0.1 What is the collapse foad for the portal frame
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shown in the ligure?
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What is the collapse load for the beam shownin
the ligure?
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The assumption of bifinearly idealised stress-
strain relationship for plastic analysis and design
is used for )

{a} stuctural steel {mild steel}

{b} hightensile steet

{c} RCC shuciures

{d} aluminium struclures

Q4

Qs

Q6

a7

| Design of Steel Structures

Plastic Analysis and Désign

The bending momant a1 a plastic hinge is
{a) equallozero

{t) equal lo yield moment of section

{c} equal lo plastic moment of section

{d) greaterihan plaslic moment of section

{( Y-Yis tha centroidal axis of a T-beam section,
subjected to plastic moment My, the neutral axis
lies

{a) above 2z {b) belween yyand 2
{c} bebweenxvandyy {d) belovxx

which one of he following conditions regarding
both elasiic and plastic methods of analysis of
indeterminata struclures has be salisfied?

{a) Yieltd condilion )

{b} Mechanism conditj

{c) Equilibium confiiBhiy

(s} Compatibiiityqq}ndﬂio’q

A beam of square"c'r'o;s-secl,inn of side x is
composed of malerial whose yield siress in
compression is 1.5 times the yield swress in
lension. What is Ihe distance of neutral axis from
the centre for the fully plaslic condition?

{a) O.ix by 0.15x

{c) 0.2x (d) 0.25«

Q.8 Arectangular steel section ol width band depth
h has been stressed uplo yield peint f, uplo a
depth of #f4 from both the lop and bollom lace
under the action ol a moment Ais
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{c) 48° ty (d} Ssbh‘ fy

Q.9 The plaslic collapse load W), for the propped
" canlitgvar supporting two point loads as shown

in figure in terms of plastic momenl, Mpis given -

by
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Comman data for question 10 and 11
A propped cantilever beam is subjected to collapse
load of 18 kN as shown in the figure.
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0,10 The plastic moment capacily ol the beam AC B
is !
-
{a) 36XN-m © 1 {b) 27 kN-m
{c) 18kN-m {d) 12kN-m

Q.11 Vf the yield stress (Iy = 250 MPa}, the plastic
section madulus is
~{a) 192 103 mm?

{c) 96 x 163 mm?

(b} 109%107 mm?
@) 108 mm®

.12 Match List-l with List-ll and sefect tha cotrect
answer using the cades given below Ihe lisls :

List-1

Exact plaslic analysis

Mechanism method of plaslic analysis

. Equilibrium method of plaslic analysis

List-1

1. Equilibriur, sufficient plastic hinges, and
non-viglation of plaslic momem capacity

2. Equilibrium and non-violalion of plastic
moment capacily

3. Equiliorium and sullicient plastic hinges.

o®m»

© Codes:

A B C
@3 1 2
(b}y3 2 1
@1 2 3
@1 a3 2

.13 The number of independent mectanisms ihe
gable [rame will have when loaded as shovin is

P P

P

2
(@ 2 (o) 3
{c) 4 d 5

Q.14 The number of possible independenl mechanisms
(n) lor he portal [rame showin the given figureis

@ 2 (b} 4
1 d) 3



Q.15 As per IS : BOD, in the plastic design, which of

the following pairs are correclly malched?
Working Loads Load faclor
1. Deadload 17
2. DeadLoad +imposed load 1.7
3. Dead load + load dug to wind or
seismic forces 13
4. Dead load + imposed foad + load
dus to wind or seismic forces 1.7
{a) 1and2 (p) 1,2and3
{c) 2and3 (d) only 1

Q.16 In plaslic analysis lor llexure, which of the

following pairs of shaps of section and shape
factor are correctly malched?

1. I-seclion 14
2. Square 15
3. Reclangle 15
4. Circle 17

Selecl he correct answer using the codas given
belowr; .

(@) 1,2and 3 (b).2,3and4 .

{c) 3and4 {d) 1and2

Q.17 Atlhe localion of plastic hinge

(a) radius of curvatreis infinily
{b) curvalureisinfinite

{c) moment is infinile i

{d) flaxural stress is infinite

Q.18 Asimply supported beamof span 'L’ é.upports a

concentrated load "W alils midspan. Il the cross-
seclion of the beamn Is an f-section, lhan the
lenglh of elaslic-plastic zone of the plastic hinge
will be .

{a) L& (b} L4

) 12 (0} 34

Q.19 Collapse moment for tha frame shown below has

been worked out as M, = /5.
w

02w I
1 M, !
200 | 1 1|2M,
A T 8

What is the herizontal reaction at A at collapse
condition?

fa) O o) 0.1W

{c) O.2w {0) 04w

Q.20 The plaslic design method is an advantageous

replacemant over elaslic design method lor the
slruclures stressed primarity in bending incase of
1. statically loaded slructures

2. dynamically loaded structures

3. ‘determinale struclures

4. indoterminale siruclures

Which of these statemenls are correct?

(@) 1and3d (b) tand4

(c) 2and3- {d) 2and4

a2l Shape faclor depsnds an

1. yield stress of the matarial
2. ullimate stress of the material
3. geomelry of tha section
- Which ol (hese stalements isfare correct?
(a) Both1and3
(b) Balh1and 3
(c) Only3
(d) 1.2ang3

Q.22 Consider the {ollowing statemenis:

1. The term load factar is used in he plastic
design. )

2, Load [aclor is the ratio of collapse load and
working load.

3. Load lactor does not depend on support
cendllions. .

Which of Ihese slatements are correcl?

{a) Both1and3 ‘

{b) Both 2and 3

¢} Beth1ang 2

(d) 1,2and3

Q.23 The load faclor in plasiic analysis depends on

1. the nature of loading

2. the suppori condilions

3. geomelrical shape of (ha member
Which of ihese slalemenis isfare cotrec!?
(@) 8olh 1and 2 {) Both2and3
{c) Only 1 (d) 1,2and 3

Q.24 Consider the following statements:

1. In the partial collapss of a siructure, the
number of plastic hinges is less than {r + 13
wihere 'r' is the degree of redundancy.

2. The over complete collapse occurs in
symmetrically loaded and symmetric
structures and in which the plastic hinges
da not lie on the axis of the symmelry,

3. Complete chilfipse occurs when the number
of plastic,hingeg (ormed is equal t 7 + 1

Which of thes ‘qﬂjnenvs are correct?

(a) Bolh tand 3 (b} Both tand2

{&) Bolh2and 3 (d} t.2and3

Q.25 Conslder the Ioliowing siatements aboul shape

factor:

1. Il indicales ihe increase of strength of a
section due lo plastic aclion over elastic
strength,

2. Itis a rario of ptastic moment of resisiance
to yield point moment of resislance,

- 3. Beam sections which have buk of area near

neulral axis vill have a low shape faclor.
Which of these slatements are correct?
@ 1.2and3 (o) 1anc3d
{©) 1and2 {d) 2ang3

Q.26 A ponal lrame subjected lo central concenirated

load and horizontat icad is shown in figure:

Likely posilions where plastic hinges can formin
combined mechanism would include

(@ 2,3and5s (b} 1, 4and5

{c) 4and5 (d) 3and5

Q.27 Three types of conlinuous beams supporting a

cancenirated load al the cenlral spanare shoven
in figure. Collapse ioads {P,) corresponding o
ligure (a), (b} and {c} respeclively are P P,.and

P, Which one of the following conclusion is
comect?

@ P> P> P,
®) Py=F,and P, P,
© P =P=P,
() P,=P,and P, > P,

01,28 A continuous beam wilh plastic mement
capacilies is shownin figure.

LI

The correct sequence inwhich he plastic hinges
wiltform in the beamis

(@ C.AB

{b) Aend Csimulianeously, followed by B

) B.C A

{¢) Bfirst, then A and € simulianeously

Q.29 Athin, hollaw box seclion of 400 mm x 600 mm

deep {ouler dimensions) with unilorm plate
thickness of 10.mmallround is used for a beam,
The plastic modulus of section {Z }andiisshape
faclor willbe

Zy{x 1;5 mm?}  Shape factor

(@ 76
o) 3% &7
© 42 :
(d} a2 76



G 30 Theratiool collapse load ol apfoppedcanmmr
¢l span ‘T carrying a ud! throughout the span io
that of a simply supported beam carrying (he

same load is
(@) 1457 {b) 1500
{c) 2000 {d) 3.000

'0.31 Inaplastic hinge, the aciual disiribution of sirain
across the seclion will be asin

{a) Z7 L]

)
{c)Z (G)C—/—I

(.32 Figuro shows a portal frame with loads. All
members have the same plaslic mement of
resistance M, The ralio P, to P, for beam and

sway mechanism is
P
o
v owm
L

e n

@1 o) 2

3 (d) 4

©.33 Assertion (A) : The shape lactor of a circular

seclionis less Ihan that of a rectangular section.

Reason (R} : Compared to rectangular section,

acircular seclion has more area near the neutral

axis than at the extreme libre.

3} both Aand R are lrue and R is the correct
explanationof &

{b) bothAandRaretrue ButRisnot acorrect
expfanation of A

{c) AistuebutRislalse

{d) Ajs false but Ris lrue

Q.34 Foran[-beam theshape [actor is 1.12. Thefaclor
of salety inbending is 1.5. Ifthe allowable siress
is increased by 20% lor wind and earhquake
Ioads, then the load faclor is
{fa) 110 - {b) 1.25
{c) 135 {d) 140

0,35 The plastic medulus of a sectionis § x 10 m’, lis
shape factor is 1,2 and the plastic moment
capacily is 120 kNm, What Is the value of the
yield slress of the material?

{a) 100 Nfmm? {b) 200N/mm?
(&) 240N/mm? {d) 288 N/mm?

Q 36 A flixed beam of length ‘I has been loaded with
central concentrated load. The beam has been
strengthened al the supporls with cover plales
50 that the flexural resisling yield moment
capacily al tho ends is Ivice of thal at lhe centre.
1l this capacily is to be lully sffective resuling in
higher collapse load, to whatlength fromthe ends
should the cover plate extend?

@) 13 (o) 44
) #5 {d) 78

Q.37 Inthe plastic analysls of siruclures, the segment
between any wo successive plastic hinges is
assumead to deform as
{a) aplastic material
{b) arigid material
(¢} anelastic material
{d) aninelastic matarial

Q.38 MatchList-1{Loaded prismalic bear of unifonm
My} with List-Ul (Plasiic Load) and selecl the
congeel answer usmﬂpe code given below the

lisis:
LUIst1 Ly L List-l1
.
A A
373 773
S | 1684,
B, } ' 2. —3
i3 [ £ B V] L
]

P
c.! E 3. M

w2 L2 7
p
. imaaamoaﬁ .
e L
Codes:
A B C D
(@ 4 3 { 2 -
w1 2 4 3 .
fc) 4 2 1 3.
g 1 3 4 2

Q.39 1 a uniform beam as shown in the tigure below
has the plastic momenl capacity Malor span AB
and 0.9 M. for span BC. then what is the correct
vittual work equalion?

(a} Mp0+ M,{m%] =w-20

(e} ,!'fpo + Mpo + OgMp aaq = W.20

{©) MaB+ os:w,,(m 339) - w20

{q) M,-..0+0.9Mp(04 %E-r 23—0] = W-20

1
Q.40 The cross-seclional area And plastic seclion
modulus of the given seclion are respectively

S5mm -
|t
60 mm
5mm
— = g
GO mm

(a) 600 mm?, 10,000 mm?®
(B) 700 mme, 8650 mm
c) 600 mm?, 9750 mm?
(d) 700 mmZ, 10,500 mm?

Q.41 A propped cantilever beam of uniform moment
“capacity M, is shown in figure below,

2 I

| -, w
Whal is the collapse load W?
12 8
@ M ) 7
B 3

{©) ZM" (d) -L'Mu

Q.42 In a T-seclion shown in ligure below, whal s the
distance of plastic neutral axis as measured down.

from top?
' 400 rmm .
|T 100 mm
500 mm
i
100 men
(a} 00mm (b) 150mm
{c} 200mm (d) 300mm

Q.43 Arrange the following cross-seclions in the
increasing order ol their respective shape faclots

1 2 a 4
{@) 2<3<4<«1
{€) 1<3<2<4

() 3<c2<1¢4
) 2<4<1¢3

Q.44 Position ol plastic hinge in the beam shown in
liqure subjected to collapse load will be

,11'm%9_\

!



{a) atsupport Aand at mid span -
{b} at mid span and at support 8

{c) alsuppon Aand wilhin L/2 from 8
{d) al mid span ang within /2 from 8

Q.45 Which of the lollowing is malched correctly?

(a} Purin 1. L.SA
{b) Girder 2. LSHB.
{o) Joim 3. ISF

{d} Caslallated gitder 4. L.S.M.C.

Q.46 A conlinuous beam is loaded as shown in the
ligure below. Assuming a plastic mament
capacity equal 1o My, the minimum load at which
the beam would collapse is ,

Q.47 Plaslic deformalions in steel Shruclures are
{(a) parllyrecoverable
{b) irecoverable X
{c) recoverable : - .
() recoverable de periding on the nature ol the
loag

Q.48 The plastic hinge at a seclion is caused

{8) whenmosl of thamalerial in the seclion has
reached lhe plaslic stress

{b) when all 1he fibres of the seclion are under
yield slress

{c) when allthe material in \he section is bayond
Ihe elastic limil

(d) none of these

(.49 The moment-curvalura relation at the plastic
hinge is
(a) linear
{b) cubic

(c) conslanl moment for all curvatures
{d) constanl curvalure for allmomenis

Q.50 Plaslic analysis is applicable 1o struciures

madeof - -

(a) anystruclural materials

(b) ductile and brillle structural malerials
(c) ductilemalerials

{d) britle materials

Q.51 The methdd in the plastic analysis of skuciues
based on the upper-bound theorem tesulls in
{a) upper-bound sclution of the plastic moment
capacity for a given set of forces
"+’ (b). uppsi-bound sclution of the loads (or a given
+ el of piaslic momenl capacilies
() upperbound of the siresses
{d) fdne of these

Q.52 Tre deslgnol a stnxcture based onthe mechanism

.melhod of plastic analysis is on the
© . {2) saferside - {b} upper bound side
" (o) unsaleside {d) noneolthese

Q.53 The lower bound theorem in the plastic analysis

of tructures states What if a state of equilibsium

is found such thal the sliress resullants are in

balange with he loads and v

(2} tHe moment anywhere is less Ihan the plastic
momant capacity, the steucture will (il

(b) the moment anywhere is grealer than lhe
plaslic moment capacity, the structure wil
fail

{c) the momenl anywhere is less thanthe plaslic
moment capacily, he struclure will not fail

(d)' the mechanism is lormed, the structure will
fail

Q.54 A beamn mechanism in lhe plaslic analysis of
slruciures is possible
() inbsams only
{b) in beams and slabs only
{c) eveninsome columns wilh eccentric load
(d) inall elements

Q.55 Plastic analysis of sltuclures is used in
(a) ultimate slrength design
{b) working slress design
{c} limit state design
{d) noneof these

Q.56 The effect of axial force and shear force on the

plastic momanl capacily of a section are

(a) lo decrease ':and lo increase the plastic
momert respectively

{b} lo incréa‘" i§nd 10 decreasa Ihe plastic
moment réspectively

{c} Ioincrease the plastic moment capacity in
both cases

{d) todecreass the piastic momeni capacity in
both cases,

Q.57 Load Iacior is defined as

@ Ullimale load Yield load
) Veeia load Working load
Ullimate load

©) m {d) None of the above
0.58 Load faclor Is

{a) ' always equal 1o taclor of safety

{b) always less than factor of salely

(c) always greater than faclor of salely

{d) sometimes greater than facior of safety

Q.59 Otyer conditions being same, the load factar in
indeterminale siiuctures is
(@) equal o lpad [aclor in delerminale siructure
(b) mare than the load factor in delorminate
slruciure
(c} less thanload faclor in delerminate structure
{d) unprediciable )

i
Q.60 The shape laclor for a solid circular section of
diameter Dis equal 1o

"D 15
@ o © o
s "D
© i o) —

Q.81 Whichone of the tollowing is the correct maximum

shear capacily of a prismatic beamundar plastic
design of slecl sluclures?
(@ DSAF,
{0} 0554,F,
) DI5AF,
« AF,

Q.62 A prismalic beam (shaps faclor, 5} fixed at both
ends carries UDL throughout the span. What is
the ralio of collapse load to yield load 7

@ %S ) %s

5 3
{c} 3 S {d} gs
Q.63 A simply supporied beam of uniform cross-
seclion hasspan L andisloaded by a point load
£ at its mid-span. What is the length of lhe
elasloplastic zone of the plastic hinge ?

L 2L
@ § ) ;é;
c} 3 ) a

Q.64 Theplastichinge formed in a collapse machanism
are 4 and he indelerminacy is 3. The collapse is
(a) Partial T
{0} Complele
(¢} Overcomplgte )
{d) Undercomplele

Q.65 Consider he following assumplions made in the

plastic theory

1. Distribution of sirain across tha section is
linear

2. There is an axis of symmetry in the cross-
Section

3. Theinlluence of notinal and shearing forces
areneglected

4. Strain energy stored due 10 efaslic bending
is ignored

Which of these assumplions are correct?

(@ 1.2aend3 {b) 1,2and4

{c) 1.3and4 {d} 1.2,3and4



(.66 For the beam shown in the given figure, the Q.70 Given afixed ended beam of span Liand having

collapse lodd Pis given by J-section foaded unitormly over the enlire span.
The ratio between ultimate load and load al the
first yield is:
{a} 1.123- (b} 1.493
{€) 1.341 {d} 1.262
Q.71 The colapseload for the cantilgver beam shown
balov: _ i
aw
16M; 14M, ]
@ 0 - \ e
12Mp 10Mp 245
@ @ }-——m 1 wz—
Q.67 Mechanism melhod and iha stefical method give (B) 0 ? 6 M P”. T 0.33&
{a) lowerand upperbuumds respec&welyen the . T
stfengmclstrmma R . R Mp
{o} Upperand lower bound (especﬁvely onthe {c) 0.67 ML @ o038~
strength of sructure.

{c) Lower boundon s!:eng%h of stmctme
{d)} Upperboundon s:reng&zof slructusé,

Q.88 Cansider a wo-bay portal fvame subjacted 1o
loads in varigus disections. The tolal number of
mdependenlmechanlsmate

TT1

6
{C) 7 @8

Q,ss A propped cantilever ABCDis loaded as shown
belove:

1 @ ® "l
1
P—M—F-—m—-i-—-m“—-!

The colltapse load for beam of unilorm cross-

witz

seclion;
{a) 563MJL b} 3.85M /L
(¢} 635 ML (d} 7.25MJL

Q. 72 Consldera rlgld"honzomal heam supported by

mraeequany spaced tension bars ol same cr0ss-
sectional area A as shown below. The length of
middie baris half of the ouer bars. The ultimate

‘load P onbarizontal rigid beamof load is applied

. atlhecsntrats .
@
_l.r T, T, r,"f
-]
{a) g,A {o) 20,A
{c) A #{d) 45 A

Q.73 When a seclion is sublecled to axial force in

addiional to bonding.stéeds, the plastic moment
capatily;

{a) Increases .

{b) FirstIncreases and then decreases

{c} Firstdecreasesand thenincreases

{d) Decreases

(.74 Wnich of following graph represent equalion of

interaclion of axial force on a seclion having
subjecled o bending moment?

PiP,

(a}

Mint, MM,

PP,

[

©

LU . A4,
Q.75 A fixed beam of span L carries @ unuformly
distibuted load W, over whole length, The

(toind)
KM,
L

value of collapse load is given as ¥, =

using plastic theory. The value of K is:

(a) 566 (b} 966

) 11,66 (d) 1366
Q.76 The shape factor depends upon which of the

following faclors:

(1} Yield slress of the materiat

(i) Hingelength

{iii) Geometry of Lhe seclion

(#) Redislribulion of moments.

(a) (i), {i) and (fii) only

(b) (ii) onty

{€) {if). (i#7) and (iv) only

{d) All of the above

‘Plastic Analysls anij! Design
1.{o) 2(c) 3 4(c) 5. (b
11.(b) 12, (d) 13.{c) (14.(a) 15. (a)
21, (¢) 22. () 23, (5) 24.(d) 25. (c)
31, (d) 32. (b) 33 (d) 34.(d) 35 (c)
41.(¢) 42, (b) 43.(c) 44.(c) 45. (b)
51. (b) 52. (¢) 53.(c) 54.{c) 55.(c)
61. (b) 62. (a) 63.(a) B4.(b) 65. (d)
7. {c) 72. (&) 73.(d) 74.(b) 75.(c)

Q.77 Theminimum coltapse koad (actof the portal frame
shown below Il plastic moment capacity of all
members is 100 kNm considering combined sway

mechanism.
20kN
20kN KWNYWYYL(W
Ma= 100 kNm Am
Lt
| 6m |
(a) 1.699 (b) 1.99%
(0. 1786 (@) 1688

Q 78 Theshape factor for a seclion ol square of side a
_with its diagonal parallel 1o x-x-axis is:
(@ 15 - - (o) 20
(c) 2s | (0 18
Q79 Anv correcl plasltc enalysis result, mechanism
condition, yield condition (#< M) and equilibrium
condilion are 1o be salisfied. Which of Ihe above
conditions does the statical method of analysis
considers .
(a) Yieid and mechanismcondilion
() Equilibrium and yield condition
(c) Equilibrium condition lons
(d) Equilibriurn and mechanism condition

6.{c) 7.(8) B.{c) 9 (d» 10 (b}
16. (b) 17.(b) 1B.(a) 19.(a) 20.({b)
26. {b) 27.(c) 28.(b) 29.(d) 30.(a)
36. (b) 37.(b) 8B.(d) 39.(c) 40.(c)
46, (b) 47. (b) 48.(b) 49.(c) 50. (c)
56. (d) 57. (c) 58.(c) 59.(b) 0. (c)
66, (b} 67.(b) 68.{(b) 69.{c} 70.(b)
76. (b} 77. (b} 78.{b} 79. (b}




IR i il n s

1.

{b)
Number of independent mechanisms.
i=n-f
vihere, n = number of plaslic hinges
possible = 4,
and ¢ = number of redundanls = 2
o i=4-2=2
Now,
(f) Beam machanism
2w
o L R
2M,
L L
2Wi8) = Mp(e +2%x20+0)
3M,
= W= T
{li} Panel mechanism
3W My Hp

5WLB = 7 M8
Y
= 1.4=%

W= 147

- Trug collapse load,

Mp
W, = T {smallest of all)

(c)

Ol the three hinges needed for collapse, lwo of
them will form at tha two ends. The third one can
form a1 any one of the lpads. Lel it forms at the
second load.

8 o, 3
Wn: F{J—E',-&A =EP,_,A

W‘ = M;ﬂu‘*MﬁwA + 06) + My

= 2840, +0p)
A A A
- 8 il =2
2M”[23+23] P2
' %Pu‘s = 2MP£
aM, 133,
- T

Lel third hinge forms under first load.

6.

S5
= EP“A = MAB+ 8+ 0.+ 85)
5
= FRA = 2M0,+ 8y
5 A
= 38 = My [a 28]
QM M,
,. = 5; =182
W #
aM,
. Collapse loall= Mz
o Ty
{c}

In slastic mathod of analysis, equilibrium
equalion is used, whlle in plastic methog,
equmbnum yield and mechanism mndmons are
used.

(a)

be
1.8,

5
Areain compression = Area in lension
xx- K15 l’y = .rhfy
or, : 1.5r=25h
h=06x
Distance of N.A, lrom cenire
=06x~05x=01x

{c) '

TR

RE S R T

4
Siress distabution

' Cross-soction

In tully plastic condition, the stress dlagramwﬁl e

g

Momenl M:E!isﬁc moment + Plastic moment
1

MR of ihe elastic zone MR of the yislded zone
Now, MR of the elastic zone = /. Z, P

[ e LI (X A

]
—
~I

+
-
—

Therelore,

{b) » .
As the degree of slatic in indeterminacy is 1,
thence minimum number of plasﬁchngesrequared
is 2Jor collapse. ¢



Cass 1: One plastic hinge at fixed suppart and
anotherat B

L x
3 3
M, WL
Mp+=3-=3
o W:EM—&

"l
ul / %
3
¥
3

M, WL
Mp-{»-s—_ 3

= My

o W= T

Hence collapso load will be minimum of above
alt cases.

ie W =

10.

11.

13.

14,

(b} ‘

Degree of sialic interminancy = 1

+
551 - JE, V_V,La_r-v,
i

a -]

Hence, number of plastic hinges required for
collapse = 1+1="2

Wab _ Mpb
f_’ = Mp +——"L i
where, Wu=1BkN,a=6m.b=3m.
L=9m
1BX6x3 _ 9+3)
T e T M’[ )
q’. L ‘MP = 27 %N-m
®
Plastic section modulus,
L gt
. 7
_ 27x10%(Nmm)
ZSQ(N!mm’)
= 108 % 10° mm?
{c)

Mumber of possible plastic hinges N=7
Number of redundancies r=3

‘?Al"

. Number ol independent mechanism

= N-r
=7-3=4

{a}

Number of possibie plastic hinges, N=4
Nurnber of redundancies, ,

r = Total unknown - equilibrium equation

15.

17.

18.

Elastic
hinge

_—
= -
—

For combinalion of dead load or DL +

imposed load or DL + wind or seismic
load,
Load lacter =1.7

2, For DL + imposed load + wind or seismic
load, : : .

Load lactor=1.3

{b)

Curvalure al plastic hingais inlinite and momenl
is equal 10 plastic moment capacity. It means
Ihat infinite rotation can eccur al fully plastic
seclion, . .

(e}

) M,
For I-section, shape faclor W 14012
)y

KL M.

—l
: w
From the bending moment diagram

w ! f
ERE R

Wi M,
Taking M, = —di and M, = 1—%
L .
=009 = —ﬂ-
) M, )
taking M),z —‘—2
L
6

21,

25,

So { varies batween

toL
[ 11

L

Take f= y

(8)

For Iha complele collapse of the ponal lrame,
two plastic hinges ara required

. Number of plastic hinges

=r+1=(4-3)+1=2

Lel 2 plastic hinges be lormed under load Wand
at right hand rigid joint above 8.

Let horizontal reazlion at Aand Bhe H,{+) and
*Hyf &) respectively. Considering equilibrium of
tlght hand column at callapse

( [3
n’
L

c

= Hyx L= M,
TECET M

= HB = TD

Wi Ly WL

= HB - -S—L [ Ma = -5—-]
= Hy=02W

Now,

H,+ Hy=02W
H,=0
(c)

The shape lactor refales Ihe plastic moment
capacily and elasiic momenl capacity of a
section and it depends only on Ihe shape of the
seclion.

{c}
M, 2
[l 2}
Shape taclor = moZ

Beams seclions which have bulk of area noat
neulral axis will have a high shape faclor.



28,

30.

32.

(b)

Firsl the hinge will form a1 A and C simullanecusty
because the carry over {acior for support Als
zero while supporl Ctranslars hall of moment 1o
fixed suppod on right side. Tho hinge al C will
form at 0.5 Mp while al A, the moment M, is
required.

Now due 1o redistribulion o moments the hinge
at vl form.

(&)
’ wa il
11.656M,
W, = L
wa Ll -
Fomam'&:mccﬁ
BM,
Wu = T
1,656
-, Ratio of collapse load = e =1457
{b)

My

8
Beamn mechanism £, = -

Svray mechanism

P |

34,

3s.

36.

37.

“(b)

{d)

Yield stress
Allowable siress
With increasa in allowable siress, the FOS will

FOS =

“reduce !o —=125

1. 2
- Load lactor = FS x shape factor
=128x1,12=140

{c) ro -
M= 2,51,
_ 120%10°
¥~ sx107™
= 24 x 107 Nfm? = 240 Nfmm?

]/ = N

R w,
To,utilize the capacity effectively, Il:s cover plates
should extend from ends lo the point where
moment is M,

4,
..3M -Tt -M
1
=3
(b)

The initial stopes and deflections of the beam do
not allec! the virtual work equations. Thus the
displacement diagram can be simplilied 10
codsisis ol straighl and undefealed linesi.c. ngic
‘daformalion.

o

Sinply Supported Beom

as.

Ior_ as=b= {2

Assuming hinges at hxed end and under theioad.
Using virlual work method,;

M2+ 30+ 9) = Px%x?ﬂ+P;<éO=PLD

1.1 N
Px§x2x§x9= ?@,[&}-&-MP(B-!-G}-!-M'D(O)

16,

= Ps-—{?-e

¢

{c)

Total number of plastic hinges needad for
complete collapse of the beam may be given as
Number of plastic hinges
=r+1=(3-2)4+1=2

40.

OSaf, OB Af,

By principle of virual work, wa get

~Mp8-0.9M,8 -o.sm,,x§+wmx2=n

= Ms0+0, 91\4_,(6*33—} Wx2e

{c)
Toiaiarea
X1
P
1 eSS T ¥

: ﬁgbéﬁﬁofdé of hall dreas on either side of axis

araal y, =30 mm, ¥, =25 mm
Therefere p!asuc ecém madulus
= E(Yt +Y2)

=300 (30+25)
=300 x 325 = 9750 man?

41. 7 (o)

Number of plastic hinges required for complete
collapse=r+1=(3-2)+1=2

The plastic hinges wiff be tormed under the load
and at the fixed end of the beam respectively.

+ 2
1 ?
H H
. | wab
# :Im}b
b
B+b
4 b



42,

43

But a=tandb=1/4

Wab Mab
t aeb =M
Wxixtia My x4
= Thima - Mt lima
2
- W SML Ml
4 4 4
- v
(&)
Totalarea, .
A =400 x 100+ 100 x 500 = 90000 mm?
A _ 80000

. 5= —2-.-.45000mm’*’ :

+ Thus the plastic neutral axis fles outside

the llange because the Hange area is enly
40000 mer?.
Let the plastic neutral axls ligs ymm below the
junciionof liange end web.
¥ 100 = 45000~ 40000
= y = 50mm
. Piastic ngulral axis as measured Irom top of
flange =100+ y

= 100 + 50 = 150 mm

(e
Shape Faclor

I 1.12

O
A

44,

45.

48.

{c}
Becavse maximum bending momerit develops
at ens .4 and belween mid span and end 8,

&y .
Charine! sections ate best suiled for purlings. An
#-section is preferred tor Girders

{b)

7]
x
-
-
"
1

o e cor

Mp _FPL
Ma +T =3
AMe PL
= z "4
= P= BTP

For coliapsein HI

PL
/ +
PL
Afp + MP = T
_ BMe
= P= T
- Minimumyload lor collapse = §%

47.

49.

51

52.

(D)

In steet structure deformalion are recoverable in
elaslic zone beyond this zone deformalions are
notrecoverable.

{c)

Wilhin the elastic limit the relalion betwean
moment and curvalure is linear. For all sections
beyond the elastic limit il is non linear. As lha
curvalure increasesindefinitely MM, approaches
to shape faclor, At the plastic hinge the moment
is constant far all the curvalure,

{b)

Total number of plaslic hinges required to make
Ihe struclures statically delerminale is equal lo
static indeterminacy and lolal number of plastic
hinges required at collapse mechanism is equal

- lo stalic indeterminacy plus one.

(c)

Upper bound theorem

{i) Equilibrium and mechanism condilions musl
ba satistied.

{i} Load compuled on Ihe basis ol an assumed
mechanism will always be greater than of be
equal lo the Irue ullimald load, Thus design
leads to unsale side.

Lowsr bound theorem

{i) Equitibrium ang yield condilions must be
salisfied

{n} Load compuled on ihebasis of an assumed

|
equitbrium moment diagram in which the .

moment A< Mpis less than or at bes! equal
lorue ultimate load thus design feads to sale
side,

53.

54.

59.

61.

62,

{c}
Upper bound theorem

(i} Equilibrium and mechanism conditions musl

be salislied.

{i) Load computed on the basis of an assumed
mechanism will always be grealer thanor be
equal 1o the lrue ullimate load. Thus design
Jeads lo unsale side.

Lower bound theorem

{iy Equilibrium and yield conditions must be
satislied

(i) Loadcomputed on the basis of an assumed
equilibrium moment diagram in which the
moment M M, is less than or al best equal

. lotrueultimate load thus design teads lo sale
side.

(c)

Beammechanlsmoccuts in ransversely loaded
members only. ‘

(b}

This is due 10 lavourable redistribution of
moments irom zones of high moments tu zonss
of low momaenis.

]
The maximum shear capacity is 0.55 A f,

(a)
The collapse load for a prismalic beam fixed at

" bolh ends and caries UDL throughout the span

is given by
160, .
M'u = Lz £ (I’
where My is ils plastic moment
Plaslic mament
But 5= Yield moment
-  S= %‘,:_ i)
) w, it
Also A T {3



64,

66.

Substiluling vaiua of § from (i) in (i), we gat

M _ W, 2
B2
Substiluling value of M, trom (i), we get
we W, i
765 T T2
W, 4
= =Lz-§
w, 3
{b)

I the number of plaslic hinges in ke collapse
mechanism are less than {r + 1) the collapse is
called partial collapse. In such a case, part of
the struclure may lail making il useless as a
whole. Il the number of plasllc hinges in the
collapse mechanism afe (r +1} Ihe collapse is
called complele collapss, 9.|charnechanlsm has
only one degree of lreedom

i the number of plastic hinges devaluped are -
more (han (r + 1), Ihe collapse is callad dver !,
complete collapse. In'such a case Ihere aré lwo 1
ormore mechanisms forihich the corresponding

value of the load is the sama, lhis load value
being the aclual collapse load.

il the degree of indélerminacy is r, and the
number ol plastic hinges developed is N then
N < {r + 1} Partial collapse

N = r + 1 Complele collapse

N> r+ 1 Overcomplate collapse

(b) .

The degree of indsterminacy, r= 2

Number of plastic hinges needed for
collapse = r+1=3

Using virlal work melhod

M-+ M{20) + 4410~ Px o

68.

14Mp

= P=—

The olher possible mechanlsm is
5.._.""_"2_.*

e U4
B

My ag

Usmg v:rtual work mexhud
MP(G,) + M,JB, #0,) +dMP, = Pa,
aM, 20M, 2
e = =P
AT T

J ol 3aMp
CP=

" Collaplse oad will ihe minimum of
MM, ., BEM, 1AM,
2 dnd'—2 e L

T, e

14M,

P

(b)
12 plaslic hinge localions are possible
Number.of mechanism = plasiic hinges -~
redunclants

=12-6=6

For span CD; verlical work method

w WL

Wos = mo="5o
(Tl 36

I 7

L

70,

71,

Span AC;
External work done = work dono by load W +
negalive woﬁg done by load W12

W ot 17W,L
—8
2 +[ 2 39} % °
Inlernal wotk done
= Mpﬂnl-v-ﬂ,‘{pw +0)=3M. 6=

W, = —?'L 6.35 M,IL

= W,=635ML

17W,L 8
G

{b}
+ L —

By equilibrium,

AL

8 = 2M;
Atelastic fimit, the centrs moment s one-half the
end momenis

P.L M,

£ -

s ~Mg

)

FL 3
L
o & - 16M,

£ T o12M,
Assummg shape factor f= 1 12 for 1-seciion

A4

P,. = 5!1.12 = 1.493

i

{c}

Case |: Plasic hinge at point, where cross-section
changes.

72..
TR plasuc slage all three bars have yield siress

73.

74.

Externalvaork done

=3 x 8= 3—”-;2
Intemal work done = moment x cotation
= M0
By principle of virlual work;
W L0
2

= M6

| 3W,xa = 24,8
S= 3W xLe =2Mp80

ZMp 9.67Mp
- -, ..3L [

{G)

andihampmdmglnadiscanedmeu}tmaie
load £y "

Let T and T,= tension in ouler and inner bars,

fespet:hvgly
.Pu =27, + 7
=23, A+ o, A

SO, P,_,:Surﬁ

(@)

The plastic moment capacily reduces on
application of axial force and reduclion depends
on shape of section, length of beam column and
intensity of compressive forca,

{b)
The interaction equalion between momenl and
axial force capacily is given as;

2
M APT
{7,

Here represented by option (b) graph.



o, x=2835m
Subsiiiting x = in eq (i), we get
= - 1=1966

78. (b)

2M
o W= —fx(x&i;)] AC= NP +& =2a
BD AC _AC _J2a_ a

For maximum . e st s
W, = x,=0.414L 2 2 2 2 &
Thus, Mormcnt of inerlia about x-x-axis
= Wuzm . I =_2£;{_a;]3=£
j L =T \JR) T2
76. {b) Elasic seclion modulus
The shape factor is plastic method of analysis " '
depends only on the geomelry of the seclion. % &
7. M “% 2 ez
ErIN Mo 2
” Plastic seclion modulus i
{d
A
Z,= ‘2'(3/1 +¥2)
fo— £ et — § =5 —{ . f[_"i.Jr_a_):.:’i
Vinualwork equation, 2\av2 32} 3/
o = Shapeaclor ‘l.
30).x40+1201x[x—) = 100 o+2[|+—“—]u+u WP
2 B6-x 2 ,
Z, [
10(12-2) . =2-32%,
Az gota D @ Z &
A2+ 5)(6-x} 53

For minimum value ol load [aclor A,

gh  10}~(2+ 26— x)~(12 - x){4 - v]
el :l ¢ x;:2 0,; : Ha- vl Statical method of analysis doesn’t consider
) +a 6 mechanism method of analysis. lLis considered

=0 by kinematie method of analysis.
or, 2-24x+60=0 axEs

79. {b}




