2
i

= O
0= Va1 Va = 24,
Va + 50 = 204
Va = 2Loo- sp
Va = 150 Kkn

Step 2: PHovizental peattions :—

Ta}C—fr:-ra' mowent abeut ¢,
2‘ —
an‘{s‘—zﬁx%_ — Hy, X3 =0

(1sex8) - (25x &) = 3Hy =0

{HA 133-33ﬂ

Hg = (23.33kn

"
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Resultant Reattons at A and B: -

Epl = ]J VAQ-} Hﬂl = IQSD):}GBQ-BB‘):-

} Ry = 20089

e = V;-!- By = J[SOJQ'.} (1z3-33)"
Eg. 142-39 Jiu!

Step 4 Berﬂing Mowent at A= 4o fom A-

S‘EQEB :

n

BM = Vaxhd —2Bx 4> — Hyx
A ’“f-/z a*q

To -fl'nd g:-
For pavabolic avehes,
4 = Ade 5 i)
1~
= 4x2 I -4
-——-U&)% x 4 ( )
I ﬂ .—-2-25112,

&.m = (Isox 4) - (2 5;{_%1) - (183-33 X225 )

[8.m = too KW

tep 5 Radial shzay force at A=4m frow 4:-

Step S

2.F ’E)( = \JXCDSQ - H e

heve, v wet verhial shear forc at x=gm Fom

= V3 -wKd=/50- B5xy)

i

}"-." o) EN}

H = Horzontal shery free = 133.33 8

e = ‘tan”[ jl;—:- (i‘-l'x_)j

= ’Ean—i(%)i_)%‘ (;5.—2{4})]

= tan'{0-375)

@ = 2o°3ﬂ

n
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R = @ xtos (207337) - 133.33 x $in (20°33)

IR :0-#-'5 : k.Nl

Step b : Novmal thrwat ot x = 40 foomm A

Novma| Hwuat, Ny = V, Sime + 4 (osa

T B x&in{20°33') + 133.33 tof 26°33?)

9. Athree hinged parabolic arch of span 20 m and rise 4m carries a UDL of 20 kN/m over the
left half of the span. Draw the BMD.
Solution:

Step 1 veytical Reactiops . _

Vi +Ve = 200 °
Taring moment about 4
.—‘\.v"B X220 + ?D XUD‘-}'Z) = 5
T2

Ve

= 50Ky

Va + 50 = 204

}Vﬂ = 355'.'0-’]
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Step 2 : Hovizorrtal PRaeartiops :-
Eii_zsn
Hap + Hg = o
Ha = —Hg

Taring  moment about ¢,

z
Vg %10 -.zor{mz} _Ha*Y = o

(soxi0) - 1oco — L4l =0

-

Ea = 125KnN |

IHB = -l2skn | = J25 kN

Step3 : Rosultant Peartions s

E-ﬂ = #Vﬁz'!'ﬁﬁl - J€SD)1+'G25)1

z;g,q = f‘ﬁi-?FKﬂJ

Rg = |2+ HB?- = J(5°)z+(;25)7_

Re = 13463

ser 4 0 Maximumn Bending Mement : -

BM,“L =

hexe,

LA

=1
1

*aC
]

B)

it

ll

Br =

XU — 20)():9—_
Va == - My

z
O8N — &-04X"

150% — 1ox*— 125 (0-gx- 0:04%>)

(500 - /0% — Joox + 527

Eox —-5AT

COURSE FI LE ( QUESTI ON BANK)
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'Da‘#ﬂm‘l‘—iaﬁ. with m:pmf to 7,

_dm = 50 —ibx
ofx
o = 50 -ton
=5l
BN T

S0n -5 = ngs) ~ 5 x(s)*
Jerm = rzemmJ

10. A three hinged parabolic arch of span 100m and rise 20m carries a uniformly distributed load

of 2KN/m length on the right half as shown in the figure. Determine the maximum bending
moment in the arch.

2 kMN/m

I 50 m —s50m ]

Solution:

K 501y, 1
Ep Vi v je—3 \

Step i1 Vertical Peactions

.-

=V oo

Vap +vgp .= loo
Taxm? wmorment about B,

VA xloo — 2’(('5021 - O
2
[ Va

VB = foo - 25

!‘-"5 = 75kN

25 z.u]
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step 2 : Hovizontal Reaclions :_

Eﬁ__:o
Hn = HB
’Tca;afng moment about ¢

Vg x 50 - 2 x(50)*
g X 50 x{.?o) ~ HgxY, =o
(7.5 YED) - (ED)L = a0 H"B =0
JHp = 62-5kn]

E"A = 62.5 .*:;UJ

step 3¢ Resultant Eeaclions :-

Ba = v 2. 2

A = VAQ'FHA" — J/rC?‘S)z‘i(éz-S)z
[Br = &7.37%m]

Eg = [ '

S L I (S e

Step 4 : Mazimnum Bending mMoment ..

The  manimum bena’?r}? moment  will  peiuy
at a settion X x at' 1’ distare ?&?‘DW} B

BM = <V xx 2
X ' X +2x:f 'fHB’”ﬁ'
4
exe, Y = 4Ye

2

x (4=

= 4x2p
W X xé’ﬂ&-‘x)
Yy = ©0-8x -o0.c08x?

~75% + X% 4 62:5 (o83 0:co8x?)

11

M=
2 Jres D-E’?ﬂi
-I5% + AT 4+ HO™N

11

- 256%x t ©:5%"

2
%
1
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Foy rmrammmuy? bﬁndiﬁj momgntl ‘a'-'\-')-,t - 0.

dr
p;ffﬂgﬁb‘qﬁ, worth -regpﬁ-f to A

dC_i—fV_']_ft_t = —-"265 + %

ol '

o = -25 +%

& = 25rr':j

My = =-25x +0.5n2

= (—25?(25‘) + (0.5 x @,5)?—)

m: - 32]2.5 qum‘
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