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I, ^fR fRRR Y RTR RYRR RTTRR 3TRPRT Y RRT RR^ Y 
YrY Y RTR I RR ^RRT YY RRTRY RTT RRRT |, RR ^RRRfY RT 
RTRRfsY trrtsY rtrY | YY rrtY rt strtYY rtt rtrrt |’i

RRRT

R| RTR^RRT rYY I fRT RRRR rTr RRT 5TRTR YY RTTR YYY Y fYR 
arfq-qYRRR | RT Rf RRY RTTR YfYYf Y pRR RRRRR ^YRT I RR: fYfRR 
RTTR RRT Y RRRfT YY RRYY RTTRRR RRRf RTR YY RfYY I RRT RRRRIT 
RRRT RfRRPRR C^T I I
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:3xtt w cMr smr % ^nr q*r: ^ cft^r ^r^fnnff %
fa"*nf^'i fwnrr ^rr ^r^rr |

(3T) ST^TPT ^TR : fr^T ^TTT ^ft i^UT^ % 3TCT feTT it ^ I 3R 
31^7 T^ff STTR 77 TTvTT | rr^ WFT3 it WW:
3TST7T 77T7 (?ff^T ) ^IvT TT^TT I ttt ^itt ^ 
cK^Tfarr 7777 tr 77% 77^ f7t tt it? tr rtftv 7171

(7) 77T7 7R : ^7 77R % 7R 77t 77% 7777 ^ 777 777 7% 
^7 Ttrfr f 17171% 7TT7 77% TpR-^k % fTpTvT 7T7T 7 777 
fT7 77177 7177 IcTTT 7t7T t I 771^77 r7^7 f77r ?J77 
77 77777 feTT 7 7R 777 7T 777 777 77f7 TtTT t I

(7) TTtft 7771 737t 7R : 777 7R, 7Y f%7t 7777 % 7ST % 71%ST 
737 7771 H<t« 77T7T 7%, 737t 7R ^7171 | I 777^77 77¥7 
77 fRft 7CfT: g-pT srf%T 
7R 777T t I

7CR 7% %7 iR 7R7 %f%7f % Tfhfw 717: n;7T |>7T | % cftTf 
7f%7f % 7777 ¥7 7 7R 31777 R 777 | 3T7: 7777 arfTRTTT 77% 
777 RT 7«7 %t S7T7 7 WT 7T7T t

77T7

I

RlfTT TTTt t 77 77 R 7W7: ^37t

I

1 . 3 7f73^

fRft 31777 3T77T f77 R %tf TT^T 77 77T7T 7T7T t 7t 77% f73- 
RT TTTvT ^tTT | I f77% 7.737^7 3T777 % q7T7 % 3li7f%7 77 7^7 
^Y 71% | I ^Y 7idf<^ 7%f % 7R7 fY 31777 7n7T7F7r 777T 7577 ^fY 
f?7f7 7 77T TfTT | 77T 31777 7T 3% 3%%^ f7^T7 7fY 7777 | I f77 
1.1 (7) R S777 % PTR ^>77 I f% f77 R P, P2 P3 1x7 P4
77f7RR 77Tf | %7^ 
f% f77 ^fY 7777 A-A 7R7 2-77Y % f77lf77 73 f777 777 |; 77
7Y 7 7Y7Y 777 77^717377 % fY fY% 7iP^ I 377: 71% %77 f%7% 777 73 
$Y 6777 7 7Y 7^3 | f% 7^ 777 P3P4 rr% p, 773f % 37777 7R777?77

77

7 q I 377 7f% 7^ R777 ^Y 777TRTTTrTT

4

% 777 3t77 777 f% f%7 1. 1 (7) % 7%77 777 | I 7^7 F qf3^7 A-A 
R ^7% 777 (3R) 77% 7737 R7777 77% 7177 3777f37 77 | I ‘F’ 
77 7Y 7777 A-A % 77%7 7*Y 737% 7 f77Yf77 f777 77 7777 | I 
7^77 *737’ 77 77 7Y 77777 | 7% 7777 A-A % 37f%7*7 tY f3T7 % 
7777 | 777 |737 737 7777 % 777? 7777 777R f777 % 7777 | I f77 7 
f7 73%7 %Y 777: 'N' 777 T' % 77777 77T | I 377 p- 7?% ^7 73%? 
%Y qf35#7 % f7f%7 ?77? R 77 7?777 3777 7377 77% 7? 77 ?77 73
57?% ^71% 77 R 777 77% 7R 77 777 3777 ^777 TlffT; I 7^ 377^77 T^t |

RI
\/
\/ \

A*PRT 1
I

P2 \

A HR! U P3

l

,P4

;3T,

T^T^r 1 * 1 f^fViy<7 J(^?r 31 cl ^1(4 ^TTSTloiA-^l T^fs
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A
V

N

C \
--------

^4\
\
\ IJPJ II
\
\
\

P3

(^T)

1-1 3^^

f% Tfr^ % Sf?w ^ TT 3Tf^ lT=r PT5f? ^ ^ fnTR
T|ift 3Rf: ^ ^Rft ^ifTcrPT TfT^TTqT ^?ft |>ift

TT ^WT cft^cTT tTRT | ^rY sftT 
5^ ^ ^ ^ ^ ^TT 5ft ^Tcft | ; ITFT ^Ttr f% 

^ ^ w* ^T qR A A I ^«TT ^ qr ^T^r
3mrf^ ^cT qn JTR AF l^^^rF^rift ^ ^tt sfw ^tt i

^ ^ f^| qr srfer ^rf r ^ crr^r W % jtft qft S srt
fqnrr ^pt err S ^ qfq-eftq- qf^wr^r %fecr ^tift:

S =

i

stft trw^r

AFLim
AA->0 ... (1.1)AA

T$ sr+K ‘S’ ^t qfffRr qr^r ^rrar | 
qrt qf^iqi

3Fr: f+^ft qx Sllc!
% arrcr-qRr 51% fqrr^ ^ qr ?p% qrr qf<^iuf

i
'3<T

6
^tcTI | I | % ST% STfcT^eT % ITIW R ^ eff R it

fRnfspr q:% qT r *rr^ srr^ ^ten | sr%qer ^r rrr?r^ srr^ ^ptt i 
SI ^5% it srfer^ qrr *rr5PB ^/%2 (N/m2) im \ ^ ^
R
^ 3T4% N/m2 ar’RT Pa

¥fr q^t ^tcTT I 3TcT: fHR Tf^RT (Pa)% % ®TR fRTT RcT1

(1 .2)1 N/m2 = 1 Pa

:qfq> N/m2 R qR- 31%^ srt: q^t ^fqar
qft ^ *r MN/M2 sprt MPa srt rr %crr rr | i 45? 
M R RT ipTT 3T«T% 1 o6 % ^TR | I f M<t» K 5r%RT rTRIRT^ TTPT 

it 5%STT Tfeft | I 3fk 31%^ ^ tTRT ^ R GPa 5PJR ftR 
11 JTft G R 3T4 109 ftR | fsr^qrt itqr q^i | ^1 qir^s %STIR

?ft ^T ?TRTT I T^ft^T^nt ^ R q% fRt ^RT R 4FT ^
Rrrir sr%RT r qf'Tfftq 4pt rr r^t 3^ % r^t |t strtt |

51% SRf ^RR R% RR sfaRT WR ^tR | q^ RR %R sfr 
«+dl | :

RTM

F (1.3)s A

A—A R R% qi% Siidf<+ RT R Hid ‘F’ RTTqiTT qft^S 
qix^ws R ^RRT A ^ 1

q% l.l(d) R fTR EqR q R Rd ^Yr % dtok %
toft R to| r si 5pfr % srto^r torRd 1 q qfwqY rt 
T' ^ qr dto RRT: N dR T % RRT dRvT I 3rd: 3Tfq^q
rt N % q.R'q 5T% ^qrT^ R %R9fYd dd srfRtd st%rt

T % RRT 51% fRt ^d R fdiqito dd 3IWRT srfdRT 
apETdT R^ft 5f%RT dTfRR ^ • ^ddi ( 1.3) % R% fd STR 5T%Rft 
qfY ijfqRd H W RR °qR fRTT R Hd>R t ■

alto’s qfciqd (o) =

sf^qq (t) =

RTT

AN "Y 
AA 1lim A A->o

^ (1.4).AJlim AA-*0
AA j
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?rnn^cr: a (f^r^^rr) cT'^t &n^qir
srf^r w'l 3RT 3T<iTT T (ck)gRr ^FFcT foqT ^RH | cT^TT tft 

q"?! ^r°Fr fen m «tht nn^Rf ^tnr t 1n+Rm

srfnn^ nfann (c) % 5T tn^n ^'t nq>^r |; wn%
^ nnn siw nqr^r |t n^ar | ^ qrRw it nnm 
era eHH nferan nfnn ^rtf ^ nnr nn srann it nffera qf^ran % qrnTR 
n^ran nnnr nqrsn ^qn era ^qran Rfaran n^tr ^ i nnn srinran 
qn rarnra ra^T nnRnq> (-\-) crar nnlran nftran ^tnnr ra^q q^raicRra 
(-) nrar ranfr | i

•m^i qrrar ^rfran ^tni nferan nrarra mf^n sranr nfer
Tifn n fnvt -nfn ^Rft | w^n %nrar nrar rann 11 nra nRfr ^nr 
3Tfer Tifert ^'left |; T^nsnnt snrc nfer trferf ^teft | nnr fenRft 
zr^x qnt ^atw ^Teft t fefer ^n: 
qfwra, fcm ^qr arra nsrra sRnm

ara: nf? fenr fnf qn nRran qn nra nra q>Tnr rar^r f nt fera- 
Mfer nsm fncTifreT qrrq nra?q +' ^ :

(1) nffet^r n-rar arawR nftran qn qfenra
(2) qferan qrr strata nra rararcraqr rararar srrarnRR fran% ?rt srta- 

rara fen tanifta ^trat | i

fen raranra^r<ra

qn;n % tan rata ranra ranta 
rararaqr ^trar | i
'-fd

fran qi ratfera fe| tarara | rararara gtafraq qrrn 
% ta^ ratarara % tam ftantqtt ta 
ra fen tasratqr nffes ta^ qtr rantafraqr talratra rant qrr nra 
feg nraqn: ^nra rar^tn tarar fnlratqr °m fqrcr rar^ | i ^nr 

i-ratan; rarawR % qrattataratrat fe| n ^tra srara 
qrr rarat | rarar raraqr nrarara % taq ran

(3) ^ ranran
^trar | iradMi rarawR

qrrar
nraerrat qn qR-qrar 
fes, q^ starara qn ram tan tan ^trar i

ran: fqrat fra^ qn raferara raqq nrs % tacr raqraqra ratnt ranff qtt n,fn- 
tarara q^rar q^n rara?raqi t ^nrfta nfrarara nrarra nfer Tita ^ tan 
ftaft | nnr ra^ tanrar ranr Tita qr^ratat 11 rara qtt fra rafer ra^rara it 
rata rafara? npra qtat ran fqnfr fe| qi nferara rara^rar qrr ta?tara qrta i

s

raqnqra rann tr w^z | fe rasrara qi rar| fqrnt raqnr qn ran: ran ran% 
qfenra ra^q rara^
rarar franr raqwn ratarara i ratarara nfrarara rats ran 
srataran ^ ranra^ ranran ifen if ntan r-Td r ^ i

% rant ferr ra nfnra 11 ^ sm ^t rasnra % ftaqra qi raem
raran rarara rarrara t i ratarara nferra raranra % nitn tarar it qtararan 

qndi | rara fq? raqraqra Rfrasra ^n% Rmfranta ranfra it qfraran 
| i ran. ran rar fqnft raranra q^ rarT ranrar | rat ranit rararn tan- 

qn rat qrat ra taranrara ffer rar raqrrar | rarara rararara qtt qnta tararrat 
it qtararan rararar rara% rarrarara it qtararan rarar rararr ran% ^-rarfrarata rarjfra 
it qtararara i
i. 4 taffra

ram ta rara^ra i. 3 it rare: fen nrar | ta rara feft raranra qr ran: 
rarairar raw | ^rat rara% qra^nw rarara feqra rararn ^trar | i frara 
nqnT ‘nfrarara’ qtr nf^rrata ran it ^rarara ranran qtaram ^fratarara tanr

sraqra q*<q> ranran qtaram ^fitanra 
fen raw | i feqm qtt ntarata ^q it °raqra qfer % tan nfrarara raram 
^t frata rat rarata it taranrara tan rarrar | frarata tafta ^ t > '^rr 
ra^qr ratarara qfrarara % qnnra rann frawn qn srarara raw 
taffra qrfra | rarar snrar raw raqnqra rafrarara % raiw frra rarer franqra ta 
rararrrar | rarar ta ranram tafer qf^ra | i

ra^r raf rarrra nrarr ratara ^tar ta rarra % qnw raram ratarara w tan- 
qra it ra ratarara q>t racrara ^q ra rarrar raft rar raw f qrag tararara ta rarrar 
rar rarrar z.1

i.4.i ratarara fratara
ranr ta raraT rarara tarar ran f, ratarara ratarara ta fen it raram tafta 

ratarara tafta ra^rarrat f i irata ttarata rant raw rarrara rararrat ta nr^rarar 
% ^rra tan raw f i tan i. 2 raT mm ratfraq 1 raff % rat fraf|rat 
A rarar B ta ta^itara ra-?; tan ran f rarar rara% rasra ^ft raira ta raf f 1 
qr^rarai tatan; ta ra^ |ta ‘ T f 1

% nrara fra^| rara rat ratarara ft ntara ftra qra ratarara ratarara
nrarara % tan qn ta;5 
arra^qn ratarara raran

rararan

raqqn
raram qrara r
qm

rarrar |

f frara ratarara

rara ira qr rarara rarra P’ ranrrar
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P P*
aA

’rar | i ¥tr ^nrq- ^ fk^ A cnrr B % to ^f^rf ir t?4ffe i 
TO cftfsnr q-ft |f ^rf e
^tft A 1 I i ^5 i^ftfror fa??m n jtto: Tif^r f%1%
| 3Tf^^ fqr^fq- spr TO TOT TOvT fer ^TcTT |

f*nTTT ^Wcfrq- oifTO % it STTO TO? f%£TT ^TT ??i?T | :

' (1-5)

1-2

A£ i I 3T?: It TOvT fTO^T ^T

I

A/
/

^TTO <*TTO tT TO? | f% f%f? ir^ fipRl T%T ?lf!?r ftcft |
% TO? % 3TTOR Ae t'4ffe 3TTO ?fTO ?t?f ^ |t ?T?r?T | 
Ilf? Ae tbTOi^ ?t ?t ^TTTOF TOT TTITT | T£? ^ ?51T tf
cTO faff? f5? | I qfa Ae ?f^T ?? ^ TTTO ITRT TOT t
^ ^ f^f^ ^r tot | i ftfr f'4r faff? ft iTfrf faffa 
TOT ¥ft TO? ff qr

I TO
l

t; ^?T ^?fr TOTOT ft TO? f?^ % fair ffq? 
?T?T | fflff faff (1.5) f to? t f^ fafa?? faff? ( ^ ) STf? 
^rf ^ ?fa??? ft ??T?T | I f?? STfR ??? fa??? q?rc?f
Tfa fft?? ?f??? ^THTTO CT?T I ^?f ?fl? TO? faff? ??R?f (T? 
?qfa? faff? ?STO?f ?T?t TOft |

TOIT

I

1.4.2 3TTTOT faff?

to % fR? f??? it %?? tfaffa ???r ?f?? ^ ?|t ft?r 
t ??ft anff? fa qffaf?? ft fr?r | ??f? ??fr ft 
| fa?% faq sTOTf srfaror ??? ?far ft?r | 1 stwt? faff? ft ??- 
§T^ % fair fa^ 1. 3 f?; sqr? ?fafar 1 ?r? fafaq iTf g-^op ABCD 
qf ???? qr ^? ?fR ft?? | ff 
?? ^ tot? | 1 ?? qrfa AB ?? qf arq-^q-ur ?? 'P' 
t 1 ?? ??fa % ???n? q? ??f ABCD fr ^f^q- A'B'CDft

?r?r

fa??i qrfa CD 3tt?r ??-??fi

?qrqT ?qr
TOTT

10

% 1 f? ??? t fa ?t ??fa AD fa BC ?> to? ir DC % ???? fa 
faffa? ftf? A'D q? B'C ft ?rfa | 1 qfa ft? ADA' ???t ft? 
BCB’ ft faf ?SR (?i?t) To? To? faTT To, ?? fa?q? it TO? 
ft? ft arm? faff? ffT TO?r I ?? •' 3fTKq? faffa,
??fat fa far?T % ?b? ft? f far??? (fafa?) ft to? ft?t 
| 1 to? | fa 'totot fa#? fa faqr faf? Tifar fafa | 1

TR-T <

PB B'A A'
//

/ /
/

/
//

//
ID

777/777"

PoW 1 • 3

1. 5 fefafaa faff? sfa
Rffaffi TO?it % faq f?? TO?.% 3TO^fa it ?f? ft TO? TOTf 

?^?]faq | 1 ?TOt far ?faf 
| 1 nr? faf?q far? 1.4 it qf ?T5 fa ?rro % qf at? fa fa^rqr 

| 1 f?% ??rf q? fafrf fa fa?r ^ f??: arf??? fa? ?? T 
^ ?? t| | 1 ?r? fafarq fa ?rro to fa??? ?fa ^ q? fa?

>?r? AB, OM ??r ON ?rro to fagtfa? f? fa ?rfa 11 fa??? ^

?1fa it f? STfR tout ?t ?f?rTOMf

TOT
??T ^



crx

oC~v
3^ i-l^fjfOT Tcf^T^

^rr ^ % <m qr ^ AB’, kOM' zm] ON'
siTcft | i q^f | srfaq^r q 'jq ^qrq OM qqr ON

| qi7| qfqq^r qrqq % qrq MON tfPTFqtf:
2 Tjqr srfq^ OTTI JTiq 0 tfqqq- ^TIW (qT?qqT I

qf'wrq ir t :
. AB'—AB

HTtqT ^rqqrr

(1.6)^ AB = —

YMN 1 fr-^

wr qf fr qrrqi | fq: fqrqt '^r fgfqiftq fqfru srq *r ffiqt 
qr fast fen ir srfqnq fqfrTn nrn qRnt |t eft fef n fqfeq 

fejqrif^^qarqq^%5fqrf if sfcRUTT^^ (i.e) 3T^r srrqr ^

AB
qqr = 9 (tfeiTT)— 7t/2 (1.7)

12

fe?fq %qqf trqr ^wtq srqqq 5TTT qft ^TTeT q>tsit nq^ft |; q-^
gpr qqrqf i f^rn fe^ nr srqqq’q fq^fn nm +<qi ^t btt fe^
qq qT adfefqt TWtq- arqqoff % qsq' Tfsqq if qFcf qffq qTTqqq ?RT ^t

arqqq'q

^ (1.7) qft snftq fen qr nqrcrr | i

i. e stwreqm
q^ qf^r qqrqr qqr ^ fq> qqrq qr qr^r qn nqrq ft mif fqwn 

^tqr | i qi;?^ qfq qqrq qft nq qr^r qn # ^fq: qqq qR ferr 
snffq qr^r qn fen ^nq qq q^ qqqt 'jqferqr qi'n qR

$rqr 11 aferq qr^i qn % nq^ ir Rnm fqqqq 'jqq: n^r ^t q'lqr | i qqjq 
% qn qft ‘qRTfq^qr’ q^q | i qfq qr^r qn % ^Jiq qi Req^r fqqqq 
afer- t1 ^ frqi | qt q;q qnq qn sfeq: qfqr^q qqqr qnffe ^nrfeq: 
qr^i qrqi |, qn^ qfq qnnqq % ^tjrq; fe qq Rqrn fqqqq qqqr ^t 
qqr q^qr | qqqri qftf m n-n qfr ^tqr qf qq gq^r qqqi fefeqr 
q»l>T rirt | i qrqRqqqr ^ftfer^t srqqqfqf if qqqqf qr nqq qin 
qR ‘srrqi^qqr’ fern if ff ^tq |, feqq fq? qqqq if rqrf fqqqq q q?q?r 
ft n% i

i.7cqfef (Poisson) qqqrq
qq irq: Rf qT qqq qR nqm mqr ^ qq qqq arrqsq qqqi qsftq 

fq^fq qnm ftqt | wn qq^t ^'qi^ if qfe ftqt | q-Rg qq% qrq ft 
^qif qqsrpq fqffe qf fteft t fen% °PRq Rflfe qqq^q fqqrq Rf-

feq ffqt | i in qeq^qqi qfqr if qqq?q fqfrfq trq qqfsq fqffq
q:i qqqrq t ‘fent qqqrq' qrfr qrqr | i fqqft qfq» q^rq ‘ v '?rt 
sqqq fen snqi t i wn wr, fen 1.5 qq sqm qffe^ :

3eMvf

qm

qm

arqqfq fefq (1.8)ipfe 3Tqqr ar^s:! fq^fa
(Ad/d) / (A///)

^q fqqqtqr qrr qrqqRq qfes qiqftnr nfeq mfet qn® 
% nrq qq fen qm I 1

qf f qf rtr Rq qqiT Rm 
3pj^ ^q sr?qsT ^q q q^r qqqr qiqi nft rt n^qr

qfo 'qiqft

| fe srfqqR ^t qq?qqTqrqqqR
| qq fe Tqffq'
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5fft ^ I 'T^TT STR-m | i
RTF ^ (l.4) STT1 TrfbTcftq- ITTcf fo'TT ^TT |

STSTciTST ^T ^ f^ffcT UTT f\ft THT | ^RT fH 3TFT ^ 3TSqT^TtHTMn

^r Wr 1

B B’A1 _A ,-4 pt-p (d-Ad)d
j:f-

£
i+M

xrg -qi^Srt*5

1 . 8 SFrfTcT JT'TT&I^ qsr «T?T«T 'Tft^’ir

j^rtwfr wm tt rtf rtw ^ft rtt rr r^tt

| I <PTT 3FT^ 1.2% BTTRTT ^ft ft R^TT t I
RTT 'TR’R %t fFRpT it '*ft aTRTTR' (%t R^r^l % ft% |) aHrft

^Wri%TT T7! fTRT ^f!RT %t ’jfR 51! R
Rf q^TR % RRfKT RRRR 'K RfR f^5 f%RT | I ^Rt r4t i^t- 
fRTTft 3TRRR RR qRT% RfRf^RR RRR RRR RR% RRfR RRRR %t RTR- 

RTRt 3RRTRRR^ ft%t | I

iff Rt RRTR % RRRR Rif RRT it fa'RTfRR f%R RT RR^R o R%‘- RR¥R. 
RTRTRfRRT, RtfRR’, RRR RR RR^R qtf%R> s^flPl^Tt RRRtRt
% Pro; rrikt rrstr RfR'JR ftRT I RRT fR% STTT RRTR RT RTfT RRt 
% srfcT oRRfR RT RRfRR RFR RTcR ftRT | I RR: Rff RT fR RRTR ^ 
RR^R RRRR RT ft RRR RRR I

RRTR % RRfJR RRRR RFR RTR % fRR RRTR RTRF it tf5 RTRR RRt“ 
5TW RRR f=PR Rl% RRR % RRR RT RRR Rff f%RF RF RfF f I

14

1.8.1 RRR RRt5TR

1%Rt TRFR it Rf RR flRfr RR RRT RRcF | fR%t RRR 
RRtSTR RPT RFT f%RF RFRT | I fRR RRFR RTF RRR RRt^RF RTRF ft RR- 
RRTT RfFRTF 'RTR RRRT' RRR f%RF RFRT | I RRR RRR RF qf’PSR RRpR 
RtR RRRT RFR'i

1^1 RPRR

7 qt RRTRF I RT?5 ^ITRPRR: RtR rTt^PR ft 3TRFR f%RT 
^TRT I RRlf% Rf R^TR R^ftR RR RTRlRt R RR RRRF |; ^TRF RoRRRf 
RFR ^R% fRTF %F R^RF RTRT RRTRF RFRT | fiFRR RTR RRR RT RTF- 
?TR % RtTTR 1RF RFF it fRRRR RfffRRR f%RF RF R% I fR% fm 
RT fRRPF ?-iT RRP fF'TF RFRF t fRRFT f% R?f :TRF5TR •-TRtR % RRff 
R RRRF^RR RRTfF ^lT R% I Rf RRt^R-R9T>f % RRIR RR fRtFR 
q I f ^ RRtRf % RRff it fffRF RTF Rfcft f 31RFTR RRR RR% % RF
^RfRTR RftRR R% ftT | RR f% RVR RRt^f if RRR RT^t % fRRf %t %R 
RTRFR % RRRF RTTF it RR ;T RlRF ff RR: tr?r rfRR RRfff fT frf RrfFR 
ft% f I

:RT

RRRT

RmfRR RRF3TR RRFTT it RRR RR?f % fRRf %t SR RTfRR RRft it 
44,51 ^^TF I RR trif RRft if RRR R-Rf % FFRt RR RRft % R5R RFR %t
fRR fRR f%RF RF ’iRTRT | RRff% RRFR %t R3tRclT % RRHFR ft RRfRR RFR 
STRF RW RRR %t RRR it RRTfF RTRT | I

TFR RRR %t RTTSTR RRFF % RR ff it RRTf RTR 
441^1 '^TdT | I RTRIrRo': RR1R RTF nfT R'RfT fPTT RfRF % RRF RRTF 

RTTFT RfiTTFT ftRF | %f RW RRR RT RRR RFT RR R% I RTtRR- 
RRtR it Rf SRRTRF fTRF f fRT RTR RRf RT RR Tf RFT fR RRif RRFR 
RSRffe %t RFR f%TT RT R% I RRR RFT RF R1R ?ft%Rt% R2FRT RFRF 
I RRF Rf RfRRF RR dRi RRcft Tfcft | RR RRT f% RTR RRRF Rt ^sFRT 
it fRR fRR Rff ft RTRT I RTR RRR it RfRRR RF RTR RTRRfRRT RFT % 
RFR %t RR% RFTfRRT RRRTR qlTR#R R fRRlfRR RT fR fRffR RR RFT 
W% fTf?RR RRFf it RcRR RFR^fRRT fSRRfe %t RFTfRRT frfFRR RRlf 
% fRRlfRR RTT RFRF f%RT RFRF | 1 fR RRRT RW RRR % RRT«T RTF 
R^R RfRRR f^t'fr STFR f%RT RT RRRFT f I

RR RT RRR RTT
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1 . 6 rft^T TSTT^i % P-1MI ^fM^" f^lT-7
W | 1.6 (31') ^ JTrsfW ?Wlrf 3T«T^T IFTIrT

srfd'^-f^frFcr 3tto tor | i ^r wz wa fW^ 
^T n^f h>| fd 3T3T ^’JTHT q I ^TT^T-f^flffT STT^J %
far?|3Tf O, A, B, C, D E i

0”

6

Of) 3^-fWcr(cT^T)

fh>T 1-b ^FST ^rsr^V-

116

cr

e
ciHoU c?il^l

Hd,\l4* «3|tT c^v-1^ c^> ^ vrnj^pr

(«n
1-6 .

-o
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300

250

200t
0“

(MPa)
150

>00

50

0 J—L
1*20-80-40

^Tcteid T?r^Tcr e 

-~0

■q-cn^ &n~Q&r 1-c

l«4l M tf HHD/X9/9*

18

o ^ stt^t | jrr^ ^tcrr | i% str^t it
^rtf sfr^FT 3r?T^r f^r | i OA ^ ^ t ?w

f> f% A ^ ^TiTT^TT^ft f^T^PT (Hook’s Law of Propor
tionality) 'Tpt jfLrr I i A tt srf'T^T 
^tqr’ !FqT rnn |, fsrpr^r Tfr^rr^T ^rr t f% ^
srfrT^T spr ^ srfcj^rTTT ^rpr | ^rff Tfr pr qrr iwr pn t i 

A, TT TfTTT % rfR ^-TT^^-TT TTRT *ft ^rTT ^TT | ^T-
vrnr Hr ^ttr -t? p -arf-Rr-Tq- srfr^r ^Ttt | pr w 1% tttst it Rrnft 
fwr'T ^rff ^tTF t I \ T7T T'TT# ^rjt if SRTF’T ftaTT | cFTT 
W?T% q-5^PT p €tRT 5TTR ft TTTT t I A ^ ^TR % 5PRiT
TcRT '3'!T% o i 14 TT f 'T ^ T % ST RTTT q q^d^cl I
^tRT it ttjtt ?t^ ?Tff ft TTTT | I ?TRTnTTcft OA it

%
fRRT, ?ftfT ?PTT ffTT^T % it F-TTfTT'tt p RTr^eTT ?ftJTT it 
RFTT Rt'T I Rftftr t fttt ft fRf 7TTRT p fR tr fiT% fit 
Tp I ffT ftp RcfTff=tt ftnr Tf p f r frrT (Hook’s Law) fFT 
ftfTT | I Rp ffRTT TfTtfTRT % Rf it 
fT ff srfTTf fT M11 fT ft ftTT o p TT ffTT 'TFTT ft TfTT I fff- 
RT-ffffT Tf % fTTT fffTffTT TTTT TIT TTTT ffST fTTT % I

% TIT ft ttittTTT

#f % TFT it 3ifT TTT ?TT ftTT | I TfT T cTTfTl TTr-o’

■PfTT TtTT % TtTT Tt

ff-f B ft RTT^ fp f^T TTTT Tff R ffTT "TIT fT TFT ffTT
qrr t^ it arfsrf tttt it f&irfg ftdt t i bc ttttt ^fff fm
t TTT TTft ffTT fT RTTTT (Yield) ffT fFTT | I p5 TTFtf T 
RTTTT fp (Yield Point) TFT fTTT TTf Tff fTTT TT: fT Tflff T 
P fTfffT TTTT it fTTft fffiff TTCT fTT % ffT TTRTf TftfT ft 
ft TTTTf fp % TTfR ^TT ff TF fTTT | I TTT Tf TffTT ffT TTTT 
| I Tf TTTr TTT | ff Tff TTfTTr TtTT it T TTf ft fflTT TFT ft TffTT 
ffirff Tf Tf Tf % TTf ^ftf TTf % TTFR ft ftfT I Tp 'TTf ffTT 
TFT qr fT5 fffff ttf ff Tift I ffTft fff 1 . 7 it fffTTT TTT 
t TTT fTft FTTTT fffff ffT fTfT | I Tf fffff TTf fft % fff 
RTTTt fffff f T TFT Tff Tff TT^ft % fp Tff Tff ftfT | I

fTT prftffTT % fTT paff % ffq 0. 002 ftTf fTT fFT 
% fp 0 . 003 5 TTT TR 5ffT ft^T f fp T^ 0 0005 ^>ft | I ffft

RTFT

-*c\c; ' /. • ;■■;■• ■
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% f~p:r £ffri cj "i i?11'i 3TST TT L
! f^ra- 11.7 ^ OA. to % W-cR to LM 

’^torr i m to| r ^rnr sfr to^r to

WT

I

toj d CR (to i. 6 si) srftor ^rr to qro tot tot to«t
TOT Tto I Tf Tq STtoTT TfTTT ^tTT | ^ft fTT TOT TTt^TW 

^ TFT tor I I ^TT D TO qf^ST ^ to TTT RT" to qft TMM 
?rto T to ^TO ¥T ^ to I I TT to ^ 'T^TO 2TfTOTT TfTOT % 
toto TO 3TOT TOTO toTOT % TfTO%T F TITO PTTfTO toTfe 
TTTO TTcft | I TOT W TOT?: TO TfT TOT TOT T T>TT TT ^TRfr | I ^TT 
TOTtr tor % TTTT TOT TTT TT TOT TO to1 fl TTTT |; TOfT

TO TTT TTTT
TO TTTTT TTTT | TTT TfT TOT % TiTTO TO TOTlto fTTTOT TfaTT 
TTfT TITT | TOTf% TT TOT" TTT % TOT fTTOTf % TOSJTO TT TFT fTOTT 
TOTT | I

fTO TfTTT TO TTT TTO TO TTTT TfTT | I to ETITO

Tlj+. yid^d

M
/

/
/

/cr
/

/

/L

to t.7 --to Mf
UiTSKr? ^Tii- tTOT % I,

to to C ^ TOTOT toTT TTf TTT TOT TOT % to TTTTto STTTTO 
TTtT fTOTT TOT TT TO TT TT fTOto^ ^ %
1.6 (T) T fT^TTT TTT | TTT TOTOto fT'TTOT SffTTOT TO TTT fTO| fi1 
5RT TFT to I

^vviaiA ■raw*, hi®

to tott fqr ftoTTTT

20

toTT tofT TOP TTTT TTTT TTTT % TOTfTO TTTT TFT 
to t TOT fT TTTTTTTT TTTT, TTOTOiT to TfTTOT, TTO TTT TfiTOT 
TTT TftoT fq'TTOT TfTTT I TOTTTOTT TFitT TO fTTTT TT Tito 
TOTT TTTT | I Tf Tt TTO OA TO Tq'TTT TOTT TOP T TFT to TO 

| I to O A TTO TT TO§ fTO| f'TTr TTT TTT TT fTOf % toTT
srirror

TTT toT % TTT TT to ^ ^ ^,T TFTTT =

TT TOTT7

TTOTT

tor ftoTT toTOT TOT TTT, fq TTT 'TTT TO fq'TTOT to ^ ^TTTT
fq 'TTT qfrto T fTTlfTT TOT TOTO fTOTT TO TTOTT |

toTT TOTTCT : to fT'TTOT to TTO TTT TTT % T'T TOTOTfe 
6l ft fTTTO TTTT TTTf d T TTTT TTT TO TT toTT TTOT to

X 100 gTTT TOTT fTOTT TTTT | I TRT TOto T -JT to TT'T TT* ^
/1 TO to fTT TT to toT TO fTOTT TTO TTO fTOTT T % T9TOTT to IT toTO

% toto to to ^rfr ^rrr tt to^T tsTto tottt to tot fTOTT to ttott

I I to TTTO TTT TOT 3ffTOT fr^T TO TTfT fTOTTOT TO TT tofTT TTOffT
TOT toTOTT T'TT to Tt TTTT I Tf TTT TOR fTOTT TT TOTOf | fTO

TOTOto k/Tfr, TOTTO TOT T TTTf / T TOfcTTOTT TTT TO TORT TT'TO 
TTO TTTT T to ft ^TOTTTO TTO to B TO TTT % TTOTT TOTT TOT:

&l = B + k/
("+t)Si (1-9)

TO TOTTOT ^TTTTO TT fTTT

X 100 = 100 XtofTOT f'TOto = —j

TOTTO tofTOT fTOfTTO toTTf? B TOT 
Ttft TT:

TOTT

b=cVa to c n.TO f^TTtro t i

j^ffl^TTiTT (l.9) TOT TT TTOTT fTTO TT TTOTT P. '■ 

TfnTOT TTOTfe = 100
)cVa( (1.10)

/

to C TTO k fTOTOTO I, A TTO / TOTT: TTOT TTT TO TOlffTTO STTOTTO 

TTO TTTT tot TOT TOTT TOTT | I
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(i. i o) ^ ^Icfr ^ srffr^Trr sptft ^f«n|

ar^rsTf^T ,rfy.-c'6)ci ^n ^tcfi ^ i 3t?t: ^ srfersmr
ffT^% tw% snrPT fr^ri ar^sr^ ^qj?r '4Y ^ernrr

t i

aHsre*? ^ Slfrr?TrT KRT : ^rfWTT ^-t-^-
* A

£ttt ^t wr |, ifff a qqq ^r srirffl^ ^ a’ 
qfT=5#? % ^T swr ^Tctt |, ^Tff qr ster ^ jtr

'•■'-MdH ^trTT q I

X 100

srfd'^rcr tsqrfe «T3r 3Rq^«T ^qi^r ir qfd9TcT ^ft ft cRT?t % 
% qf<RF-Rr ftct 11 sfc ITO qR arfjqr | r qrr«T arf^

^q+t dR % w ir q^qw
cRTdT
ftdT I I RTrTT RT'q ^TT ^FT | f5R% qTFT 
jm qrR %qr r ^ i % Ri'-q ^ft ctr qft ftd ‘'4r’ qr| afR | i

'jrt q^T dR qTteT®T : (i. 6 ^) ^ftf r yfcidd-
q^t> <yi?df :3fr ^°p qR ^ i qf qR rR ^

3R5F?T yfdR SRqR •^TR R ft R RdT | I R% Ri R «ftfT R WT ft 
tot t'fr % ^q ir ftcTT | ^f r q- qq 5TR (rtt R q% 1MIMI +

3T?ur?T i. i

IRT TT^ RTPT % cldd Rt^T11! % atcTR, fafqtt R^- R RT RRT 
20 ram dR strtt q’qrf lOO mm |, anqrf stir |tt | i

qqRqRft qtqr R qR dRT t‘Rff5 R qR RFT: 05 kN RTT 
0.12 mm
100 kN, 165 kN Z*U 125 kN | 1 

fRFR %
% Tfsq- |rt 130 mm qrf qf qqr qtqr r RRq rr i e mm 
aR; fqRf^rfeq q^t ?trt qtffRT;

| l qnqq fR| 'qR, arftTRTq qR dR feqRT qR %wn:

^tqf ?Rt R fiRR R qtqf atfRT qqiq fd ^1MRkT
R I

rfq qiqiqr, qqiqqRt qtR R yfcidd, Rq cMd qfdRT, RRfR
5RT dR 3R51RT erarcR ^r5%qq arfqffd fqRR qfcf 

yfdvid ^rq i
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fH :

S5X 103
ddH^kfr RRI-^klR = 270. 56 MPa

k/a) x (20)2
0. 12

^FTTd’Tret dtqT T'C f^fcT 0.0012
100

270.56
= 225 GPaR qiRfr

0.0012

100X 103 
(-/4)X(20)2 = 318.3 MPa^rfdtRT'*R

160X 103
W4)X(20)2

125X 103 
(-/4)X (20)2

1 2 5 X 103

= 509. 3 MPaqR irRi=tdj

= 397.0 MPaqfqfipT fRR yfcRq,

= 621 MPSflSTRfR fRR qfR^ (tc/4)X(16)

(130—100) ) *(
yfRd tsRfe 100=30100

7t/4 (400—256)
<FyR q qfdRT ^ra = 

qcd qqq R fqqW : fRTt qt q^ RR R fq'JlfR
RT ft RRT ^RT I I ^qqr fqir qRdR qRqr q?R d HM't*
fRT | i i. 8 q qqR qqr qtq R^ qq^ % fqq qR9RT qpr- 
cFiqr fqqjq fqqtfR R r | i

qfq fq^ wuz ft" r# qqtR qqrf ftqt qiffq fqq% qqft q 
aR^ft Rf qR? qi q^ i qRRff qrq r qqrf srqqq srqrq qqrf % arr- 
^q qqiR qrar R ftqr qiff^ fqqq fqr tsqqfe-qrqt R qqqtq q^R ^q 
% fRTT r q% i
it qR? qq qt qPT q^r qtR RFT q qttf qqrd d qf cTR qf qq' qRR 
^7t qfqRR qqtq q r: i qfe qtR fRf % qqrq rr ftcrt | eft fRt 
^qtqFT % RRT fqRf qTR dR ft ^rtf | Rffsp RT qFT R qRq 
qrqqfjqq: tsqqfe it qpt qft q qrof i qrtq if q^q qqt qft qqrt 
% fqq qsrfq Rt qqq qof r fRfr qR< r fqqqqr q ftqt qrffq i

X 100=36
[n!&) X (20)2

% qq-qiq+
fqartfccr

fqqt q^t fRt q qqkq ftqt qrffq ftqq fqr qqt

i
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fart % wft HOTcfr to it ^ iFu ^^rr tot ^
^ro faro tot ito stto fei ^rr^rr ^if^r i

cft^ T*nrf ^'r to ^tt fTOr f^r ^r TOf r? TO^r
^r ^TOtTOi jt ?fT i ^tjr q-TOf ^ ir rtti ^ toto!
qrt arr^^'RfT ^tcfr t i

I
I WJTdJ ^ttt 228

% cnH ^T
75 ■^TJliaT

O tin

oT
l)

\2 00 >foc7T
25^ 75 ^

^ci 'grocr TOr#
13T) TT'TT? I-J^^ «T7]pjT

I^r5TO IR^' 'TO^T ^ ToTT^^Vf

MJCcJId

■fera- t-9

\ TR^ 5 ?i <5t?T aT H«h^J %

57
*TTO=TC WT\

in

I 3c\j
T

50
^TO=R 3-, M K T^4 | C1

-TPT^ TO y-MlM <TOrl
c^; TOrrh^ttot

TO i. 8 : m?r^ TO- (TO TO mm $ |)

i

24

nqTO TO^^ :— TOto qfrem TO^^t q?r \fcz ^ fro
qn TOttcT ft TOr | i qr^r sR^fifT^ ^fenRq't ftdt

|, fTOr fqr 'TfrsRT ^fz ^t t, TOr:t TO? TO fTO to
t:“

(i) ^r ^T TOq- tow w qTOrf i

(ii) to? TOt w wfww % tot tot TOt wt ft tot | i

(iii) TOw % TOTT WWT qrg- TOW % fTO % W£W WWW ftwr I 
fTOt TOerw-TOwTR' tt tow wfwr | i

(3T) TO WTTW :—fww 1.9 it Wf-fTOIW WT SfdW^T-fw^fw WW 141 
TO | i TOTTOcfr wtwr wwr qwrw % ww wnriwr tw wtw www wftaTw ircr 
TOW WTW % WTOT ft ftwi I I ww WTM< WfWT TOT | WWT WtfwW
wft Tfwi wwifsp qwrw qtt towt % tow ttw www wtt wwwrw fwwrw wr

c\ >a

% wrw wfwt tot 13^ fwww fwwww Wft ftwr I WWT wfw T?7I WWW 
wtt WWli ^wt ft fwr fWW TOf WW W ft wt Wft ftwfw wwt TfWt I I 3TW 
w wt?w www wrr wtto wfw wtwt ft tot |, wwt wf wrfw wft www to 
TOTT I I wfwr, wtww WWT WWfwfwWW W TOW TOWW fw-| Wft TOW 
ftwr I i

(w) WWW WWTW :— wwtww WTtSTW WTOT: WWW TOWf % fwir ft 
siwww fro- tot | ww fw swwt wtfr Bnfw fwwww wfwww fwftw WW
fro 1.9 (w) Jr fWTOT TO I I WWW TOW WTWRid: 
fwro WWWWT ^ fwwfww ftw | I fWWW FT'^tTOW WW^T WTOWT W 
fwWT WTWWT I

BTWWTW gRT
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tH- 'TT^-^TiTTr IfV?T, V^cfT STPTFTRTR
tott |, 1775 ^rf sq- 5Rtr grr ^ft =qr%r q-fraTTr ^r 
htpt ^rr ?r $ i # Tr^rf Iwfr Tnr ^Fft
^ 5!TTf^ ?f'^T^TT ^FiT qTRT^T if %ff TT ^pfoT
^tciT | I
TRT ST^oT f%JTT ^rFTT ^ I

: ^Tbr cT^T ctTITT 3Tq~qr ^TcPT f^'flT if 2 ^FT 3R-

^ o«TT tfWT ^OT ^ :— ^ SRTR % #q if ^T

I; ^ I : '♦nr0! ■jtft s^nr w% jtr qff ^d'^M
^r% 3CMf77T ^q-

sn^ng crqr idT^cf sfrf^ i tswfe w^n
^rnft (tswrft' JTFfr) girr stt^t fwr ^rrar

| f^-i ^ir 3R% if fqrqr ^rrq jrr

'■^r qrf^F fqTcT gm nqiqi ^ trkit | rr^r fqqr q^rq^ff
3nf?, qT^ q^f if ^TR aqrq qrq fRI ?TqTqT ^TqT | 3TcT: q q^
ff^tq qq qr| I I 3R arrafqq: qq qqf^f^frf^q q^fq % qpq I 5ft

g'RT

qq %q7f fqifq qi?rsTq % ffnr ^fq | rpr^ qi^RR:
qq?1 q^- if' qqq, qqfsq, qq qqrq i^q srq-^cpq q^terq qw qR^' 

^qq^qr |fcft | qqr qrfqqr 'Rtsrq qq qr^q | i 
qTtsrq qqf if q^s'Rqr qrtsrq qqr qqf qqrqr qff TTfsrq qrf qf 
sqq^qr ftcff | i qqf^frfqqr q^fq qq q'qqq wqff % q|q^ 
fqqqq % +,k|Ji sr q qq ?qfqqr qqr qfqqr qfqf qqnr % qqrarq qq^r 
q> qff q^qdl <^d ^ I

fqq i.io if rrqr qr^fqqr qrfqqr qffarq qq % ^qr fqq qff fqgrqr 
qqr | i ^qq A qqr c qf f?5R to |¥ | i to if a if fq^r
qqyyq qrir fqqfq ^fq | qqr wft ^ qq fqqr qq ifteR qff q^rqqr if 
fqrqt qf ^’qr# qr fqf^qq fqqr qr qq^qr | fqqif f% qqq qfTqq 
qw qqqi qr q% i fqR qf w^t fwx qqfr qft qrqr | qqffq 
qrrtfrq tot qqq q^ qfqqrq qqf q^qr | i ?q qqt qff qqq 
fqq; qrqqqq qfq t ^ fqfqq qqrf % qqq qqqf qr qqfqq fqqr 
qr q% i B qfqqiq qfq |q | qqr sqif qqqf qfqqrq qqf qfr jffq 
| i qqq qqrsrq % fqq qqq qqif qq fqq if fqqrq qrfq q>ff qqqf if

qrqr qrq i
qf frq | qq qqq qqq qqqqqqq

i

i

dlfdd

qqq

tott

i
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TOT CPTT ^ STTT ffT^TO D ^ ^T? feTT ^TTr | f^TOTT
fqT^T E 37TT ^3^ ^HT-fT | ^ft fsp ^f^T B tT ^T T^TT | 3T?T: 

Air qr^- ?tjt^ tt 'fl’n: ^nncTT | i ^rfri^r qrtsT^T %
’jpfa b cT^n C ^ ^tkt ^rr fqr fw n f^^aw w |, ^trtt | 
a«rr cfft q^tsTor % *nrFr wn: ^ft snr ^nrar | i

'jtr itto qr^nr q^r srTrrft ^rr | i D ?r
qqT 3Fq- fafazx if q’l^w ^rt | ^fr fq^r ^ stoett 

| i fq-RR ^ qfcf gqrr ctrt rrctt | i rEr 
qrr fq-#q q^F rr % fwq; q^RT rt ’EFerr | set: qRRRT qrr srqm
f^f^TvT qfOTTWT % RR % fRTr fRTT RT ^TOT | I ^ ^ fqfflR RR 
% fRTT STO 3TO fR I 3PRT q^T ^T ¥PTR it MR?r RR Mp^it
*T 3ffqR fRTT RT ^TOT | I RR Rm ^ qRFTqT R 3TR53RRT % 3R?TR 
fqRt qTtST0! ^ ERpqR

I

qfRR art Rqr rett 11>TR

T-fTT’ ^"-)-i
y
-rV’T^ cfirr-4I5Frt . ~~ ^^’T U-R-q 

hR^t

'iET^R"
^ 3^'^i JITR
" (TR^T ‘TO^- 

'TRTTT
^-T^TcR\ J^TT-T

X
^TTc>T^ - niitw

- ftu d-i 
crq -

y !n/
4— 3TT£ER

^nr TT^TT

qqR qTtsRT % Pqrr ?¥ qft qt srrsrRf qr Pi+'iM i rett fjf'i+T 
ffET fR B %. R ^ RRETT RT t(+d I ^ rTR ^ET |R C ^T HR 
Tt^R 5RT 5R qr ^Egt RR ^ETETT RETT | I

:— qrtRR % fhCR steet rr rrt q?t ftRqfs 
SERT RJRR Rt ?TET qR% PRO] RTaRR fq?^ jffct ^ I R Rq1-
»RR qTR qrt q^r pTf?R'T R^Tf R IfT RT^T Rt RcRR TRPTcTT ^ RET

l-’iO

f^fTpr-Rm ;

28

TERT | rTRT RTR qrfRR R«TqT qRTlfRq: tqfcPTr JRT STIRfcET fRTT 
REE q I ERR qTTSTR R RSRRf? RTTF RTER iRqRRR RT ET ERPT 
PR^RT % R^R RET fRRT REE | RRT Rf RR fsEfRf % RSR RTRR t^TRp^ 
qfr rree | i rttrr qrtRR % Prtt it^; rr?^- 
RETE RR |, ERTR fRET RT RRRT |, Rq RifR |R B Rt RpR %
Rt RRREE f pRRR RTR RRE R R^RR EE RTR RTET ^t REE ^ I

', fRERT RTR
RTR

I

V

/ N

)-n "y^TT^t 5rT TTTxT^TT
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inr f^rr f^fsr fez(i-11 f^rqr ^rr | zzife ^nftir, 
zfezfe cPTT WpR zfei fr ZJZ zrfe % f^rcr, 'iTfj^TT feT Z\Z\ | I 

j'-f^Tq- it €\ qfq ^"r qqrfqcT WTT^ff I qt 3if^cT
qr twr ct«tt fq^n: qrqr ^|Tqfrr tr | i fq^T qrar 5nttq qmz: 
qfq qrr qr?:q % fqq fqrqr qrqr |, zm q?qrq ^
qqiircT qr qicft | i qrjirq qq it srqtq fev qrq qrq qyqq ^qq q

mm % qfq %i
qt qqq fq^jt % qeq qf ^

qnqq ficft | i mfez qrtaqq % qrqq ^q^ qq ?qt qq it qqqr fqqr 
qrqr | qr^j qqqq q^q^rq arrsrrq qq ftqq f^qr qrqr | qqr wqqr qf 
qfq |q % qfq % mq qqqr T^qr 11 qqq qfterq it qqq qqrf 
tsqqfe qm uq ^tq?: qqfqq frq | qr f^T qf qr qfq qqrq qrqr 
| qqr fq fqq (1.12) q feqrqr qqr | 1

100

qr^ ^rrFn
r

Ov

1

/

(Tori T""1t
/ Cv,
i c>-nct<c*-^',=W

yX C^r ___^M cJ1Tr' ^cni^rqr 1x2
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q^q qfqftq f^fq-qrft :—qfq qt qf^qfqq'r ir qqrqrst 
fqqfq qm qr qq'rq aqqsqq qrqr | q^t fq qr‘JTTq fqqfq qm qr qq'rq 
qqq z$i qrqr qqr q^f qqpq ^qpr qr fqqfq q'r qfqqr crqsqq qrqr 
| qq qfq % qtqft WFff it l qqr qqr it qqq qfqfqj fqfrTT-qrft qfq 
qwmr fqq q'rq | 1

W fqqfq qnfr q'r qqqr fq srqrT qr ^tqt | fq fe^i q^ qq q fq>T- 
qrq' qfq qfq qqif qft fqqfq ft q'T qf qqr'ft % qqq qfnTtq if qfrqqq 
% qqrqqrqi ftrft ^ 1 ^qqt 
qrqrr qiq; fes q qnqq ffqr | qqr qqq f3 ft mf fTTr | 1 fqq 
qrfiqq qq frqr | qr q'r qq^ qqr % qtq qqr qqq | 1 qqq qqtT fqq 
qqq qm qR i? qq qq fTq | fe fqqrr tcTT srfqqtq fqfrfq qr qqrq- 
qqfr ftcrr | 1 fm wrq it fqffq ?rrq 
tqqqr fqqr qrqr I rq% fqq fqgfq srtr: % qrqqq qqp-t qqqsq | rt 
srqrr qq qqqq it qrw qn: %

ifrqr I 1 fqirfr qt qrqq % fqrr qrqRqqqr fqfrfq ir qfrqqq qq 
qfqrta- it qfqqqq % qqqrq it arqq qqq | qqr Rr-qf qrnqt qqq 
qfr qrqr t" 1

qqr qrqfqfr qqtq qqq | 1 ^qqrqqqr

ft qq qq ^qqrgfqrqrqr

fqffq ftcft t q'r qqit '4f qft fqfrfqqqqq

dR/Rsqn'ft^iRr = R

qff dR qfqrta-ft f T qfrcqq qqr d/ z% qqr| it qfqqqq qt aqqq
+Xril f I

d///

yqnr

d/ dRfq$f=r / RR

snnqt qqq: fqqqr ft srfqqr ftqr qqqt ft qqnft qt qqrqqr srfqq ftqt 1 
srfqrfj it qfrqqq qt qrmrq sftsqqtq fqq qnr qrq fq-qr qr qqrqr |

qpTqrq qqr srrqqr % qnrq srfqrtsr ^ qqrq ffrqt wnc % qfqqqq 
fqrrqrq qqr qqt wr % fqfrfq qqrtf qft 

1. 13 it fq^qr qffq qqr sfr farar qr qqrqr | 1



1 I

C' Ovr^r m3 MWMl

'TTt^niT:— -mIc; h ^ h I rri < =) I ?y ^r^T ''T’TPTT jTi4 rT^"
jfq-^qTiT ^ -Jrqvr f\^T | I T'JPT STT^T ^t ^T ft JT^TT t I

stst % srfVrvrar %;sr ^ ^
mwm ftcTT f i f^fdri ^ftf qr ^ vrir?r ^rrq- fr%jf ^i' mjw 
ajq^qui % ^K'J| f^T'+T^T ft 77^7TT f I 3rT^'TIJt ft qT
3TWt ?t M R^'dJ^t qr ^T TT^cfT f rr5^! ^TT ST'h'iT ^TT^fT ^T^T 3T2T3T 
?\<A 3TM«c,qu| qr^T 'ifidl f I

ETT^aff qrr sprs^-^T^q-q q'ft^ ^ % f^rq, ^t
(i. 14)^t ^TTfcr qq^oT ^rm f i ^ ^ rz *Tqf^?r ^rf rrm

«rn7Jr TTfer ^ wnw 1w ^trtt | i 'j-tttw qfqrf TTr^rw ^ % ^ttt f^

(ar) 3rf^FT«r W'A^\ ^nrsr^r ^nr^nn'
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C ^ ^tt ferr ^tfit f mr -m ^ i qf^Fr qft qrfqqr q^ftaw q7? %
^i•h B t’it jfprr f i yTq qrr '^tt^m ,ji ft qfT^qf A-A q^t
B B tt oTfir i q"77? qqq q^r qqT'T arqFT'q it '4t qrfSTJT f%TT irr
t i qrft qwr it q v¥ qqir qtt cc w TTfTPTtf^cT f%qr ^rnr I nf ^n"^
3rt ^fr sRrrr fqrqr ittht f #7nf% mwm 'Tftarir fqfj it f^qr
srFTT f I ^ q^TT if %SFT qf<^to< BB 7T SRH’TTT ft^T I qT^ 
qtr q+sit % sR^q^n- qr^r qff ftqr Riffq fsfqir f% qr^r 
TFR ■'♦TRIT qFPT nf fiR % cTFcTTt % ITR R^TiT qq^T ft I

•H
^-TRTj] 3-TIvjTR

firMchi
f^7/ .

herz '-.MV
A C B

C B

Rm
Z

1

v2Hq^MU\

•mt?- i-i4 3Tq^ui -q^nn

(q) BTtf arr^ror :— qff qi^T ^ 44RT fqq'f f??TT 4 ft 
cFn q arar % it q ft 44 ^ srrr qf^q ftqr
f fqRT% qrrRT 44T qq^q-q 5rf444 dV4 ftqi I ^4t f34 -JRvT

,
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^ refw spt iRtf arrsTir ^ f f^q-^rr ststht-7 ^f fqTTr im 
t i hOs arTw^r stPt^t qrr jtft Tfc^^T tt qqnr qff ^tqr 
I If>q q fqqr TTFT %rj qv qfq qqr qr^T rf^aff qr
3TfSTT^T fTrTr | I

srrwq n qrterq qrr^ % fqrr qq'q qt tt q?ff % qsq 
q^fr sn qqTTr I i rnq ^r't fqrfr fiTT^f qrqt q^Rqt
^r q^PT fqrqr
I I f’R qff qq tt^ ^rtt i? q#t rrq Tfr-jr ?n:r jj^T f?,Tr ^-^7
I fqq tt trqr qft qqqfr q-Trf q?r f?qr ^ qqrqr qr qqrTr I 1 

^ ^ arr'cTot qqq Trrr qqrfrT ^tfr t qr sife
^ T< qfr f^qj if rrqr -flir qqRTr | I STf H'Tq 'ATT ?? qft qgrf 

f?qr if qg- frt qqprr qprr I qq ?iqr fq 2tTt3t ar^qr q q 
an qnr 1 ^ qr tr.sq qq 3rra;q qrr mq sffe ^>tt | % qt%

% ^fRr jftq- r q-?r qr *r=tt | 1

t I qiRT ?rq IRF qqqr wf^T SRT f%TT qr qqTTTqprr

^ q Rg-RJ?^ q fr^q q-q qrqq R qrqR R qqrfc^T
I fqqq ^ m* qirq-Rfqr ^ fR^rPTT jftjr | rr# TTqqt%qr

R ^sp ^qqr r qqrqr t 1 qf gqqr qnrq ^ ^rtt ^ t q jq qft 
qqi ^qr I 1 Rq qq?r r q;3q qftq qrfqq qfT ?Rr q^T fqqr qr 
q^qr | 1

qrqr

v^trqr :—fRft qqrq r rt

^^qq qqqr qffq % srfq qfqdsr qRr qt qrfr |
qr qfqqFTT qq% cqfRvTT

I

’iffq qrtsrq fqfq if qftaTq qq^ r qtrq qRr qR rtcr qrqr I 
qqr fqq qqqr qq^ r jqfqr qrqr | fqqq % g-rfq qfq-q qrar | 1 w 
rr: rrtt qt qq fqf^qq q>qrf r q^fq % fqcr qrqsqq qR 
q ^ fqqr qrqr % 1sqqq

qqrq qsRqr qrtaTq fqfq qt qrqrfqq fqfq % qq- q snftq fqqr qrqr 
| 1 ^q fqfq % qfteq fqT qr^ qr^r qR qq ^ qrqq srrffq % q^qq 
S'Rr fqf?qq qR qqrqr qrqr | q'r r irt ?qrqr fq^ qfqq qq ^qr 
t 1 qstqqr sfq qt rt qqrqr fq^ qt qfqrf % qrqR qq rr fqqr qrqr 

4—23 M. of HRD/ND/95
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qrq qq^r % fqq qftsrq qq %§ 1 q^qq qftqq fqfa ^ qsYqn 
rt qqrq ^fq :—qqqq

(1) qjqRR

( 2) rrq f¥sqq qR RTR R q fRT qfqq
( 3) qqqq irt qrq fq^ % qrqR R qrqq qt qfqq

q^f r ptr fqqr qrqr qfqq | 1q qqrq qt qqtqqr qt qr'ter qrftr 
% qq ir ?qR fqqr qrqr | qqv rtr fqqqsr qiqq % qq q qft rr fqqi 
r qqqr | 1 qqrq qqR q qqrqf R qstqqr % qq'qq Rft fqqrqq 
fqqr r qqqr | qqr fqqr fqqq qqqtq q fqq qqfqq qqt q qstrqr 
qr% qR-q qrr qqq'tq fqqr rr | 1 qstR'r qq R fqqrRT q qq ^q q 
qq'rq qft fqqr qr qqqr t qq fq qqrq q Rq rt qq qqq, qqfqq 
qq qqqqq qrq^q qifq 1 qrqpqq: qq'fq fw R% qpr q'JRT RStRT 
qftSTW fqfq qt fRqfqfqq f. I

(q) fqqq q^t^qr qw^ :—RT fqfq q q^qq qfqt fqqqr 
Riq 1, 2, 5 RTR 10 rrm ?J qqqr R qicft f I 
(q'iJTq Riq % qqqR) 10 kg % 3,000 kg ^ t 1
qqfqqt qqrq qffqq q>qi Rt (qo qq o Ro RT o) % fqfqqq % 
RTqR qrqrR q5R qi^ft q qqR q 10m m 
3000 kg qr qR qqqr fqqr qrqr t 1 
fRT qR R qrq 1 5 00 kg R R qqjq'i % fR7 5 00 kg ^IT | I

qqq qqq qt sttjr r wr qqqt rr qqqr rr t fqqq fq 41 
qM q^rq qt Rq qr q% qt qfft ^tFR q RRs T^R | I RT% R^Tq 
SRq qqqr qtfqq fqfr q qR qqTqT rr | qt qtqt qt qRf qq^ q TRqr
o I 10

itR Rffi i Rfr qnqr qtqt qt jq^q rr^? qqR qfq qt rr 
qRq q qqm rr | i

q^qqRq>RRqq is *tqqqqrRRqqrqf it 30 ^qq qqrttr 
rr Rfqq i q^RT r rir ‘d’ ^Rrqwf qq qt q?rqR q qrq 
fqqr RR | qq q^RT qt qfRf V f^q ( 1 . 1 5) if fRRf qf fqfR 
% R^RT RR 4ft Rqt I I 4lt 'd' ^Mt % 5Rq q't sqR RtR | 1

qR R qrq

sqrq ^rr q^rq ^q 
qeqq +*3RR % 4Rq %

qf qtrft q Rrq q Rrrqt fq^rq o. o i mm qmm
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^cH c^T-, (5Vr^T|.,5

utt arnr^fr ^ fw ^rr ^?rr t:

h - D/2 i / D2—d2 
V 4

h 4TT ITPT 5Tt4' d/2 3T^rr f^TT | 3T?T: SR fR|» 
^ TT

I D2—d2h = D/j

V 4

= TT Dh

TtD C /D 2-Ki> 1
< A - V y
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36
4>SlTcTT wm. nrr vnT P Td, ^fr kg *T ^T^-T f^4T ^FTT

IJC3 ^TR, ^ft rnm2 ^ oWf f^TT W ft,
Efrf JTfR f^TT ^TT ^T*PcfT ^ I

g-RT R'flT-

P
fl^R^STRT 3TW: (B.H.N.)

q-frsRT 4TRT % f?m; qr^ ^ 3R# q^R
qfr p fr4r srt^t ^qr-rr qrr ww o^-r 
H^cfr | i

sfPT qR^T + Pi 4 rf nT

qfqf^T qTqrfw TR | RTflR 3T4t “JTdm T^f ^^T-
TcTT 3R7, 'ffR % T^RRI, *fRft % ^TR rf^TT ^Rf> % STcMT^qT
g-RT TT'qrfqR fTR | 3TcT: T? 3TR?W ?J ^TTT t f% TTR % f^T 
RTT af^T 5FT HWT qRf WT TT-T^T '4R TR ^IRF % 5:TR ^T tft fCR!^ 
f^TT RPT I TR 'J'^RTT RT^PT 3TRTR I Wff4T '4R
Rrrq TT g-RTR iflRt it fTs R 3P5 ^T RTcTT | ^'41 RR o^PT

■R TRT RPRT ^RTRSTcTT % qTRR amt STRf^Ri f^TfrT R RTR ^T STRcR 
| cT^r q-^R5! 'T'R q^r atEnr RT ^R5 fflR ^t fTTF | I RTPR f^f^TR't-OII

oETiRt RT jfrfRift g-RT fqfpR RRT TT TTTR g^RTT 'TRj ^TTftrfrPT FT 
Rft ^t?T | I W% 3TfTfT4=T ^RT f^4R fw RPTT | ^
oRR iftRt % RTR % 0. 2 5 R 0. 5 % RR ft, P ^
TTR RtRt RFT 0. 37 5 ’TRT RPR' RT R ft eft RR ^t qtf^pft

ITef RRf g-RT RR f^rq-R R5RR at^T % RR R fRRRT RT ;fRR

RT R4PTT ^ I
(r) VRfR RRtRf RRRR :—fR RR gRT '4t gfPR RTR f^RT RTrTT 

| R4T qrsRRT 3tqr kT R RR qrt ^3 % mm2 R ^R^R
gRT fRRTfRR 4R% 5TTR fRTTRTRRTTt I fR fgfoT R gfRT RITTER RRR
SFT ftTR fTRfR? % PR R ftRT t f^RP R^RRT 'RR^f f RSR grr 4RR 
13 6° RT fTTT | RRT fRR , ( 1. 16) R ff^TRT RRT | I RR 4>T

% ReRTR RR WT RT R4TRT5 kg R 120 kg % R^T 5 kg

I I
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l/r!2

136°
4

cv
i-16

crTst^t zfiTrf wr qr^ sTrar^ tt ^ ^
^rrar | ^ ^ fq: ^ zigz* ^ ^ ^ 1

^ eft ¥7 H fdfy'^cf
WT % ¥I¥ ^TR ^ snrTr | I WT ¥T mt’ff ^f ft f^ff^cT 3R f^PTT 
^rrar | i ^ qwier sthrot ^t ¥t% qR ferr ^rt | tri 
% 3?r ^R9ff qft finqR wqr ferr rrt | ?tr % f^RT0! ^t 
0. 001 mm ¥t q-^T?RT eRT ¥FTT ^TRT | I f^RR ^TJ 1T¥T ’FT 3f 
| f¥ gRT ¥F feaf ?T«TT8RT •TT'TT | I ^
¥¥ % f^qrof ^fr fa HR fafk % oqTR ¥t RHRT RfjR HHTHHT R HITT 
RT RHRT ^ I

¥T HfFRT R Hi'R diid I
'T5RR SReTH Rt°R % gRT RR RHWT RTHT

faHR HH fa<1 fas 3TR ( V.P.N. ) ( 1. 16) ^f fa^rf Ht
fafa JRT STT'R fa'TT RT RHRT | I Rfa RR Rt sftRH R^tf 1 mm ft 
eft fR RRRR A=4 X IRT 'RS RT RRHiR I

38

arw
1 4

4 . - mm2A-
2 V2

i2

2 Sin (t36/2)
t2

1.854
I-854PP

V.P.N.
t2A

RTSnTRRHT RR Rt ‘rTJRT *{IR4>’ R HiHI RTRT ^ R4T ?R SRTR 
^RRRFTft^ | fRRJtfafaRRR RT ‘RTfHR RTRR’ % RH¥R V-P.N. 
RTR fa»4T RT RR.TT | I RRfa R RR RRf HR RRfaRR SRI ft RTR fRf 
RT^- | 1 STeRR ‘RTfRR RFRR’ 0. 0 01mm % RRT f^RT | I

Rff Rf KRTR ^R RfaT ^ fa> faiRt RRr'R ¥T fa+R faRlfas step RTt^nr 
if 5TRRR RR ¥t RTRT RR ft fa*R Rft R^TRI | RfaR Rf fanfas % 5ffa RtR 
RT fa"*R ftRT | I RR: Rf RfT RT RRFRT f far> RTStTRT RR> RRTR % 
RitRtRRI RT fa'RT RRRT f RR f% faRR RTtRR if RRRR ftR RTRt RtRt 
% 5RTR % RRRR RRRRT TfRT | I faRR RTt^TR if Rfa RRTR RT oRTR 
RtRt 5RTR RT 0. 375 ft Rt RRTR Rt RfRtRRT 1 36° fteft | Wt RRR 
faRT RTtSTR if RTRR RTRTRRT RT RTR 136° fRRT RRT | I q^TT fa 
famr Rld'T ^ RRT HTTRfaR ¥R if RTRT RRT ft fR RRTH RtRtRRT Rt RRTsft 
if RtRt RTtSTRf SRT qR ft RRTR RT RFR fRRT WT RStTRl 3TR q+'RMH

TRTtT

ft ftRT | I

(r) TTRRR RstTRT RTtRR :—TTRRR RStTRT RR qR RRT >TR 
^T RT RR RfTR RT RRTH % R5TRRT, RT RR RT fTT RH RT TRTR Rt Rf- 
Tlt if ReRR ffa ?RT 5TTCR fRRT RTRT | I RRT RR RT HTH 10 kg 
ftRT | I RT RR RRTR Rt RTffa qR RTtRR fRq RR RTR RTTR RT faRT 
RT<ft j I RtRR RStTRT RTR RTTRt, R^T fa*-R q# R6RR RfRR 
% RTtSTR % fRq -1 tR ®RTR RT RtRt T^TR RRT 90 kg RT 3RR RR 
R^RR [+41 RRTT ^ I RStTRT RR RT RTR RTRR ^fRR R B - fafR RT R^T

ItRTR



39

^ttrTT | I arfSRT PT % qftSTW % f^TT, ^ ^TT 9Tf ^T,

fjffpFr yfrq Ttq i2o° ttt fr 7«tt stf wft7 f^qr |t (0.2 mm f^qr),

SPTtq fTT'Tr ^PTr |, cT7r w fpTf7 ir 7PT 140 kg |t7T I I

Ti^tTcTr q7f tti7 C 7T ^rrqr ^
3T7T *777 777 777 7f 77771 7T7777 ^T7T | fTT TtTTT 7777 777 f5F777 
7* 717 777577 7 7777 f7777 77T | I 377: 77777 37$T7f B 37777 C 
77 7777 7757777 3771 *777 7177 777 f7177 *7777 | I

777177 77t5T7 77 ^7 fTTT f7f7 717 fTT’T’q f77 ( 1 . 1 7) 7 f777 777 
^ 1 ?777 7fo^7 777577 77Q 777 717 75 % 3777777 77 7:9’7 *77771

*71777 t f*17777 f^l 7717 777T 5^771 
Tit 7797 717 77% I far 10 kg 717 3777 *777 *77777 *7777 | I ?7% f*pi 
377777 717 77 771 ^77 77 3777 diMI *77 7^ 77 £75 ^771 77 ^77*7

77*777 777 777 ^771 77'77 5 7 fTt *777 I 7^ 37*7

^ f?7% 77777 377777 %7 3777 35777

9P7 (75) 7
*777 7^371 %t TTif 77% 77 qTt5T7 % fiTT 7jft f*7f7 75 f5717 %T7 | I 
?7% 797T7 7f% 3777977 f\ 7f 777*7 %t ?7 7775 7*7777 TT^I* f*r77 f% 
7?t 5# 75 (C-O 37777 B—30) f^d *777 75 7 377 *777 1 377 ^*7 
*fl,75 %T 5777*77 % f775t7 f797T 7 777715 75 7T5 77177 I *77 7ft 
t*75 777 eft eft *7*7 f775 %t a7T*77 %t 715 77175 75 715 ^57

7li%r7 1 377 *%7 B 37777 C 75 77t 7f5f*7f7 ft 75T57T 3771 7f

7%f*77 75?5 77T 55 775 f5T7 % 7ft 7577 Tlffl* I

\

77^*
77TRT 1I

r a
(C?)(^)(®1)(35)

TT^ ^TR ^Tf 
?. d. 151T 37*71

^i*7 341577m 4 am h ^rn

^ £nTTT^377 J7 - c^c^R(3T
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517177 75t77 f777 7777 f7715 7777% 717 7777 f55 37f771 ^777- 
7771 ftiT | I 7757 *7 7*71 7*7 *7T5 777% % 7757 51577 75777 % 7337 
77% 7 777 7G5 1777 ft 7% 7757 7%f 77T7 7ft f%77 I 
41757, 5515X7 3f5 7777 7f7 77 7577 f 771 f77 7^57 % 3XT575 5% 
777% 57 77797577 7ff 7777 I 3X7: 7f 757777 77 5177 77 77X777 % 
*777 f57f 77 7577 | I 7f5 7^57 57 3X7575 7|7 ft £%5T fT7T | 1 
77: 7f 7*777 7f5G?7 77777 7* T577 77 *7577 1 I

55t*7f 75%4T-7 % f*T<r *fi*757 :—757377 55

775, ^77 77 7*5 5rf7 f%77 ^iffC* | f75 3xfrff557 55 75 7% 7*7 
^777 7777 7ff ft% 77TfC* I f7%7 7*7 f755 75X77 5 f^T* 7517 77% 5% 
3X*St 75X5 % 7*rXT7 7G5 75 7lf77 
777 511 5r57Xf 7 7577 f% I 7f% 7517 77% 57 7%5Tf 57 fteft | eft *777% 
f7577 5 5757 75H 77% 5 f%7% 7*5 7 7775 *7*5 feiTT^ %%

I I 3^: f*7f7 7 %557 5% 7f5Tf 75 7%% 77% 3TTS757 5% 551

77X7 7X*Teft | I 7f7 3XXcX57, 75%ST7-7777 % 3ffgT5 55%* ft *1% 7f 7517 
77% % f7*77 7 77'cTX 7e77 5*77 777 f7 7575 7777 7^57 7f5Tf 
f75 7f5lf % 57 f%7t I 7f7 77757 75%5T7 7777 5% 77^TX 57 55T5 
ft 77 f75l f775t7 7*7X7 f%TT I 77: 7f *1777X4% 757t *177% | f% 75t- 
§T7 7717 5% 7%5lt 57 7 57 7f57 7f5lf 5% 77 77t f%7% Tlffir f77% 
f5 7*7iT7 77X7 5 77% % 7*5 75 77% 7777 7 77 I

7f% 7*TiT7 757 77% % 5%5 5 757 f755 7^57 f%77 777 77 7f 
*777 ft 7577 | f5 7f f777 7*7 71797577% 3X^5 777 f% *TT7, 5Tlf5 
1*5 5T5 75 ft% % 5757 77 75 3X7775 7777 57 5f7T | I qf7 7f% 
7557 5 7|7 77T7 ft 77X51 far* 7f*7 falTT 777 77 7f 7'77 f%71 
| f% 7f% 7555 5T5 5 77t7 f%% 5 5757 |7% 4^57 57 375R 771 
f% T**^ f7% 777 ft 777 7f *ft 7*77 ft 7577 | fal 7f% 7555 %

7777 f7frf7 55%5 ft 77T f% 777 f7 7575 5X7*7 fe7t7 755W 57 
71515 T7*7f%5 7 57 f% I

3X7: 7757 57 5t f57% 5%5 3X777 7ff% f57% 3X?7 57 % ^5t 5777
3X777 f75of 7 777 5% 7 57 dft f%%t 7iffi*

*(75 53X7*7

777*7,
3T7T-

ffC* f*f77 fal 7d,5IJl 5T 77775577 77

*TIT7T

57X

71*7-

5R7

I



4i.
flEfZ? :—STiffT % 3TW 3R^f TT ^T+f?M4; ^TR!

^FRT i| f^r^t '4'Hd'i 3TTTO jTRTF ^ I '^TT cFFF, ^‘TT^T ^T^qT
*RTf
3f^t % vtr fqfrcr TR^qfefifr it fr srqVr fter | i

id strict, Hi i ^ 'jtr, qt^rqr q^r qfq- tt?f ww*
g’TTT STRiT f^TT '3TT ti'tR I 
"FT ft M iq [rf it fqRT
iRT fq’^RFF ft cl'I f I

hw^ ¥7 tr srq^r fn qr% cRt<;:Rr fqftm it wRtt cr«rr 
wr ^ i cfrT it fr qRT '*nx f crqr ?mi ^fFrqr qrr
srq>r fen ^ttcit f i rf^rt ^r rw tk fqrqr ^rar f i 
sTTRft 'rt^rt fqfj it qr^ ^ ^r ?r?t arrsrrftcr % ^<r it 5nr>T 
+'<d ^ ^ STT^fR it q-qFT STW ^ % ^T it ftcTT f I

id tr +q^ srfqq^r qft ft ^ctT^t •rft ftcft srft^ ^rt RrMfri RT, 
cT^TT fq^TRI' R '4t RTFT fqqr RFiT ^ifftr | '*TR % gRT 

'dcM^H SffdqH R f^TR ^RcTr f fq> fR?T'Tr it °FF fqTRTF 3t5T oq^T
ftcTT f I ifcZZ Rt<RT % gRT RT«t # ^RTodT STFcT ftcft f I ^t 
Rrai m RT^ it STcqTRFdT tftqT % 5RTR 5rfRvr ^'T^T fqTQ; fspTT, 
STRfTfqq- R R RTcft f, ‘SFRTRT RTTfdT’ qr^Tcft f I

^ftRdr, 35R qtt q'f qrqr ftcft f R qgrq- % feRTf % f?rq irrq?q^ 
ftcft f, iwr Rt^T'q gRi RvfdT'jq'qT sttr fq»qr r rtr f i ^fqr cr- 
5ftfR 3RT fq^Tq- % qipT qfq" gfaqR ^q fqwq qrr qqq^q ftcft f 
m: q^ Riq qt arte qfqqq qq arfjqr fq^qq q^q qrq qq arfe qnrf 
q^qi^qr i

Rq ¥q q srqqq ft^ qi% qqj-qrqTdT qtqqr qqdd qftqq qq % qqq 
atqt it qfqqtq q^fq ststr ftqr f, fqqqtt qrq qfqq ^qr qq% qpf 
it qr% RteRT Rq qqq % fqqqq % faq qqfcq ftcft f I fq% 
qfqfrRT w q RW qqq qt- qraR rr qrR qqr qqrqq % fqrr 
rt qrqrq qqr qqq qR % fqqqq qgqrq qfqqtq q^fq it qqfqR 
35^ ^tt qjq^ q^t oqqw ftcft f I

f i qqdd rrrt it qrqqqq: qqrq qR qqqq ftqr f,qq^qr

f i Rt$RT fq qqrrT % ftq f fqqit qpq qqq 
f qq ^5 cRq it qRqR qiqiqT qrqr
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75°
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T< r 10°
26 22
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80°
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^ mm f
hlO -j

(.<4“) arTq;^^ 14 ^7^41
C\1^ Via ^fer? ^^TUT

fqq (1.1 s) *r qRqfd qqr qRqt Jqrt^rq % 4iq+T R^ q^qt 
fqjqrqr qqr f 1 qf eqrq ^t q>q f qr^qR qrt^q q qfqq: q-?:^ 

qqq % fq^: r qqr qfq ^t qtd d^Rrqr | R;3 qr^qt R<q qq^ q q? 
qTTg qqq % q^q it trq jqrq % fqqrtq fgqr if 
RTJ qjjq *t d^RR qRftqftT vft qfqt RtSRft % fq^ fqq fqq ftcft f I

f 1 qfqq? qftdgRiqi
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qftem tot sft q^r ^ (f^rf^r 3^f) ^
^«J>l+< ^ zw: TK feqr 3TRTT | I ^T% qT^lrf ffrqft f^srfcT %■ 
^t fqrq’ fen ^iidi ^ fe^nr m <<a ;t,t^ ^t fe+r^M ?i% i ^fi<ri+ q?t 
ferfejf ?fe snm qfesr 3fer ^ qfeqra’cr ^t.ft | q^RT qr^ 

prpTRffer qrq sr^ft | ^f qr^- qqq grn arq^ftfeT q?r ^rnft
| tfe anr it afew fqr?: ftqfeq ^r it qferfer |t ^rrrft | i qqg

% fewr % qrq-RT % ?rr«r am: ^ ^ft ^qr | i

Trq^r qq qrsqfe ?q srqrR at?rifefr ^ | fe arq^ftfqq ^ =Pt ?ft^T 
q?r ^n ^rqrqr | i f?r sfef if tqfer if qqr g^qr if qqor % qrroq =qq 
qnrt 3^ ^ft fef^r ffe | anr: ^qq feqq ^qrq wqq qr^q i ?fi?rq> qft 
to qrq^- qqqt qarqqt ^t-ft qrf^q qqr antRq qqfqT qf ^rr
qrT^r faqnt fe ?qq % fe<?qjr % qriT^r qrr sq-q- ^ f

stffa 'Trt^q :—Fqqrfeq qr^r, i^, qq qqq arr^feqr ^sftferff zf^f 
% qrf 3Rirqt if ^cqvr qf^qq fq qqrn: % ffe | feqqft trrar snrqr 
ferr % aR^nc qfrqrqq |Tcfr Tfqt | i qqq wr | fe 3Rjfef 
qrr, qfeqqqqtq qfeqqf % qrfqq, ?'4fqqr qftsm gru qrqr wr mqaq q 
qfq qrq qfq qq feq^rq ^rrar | i q<n«t % fefeR sq^n: qft <jqtfe’ 
q»fr qrrar f i

’qtfe qrt^nq if 3Rqq qq qfenr qr| feqt qt qqrR qq (qqq, 
^tqfer, qqfe smr ^tqqq sd%^?r) ^nr q^r i\, ?qqrr feqqq qfe srqqq 
^r ?r^^r | (i) srfenr gt ^ffersft % q^r feqqor qrqqr ^t, fero 
jtr ?rr ^r qq^ fef fefm ^t, qsft gm if rr qfe^r ^n 
| (ii) qfenq, 9jvq rxq fqfyqq Rg % gsg fegqg grqgT ^f qqqg qqqrr 
fg^ ^ t ^ (iii) srferg gt if fewr grqqr qgr #rtr 
qfegqft grp qqrq st^rt fgqftg fg^f ^t qgrd | i

qgrq % ^q-qtfsT'g if g|g tr mwi tos qqgf grr fefgvr srfqgqf 
% qferc if qqf^rg fegr ^Rf ^ ^rg qgr gtf ^ggrr fegsrq g^f gjgq 

qrgRf qfegqp qfqgq zfe fegRg % angqggr g^f gff gwr % 
gsg apt; zgfgq
ggp ^g> fefggg qfd'«H qfqgq qq ^nrgg ggfgq gRi

i

| i g%-g% gqtf gft gwr gggt gicft |
I i gfe qqf-

giaT
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Jtpg qft JTgfe if qfegqp qfqgq gg gfg ?qr gR % rrfggp gig fff gf qgrg 
ggqg qfegg gg-f gif g^g gfq ggfgr ^ ggr ^g gfegg % grg gft gife- 
gfgr' gffT gRT | i gfe ggf ggf qg qgr fgfegg agg ^fgf | 3R: 
cgRfrfqgi gtfe-grgr g^ ^rfjgigg qfegg pTR f gg srggg grr i o gw 
srfggg g^r gr qwrg^ gr feggg g r i

yr^aff qrr '«itfg-grg«t’ qq qgrg grgg gig gfe girqgr | gg, aRgg 
qg gr^fa, gfgrrq, q^s qfqsfrfa, gig gqggr, ^gr gqgrqg grfg; gg: 
grfa-qqraTg % feo; gg^q qq'g gggf gg ggrq grqg ggg r aicff qq 
fggq sgR ferr gRf i

gg-fg^qg-qqfwg :—tw arq qq ^gr qrar ggr | fe m^i gg 
qaqiqg feqqg, faRggr srt?? gr ^q if ggg giai ^ ggr Rg gq g g^ 
feqqg gqrgq ^far q^ar | ^ggg gg feqqg gr^T aiar | i

qqtsrg <R‘ % g€q gR if | : —

(i) qq; ggg g^r fggg qq^q ggg gg gw arq qq q*qg % feg 
fggq fgqgg wawr ^raf |, (2) gg; Iwrafe grqt, (3) 
grqg grqg gg gqgga ^wgar, aar 
fgg arq-taa-gR 1

gg-faqqg

(4) arq sr grqa %

5I5g-HT<?n

ogfg gg 5 00 mm gwf1. gqqgg Qgi g^ ^4Id 40 mm
’sa at gf ^ 1 ^ggr aaa qqr$rg if gg grqfgr aar gqa grgR ?ga grqa % 
fgcr qqqq farir ipra grg qq^a gga grr fggtfea faa^garR 1

2. aaa qq^a aga gg gfe sfgr ggrrq a aq<ag a fgrgr arg ar aa qq 
aaa ara a^g gR qq ggr ggra qtgr 1

3. gfa gar fr qarg gfr fafaa garq-aarf a qqfag fear ara aq afa- 
ga tsaafe grr ara at fgfaa ga'f sttr ftar | 1 afe aaia-aarf gra ffaf 
ara aa aagg aR #a asar aaar gqar | ?

4. aaa qqfsrg a qara % ggsra % faaa a gar wragr gRggqf 
rr |tat | ?
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'iTTT ----5.

(3T) Sr^T^^TTT ’ftITT ^ ^HiH'TT^T ^HTT ^ 

(^r) ri'i'\i vyt yrj-Tif^'TT

6. rrf ^TTPT % rpif-Tn^ ^TTT ^ qT f'T'^T
f^JTjT'T r?KT f.,^trTT I, qr^ TftaTTr n w^r '^p- % wnr ^ 

f-rror PTCT #r^rr |

7_ 3ff«q^f^- rrg- ittIo it sftt t ? f^r qn-

bttwjt ^ ^ttt frqr ?

8. TT^nTTT Tn^nr Tr, 'TTF- TTq’ 'rfTJ
qrt ^rqr | ?

9. T7*r ^ qrr ^T^TT TftCTf &FW ^T^rf % 1 n TT^ % ttrt ^ff 

TJ#t TJTT^t ^T%Tr ?

i o. mfwvs cr^rr wfT-ft vmw f^feff % ^rtt tj ^t^ ^n i

. IT^ sTTTcT % rFFT 'TTtSm Tf TTTrT ??TT ^1% ^

ttt ^rr^q- i w ^ 'n: 'ttttt^ fa? ^tt ^qr^qrrft fa^ ^
i

': fat fafa^TqTHKMn

1 1

faf^ *W TTqfa fafft TTfa % STfaq'TT-fawfa ^ ^
5rfaqTT STTT fafT 5RTH: =11? ?

1 3. TT^T ??? ?jfa ?rr TTHT? fa^ TT 3TFT rr?T fUT^ ^ % W\^
% ttr ^ fanrr wt | ??t ^ I pr*fa

fa fa^jf? ^ri? i pt q'fan ?? srfa??-faffa ??• q? ?qrfaT i
q^7 jj| ^r? ^r qrr, ^ft antvr Tr20 m n ^TT ?t, rF^T 

fa?r ?qr ?'?r 100 m,n sr^Tq- #«rrf ^r 30 mm ^'
?szfaifa arc? |f, fa eo mm srqrr Tr?rf v; 22
qrc? | l ?? ^Tft ??T? 2 5 mm
q?t srfaur? twfafa fafpft ffat ?

qTT>TT1 2
?? ?TT^?

'3»1M <.

14.

mm

oqr? ?T 1 5 0 nm ^1? ^falf
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?TfaqTT 1 1

sro*? 'Rfat % amrmrcf'ffIMWcf:

TTr*? 7jij. T^cTT W* HTR^J?

MPa
'HTST^T
sfa-si'T
MPa

mTTfT q-fTT-T

ki/n3 GPa GPa

fR=T •R^qtir

SFTTrf

*5T^f (f^R)
7820 202 78. 5 200 480 241

7200 100 41.4 124
’TR7 8960 120.6 38.3 28 5
'ffasr 8-150 9 5,1 34.3 103-413 300
TTRr 8730 1 09 38 69-375 275
q?r*ftfarq'
Tiit'+)< WTRT 
^*TTt5V 5FTFT

2730 71 26.2 138 205

8 160 111 41.4 2 1 0
7750 190.3 73. 1 241 624 414



2
Ttci %fn-fgr5^JT

2. i arfansr gm srfwr
ar^trpff it qfc^ % arf^f^cr ^ t| ^nr % ^t 

TT ^rfd-^ H 5^Wn
imr -j^r fern % arffl-^ qfc^ tt ?tqt^T

Tcq^r tfibn i tt^ tP? f^ffr faw qfr^k tt srfw ^r stV+^fH fw 
jTPT ^ 5fpf ftJTT €r %^T arsflTT 'ATT ^ft q^TT^ it iTTW^T 5rf?f^T 
iRTcn q I

q?t m | i srqnx ^nr t^t rH'H

facT (2.1) % 3F^tftp: Jttsri ABCD
qfrfirTT 1 ^ tr Ffteri ^r^ft ^rl t 1'TK'H'll

48

qfcRFT AB cT^srr CD wqtf tf: FTT T^T I I q^7 
^nT 3ft AB ^0° oPTIrTr I 

(Ty % ^jtpj
ir fV-ilfW fqrqr ft^ftt | 1 tr^ srfq-^r CTe 3ft 
cT’TT ^TT arq-ijqoT qfq-^r To ^ AC % ?T9t | 1

q^r^ qq ^ ABC qfq^ff c,, Oo qqr tO % qrrrrr 
^ q| q^ff gKT F

AC' % sd^n^T 3:tt €r fesrr n ^ft t^t qf^inifr ^
— aO x AC — rjy x ABxCosO = 0 

AB
tfO = 6y CosO,-----= (jy Cos20-------

AC'
AC' % pt5t F'fr-T stt ^r f?3rr q ^nr TR-Trifr q?r 

= t6AC — Oy ABxSinO = 0 
AB

.-.r 0 = ay. Sin8.-----=oy. Si aO. CosO.

.-. t0 = oy Sin 20

q^TT^f AC' FTR
AB qi"i't> TF qfq-

AC tf dAf^r srf?r^Fr qfr ?t srfqqvr qzqff
1

AC % 3fTftfr IqM'+i

it I I

(2.1)

AC
4

(2.2)
2

^ftqnTJT (2.1) gTTT o0 % arfecfFT K\^ % f^TF 0 = 0 cr«TT cf^
o0 qHA ab qq oy % 4 <n < ^tqr 1

Fmrqr??Tr (2.2) ft to % srfq^qq qrq % fFrq 20 =90° ^qqr 
0 = 45° to qrr srfirqrqjT jtft a 4- ftor 1 qf ftcrr | f^p

armFtq qfqqFr ay srqq Frqq^r q 4 5° % qqq qq fFqq qqqFr qq 
arfqqTcTFr arrqq’q srfcrqFr q^qq qqqr t 3ft fq? Fqq % ftft qq sttstt 
ftqr | i spTTTcf trqrq qrr qrqzq qqq FFTFr^q qfr antft FT arTqqr
^tqt qr%q: 3F?qqr qqr«r qrr, qqq qrq qrqq qq ^FTFr 4 5° % qqq ^1% 
FBrqqr qq sFqwq % qi'R'q fq^f^rq ^t ^rqqr 1 
2. 2 tfqsqq qfqqqr

fqq (2.2) (3f) if ferq qq arqqq abcd % q?qrqit ab 
qqr CD qq qfqqFTT q|T I I fq qfqqqfr ft qqrw qq
% q^r^r rr^T crrqrqq qq srrqq f^FT^r qfqqrq t x AB x CB | 
qfqq ftqr m: qqqq qft FTnqrqF'qr it qqrq qqq % fqn; qf qqrq qfq- 
qrq q qfqqjqq qq qraq grqr Ft^fqq ^ptt qif^r 1

*1
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7r

'X

l3f)
c\ • °\

afT.'-rcyr^ TuA '4. i 
^ '5f7'^’0' rttS Kc^ ^T. TrH^f aAoi

■f^r^r 2-3 a\ro

i

0^
\

rr

A
r

\
\

(<^)

^ 'Ti^f BC ^TT DA ^ ^fer srf^r tftacTT r' I eft 
^ ^rwicid 
STRT ftiTT cPTT 3RZR %
?T^rt if 5t^ ^rf^r . I 

*«*$ M. of HR9/ND/9S

2-2

3iT^t f^ra^n qfvm t' x BC x AB | 
% RiM, 4 Cffat STTOT' HWTx.

50

i' X AB x CB == t' X BCxAB

r'T

^ 5THT ^teTT o n^’ STT^M'11! afrf^H H'tTT'T cTfil *11IJI M
'H <1 'I f^Vli TFT 3Fp?TTTn' ypi^'1 TT deHV) TTTT ^ FTT TTT TfTTT T 

Trf^FTT Tt fT5H if 7TTFTT §■ I TT TTTT 3r,W aTTWeff yfrf«<H TT 'i A+ 
AFTWF Tf^FpT ’' 4 Id I a I

to (2.2 st) ir f'FiFTT mr it? ABC 
'TT TT 3F-IM"| afT^FT - 'TiTfr

'+i'T4. AB
BC ^ TF T? M AT SFTWF yf-tT"' 

T, mj FFFF AC' TT rTT Tf srfTT^T a9
flfda*^ t0 % TTTTIT drM •y TTfT % 3FT;|T::T TT^TRTTT if p I

qr

TTT

‘A>d*' AC' TT 3TT # fT5TT it TfT^rFfV TT

= T0 X AC' - (t X AB) SinO - (t X BC'). Co»9 - 0. 

fq = t Sin 0 AB BC'T Cos0.•i-

AC' AC'
(2.3)Sin20F0 T.

’ti'l'ti AC % FT9T A'sTl cRT7' P;“!I it d'! T?T MR1'!14) TT

= T0 X AC' + (t X AB) COS0 - (tx BC') SinO - 0. 
tO = t SinO BC' — tCosO. AB

ACAC'
(2.4)r0 =/T Cos20

Trfrqrrq- (2.3) ^ TT JTrrf ^trlT t srfTTTT TT arfgTFTT
TBIT TTT W. AB ?T 4 5° % TTTFT 3T'T*'MIJI FfTT'T t % TTTTT

ferr qr tttt i

2. 3 Tt 3TfTT?fT SrfrTTTt % ^fT’JT arfatTT rfTT 5tffTTH
qFTTtf BC 

X Y
frT (2.3) (3f) T f^TT FT STTTT % FH + lfuid! 

'TFT AB qr qrTqrr 'Clf-Tu fr an ttt 
3T57 % FFFtP:

ay
5PT Tsf qiTT'T Tt^rTT TT FFT oTTTT TTT ^ I 

AB 'TTT BC ^ FFTTlpJl'C dFdH4T Z— TTST fT^TT TTf
srfcTTtT fr.TratH F^t I I 3FT: T^ ^ fgfTFtr fFFT | I fFFTt a
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*r arfa#* ^ e % q-*;
*TR 5TFT ^TTT | I ft? ABCD ^t, % arfvraR srfr f^TT

^r f^rr jtft f^rar mr t

AC' TT rPTT 3TWm

I

^ ABC', ^ ( 2.3) ^ £f % 3lrPPT q-irwm *T | :
AC' % arffpr? frsn ^r qf^n^l1 gp 
= <?0- AC' - (ay X AB) Cose - (ax X BC')Sin9 = 0.
00 = ay. Cos0. AB_ 4- (7, Sin0.

AC'
BC'

AC'
og = ay Cos20 4- ax Sin20--------ST^T

AC' % tr^T it qO'invt g^r
— — (2.5)

= TO x AC' - (oy x AB) SinO -f- (oaxBC') CosO = 0. 
•0 = ay. SinO AB 4- CosO. BC'

AC' AC'
= l oy Sin20 - J ryx Sin20 
^ = (Qy—ax) Sin20 — — (2.6)

2
Hqtqrrnr (2.6)^ T0

TfiT fV 20—-90°
(arfe^rnr) = ay—ex 

n«r^r 0-45° 2

or;y

D C

C

X X
0707

A B!
Oy

V

(3T)

07

\

'av 3TiV^r ^
scr-Cu\ •TA cTTA 3 4^ ^ ^pr <^?A

^^T'JT (2.5) A 0=4 5°% ’TTPPT CTT 3tf^ra- *TPT
oy+ax fpn 1

rSr^r 2.-3

2

q-ipTT AC' tt qfr'JTPft a-fg-gn a 
= \/oO2+T0T
=* \/(ay Cos20 f(jx Sin'-O)2 + (oy-o*)2 Sin20. Cos^o 

= Vay2 Cos20 4- Sin20

gig a JTTIW AC' ^ a

(2. 7)

I ^ggm

ayCos20 + ax Sin20.a<3
tun a =

(ay—ax) SinO. CosO.t0

ax tan O 4- ay CatO
(2.8)

(ay—ax)
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d'-H+l 4(JK oy 'T^TT ax ^THT ^TFT ^ ^ I
zrfe w^r ^ r ^ftt wftt ^ft cfr ^nfr^riff ^f
$d'cM '^il]\ ^'P^d STf^T^'iTTfTtT ^T dtfed" 5Jtddi' STT'TT ^ ?T^dT
^ i ’Tfrf^rfrr % ar^^nr ax ^ ^^tft tt ( —0x ) d’^rr ay % ptr- 
TT ( —oy ) f"1 •'d d I I

2.1 : i^» 'T?T'4' qr f^n ir 4N/mma
^TT d^T d‘?TT 2N/mm2 ^r ^'Tt^d’ qfd^T ^TdT | I ^fFd ^d'd, (ar) ^ 

TT ^fT^rdR', m^vn d"dr df<'J|i4t qfdd^r fdrrdd srf^rd' 2N/mm2

3T«TRT

dHrM
% MPrid'd ^ 3 0° % TT ft I (d) srfydi'dH 'iT'TWd fffdd’d dd did 
ddT d^ tldd'1 Pifd dT d^ P+diyFl'd *3d ^d ddddf dd 3rfddfd dfddd
dd H K I

dTTd dd ddd dl% yfcIdH dd Pdd (2.4) it f^Tdl ddT ^ I 
AC' ^ dfddd 2 AC' N/mm2 % dfddd ^ 30° dd drt>d 

AC ddrlTT ^ dd fdT 2 (
dd TfT |, 30° % ddd qr | |

dWd ddddT 
) N/mm2 dd| 3Td% ddddl

dfd

i

4 N/mm2

2 N /mm2

2N/mm 
= 4N/mm2ox

30°0

54

srfff'TW siftrdd] oO = oy Cos20 + axSin20

= — 2Cos2 30° + 4 Sin* 30°

0.5N/mm:

N/mm2 (dq'r^T)0.5

dd^Td mPi«H T0 = ay OX
sin 20

2

— 2—4
Sin 60° = — 2.6 N/mm*

2

ddWd dfddd dd djdTTdTdr fd^ d?> ddrfdT | fd^ ddcRT AC' dT 
dVd dd f^l I it f^dldftd ddtfdi 414 ddd^ dT STd^d®! MPd^'l 3>dT dtt 
f^dT it ydTdTd* dTdT ddT | I

V ay Cos20 + ax Sin*0

Vl^2)2 Cos23() + (4)2 Sin*30 

2. 64N/mm*

oy—ox

dfTdTdt dfadd

(d) arfkddnr srrwd dfddd =

2
-2-4

N/mm*- - 3
2

9= 4 5° fdd dT srfkddrd ftdi i srpy+'n’d arrwd mPi«i4 % dddrr 
dT STpdTfd dfddTT dd did

= - 2 Cosz45°4-4Sin2 45°
= 1 .ON/mm2

ct4S

2. 4

dd+lfijld* arfddd dfddTft % ddT’d fddft vft p444 Mnad 
dT 3Tf^TTd dPffdTf, 3TdTdW dfddd dTTT dfTddft dfddTT % *TR dtt,

dt TTFdT
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^rt (2.3) ir f^n ^ftt sm sttct f^.^ir
3TT ^+"ni ^ I 54(^1 faffs' f'-i'Hf^if^n ^ :

vf OH'T

XX
cR^T

Y

Tjrtw^ ^&fcrf^r>r 2 s

f%cr (2.5) »rffs x-ara cm Y-a^ ^tf^xr cm
«T5ff % SRTcR^ TT^ ^ cTTS yfd'S^T Ml^ 41 Ml5*4

^t Svf 'a'lTdU, f^FRH' srsms
% RTS ST^T ^TT 1 SfT frT CX ^ dm ®t^I

<;^lfdT | I oX WdT ay f^TT ^ fedT |m

yfddd 3ffV»c4 ct)fdM. I 0 HI M'ti 4
5Fmr: ax dm ay
mr ay dif
irrd fo; mrd^r AC' W srdTT <alTdM. f^

mr eti'lui ■rt cidd
tT*TeuT

% &TK dm ^TTcR^ Ml?# ^R% fdmft 3TlT ft I 
it?# % dfsrmd# dm mw ddtdd Misd % diHidd ddidi ms 
^ft f^rfd dfd ft srm #t m swt | i dmrw AC' dr EO

gftaxftT ^t E MT dm ay mr #t F mt ddsm | i
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TT ^ird dFT affmrd sfd^T m MSTd sfddeT dfT ^TdT | I STSTd mT-
drrm ex dm 02 m fdd (2.8) dddf dft frdfd ^Tdd ITdd 

fomm ddr | 1

Oy -07

2
ay - 07

2-r

f^r 2 ©

fda sm
T

SinZBj^ = ± (2.13)
V

1 (ay—Ox)
(2.14)CosB^s = ± + '2V
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^TiftarrTjfr (2.i3)^rr (2.14) ^ Sin 20 
q-tfrirr/nr (2.9) ir wrr* qr 0, srar^ srf^r :

^«rr Cos 20..„ JrmJ’21’2

)2
;2+^1 = 1 K + O,) - / + CTx j 2 C't-'}14-t2 VV + t2

(0^)2a, = l (rsy ax) + + t2V
?»ft S^T 02 »T 'T^f'TT flSrT'T 5rf^T—

^(Qy — q,)^i (ay ax) -
+ t2V

3TW: *Tf? ?*T *T ^ f%^TT 3H q^TT |—

(2. 15)(«)2^1-S — i(oy -\- ax)± / + t2V

T(jy cT«rr ax, % ’TR ff a, ^ ^r^rfwRN’ ^
it wzt snjr-T srf^^r q-«rr a, wt^t qrr | 1

T0 snW’TfT fT«TT *TPT 5^ % %P[ ^HI+'V.'OT
( 2. i o) Tr o % 3T^r^r.-r gpq- % qfrftrq; i

= (ay - ax) Cos2e + 2t Sin 26 = 0

(qy ~ ^x)

dT0
do

tan 20 = (2-16)3r«i^r
2t

^nfrqrrir grcr ’*ft 0 % s> jtpt stt^ ft^r ^fr ^rr
anwT srfcf^^r ^r% *rqvr?ft sr^f^rfq- cq-^r qrv?r | i %% 

’ft ’TTcT ft?rr | arferTfl- ^«n- atwr^r 'TTFIT
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^ft+'^'JI (2.16) ^ S:n29
(2.10) it Tfqr'qTT^ tt

^ Cos2e Trrr ?nrr

(2.17)(^)2 + t2Ti,2 = ±
V

(2.15)^ hq ni'-o

Ci 1 Go (2.18)^l»2 — ± 2

(2.17) 5TRT tm t aritenr ctr snwr
sdir^T ( t! q-^rr r?) ttftt ^JT^Ymr ^Ro^ff qr fww'FT | 
cTR ^T^TT qfrqTT ^TT«rT q^^J fq^Tt’ f%li' I 1 ^TRqr

^rr srf^r ^rq-: *t qfa^Fr it
ftcrr | 1

fTW<-uff (2.1l) q-41 ( 2. 16) it STT^ 20 % ■RTn if A2 ^ 
3RR ftctr | qzfffqr irq: ^ q;r ^rrrW *r.^ | t sr: ^ ^it 
t f% BtfecRR ^rq^w0! 5rf?r5Fr q^r Wott trfirq7? % ^Rn^r it A 4 ^ 
qilR qr ^t^- ^ 1

3trth 2.3:^^ ^ fq^ % tfqt qr srfcOT fw-
9ft5T | I Gx —• 50 N/mm2, ay = 150 N/mm2, jxy = 100 N/mm2 
fifR tRtrtff qr 3tfa#q trqr otqRq- qi^^rtfr q:r mt qtrf^rq (st) tjg- 
rcct tx fqttqtr atpJTtpr y- 3t^T ^ 30° qtr qtM (qiRiqtr fetr it) ^Ttctr 
| (q-) ^tt ttrrcr^r tt: f^fttqrr stsr it 3 0° qn- qr>r (^itirtT
f^n ^) srqrqr | (qr) wr ?TfTq#t qx ^ (q) srfectit stq^T'q trfiRqr 
°rT% tRoqn qT

^qt :

Txy fKt sq-qq qfqqq qqtrqr t fq^ frrtf trttcrqr qq;
ttfqqqq f^qr^rcr i ^ttqn stP^q x- 3tsr qtr fqqtt ir | rt qfqqtT q^qr 
qttfqiqi y- 3^ qrf 3tfT 11
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(v) 9 = 30°, ax = so N.Ti.ti2 ay = iso N/mm*
Txy — ioo N/mm*

^ = f (T> + t,) + i (Ty — tx) Cos20 4- TSin29 
630° = ( 1 50-50) + b (150-f- so) Cos60-f-ioo Sin 60

= 50 -f- 50 — 86.5 = 186.5 
i (ay — a.x) Sin 20 — aCoj2Q 

T0=^(i5O -f so) Sineo—ioo Cos eo
N/mm*36 586. 5— 50

ay Txy 3FTT fTR (sr) % TTFT(?) ?? 9 120° T?T ox

cT?

a 120° = 1 50— 50) + £( 1504-50) COS 240’ 4- 100 Sin 240°

26.5 = —86.5 mm250 50

T120° = £( 150 4- 50) Sin 240° — 100 CoS 240* 
= — 86. 5 4- 50 = 36. 5

( )'<3y~~gx'7,.* = i(ay 4- aj 4 4- T*
2

| ( 150 50) 4 -v/(l00)a 4" 10o2
= 50 + 141
nl = 191 N/mm* (<pft)

9i N/mm* (#iftvr)

TT STTW1? xn? FpT ft’HT I

a, =

(?) srfy+’cw 3nr?T srfcr«i4

Ti.t = ± a, — ti»
2

= 4 141 N/mm*

(2-ie) Cos 29 = — 2x Sin 20
(dy — Ox)

6—23 M. of HRD/ND/95
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ITT? (2.9) 4 STf^^rPT? 17: 3rfa?7TiT
3T??t «???? arf^r? srfd,?4 snrr
%?r tti tott | 1

(4)<Jl»2 ~ (®y + Tx) 4- i (ay 

= ax 4- ax

Sin29 4- "Sin 207X) X

2

3T?: T? 4T4r ?TiT44f TT 3T^T#? STf'f^T in?

= 4( 1 50— 50) = 50 N/mrn2

^ q?r? ??? qr qr^TT ^JTrrm tt

srf??? I cr*rr tot qr# qx* -mx tf fr^ir it rr^r TfnOT
fWOT I I THn' ?!1T3T 10 0, 200 TTT 200 N/mm2 | I T> TTI? R 
im TRfTT % hTT 'km TT ?TT TPOT | arf^qlT TfrTT
% Tt '4F 5TTT TF^Tr nTT qT n? 3FT-
TTT tTtOT TT TTn 5TTn TlfTT I TT qfTTTT TF ^qr qatf^F W 4 SfMr- 
-Tfcf 3T^q-q- q-r aq-qq- qfFfircr I

3T?TT4 2.4: cHTT

:

lOON/mm2 <7x = 200 N/mn,2 
-200N/rnm2

ay =
TKy =

VV2 = ^(^y + S*)

= 150 4 V' (“SO)2 
= 150 4 206

ax = 3 50 N/mm* 
tan201,2 = 2t

ay ax

(— 200)2

- 5 6 N/mm2 
2 X ( — 200) = 4

a2 =

100 200

201>2 = 76°

®1»2 ==

256° 

38° 128°
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^ft srf?r 
anft ^
^ (2.9) ^f Sin 2o ^t^tt Cos 20 ^

(7i dfk'i 5rf?T

CoS 76° = 0.245 ; Sin 76° = 0.97

a38° = <7y + ax + Sy — <JX Cos 76° + Sin76°

cT^TT ^T% ^t^ft ^TPR^ff ^ft d--M i sll^ ^ ^ I
^ 11% qr srfd^r ^tw^t tt | 1
d r1

jltcT f%7TT jfT ■H'+i'l I q I

2 2

= 200 4- 100 + 100 200 X 0.2425 — 200 X 0.97
2 2

- 56 N/rnm2

STcf: <32 dMd'd TT 'TrT TfTT t f^T-FT^ 0 JTT’T 38° f rPTT
e = 128° 5rr% qr 350 N/mm2 ^nr t i

= 150 12 194

(^) ^ f%j-?T ^stt ti+i q ^ srf^'ti'ci'q dT’rwq mRisih qq
dHrl'l ?T 4 5° % Ct'O TT fr^Tq ^tcTT f> I

38 4- 45 — S300, =
02 = 128 + 45 = 17 3°

fPftsRTJr (3.10) ^

T83° = Gy — ax Sin 166° — -COS 166
2

= — 50 X 0.2425 — (— 200) ( — 0.97)

= 206 N/mm2

T173- = + 206 /Nmm2

a83° = 150 + 50 X 0.97 + (—200) X 0.2425 

= 150 N/mm2

0173° = 150 + ( — 50) (0.97) + ( — 299) X ( — 0.2425)

= soNmm/21
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frqfqd ?T (2.9) % fT^rm *nrr | i

%

a>

i\

Oo \nlO fa
"v V 1 •.*

05 <r.
' .1 ::r>/° r oj CN

t- 1 I(.:.0 -r^F-) (c: OR I *' !s: V i r
O)
o i ''M ‘.c i- *"O C\Jm
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STETTH 2.5: f+4t M ^ l'4 TT STTW^T f^^TT-
vff'i ^ I ^f^TT Tis/d TT aTTW^T Mfd'MH ^TT f^9TT ^T eFT T^T ^ cT^I

100 N/mm21 i m
TT ^ 3Tf^T5f^ ^5TT arrWT M fd ^ H fTFT sTTT d^l Fd 0, I

qr 5ft X— arsT ^ 1 5° % ?fNiHHdd

:
100 N/mm*

= h ('h + ^x) -f i(<jy — a^) Cos 20 + t Sin20 
= — too Sin 30° = — so N/mm2 (?rft^^)

T0 = | (ay — ax) Sin 20 — t Cos 20
= 100 COS 30 = 86.5 N/min2 (^R)

3TVTn?r 2.6: l%?ft % ir^r qrf^5#^ TT 5 00 N/mm2 ?FFT
^FTT^T | FT^ ^T% W^tta ?FRFT TT ^ 200 N/mm2 ^ 

^rq^T 5T%^T sft fw^ft^T I I l^T TT qj^ if 3TCT ^t f^TT ^f ^ 
^nwr qfr^r 200 N/mm2 qn ^nr | 1 f^rtcff qrr wnr qr^ 
2^ TO" srf^r qrr qfwT d'5qT 1wr ?nrr qrtf^nT ft«tt ^rfecFT arTwir 
qfd«(^f «ft ^d'l^q 1

(Jy = O, a* = O, TXy = -

0~

2009

■ -"T*.

500

A ■■“S

200

2001

f^C 2 \0
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jtr ^ftf^riT fqr fqw if wr |, AC ^trcft qft 
«F <d t q f^RT qr f% q'^r qfd

AB «ft fen if nn ddi qrr ferrsm n,

(axAC) SinO + 200 X AB = 500 x BC

aTVT^T a Sin9^+ 2OO^Cos0 = 500 SinO
a-500 = -200 Cot0......................

°d+d
fernff^r | 1dH a

(2.19)

BC fq? ^ferr if qn feffer qrrn qT,

(a X AC) Cos0 - 200 X AB = - 200 x BC 
a CosO — 200 Cos0 = — 200 SinO 
a — 200 = —200 tanO (2.20)

jFftqr^r (2.19) tano ^ nm (2.20) if gfapnTFr ^ qq; 

200 X 200
a - 200 =

a - 500

a* _ 700a + 10,0000 = 40,000 

ax = + 600 N/mm2 a2 = 100 N/mma0

Gj cFTT aa qrr qrn nrftqrnr (2.20) if qfdWFR qr^ qx 

600 - 200 = —200 tanQj 
Cot (tc/2 + 0X) = 2 

.-. 0X = 116° - 33'

100 - 200 = - 200 tan 0*cFTT
*TcT: tan e2 = £

62 = 26° - 33'
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ai ^2
= 250 N/mm2

2
q^t Tqrq- % Sl^rq ABCD ^t sq’FT ^ tiMdHl TH

it ?ny[ <u|-n-MT srf^RW ^T ^1^qrr fq-^^qnr f^qr irt | i =q^n:
n^r r«Fr ir ^?n: tt q^rar | 3Trr: q^ y^rq' ^ m+i< arqfcq^
ITRT ^RTT I fqr q^ ^qfjcT ^T fq'^T T?: ^Pd^f ^1% 3Td%
^r i arq^rq fqtTTq ai^tq ^ qrqt ^ft | arq: qr Mpcidd
qtqqr qrr qrq qqqq' % ?t^t qr ^ ^ttr qrqr ^rr tott |, 
qq fqq^qur ^ fcqfd % '4t ^Tq^q ^tdT | qq- f+'4t fd^ TT qfoqq
qrq q?qq ^td | i

qPdqd

2.6 ntr (Mohr) qJT q«r
fqrqt fqq^ dddd' qr qfqqq ^ ^rrwq qfqqq, q^r qPidH, q^i 

qqqq, arfsnrcnT qq^qq qfqqq qqr qqqq qrfq qrr qrq qft gqw
■jqqr trq ?ft5TdT tf ^fq 5TTT ITTd fd^TT qi TOT! | q^ fqfsj
qq qPdd q qq qr^TRft | i qft tdiPi+ 'qtq’ % qrq qr 11

(sr) qt qiq'TT qqqrifqqr arpqvfq- qPdqqT % t*K0i P+qt Pdq+ dq- 
qq TT STf^^R ^ ^qwd ^Pld^l % Pd^ ^tWdq ( 2. 5) 
qfr fqiq Pqfd ^ sq^r feqq qr qqrqr | 

ay (1 + Cos20) + ax (1 - Cos29)a6

22

(°y - a*)a, + ax
Cos20+a® =

22
qqi qrftqrqq (2.6) ^ t0 = (ay - a*) Sin 29

2
^qqqq qtqf qqWrqi % qq qq qpr 'ti<H qr

/ ay + 6x \ 2 / ay- 0* \2(. _ --) + - = (—) (2.21)
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arqqr

(a0 — a)2 -f t02 = b2

Oy + 0* Oy Gt
qq- a = qqi b =

2 2

^qqqq qqtqrqw (2.21) qqr fq qfr | fqqr%

{m»} (-d)% fqqqtqr t cPTT srgoqrq

t 1 qf qqr "qtq-qrT” qr^ncrr | 1

^qq qtwd qrr qrt % f^rr 0 q^r fq^ 
y— 3T5T dft fq?TT fqq (2.11) dft qffq sfer dTlP^lJ 1

qidTq x— 3T5T d'< 1

®y + Oxx— 3T5T qr c fq^i^r qqrrr sfer qftf^ % oc =
2

Oy Ox
-------qq s^sq^r ^rqr?; qp^ APB ^ff^rr 1c— did q<. ddl

qt^T ACP — 20 qqTfq, q^T qwd qr X— 3TST tt STqiq- 0 | | 
qqrn: w qr OP qfwft qfror qft sW | 1

d’dr Idqt qt q-ffqt if fq^tfe fqqq ^TT tfqdT | l qfq PQ, OA TK 
^ dq- OQ arf^fq- qfdq^r qft d^T QP 3mw qfddd sqdd 
q^qr i ■qqq ddr^rq 'qqqr ^n?qqr ^q qfr '*fr qtqf srsff %

^ qr^f gm dRr f%qr 3fr tot | i AB % ^ qft ferr 
it srqdqor q-fror dt srqqq qft qfsqrrw wd qr qq?d qrrdr |
Star 11

ddT-
cdq

ddlcdd)
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r Y

P

I
-cr 0 200 A cr

X c Q X
-vOTx 07+ cr^ cjy - 07

«*■

2 2

cry
Y

ffcr 2.* 1} ttt CN

*rf^R srfd«j^ oq = oc + cq

«=OC + CP Cos20

ay + ax ay — Ox+ - Cos2#
2 2

PQ = CP Sin 26

Oy Gx
Sin26

PQ wfrT sTT^Tq- srfaw arfqyan ^rf % %
ft»TT, 26 =90° 0 45° 1 f^qu||^+ qf^nm
srr?r %qr wr | 1

2

«(<.iq <.
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Gy -H Gx Gy Gx
OA = OC + CA = + = <*y

22
Oy + GX GxGy

OB = OC - CB = = Ox
22

3TT: JTK ^tT OA = Vy ^41 OB = ctx cT^ AB
^ft STT ^'<f7dT | I Y d^FT ^rfY^T % P'I'J, STST %

VjdkH'^ qT9t TT cT«TT #ft^T % faq ^qTcJT^ 919# #
^rf^ir i ^fr % t^rt 20 #?n qf|$r 3#^
fw 317 TfrarFft, 3rfqRf? cr^rr qfcf^#t q# strt r+'4i ^rr
H+df I

awrm 2.7: Sf'PTRT' (2.1) #t RtT dtT ^-d+< +Yf4 li, I

:

iflT drT (2.12) # f^ldl W | I

2N/mm2 d*TT oB = ax = 4/mm2 ^fer 
drT I df# OA,

= 6y =
^ Pj| IJ_ ?FTT AB 4# s-TRT 
oy 9# ^Tr^RF 9793' 4 0M4d '+'<dI ^ rT^T dHdH oy % dMdH # 30
% #Yrr qF f^RT | IdfdC' #t'IT 26 = 60°, oA # 5933 +<4
9# fcHk+RF f#9n 33t3 9T9T33 fd^TT 3IW ACP = 60° 331?#

°A
31333

C 3tT 3T 3^ | I

2(3t) OP = '-rfctoY srf333 = — 2.64N/mm
= — 2.6N/mm2 

OQ = 3f333 srf333 — — 0 5N/mm8 

(3) 3rf3333 stwft 5rf333 C' = 3N/mm2 45° %
33 f333 3333 ^T3T I ?3 3333 33 3^333 STf333
OC = IN/mm2 (333) 1

81033 'Tf3f39f3 % f^TT 3*13 33 :—

qfdwf# % f3TT f33# 3t 333tf#3 3{f333 srf333f %

PQ = 33333 3f333

03N3>
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3rfrff<4n afwr^r stfdcM ft, <T0 re ^ft oj^
snftarojff (2.9) crrr (2.10) w st^pr f^rar ^rr ^rktt | : 

Cos20 + T Sin20m - (^)06 -

-(—)t e Sin 20 - tCos 20

cft^t % imr ^t ?TRT + lH TT

( ”’r) —{^y00 - + Tz (2.22)

31^T (o0 - a)2 + x02 = b2 
a, 4- a* - (-~y^ % a = rTSTT b* + T*

B
X

76

(2.22) <ro q^- tq ?rt irf^r % ^q- ^ ^r 
% ^'T ^TnT | , (a, o) fWT 3T^-
®TRT b I I frT TT 5Tc^^ t%4"r ^TRcT^T TT Sffb^ 3T-<?i!TT
SR?rr | 1 8*fo^r \- srf^nr 5>i.^r y- arsr arr-
^tw srfb^r «JW ^TcTT

7TTO qftTfqfcr % ^'4 i? fsnrir trtt 
*rt arf^t^ 5Tfrr^?f Frzrr t

°y | hhioh* f^srr ?ht Tfr ft, irf Rrwtir | f% arr^TiT
STfcT^cT ay 717^ TT fsT^TR fa ax faqT5Tt?T | ^TCTH qRT «Tr 

3Twrw irfa^r ?fafT ^rfar i smr ?TRcfaf tt 5ft 90° 
% TT ffacT I y fct'«<vi =f>T tfPT sfTrT | FfTT rfTTWt fa?| P (ay) t ) 
^ Pi(°x, T) ^ frT qr far ITT TO- t I Tfa ftT spr
%?? C t eft CP rT^n CP, 90 x 2=180° % qr fara- ffa 
#ar fa fq^: ft faqr tt ^tt | 1 ^ wrr zrf | fa
PP,, trqr I 5ft ftT % ^ ffar ^Teft | eWT P tfa Px
W feT % S7T7T % eft Sfa | I W 5TTO iffa TtT
^efT t ePTT OA ^ OB WT STfa^^T °WT ^T4 | |

ax ^rr ay 
^FT TT57 TT faffqx fa

:57nTengi7> Fsffar

srfa^r 3^rtt UTeT % fary iftr ^fr ^fafa faffra- ^ fatj 
3TRTfat STTT ^HSiN! 5flznTT I

: -<*vm (2.3) spt Tftr srfa^^r feT ^ft ?rfiwr ^r f?r3T«ITH 2. 8
1

fH :

faw (2.13) qr e^TR stfarr 1 ^t fa?|3ff P (—50 100)
WU P^lSl, -100) sffacT qftfatT I JTff 3TTWJT srfa^f 
^nreT^r qT faro fa ax = -50 N/mm2 ^nr 
fa?n ft | 1

T*y ^ 
TfT I, ^PTTc^F

P,Pt «Pt sqw irrr ^ PjBPjA 1



77

Y C, ‘

(-50,100)

Y C2

C frT ^TT %?? | | ?r*ft ^ftir ^ ^rwr ^ fjRT 'tt f% Ty =150 
N/mm2 ^«TT T = -100 N/mm2 ^TT TfT | rFTT rftr 3n^ ir CPu 

5^5 +Vil t, TTRT^T R5TT it #1% JT^ | | f?r VTar 'TT W^T ^tw 
SflrTT | I

(ST) ^ir P2CP3 = 20 = 60° 5Rf^ I 

o30 = OQ3 = 186 
130 = -PsOa =

(?) ?rW P2CP4 = 29 = 240° i

^120 = 0?4 = — 06 N/mm*
Cl30° = P4<p4 = — 36 N/mm*

(tt)- 3T%?;mT STtor ?Ern aA = 191 N/mm* 
stetr o2 = ab = —91 N/mm2

^ TTJTrT^ft TT 3rT<p4W Tfa

n-r.

TT TTT 9FXT ^t*i I Iqri
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(<?) 3rT*ITTTT cPTT -q^TrPT mWW STfa^T CC^ T^TT CC2 = + 141 

N/mm2 srf'JTTTT 'TT^T'7! TfTTT TTT TTTTTTT TT aTf^TTIT TfT- 
T'T = OC =50 N/mm2

aT^TH 2.9: ST^qTT (2.4) TTt iftT-T^T 'Tr? 4TT ^TfrlTr |

^ :

f^ra- (2.14) TT STR TlfTT7
P9 ( 200, -200) 3ff%T TTlfTtr |
PjAPgB TTtfTT I

^ Px ( 100,200)
PlP2 TTt o^iTT
1 cPTTj

TR TTT TTT TtT
C

(100,200)
P3PiYl

0 ^°\c A
X

J? lr-21 £+1^1

\

Y
P2 (200,-200 iP4

i^r 2-14-

^TT TrtT TTT TTTR TT^ TT | fTTTTt ?!
| aR: CPX 9TR TTtT ^3T | I

(3T) TO srfTTT Tj = OA = 356 N/mm* TRRT feviT ^

®TTT *Fm
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^tur £ P^A = 128° tPFT TT WTT TR

| 5ft ?! ?TTT 5^^ ?tcrr | i

wr STfrT^r a2 = OB = — 56 N/mm2 ^ W^T TT 
| 5fT WPT H i PiCB - 76

(g-) 31WTW 5rf^FT irfWPT JTPT CP3 = +206 N/mm2 ^ 
Cpi =_206 N/mm2 |^T%^PTR# f^TTif JR ^ff W^T:

iPyCPg = 346 = 173° cPTT J^CP, = I66_° = 83° cp- ftspT f l
2

PT 5+ff jpppff qr qp irnr OC = 1 50 N/mm2 t 1

arwTTH 2' 10 : 3T^ETT*T (2.5) ^t ’ftT-^rT ^FPTT ?t ^T^iU I 

^ :

’TJTrPT i{

?TTqT WT

'TMnK

= 38° ^TT qtpT ^TTTT | I

Y
Ci (0,100)

P

o
30

XX
0

**s
4,|U|

^i'jS' *

C2 (0,-100)
Y

■fersr 2 15
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^t Cl; (0,1 oo) C2( o, - 100) 3rf%rr i 

C1C2 qrt sq-pr rrPT ^tT CjPC-2 '^tf^rr | CTy % TT
| Wi: =C, 5FT 4^ T^sTT ^Pft I

fftor cxOP = 29 = 30" i (2.15) qr wtft ^tfirq i

ai5° = Oo = —50 N/:nm2 
ti5° = PQ =86-5 N/mm2

: ar^qTJT (2.6) q^t qT':PPT |S7T H ^ftT-^rT 
jptfipT , ztrf 0y = - 200 mfw I

arq^rq qfTq7?

ar^mr 2.11

XX
5773

P2
(500,-200)

Y

:
(2.I6) qr RTPT <ftf5pT 1 fq^3ff P, (-200,200)

P2(500, -200) 3ifqpr #f5TTT rf^r P1BPjA ^ffarr 1 PC ^ 
frpiT Xm t 1
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H OA = 553 N/mm2 ^T^TT sti'+l hhWH X—

5T5T % PjCA ^ armr io4°-52/ % tt 11
STpR^r OB = —253 N/mm2 H^TT^T X- 3RT f^TT 

^ P^B 3tt srrar 14° -52' % tt I i

2. 7 fa*ft TT 5TfcT^T 3T^TT

^ f^^fr 3RqR qr wit wrr | f^-q^r
^tqr | i ?t1% st^r- % fqr^ft qT,mTqn-5TFT?nrr^t^^r

qr arf^rq- st^rt srq^Tw srPr^r, ^*Tl+<ui (1.4) gmsrnq 
| 1 wt srqrR ^hK<<j| (1.7) trt 3if^i^ f^f?r 

tr f^frpr 5rT=r qn- ^rr ^rqrcft | 1 fq^t tt qfr^T
3mr q^r qncrr I 1 falrqq ^q ^ qfRN f^qr ?PTcRr qr 
5rpq Fftm qqr fq-#r vrr fq:^ fqfqqq br^r % ’TmT fr sttr 
qrqt 1

fqrqr

M ldT

t 1 fqqft fk*% qr qfqqq qr qfqq^r % Rqqq
gin Rqq fqrqT ^rnr | fiFr% ?ttt ^Fftqnqr (2.9) q«TT (2.10) qrr 
qqrq qr -r *r ^tqrq ^rrq qr^ fqqft tft qr srT^fq qq srwt 
qfqqqff qrt qrq 1%qr qr q% 1

ttr ?qq qqr fqR qr srfqqq srqqr fqfrfq srwt qr sTR

2 . 8 fqfrfq fqq^qoT

qfqqq-qt ^rtr fqRqn % qsq di^sr fqqqrrq qjt fqqi% qrRuT
arqqr q^nq qrto%fqftqr |, fqfrfq 1 1 q^ ff'jw 

q|f qqqrqr | 1 m: fqfrfq-fq?%qw % ftpr %qq- qr^sr fqqqm qq ft
qfW ^qyqq3Rqq

sqrq fqqr qrqqr 1

(3T) ^qtq fqfifq :

qqr qqqq ABCD qr rr qtfqq; (fqq 2.17) fawr 
AB^dx.AD^dy qqr AC—ds | 1 w srqqq ^ X- arsr ^t 
fqqrr % fqfdq 3T5T q5t fem q fqffq ey qqr m^^vn 
fq^fq y t 1 fq^i a q^t f^n: qqq qtfqq, ?qt cd ^ 
q?t tsqqfe ftqt | qqr fq-| c, Ci qq qfq tot | 1 ^ft qro

7—23 M. of HRD/ND/95

ex; y-
ex. d*

82

ftqr 1qsr qrt fqqr it fq^qrqq arqtq CiC2, ey. dy %C! qq
3R if srqjRnr fq^rfq % qrnR, fqqqrr qrq srfr qq ftq % q^Rq qirrq7 
qqqqf % qsq qft q q|t ftq qTTT, fq| C2 C3 qft f-qfq qfW 
qR qqr ft qqr c2c3 = v(i+ey)lJy; qqqq qtt f^fq ab, c3d, 
?> TOt t qqr qrt fqq (2.17) q fq^qrqr qqr t 1

qqiqq
y

Di C2____ C3
-i
/D C

/

/
/

,
/
/
/
/0/

/
!

B2;

*&■*- i-17 3=mr -fsT^fcT
qfq ac qq f^^1 ^ q^t^ fq^fq eo |

ACS = ( 1 + eO )ds
(AC3)® = (AB2)2 + (B2C3)2 = (AB^C.C,)4 + (BjC,)*
nqqr [(l4-s0)ds]2 = [(l+ex)dx f-y, (14-Ey)dy]‘ + [(l+ey)dy]-

dx dy .
Tiqqq Rqqr qrt qTR qR ds2 H TO qq qq qqq Ts=Cos0; — =Sm0

srfqFqrfqq qR str qt fqirfqqf qr qqqqR qq°q qR^- qq fqH'tfqrq qrq 
rq ftqr t 1
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eQ = ex Cos29 -J- ey Sin29 + v Sin9 Cos9 

= ^ Cos20 + -i-

(^) w t' Rr^rf •
arrw^r f^nrfe ?t 'kfk y^offir ^nrcmf % ^ Tfr^Tn

?Rr sq-fa fosr ^ricfr | f^|3ff B cT«rr E % q-eir ^ar
f^FSTTTn CR 62TR ferr I =(f% fasT ( 2. 18) *r a 3f§cr ®TJT
| cr«TT AB=ds, AL=dx rr^r BL=dy.

Sin29 (2.28)

B 3Bz

A

ftr5(‘ Z’ \B

84

dydx
= Sin9= CosO cm

dsds
B2J — B2K + BHIBG

tan a =a =
ABAG

B2B3 Sin9 — BxB2 Cos9 + BXB SinO

AB

y (l+ey)dy Sin9 — sydy Cos9 + sxdx Sin9

ds

= Y Sin20 — ey Sin9 CosO -f- ex dx SinO CosO 

■= (ex — ey) SinO CosO + y Sin29

wt P ^TT JTR 0 = -(90-0) tH'WC’T ^
^TTcr 1%JTr 'jf! ^^‘cTr ^ i

3 = (ey - ex) SinO CosO + y Cos20

aTTW^T sr^TRT EAlf ^ 4^7 qR^tn

yO — 3 — a = (ey — sx) Sin20 -f- y Cos20

<<aqR

1Y0 T
(2.29)(ex — ey) Sin20--------Cos20

22 2

4~M)'4rC^r (2. 28)cr4T (2. 29) ^ (2.9)
o’^TT ( 2 . 1 0) % | I STcT: RT % ^HTPT ^TR-f^fa RT ^flRT
3Tr 4^ar I I f^ffo R fWa n'4T smRT f^ffcT %

3im ^TPT ( ^ ) stRcf ^RcfT I I f^irnn RT 5RT

RTR | I

ITRT fcfffd'zft q7T TTln q’fWFT n^TT ^rnTRr fnftRf 4 5TR f%qT 
^rr ^nF | a^r q r fpft i cr^r^ft ^^7 tVfrfo r itr

r R f^rRr qfo^r ^ %

1 r^Y±( jj-) (2.30)^ — (ey + sx) +el*2
2
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arfwrir ^ OA = 553 N/mm2 ^ X-

3T5T IT PjCA ^ 3TT?TT 104°-52' % TZ | I

sf'f'-T'T OB = —253 N/mm2 ^HTrl^r X—
^ PjCB ^rr snsrr 14° -52' % ^>r tt f^RT I i

2. 7 TT ^rfcT^T 3T^T

f%Rft 3Rpt=t qr | cR arwr <T^nr ^ f^q^
^rqvT ?trTT t I qf? arqrrq’ % f^fft TR WR ^T TTPT ^TTcT eft ^ 

qr srffRrq- st^rt sqr^q^ qf'nqrr, (1.4) si<1
qrr t 1 ^ft wr qRtqRR (1.7) titt

rraf 3R^q-TT fqfrfq- =rT=f qrt ^T ^RTT | I ?WT TK
W'JW\ fq-frfq- qfTcfr | I MHeT ft srfft^ fRTftr fnrqRT TR $ 
5TR- ^tqr rfqr fftfftft c4r fq7?ff fftf^q- t^#P7 wr- % qrq-^ fr qw 
^nfr 1

3T5T qft fftm

fqrqr51IC1

qr^T wft qr qiftR^r fftfifq- srrrt rt sih 'JRT
fft^5T SRTqr qT qfqq^T % Tqt 1 fqTftt fgv^

sttt fqrqr | sttt (2.9) cm (2.10) ^r
srftftr rr -jq- fqv^ ^ snft qrft fefr ftt q^qqr qr srfflftq- trq stwri 
qfftq’ftf qft 5TR f%qr RT ?T% I

qr m

2 . 8 fqqftqor
qt ftqrrq- fq-^sff % fnftsr Tft fqRr% Rnr^r qfftqRT

sr^qi q^iq- qft 
qr ft

fteTr |, q^fft I I JTf ft1^ 3T^qR % fft
3R-: % fftf %qRT qrftsT

v*! I HndcMvl

q'ff icfl | 1 
RTPT fqqT jfiqqi l

THn

(3T) Mr fftfrfft :

nqr srqq^ ABCD qT qtfftrr (fftq 2.17) frmn 
AB=dx,AD=dy qqr AC=ds | 1 w srqqq
fq?TT ft fftfifq
fq^Pi y 1 fqri3 A f^rc ^tpt cftfqr^, cd ^ 

tsftqfs f>ft I qqr fq-l c. Cl qr TfR ^TeTT | I fftt WR
7—23 M. of HRD/ND/95

ft X- 3T5T
3T5T qft fqqiT ft fftffft qm STT^Tqex; y- sy

ex- d>

82

3ftff qft fftqrr ft f'^Fqn'q apsrfq CiCg, ey. dy % qrRT ffqr 1 
qrRR, fqrrqrr Trq srfft ftft % q^Rq- »7qTdT 

qqqftf % qsq’ qfr ft 3rr qff fttft qrrr, fftf C2 C3 qfr qgq-
qR fterr | cr«rr c2c3 = y(i+ey)dy; ftvnJT fftsrfft ABj c3d.
?> srnft t ftqr qft fftq (2.17) ft fftwrqr qqr t 1

Ci
3R- ft arq^Rq- fftfftft %

y“

D, __cs
,"5
/D C Ci .'y

/ // ✓x
/
//•dy //

;
!o/
I /
1/0 l ___JA B B B21dx 1

z 17 swot ^ftatTr
qfq ac fqqi- ft Rdftq fqfftft eo |

AC3 = ( 1 + eO )ds
(AC3)a - (AB2)2 + (B2C3)* = (ABl+C2C3)a + (Btc,)2 
twwr [(H-sO)ds]2 = [(l+ex)dx+Y. d+ey)dy]2 + [(H-ey)dy]2

dy
c;4q4'i qft rptt qR ds2 ft 41 q ftq qr ^qt ^==Cos0j — =sin0

afft^ifftcT qR sr'R fftfifqftr qr fipr^qf qft qRft «r fftRrfqR ^
TTT ftcH | I

dx
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eQ = c, Cos26 -f ey Sin20 -f Y Sin0 Cos6

= nr + ^ Cos2e + ~i

st'twt f^nnYr jffr 'kfk ^rwpjftq- % ^>r ^ Tft^Tn
?Rr 5q-^ fer ^TaT I 3fa: ?> f^|3fr B rT*TT E % Tf^T ^5T
faFTPTn cR SJTR fen ^frq-in I t^7 ^ ( 2. 1 8) if a ^|a STJT ^T
| am AB=ds, AL=dx rr«TT BL=dy.

Sin29 (2.28)

B 3Bp

A Lo

E E,\
\
\

E3 ^2
y

5.. \B

84

dydx
= Sin0= CosO cror

dsds
B2J — B2K + BHLBG

tan a —a =
ABAG

B2B3 SinO — B^ Cos0 + 6,6 SinO

AB

Y (l+ey)dy SinO — eydy Cos0 + exdx SinO

ds

= y Sin20 — ey SinO CosO + ex dx SinO CosO 

.= (ex — ey) SinO CosO + Y

a^TR [i ^TT *rR 0 — -(90-0) ^ T?sRR
9TTcT tor ^rr | i

(3 = (ey - ex) SinO CosO + y Cos20

spTW1! srzrRf 4Jfur eab ^
Y© = P — a = (ey — ex) Sin20 + y Cos20

Y
(ex — Ey) Sin20------ Cos20

Sin20

Y0 1
(2.29)arq^T

22 2

^nff^R^T ( 2. 28) cf&TT ( 2. 29) irfalcffa FT ?T ^nffTR'ff (2.9)
( 2. 1 0) % ^TFT | I 3TT: TF % ft TR-fTfrfo TrT ?fm

^Tr ^TTaT | I fTffo TrT TT TcTT? TFTT fTf^a amT^r faffo %

arrt iriFTff )

mm ^f ^tcff | i
^JIST fTffnTT FT Fin irfiRTPr o^TT TTTTT fnfjTT % 5TTrf fFqT 

^TT ^TFaT | cT^TT T TFT TTTTT TT ^>1) I TTTFTf TFT FT TR

T FT fTfy TfTT^T TtT %I frfTT TtT TnTnoTFT FRo T

1 rr/±( (2.30)£,,2 = — (ey + eJ +
2
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{'jff (2.28) cT^T (2.29) 'T't f^ffn-3fcRnT

■jfldr ^ I

2.12: JTfi? f^a T^T^T % CTC W®a f^fo^ff % ^TTn
^R’jr: 4-0.0001 ^r^rr- 0.00015 eft ^ff^a: ^ryfrcfir f^f^r ^
30° % ^fq- f^Tcf 7T 77T STT^q- fwTo 77 7R 5TTcT
ttimq; 1 

^ :
0.00015; 6 = 30°0-0001,

=7f7> 7»>T f7frf4^171 TTli 7 fTT %
(2.28) cTTT ( 2. 29) T^T ^T7f7 eO o^T yQ ^ ^
tar 5imT I 41% Tfrf srq^qq- tafe nif I STa'-

ey =£* =
^sicri^rifta'ir■HMcm

= 0 qr

- £y^x + 53
Cos20E0

22

0.0001+0.000150.0001—0.00015
COS 60°

22

—0.000025 + 0.0000625

+ 0.0000375

Sin20Y® = (£X — ey)

0.000216

^nltaqff 7»f ^rrr srta^r sr+^q- ^nftaqrf 2. 9 2.10^
+t 4T +TG2: it71 fTT ta% 3foT,ir TTtT*'?:^ 7ft srfaTq' sf^Tq- SFftTtaT

7 <y 7ft e ^ cfTT t 7ft ^ sTtaqiPr^r th; ttrt tar qr ttktt

l2 it=ft 1ymax ei —3dV7T77 37777^ fTlifa| I stft 77>n;
2 2

86

strith 2.13: 7f7 tar p-rq t< x-f^srr if tafe 0. 0002, +-tar if 
-0. 0001 o^ tafcr 4- 0. 0002 it 4tf4?4wr?77: tar ^777
taf+ff 77 7rn sTTn qtf^iCT cTTT 77% 7777 4t STTPOfTcT 7%ta I

'( T^’)' + ( 2 )'^i»2 = Kex4-ey)± V
= 1(0.0002-0.0001) ± 00[)2+04 001 y + ^0.0002y

= 0.00005 ± 0.00018

e, = 0.00023, e2 = -0.00013

0.0002tan 20. = —'*-
ex—£y

= 0.6670.0003

Oj = 16.85° 

0a = 90+16.85 = 106.85°

20J = 33.7°

2. 9 f%7t fsrf 7'C fqfftr 3r7P?T

771 f% 7+5#^ 2.77 PT^ f%7r 77T | f%7t 711+0 7777 % 
f77T7 77! 3T7?qr qp 77 f+ffo % 77 ^Poq 73%f %t T^T | 
f+TTrr qr-T it% 77 P+rTTv+f ( 2. 2 8) o TT (2.29) %t

4 ita qr% TT+t f%4t '4t +7+7 3^777 if srntar ^7 3rq77q fTfrfq 
qf7f+7o %t qr q% 1 Tfe ttPsJo Tt^ 77 f+^qtq qsr x ott y if 77, 
ox, Gy 77r Txy %t qq 77 srtaq stt^tt tt^t qrar | tty

3fl7 yay %t fTfrfq qTPTT TTfT TToT | I

p+r7oT + qq

EX, ey

2.10 fcj-tatq srfqqq trg f^f?r

qq^kf 2. 7 oTT 2.9+ 777: k-f+T+T TfcTTq 77 fTfrfq qTTTTsff
qr qqq fqqi 777 | 1 fqq 2.19 + f%qt 3777-7 % a 77 fe-fT+fq 
qfqqq 77 fTqfq 77771 qqTff %t qq+rr i 1
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^rnrFERf: qrf^T^sRwf t?: ^irf % ^r ^f ^rfer srf^r
| cr«rr ^fr ^nr it f^fn fg-f^ftq- gp:r

^ nfr ft q-foT I; 3TrT: srfcT^r fw&fn % qw 5TR % frrq %-f^iftq- 
stfTSFTTOfT^T fTRSTT^T^ft ^rraT | I fsfqRfta srfci^
^rrrn

Tch^

ar^FTT %
. H H ^ ^ffT'T^r 31-^stt 5mr ^fr ft «r

?nr^fr f^^TFF 3T9T g^rfyqcr faq | ^
5t?r % fwri ir otr^r ferr ^rrar | qq qfferr f^
^ft ft stq % %^r q-?: f^r |
stq^rt

Cl

■fcT^T 3f^sqj JffFTh < sr
i 3^- f?r snzroi^,-?:

cft^r T^rqff qr ^riyf a^- srf^ra- q^ amw srfn 
^rt ft %r^rftq ^rfr ^rrrrr 11 fw

3T ^ jy 5--^ ^y g- Ty f^y^y ryryy | , ^ ^ f^
^tT5T:

q^T
2.2 0 TT q^r 3?

^■-q, g--q, qsf
X 3T5T, y 3TW, IT# z sw ^ | 3^ ^

zmiMcn^K

Y

X

z
■f^T 2-2.0 >>f UAfrn^ '^VsToT yjc^^rtA I
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'TOT ^STcfiT

°vy ^yX’ 'yz ^ ^zz, TzX, Tzy ^l7! T| | I WT TJ^TR
'RT-TT 9T % ft TTR^PT TTOt~ f^TTSff if f^T.WFT fFT I % JWciT 
sftt SmPt rr ':^=r |X( ^n% wtfir tto"! tt feRfR sn'o^rf wfr nft 

TT,-,r f q--^ TI^TTO 3-r^TT t % f^.sfW fR 
'3^TTff' ^TT ITT! ^ 3T[tr~Rri~ rfiRT^xqr ir -fip

O^TT ^ 3T ?f7 y T- ^piTi:
0XX’ Txy5 ^Xz>

^T qfrry^rf y

^t vz sq-pr ^ q-'TR f ft; f^nfiM
q’fngPT ysptf GXX, rryy, G/7 cT^TT S: STT^T’TT srfrppr -

Tzx = ~xz sr^r qtt it; TCfr f cp>"5 ’5: qf^cPT irqr p 
fTfPr r ft fpT rr^ y;;p sf^y ftp! f

TTR^T sp-Rsy y^lfT ?ftn srfVr^y

-yX^ Tyz-XV’

^ TXyj TyX»

- tXz sr^: Msnfnr sr^yr qr'i
~yz ”zy ’

TzX
GXX’ °}y»

-yz, Tzx 3T7T fer ^TlrTT fczz> TXy’

1* tT7; 2cm x 2cm % qTOR rfr^w.: cjy ^ cr k oon pT arsfpr 
nnn ^FT Fyiyi FPr f I if arfy^-F STP^-qq- sfpypf qy pp; pyr RT 
^y^FT tp arfypy ypryp ft yin 5ttt Fi^frTT i rfr; vt,~ 

ptf; tp TTtPP y yy yt pp y:yf ft 5T" Ftfr.Tr i 
(125 N/cm2, 125 N/cm2,

1000N FT
PPP F

-125 N'em2 -125 N/cm2)

2. TF fqfp- TTTy F fFFr PFT TP fft yrPTF Trfpyp fy.yrytpr f 
fpyFT yrr 200 N/cm2 ^ nt yfyFpy arPyyy yyr stt^tt yfyypr ft

yyy ^rro f7! i

(200 N/cm2, 200 N/cm2)

3. ft yyFrTO yyT^ff tp yyR yfc;wr 
pyr 200 N/cm2 FTt 
% FtF TP f^yci
FtlFPr 1 yy TfpFF FT yTP ypTF %yF fyyF FTP P FFt % ypTF7 yfyFpy 
^Fty fyfrfp 3T?TPr ft 1 [J. = 0.25

FT yip 400 N/cm2 PPP 
o 1 yfyF yrp ftp y*y srftryp y 300 

yypp tp ypypy,
TT

s-TTPTy pyr TTpyryT srf^PFr ?ttp

(-50; 260; 264.7 N/cm2; 450 N/cm2)
8—23 M. of HRD/ND/95

90

ft tpptp yyFTfpF yyppr tp 
yfrpp TfpFP pt p^t ?. 1 yfyF 

yrryp | 1 ft yfy^y

TFry y fFPT ffttp

8 N/mm2 0P0 pyr 6 N/mm2 ^T 
yfP f ypy yfppp ft yrp 101 N/mm2 of
yfyyyr % yypp TP fFPPT FT^TF TTPTPT FFTTf FT FFPT f pyi PF FTF 
TP SffyFpy 3TTPTF Tfppp FT F7T PTP ftPT ? fTTP TfoPF FT yt 
yrp FTP FTfFT I py P'TPTy ft tt^pf fpyyf y FtfFy

4. TF TPTPy

I

(po fyo) (4v'2 N/mm2, 9 N/mm2, 8 N/mm2)

5. fyy (2.21) y fy^Tf yf yfpyy ar^yraft ir yfFP Pptf
yqwr Tippy F yrp ftp Ftfyy 1 yw yfppy, yfyFpy

yycim

tp arfyyp pyr
amry yfppy f^t pp% yypyt ft ft ftp Ftfyy 1 y>^ fyfy ft pyry
^rfyn. 1 yyt yfFPF N/mm2 y ^ft (ft yy ? 1

IL55z4 A3^
/

4 f >vJ/3da ^
/1 '3 4 4/P30°N30»

TT^ 4f 5 52H
!?1(P)(T>(M)

fyy 2.21
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(3T) 4.85; 1.53; 5.10; —4.10; 4.6; 01=2O° 15'

02=noo is'
(«r) 2. 22; —0.433, 3, 2,+4. 72, 0,= 61°, 02=151°

(?T) 2. 21, — 0. 16, 7. 22, —2. 22, 4. 72,01=61°, 02= 151°

(?) — 2.21,0.16,7.22,-2.22,4.72, 0X= 61° 02= 1 5 1°

6. yjz ABC f^r^rr c 90° | i ^
| i AC ^rr CB ^ C

ferr Jr 3 N/mm2 n^rr ^r^iwf tt 5 N/mm2
4 N/mm2 % n^T. srfVr^ | I AC n«TT CB %
sT^T^fw ^’iTcr^r'T'’: ^ftf Tfr | 1

*rfe AB tt qf^irtft ^rfa^r ^rr (sr) srtarnT fr (^) ^TncR
fft ft (f) ab % arf*T^r
adWFF ft (^) AB F ^FniT fT^FT ft I 
^TT *TFT 0 f^T o )

/ (3T) 7. 55 N/mm2, 0=40°—15' (^) i. 46 N/mm2, 0= 130°—i5'\
\(k) 7.55 N/mm2 (^) 3.045 N/mm2 (wr) io6°—so' /

7. st fFTcFT srmr f 60° % ^>r tt: fPTrr | i ^ ^ «n:
sft | 400 N/mm2 a^rr ^ft% 47t fenr if
200 N/mm2 4iT STfcT^qT F1! ^fT t •nTF-T % ^iffTT 3TR f^^TcT

TT 17,^ ICO N/mm2 4TT SfftFFT STfri^T cT«TT STFFT'if afcf^T 
qnr Tfr ^ i '3’^r srffrsr^r cf^r iTT’T ?TTcr ^ftf^BT
cf^TT ^nTcT^ff T^t f?'4fcf ^cTTf^ |

( 488.7 N/mm2; 540. 5 N/mm2; —442.5 N/mm2 i2°fFTT—78°)

8. iT^r ^-ifxcT ST^T^ % f4Fft f5F| VT x ^ ^ y 3T5T ^ft
fenr if arfwr Frgfa wt: —o.ixio-3 cr^r —o.isxio-3 ft
fT'TT ^TT 3C(T^ir f^fcT 0.2XlO-3 ftcT^ FR frT FfFFfT 
^ JJW f^fTfcT ^rr TTR 5TRT I

(o.185X10-3; —0.135X10-3)
9—23 M. of HRD/ND/95

srfiRFFTft (^) AB % ^517^
f^rfcT if mfcfSFT

tHfcm

3TSZTR 3

—%rrT
3 . 1 SF^T

^t areirriff ^ *Tf | ^ ^ft %fft 3tft^ tt ^tr

qrir^rr |, srP^^r m# p^pr ft% f i f-r^t FiiaT rr^ qr^rtr 
TTCT ^TR fR Pi4r 4R"ft | I f»T ^ | f^F ^TR % ^R'T 3T^q- Jf
qTFRT'T: STp^^FT f# aTTFTiT srfn^'T ?T5TT Ffffft 3Tp^^ aTTFRT
fafTpr RcT^ ftt I 
1T^ f^fTpr if TT^R trqr gPnP?^ fteTr t I WfW if 'FT
ft %qr Rmr i *rfr q-f ftr ^rft “Prf ft*rr ^ftf^ft ^ft*r 
if 3CFT ^(% q^T«it ^ ^ 3TT7: sRir Rq^>ft wPt if sjwtfrt mm ms
ft 'qrfFT pqrcr 5fr^ | i fr*ft if Rfq-f?r P^fTpR qrr q’^Fcrr 3RTcT ^ ft<rr 
I cT4T ^rP^ 3T^^T if fTT^fr %^R ^fR RT R^RT F FT RFC Fft ftcH

Prrfr '4t rrr q’PrP^Pr % rctr ^Pt^t

I 1

JTff jff ^ft ft^h: qR7r Rp^q- ftqr fq: Pq’^Rr^r ^Ft
^t ^ ymm if ftir | mm m^t ^ PrfrPo qrr ?rrn mjt Fft ft^T 
cf4T RF^t %^T4R TTf ^JinTT RT F^^TT | I FcT: SfPfFF fFfTpn % F£F 
FFF FpTrftF FFTFF^T FtFT ^ FFT FcFTFFcTT FtFT FR 4R
cRRiqT Ft FT if fFR -PFR ftF | I fF 3T&FBT if fF FcFTFFFT Ft FT % 'FtcR 
FTt 3TF=FT if ft FpTFF-PtfrPf FFSff FTT pFT^FF TRTf |

3.2 fF: (Hook) FF PFFF
3fPnTf?r yrP?FFT FFTFf F7 RF F^rR'F-Tr FtFT % ^ftFR 'FIT RFTT |, 

% PffPfT ftcT f FFT FR fTT RF FT FFFt ^FTFFFT FF FFTf FR R^ | I 
1 676 f o if FTRT |R F PfFF RpRFTpFF PRTr PRF% §RT FpTRR F,F 

Pf^Pf FR fP<FTF RTF PfTFT Rf FRFr I I ^F Pfff % FFFR FTF: FFt 
FFTF, f%Ft F PFTpT FTFf % 3f TFT FtFTfFTT FTt TpFFi PFFF FTRF FRtt f I 
fFT ^ FF 1 6 7 8 fo if FF^ PFFF Fit FtFFf ^F FF>R F^t : PF-Ft Ft RFFF
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f«fr^ ^ fVr^ TT 3PT^ I % Oft^ft
3TST ^1 qr ^frrq- ^ ^tr % ^qTRqqcft fterr | ; ^cr: W
WR srfrTTTf^T fqrqr ^TT ^RTTF | : "STr^^l tffiTT % 3f^tcT, 5rfcT^r ^ 
f^frfcT ^qr^r^ft t” i

'rP.fc'W ^ fqqq qft ^T qqrTT °qqcf f%qi 'jflffr ^ : 

qfqqq’ a

= (^ Trftr) f^i^fq.... (3.1)

=f% qqr fqqri:%T | srcr: (3.1) ^ fqf^r
srr Trftr ^r fqqr sRt ^>ft sft qfqqR qft ?>cft | 1 ^qr fqr wzm-1 ^ 
ptr fei q-TT o 1 sRrq- <1 Hji qft t^t^t % qry'! ,<ijr qRq irr^RT srt 
ttr fqrqr ^rr q^qr | ; m: ar^ftq rrrq q-Rir qrt fqsrfq rf^rq^ft 
(3.1) qft fq- spfTR 5-to qR q^q- I :

qfqqR — Ex fq?rf?T

srErqR

^<gl

3R^RT
— E X ex ..... ... 3.2CTx

qt ( 3. 2) ^ E 3RR Tlf5T qrt ^ ici 1 ^ qqr E qft <qq’'isq'rci

qrr jr,ri+' sT'-qqr ‘ 
qRqr ^ 1

qqt^rtir (3.2) ^r qft qR5r ^rqr ^ 1 feu f% qq fq^q
srfrqR 3rfq^fq fq^rEr tt ft qrq ftqr f, 31^^ stwrt qfqq^r ^ srrwq 

% qqq q qt qf fqqq qw ftar t ; %qrr 3rqr Tif^r qr qyq fq^r 
ftqrf 1 qq: qTTt^rq (3. 2) qtt ^q siqrRqt

qfqqq’ = (* Tffq) X sqRqq Ei^ifci

1q>, =f^t qrqr f qqr qf qqrq qft qrqqr qq fqqq

srfqqq

f+qr qr qqRT^qqq

qqwq
qqqr

(3.3)G. Y

qff G qft “qwnq qcqrqqqr wrt” srqqr “^qqr qqlqr” qr^r qiqr |
trq ?qqt fqqr qt qfqqq qt fqqi ft ftqt I qft q^ 
fq qq^ ft qqrq % Erq E ttr qr qrq fqvq-fqqr ftqr qqr ^ qqrq ^t 
¥T5RT qq fqqq qqif I

T =

fqq ftqrrT^c qqqr
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srsqrq 1 % qq^q 1. 7 q q^ ^TR f^Rl qqi | ^ *ft f^ft qqqq
ftcft f qq ^q fq^fq % qfqqq f^rr q fqqqtq 

': drM rri ftqt ft 3ft 3rqqq 
(v) qq fqqq qRcft t I q^t qf

q BTfqqnq fqffrT -JRR
Rt qqr fqf^qq qfqqrq q[ qfqqq fqfEn RPT.fq^q qr

qqrq % cqnft (Poisson) qqqR 
rqrR qqqr ifqq ftqr qt srfqqfq fqfrfq qq cqtqt qqqqr % qqqq dcq?q 
qqq?q fqfrfq qr qtqrq fqrq fqqtqt ftcTT f I RT qqqqq fq^fa qft cqtqt 
fqfrfq '*ft Tqr qrqr t 1

fqq 3.1 qq eqrq qtfqrr 1 q~qqr ^frfqq fqqfr qqqq % fq^q A qq 
X—qsr 4?r fqqr q srfqqfq fqfrTq -f ex f srq: ^ft fq^ qq y— ^ ^qr 
Z—qy q?r fqqr q cTiqft fqffq ey qqr ^ qrqr-qq: ftqt 1 qfqqtq qq 
yq qiqq °qqq fqrqr qq qqrqr f :

c, = Ey = — v ex

■£r*F 3-!

(3.4)
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q-g mm mm fqr c^t sRqrd ( v ) qq qr^ ^rtq- 
fr t^ar | qra1 q^rq-q?r ^tT^qr q-?: fq’^T qn:cn | i

-jqqqq qafq % qTcTK qq qf^q^f-fq^Tq qqsft m qwq qrcq cftq 
arqq ^rfqq'i (f^qqtqff) qrr fq^rr | qr fqpqRrfeq |:

(i) q^nwdr qiqw (E)
(ii) qfar qrqtqr (G)

(iii) cqtqf arqqrq (v)

3. 3 3Uqqq-5Trm?qm qqt^

f^qq srrqqrqrn: stq % ^ qr^qi qq qqrq qfqqqr qtq qq
stq % fqqraff ir qfqqqq iett fqq% qriqq qqq arracPT q qt qfqqqq o'tqr i 
qrqqq q qfqqqq % qrqq qq stq qqrq q qrqqfqq^ fq^fq ftqt i qfq 
qrqqq q qfqqqq 6v qqr qq stq m qq sqqqq §v qq qrqqfqq 
fqffq ev ^q qqqq °qqq fqqr qi q+d’i

qqqqq

I :
6V (3.5)ev V

qqfqq fq> stq qt qqr qqqtt qq qq qqrq fqqnritq qfqqq p t
qqr^q qqqr | qq qfqqq (p) qqq'T qqit qqqqq aqqqfqq fqqfq 

qrqqfqq fqqfq ev qT sprqrq qqq ^tqr ^ qqr qq qqrq qpq qqq qrfq 
q'tqqqqrqqr qrqqq-Mc^iqqqr qqtq (^) qfi qiqr 
^q q ?q qqrK sqqq fqqi qr qqqr | :

£v

| i ^qq> qfqcfrq

K = -

arq: E, G, v % qfqfqqq K ql'q srcqrqqqr qqtq qt sqqq qqqi | i 

qqqqq qfqqq-fqqfq qqq ^q qrq qq qryrfqq ^ fq qqrq qqqftrq 
qq qqfqt qtqf ft f' i qqtfqq qqrq qq qqiq qt q^t | fqqq qq-snt 
fqqt fqf?qq fq^ qq qqt fqqrqt q qq qqrq ft i qqiqt qqrq qqr qqrq 
ftcrr f fqqq qq-crq qqq sqqq fq^ qq qq 
qqrq qqmt ftar fqr qt qqtfqq q ft qqr qqtfqq ftt |q qt qqfqt q ft i 
qq: qqfqq qqq qqr frqfq q ^rrq frq qq qqrq qqrqr qq qqtfqq qtqt 

ft ft i

(3.6)
ev

ft i qqrqqqffqqqrq
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3. 4 srsqRtqq fq^tq

qqqqq qfqqq fqfrfq qqtrt qt qqtfqqr qq qqfqt qqrqr % fqq 
qfi'qq qr<t q q^qqr qar^q ftt qrtt qrf qfqqqrq ^qq: qqi'^r ft qqft f 
qqr art qqq fq^arq qrcq ft qrt f i qqrfqq?q^q ^q qfqqq at fqftq 

^q q, qqqr qq% fqaftq art, fqqarrar qsa a> qi'tsrqqrq arft qt qqftqq 
ft, «qaq arq qart f i qq: srfqqq-fqftq qqq fqqqta? qqff % qqfqrq qq 
faqa: qft arqt f i qqr fq qeqrq 2 ar 2.10 q^qcq farqr qqr 
ffarfqqf qrftqstq^qqfa^qq srfqqq qqqqr art qrqqqq: qq% 
qsart mm qqr qqr fq-5 m fqffq qq?qr at fqffq % qsqrf srt sqaq 
farqr qr qarqr f 1 qq: qar qqtfqar qqrq % fqq sj^q^ fqffq qjf 
at sqaq ar^t % fqq qqf w. qfqqq q^arf q qqfqq arqq % fqq qcqiqqqr 
qqrart at qrq^qarqr ftat. 1 qq: w. fqffq q?art % frq; f q exe aqrr- 
?qqr qqrar qjt srfqq^r fqftq qqqf art 
qa:^ qfq qqrq art qqrar qt qrq frqr qrq qq anawP 
mm 361 q^aR %qq qt ft qrqt f qgfq ^q q^q at fqq ara:qT q^rrfqq 
^|9q t qr^: f qqr q^f qqq qft f 1

aRt ar frir arrqqqar ffq 1 
srcqr^qqr qqtat at

°qaq

rrar ?qq ^q q ^q ?qat ^q qarR qqq qarq j 1 
rrq fqffq arqfqr at ^q qqq qfqqqt trq q^q fqffqqt t qt 
f 1 ^qt qqr t qfqqq qq^qr f q?ar olt a2 ^qr ct3 fra fqffq 
qq^qr % q^ar arqq: ei, S2 qqr e3 fta 1 qq qfq att fqq 0lJ o2 ^ 
o3 qfqqtf t farqr frq ft qt a^rc qqqqt fqmaft q qa Tf ft, qq ^tt 
ar?qqi aRar arfsq f far t srfqqq qq qqft % qrtsr araaqq fqffq at qqrfqq 
ar^a \ qq: q^ fqsarq fqarqqr f far arfqqq qfqqq
qq fqqrafr at qfqqq fqffqqt ft ft qqrfqq arta qqrq qw qfqqrq 
irq qsq fqffq qtqt fta J %m q^ fq^ ftqr f far qqr?q qqf q qfqqq 
qqr fqffq arr qeqrftqq qqq f qqfq: qfqqq CTl amt fqqr q fqffq

-y- rjqRq artar qqr a2 rxq o3 ft fqqr t fqffqqt at qqpq 

artar 1

sqrq qf far qfqqq 
=qaq aR qarq

%q^rcti> ^a* °3



97

Wt ST^R,

srfcT^T o2 f?5rr it -^- cTSTT a3 and Ot fesn ir

f^ffcT -Jcq^T sf^TT, ^ STfcR^f a3 3^ fOT ^ ^

3fk a2 # f^WT it -VOg- fefcT ^R?T ^TT I

3Td: cTj ^tt KTTT it fWf^fcT £l ^'t ^tTt ^f^W\ % ^?tt 
jri srr0^ ^'t ^^rtT't^ fw ^rr ;bwt | i vMr

rr ^ ^\x 3it«rt f^^rr ^rr | :

^T«TT *1

]4r[ 0! — v (c2 + a3)el

®2 - v (0! + a3) ^ • •H • • (3.6)e2

t[ ]03 — v (CT +1 °2)e3 =

3T^cT ftsrorf 3tt arstrrd'T'ir ftr^ter jirr |t jtf^t f^rr w | i 
fTr^t^r % jttt ^frTr jtw fk^ntf ^ 
fem it dtTT srfcf^^ SRT 
f^TT jfT | I q^f q^ ^Roftq- |f^RT fetcT 5RT ^ %^T fq^fcT 3RFTT
fqrqr fqRq’q q^ ^t,t qft qr |, ^5 qfqqR qq feffa % 
irqqq ^q’qr fq^ ir <d'q ^ f?nq ^qr ^rnr fqrqq ^ d+qr ft 1

qfq qqrq- qeqqr fq;| q^: qcqr^'qqr ^ftqr it ^t, ^ srfq^r qq fqifq % 
qsq qit fqrdt ^q> qR qn^qq1 % qri <^1 qr^T TTf^Ptt °Ft f%dt 'qR 
qq^q % q^r^'q qr'qf qq^qt <1^1 qf % qtqqq srt qrqr qR q+cl ^ 1 qqr 
qRcf qqq q^ qreqqr qfr :3rrqt ^ f% ^q> qqq- it %qq tqqr qR qq-^qq 
fqiqrqtq ^ qq qiMfqqi qq^qr q qTqf ?ft qiT qq-^qq qqqq qq; trqT qr«T 
ft qq ft^-1 1 qq: ?q qsqRtqq fq^jq qtt ^qwn ^ qqqq qrt qr qq^fr |:

' ‘qfq fqqft fqq q^ ql qq qfqqi srfqqq qRFR qqqqt fq^ir it fqRRftq 
ft qt qq^1 ^ fq^qt srfqqq srf 
qqqfqq qff ftcft | 1”

fq^fqqf % qtq gRT 5TF<TdcM'q

fq^fq 3RT qfqqqt qtt qqf^rfq tr
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qqqqq q°tq q qf qt fq^q-q fqqRar | fqr qfqqq qfciqqq qqqqq fqjfq 
qrt crq srq^qq qfqqR srfiraq fqf^fq qiT qff qqifqq qRT | l

3.5 5Tcqi?q qayrqit it qCFTC ??q«j
o

3rq^#qf 3. 2 qqr 3. 3 it ^fr qqr |fqr qfqqq qq fqirTq % 
q«ptf qtr qR qcqr^q q^i R-T E, G, vqqr K srt sq'qq fq^n qr q+qi | 
qqq it qirf q’qtqr qqtq % sqpqRSRt ^q qqqft qq; fqqq; q^Rt ^ 1
(iqr qqqr qqt | fq^ it qrq ft ^qqq qft ftq. fqit tt %qq qt ft ?qqq ftq f 
qqr fqqft qt qq qrq qrq ftq qq; qrqq; qqr qtq 
| I 3R ^ f q qqqf qiqtqir % q'cq q-Rqq; qqsr FT'R qrqq :

qqftqRq 2.18 tt f q qrqq | fq?

M <tM <.

fqrqr qt qqqnqq Htq qtq

ql ~ °3
Y max 2

qft av a2 qqr ^3 w qfqqq | qqr Tmax qq qq; arfeqq 
srqwq qfqqq qft °qqq qRqr | 1 qftqf qtqt qqt | fqr o1>o2>o, 
qqq fq qf qt ^ q% | fqr :

el ~ 33”^max

2 2

qqtqRq 3.3 qqt 3.6 qit snttq ^Rt fq qqqqq^qqa' qtt fq srqqr 
fcpq qqrq | :

J> — /o3 — v(a1+o2)^ J[{1"‘max CTi _. v(o2 +o3)
2G 2E

| (°1 — °3) — V°2 — V°3 — Vq3 + V°1 + V°21
2E

[ q3)]1
(Oj — o3) + va, —2E

(i+v)2 T1 max
(ql — a3) (l+v) = 2E2E

(3.7)qqqt E = 2G(i+v)
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sre 7ruii+ sjtpt ^rr tn?f ^ftf^nj arnTcTO^f^
st?r % farf ^ 3t«th m\i, ^ -r^zif ^trt: 1, b cr«rr d | i
^3% W*u 'TT TTFT ^flfjiTT tT^7 ^nTT-T STfd^f a ^TT T^T | I
irfeT f^TTRff ir crf«d H" 5I, gb fid ^ :

3TRcT 9^1 TT^T 3n<TcFT V = 1. b. d-cv

srraTR' if srfFT^r % '+kiji m P^4d •i — ^v

6V = (1+60 (b + 6b) (d + 6d) - 1. b. d.

= 1. b. 6d. + 1. d. 6b. + b. d. 6l.

zrff ?t ®tsf TlfVrai (il, 5b, 6d) % ’T,JH' 9)^r 9ft HIH1!
»TqT | I

-r+^+f ■ ■(...)
3R 3TTqcf 95^r97 +t f+sft b+ 9ft fen if STFcT :

+ = 61

3^T: ^(19 ^9 f^^fcT = —

6b ^ 6d 
1 b d

a va
E E

3a6V (3.9)E (1-2V)V

K = 6V
v

(3.10).-. E = 3K (1—2v) ....

flift9r*TJT (3.7) % v 9TT (3.10) if T* :

L( 1 - 3-)
2 V 3K /

E
2G

9GK • (3.H)E = 3K+G
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3TcT: ^nft9r<ur (3. 7), (3. 10) (3.11) ?r | fV %aFT 2 |t
9qt9T ?4d+ f it ■H+l'+it'Jl ^TRt ^hli+t % 'TT'FTT ^sft 9ft

^ft qi <d |i I
9cqrt«T

3. 6 HcTj? Stfcf^H qar TTrf^ faf+rT

2. 1 0 if ^ f^<sjPIT MM I ^ f9T <>inq9> 'CTTW f+ffcnfl if f+^ft 
fd*-^ 9T ^tfdd'd 9ft 6 5rfd^T
STTT °d9cf fqnn ^TT d+dT I ^97 Wt ST^TC 97 fd f* fd 9ft ^ft
ddd^+t 6 fdf+cf dd+l 
fd'txrMd’: qfd'dd <^9 fdf Td- ^d^t 9ft Hfed" 5ffd^T a1, a2 d^tl a8
frgf 9W fdfrfd

°x> 0y> °z> “xyi Tyz* Tzx

I >Yxy> Yy2> er YZx 599ct f9nTT did Iex» zy>

d’qr e3 fin ^ft ^9d fqm n ^T^rr | i w^ft 9977 
(3.3) cm (3. e) sm ^t f^mrtq 179 fdffd 9

q7?97 799 9ft 9977 oETTo 9T7 T’qrd | I

ei> e2

j^a*—v(ay+(jz)J1
e«= “E

j^ay—v(az+ax)J

^ OZ—V^+ay^

1
Cy~ E

1
Ez= E

(3.12)

= -T£>_Yxv G

„ Tyz
• yz G

Txz
Yzx Q
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f :

v(ey+ez) J

^(l-v)ey + v(ez+ex) J

(3.12) 'fit m+r

1[(i-vK+E
°x = (1+v)(l_2v)

E
aT = i(l+v)(l-2v)

[« >
E

— v)ez+v(Ex + EyOx = (l+v)(l-2v)
(3.13)

E
T*y = YyZ2(1+v)

E
TyZ = Yyz2(1+v)

E 1{E ifc g yTxx = • Yzx 2(1+v)2(1+v) JL
ffjftarur (3.12) ^ (3.13) ^ ^ srfcT^r iTof f^i+cT ^rt

cT«rr
irfk srfcr^r srfo^r ^ f^riifcnTt %
¥7 ^ sTET ff ^ ^r

Ox=<Tl> ay = <J2 °z =a3» ’rXy=T yz3^! =0 
^ ex = eI> £y = e2 ez=e3» Yxy = Yyz = Yxz =0

sfcresnfrd + srFd f+qr ^rpctt | tot fw$ wrti |:

I ‘

1
E L ]—v(aa+oa)ei =

h ]a2—v(0i + °3) (3.14)e2 =

= e" E (03 —V(<,l+<,2)]e3
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ar^r
E

•>[ (1 —v) E1+v(e2 + E=
(1+v) (1 — 2v)

E V.....(3.15)[ ](1—V) e2+ v(exe3)°2
(1+v) ’(J — 2v)

E

[ £3 + V(£l + £2)j(1-v)°a
(1 + Y) "(1-2v)

Tdd sqrq^ T dTd+ft ^td f TT^
Td+dT.ff T TponfTfST qfTTdfddlf T fjfd+tT d

fd^PTTd ftdr |, WTO dd^ Srfddd dd^ fd^fd ddddT d^T TTdT | I 
d^f dd^ 9T5d dd fddd d^fd | ddlfdT fdidTd+T dfddT 3TddT fdqRfRT fdf fd 
trdT dddT d ^Tdt q ddlq<IJld: dd^ dfddd ddddT dft x-y-Z dSdi % 
dTdST dfddd dd+f d>T °ddd diTd fd df °ddd fddl dT dddd ^ : 

dd^ dfddd ddf'dTd I
(dddd X-y it) 
(dddd y-Z if) 
(dddd X-Z it)

^xy°y»
^z? Tyz 
°z? ^xz

°x*
Oy,

Ox,

Wdt TOT pq-ffd ddTdTdf dft dt a % ?dTd dT £ ddT t % ?dld 
f^T^d d^T sddd fdTdT dTl fldTdr | l dd: dfd ^d dddd x-y dT 

EdTd dfddd ddTdT a, °y Txy +T % dd d^ ddf dfddd ddTdT ^dd
d7+ft I dd dfd ^d ddtdTTd (3.12) +r d^IddT d dd^ dfddd ddddT 
|5 dfddd fdffd ddd fd^FTT dlf dd

dr Y

oz=TIz=Tyz=0 diTd dT,
fd dRd CldT :

1
(ax —voy)Ex =

E
1

(Ox — vax)Ey =
E

(3.16)( °x + ay )ez = “
E

Txy
Yxy

G
= 0Yxz Yxz
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f%^i jfT ^’'t'nT f. ] ^(3. 13) ^ W 
= o ^ ferr ^

st^tt *. ^t^tT^ft iT^nr
Ez== Yy>-~Tzs

](1 — v) vx + vey[E

(1+v) (1 —2v)
(1 —v) ey-fv£

'[E
cy

(l+v) (1—2v) 

Ev (ex + ey)
(3.17)

ar
(1+v) (1 —2v)

E
YxyT*y

2 (l+v) J
= 0YzxTyz

(3.16)^(3.17)CR S.*nn ^ ft SflcTT |
ETcTR'TETYr ^TcTf srf+FT 3T^TT % ^TT^r ^ f^ffn ST^^TT n^f | I

f^t^r 3HP-TT srfcT^r styptt ?rff ^T+f f i 
SEER SPTtaRW ( 3. 16) cT^TT ( 3. 17) ^ STfcR^T f^f.fcT

^'+f cf«rr ?Tcrf fq+fa srf^^r ?r#£ff +r ystt# f i
srfcr^T ar^r fg'-fqifm (m^ q’fcf^r) |

p ^fcr^r fefifa ^'r scRn f%qnr 5ncn | i

^nftqRir ( 3. 16) TT RTFT t EETf 3rqT«TT
qrrJTRWEWE qx qf? ez = o ft ^rnr or q^r fq+q qf<f?«rf^ 
5rTccf f>fr e^ ewt e ?ETf ^rfcT^r fVfrfa
?>fr EET ^r«T fFfr E^^^TT^fE E+FR'E (3.1
fafa ^ ^ft fqrw I :

(ex + vey)E

(l-v2)

E (ey + v (O

(1-v2)
. (3.18)°y

E
^xy Yxy

2(1+ v)

104

^ff^r 3. 1 : E^ 10 0 mm ^ft cT^lT 5 0 mm WZ\ ^TEft HnrfqriT
^ EfETqT EET tws ty 3rsT qrt f^rr e i o KN +fr^ 'm 

tTe E= 200 GPa cT^T = v 0.25^t^^E|E ^EcR qfr^ET qq 
fn^Tf+E- Efe 3RSTF!q fq^rfo^'f +t ^ ^ qRqr T< E^E ’RET ETfl^-f 

^TETTR WR tty f^TT ^TET eft E# ^f+sn* q+T^T ^71 Eln cT^T

HET
5r%^ET
R f?qfcT ir arnTn’f 'TfTSEET 5TET ^tfTjfrr^ ^ % q^isr % f+rr G FfR K ^FT 
qr-r ^ft 5fET +lfjfE •

f^T :

= 100 x50x 50=25 x 104mm8m tt yr^.f v

10 x 103
JTSfR srf^7? = —4 N/mm*

50 x 50 - i'ftsq % +E')|)^ln ti

4
irsEq- fg^rfri = - 2 x 10“5

200 xlO3

ftrSTT Jr fgf= —V X ( — 2 X 10-6) 
= 0.25 x2 x 10-6 
= 0.5 x 10 -5

_ 6v _
— y" ~ EX+ey + Er

= - 2 x 10-5 + 2X0-5X10-5 
= - 1 X 10-5

= 6v = v x (-1 X 10-5)
= - 25xl04xl0-5 
= — 2.5 mm3

srnrerfr feirfi

Jr qfrq^qarnpnT

( wn 3TEPTT Jr fTr |)

EET qftfTE '^EEER fTf+r qft ’ETEYf % %E qTT ER P 3TR?qq: ^PlT

p
3R: fET % qnvtlf tJFqvf P qfr fcRT E f^f+r = -g

I
vP
E
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BrnrPT f-^rfrfd' % % ttrt ^ft ^rf^r :
0.25XPP3TrT:

0.5x 10-5
EE

0.75 P = 0.5x10 -5 X 200x 10s 
P = 1.33 N/mm- 
P = 1 .33 MPn 

TT'T^cT 7R T7 ^RT 3RSF?T f^fcT^ff STT JTR 9RT o> 'T^TT
srefta f^Ffn ft i

spf ireftq- f¥?rfFT =—2xl 0—5 —

or

— 2 P v )(

E
= - 2x 10—6 + 2 x0.25x 1.33x 10*

200X10® '

= - 2 x 10“5 +0.33x10—6

= - 1 .67x 10- 5
= Ev xv

iR.' ?Pft o

- 1 .67 X 1 o-5 ^Pft

SR: STr^TcFT P mT<=)ci •-f Sv = evXv
= - 1 .67x 10—5x25x 104 
= — 4.175 mm3

<ffcr: 3rnr?R

3R: Ev =

3TT: amn^T ^ WR 4. 17 5mm3 ^TT fPft l
200 X 10 9E

G =
2 ( 1+v)

sox io9=soGPa
2X1.25

am: G = soGPa 
(3.10)^

E = 3K ( 1— 2v)
200X 10®E

K =
3( 1—2v) 

K = 133. 3 GPa
3( 1-0. 5)am:

106

^TT^T’JT 3.21 P, 1 cT^TT d ^
^PTTPt f^frfrT 5cf^^ STIR qftfatr |

ri^T 3FPTRTR! qi; pJf 5 0mm | 400N/mm2 3T?lfR 
?PTP pf?T37T TfT f | ¥ppT PPPift 5KT 200 iRolfto % srqrft 
qp; ppft pf 0. 3 fp ift f rr«rr P 0. 0 2 fpift 4?t ^ft ^tcft
11 qrrq- % qrq-Rq- pto e, g v smr #f^TP

fmrr

^ :

= W4 d2t
Pfe qT STfrRR 'TRT % PI? 1 qn TTTP ( l + sl ) n^TT 6 «PT Pin 

( d+fid ) ^rrar | ftp apppp qf^PPP 6v=4'/4(d+5d)2 (l+6l) 
-*/4d2

arnTFR

Pt 15TZT TlfPiPf P7 9"irff O.P p:i PPR PRP fP :

6v = 7r/4(d2.6l + 2d.l.6d)

arrprrfpq; fpfip = -*L 
d

PfTWTP v = 7t/4d2l 4T 3TPPRP pRT PTR fePT ^TT PPRT f I

&1 0.3
1 200

26d-l-----
d

VS it arppyp fpfrfp ex

0.02&d
3TPP?P fpffn ey = 50

3TP5FP fpf^fp __ Gy 
3RPEP fpffn Gx

RPfT 3RTTP (v) =

0.02x200
0.3x50

= 0.267V

W3 P PTPPFq a = 400 N/mm2

400x200a = 2.67 105N/mm2E = 0.3ex
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3TW E = 267 G Pa

267 X 10
2(1+v) “ 2(1+0.267)

3.3 : 0+ ^ ^ f^ffn ®T^T
^TTT | I q-fe Tf^tr ^TT iTTn ^TTT: 0.003 ^«IT 0.001 fT^fl
*m TPT+I JTTn 5TTT ^tf^fTT % f^n £ 37T JTHT 200GPa rT5^
v = 0.3 ri_ I 

Z* :

E
G = 105.36GPa

TT+fT -f'WW % f^T'7 STfi^T TTfrfn ##sff SITT :

1r{1 J^j | =. + |

e r i
(ij^)-i e2 +ve i v

CTi =

r?g a., =

Jl
1f200X10“ 0.003 + 0.3 x 0.001 yiiT?l: a (1 —0.32) J

= 72 5 MPa

200 x 10!’sfr7 a2 = (0.001+0.3x0.003)0.91

= 417.6MPa

mum sR^m^rt
1. '{Ti' ^rf^TR ^ mD' WS spr, U+' 9)^+1 9T

1000 N/cmz 9Tr *TIT TfT |, rf^T 'TTt^pn- fw W t I 
ir cfn^r srfrT^cT 3000 N/cm2 9:r f^PT ^ frpfer ?PT?r?r ^tclT 

t i rep-T 9fr ^pr'4 fT4T tpttpt sr^rfFT
7^9'•^T f^+f^T 4TF ^fl- TTI^T ^cTF^T I ^9^ % SF^ST^T T7 ^R- ?T^t
?PT 7^11 cTzp qRT«T % E cPTT v 95T1TPT W9T: 200GPa ^TT 0. 3 | I

(2000N/cm2; 45°; 16.5xl0-5; _9.5xl0-3)
10—23 M. of HRD/ND/95

rst

10S

2. WRf ?PT+Tf R *T^T TTfnRTf ^PRR: 4000 N/cm2 ?prr
-2000 N/cm211 srppfr rrin en% w srfd^r fenr ?r 3 0° % ^ qr 
f^^Rf ?Tfr+T CP', 37fir?R, STTPq’Tr cPTT qIP'TTTTt STfcf^c'f TUcT I P^T srfTf^T

JTRf ^^nrq- fjrq% tt ir strt srfkwr srfR^R
f^fTf^r % ^Tor7 $ f^frf I E = 20OGPa cT^TT v = 0. 25

( -500; 2647 N/cm2; 4500 N/cm2)

3- Rfi 5 0mm X 5 0 mm 917^5? % £77 97 5 0kN 49 3T$fpT 
'99RTF 99T o I 200mm 4?T qrrpft 991 f 97F ^17+^ 0.5 5mm 

RPT ft-TF I cr9T Tftsrf 9 0. 04 5mm 9^ ffe ftcft |; £R 99 9PF TFTR 
cfsTr RRft 3PT9TcF JFR 9?tf^9 I

^999cf '917 % 3lfd-f799 £F7 % 31W9 9T^f 97 00 N/mmz 49
919 FT9F f991 cR 2 00mm 4^ 5F9F9F 99if ^F 9991 91717
^F ?FT9 qfFf^q IC •

(7280kN/cm2, 0.327, 0.41mm 0.0794mm)

4. 1 0mm RITT 99T 1 5 0mm SRlf % 9^ 779(9 £77 97
2 00kN 4TF 99trq 99 99RF 99F | I 79 Wf 97 99F9 ^F9 9T% 
99979 9F9 9TF 9Pf 5FF9 47tf79 f999 9F9F 3R979 f9fi9 9:9 4?f 9F 
9% I 9f9 E = 2 0 OGPa 99T v = 0. 3 9t 99 ^7 97t 99Tf 9 9f7999 
9>t 9F9 I

(2180N/cm2; 0.067mm)

5. 991 97 CD C 47 9^9F 997 | 99T f99 (3.2) *F f9i9F9 
9ff9 917 99F9F 99F | I 9F79 ^ 9^ 97 CTf99 9979T 9 | :

(9) 97 AB ^ 3rf94Tn9 9f+99 5FT9 9Ttf^9

(9) AB 9 9J9 9S99f5 99i79

(9) 97 % 9f->'6i^ 79 £7171 'iT9I'iFT 99 991 
97 9 999 99 9F7 TTt 99R 9Ffn9 I 

9T9 f9f99 E = 200 G Pa, v = 0 ■ 3

fit 9f79cR 5FT7 9^99.

/
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\J
\Na
N
\
\

i2 mm X 7-5 mm

N
N
\
\
S
\
\

B\ Dn C

\ —0-5m —•
1-5 m

\
50 kN

3-2 . .
6. qf? ei ^«rr e3 ^rcrtf^n: ^ wtift % fw cn: 

^ f<frTrf?f qft qrr?r | grt ^rfjrq i

x
Cl “ e« = G

3T«-XrT*T 4

ir^7?r ?r^r^
4. i ST%TJT

fq^T ar&TTPff % srfnSFT, fqirfq it^ ^n'jf qi:F7T #5rsrf qrr qxpf 
ferr Tmr | i ^r ari^Rr Jr ir?r zp&nft qn fTO^or wf sfr 
w wr ^i-fer ^ | fqr q^rr^r-irf^r ftcfr | 
^^frfn'T0 srrsnfpff if ^ ?rq-^r q^-T qf<r^Per rrcfr | ’Ti^Fq'cf: sTT^rqr 
wttt ^rq^q" qrf^f vrTT’q qf^qfcrqf ir ^ | n^rr 3^*% qriTir srfrrq^r 
fqfq^ftq ^q’qr fe-fqxfrjr ^r^fr I i nqrfq irq;^ f^r srfrrsR- sr^qr qr^r 
^■qqq q^r '♦ft q^cq^w sfor | i

fmn^q ft ^ twt arqwf ir qt qr q^r qqfirfn-^T fq^R ^rft 11 
qfq 3Tqqq qr qi^Tr WR qqfqq-qST fr q^qt |t qq qq% q>Ror
qqqq if qqrqfqw qfqqq qqcqT ^cT"f qFff I qq srqqqf q qi qt qrfrqq 
qq qqq I qqqr n^r qq qqq | l U,q wpfr qqqq qft qq qRqqr q qq 
Tq'R qq^r ^'tq f f% qq% fq^ qrqq^rq qt qq % qrqq qsftq 'qrr cf-r 
q^q qt^* otq | qqr ~qq qfqqq qq^qr qqqrfqq ^tefr | i qq qqqq 
qqq^q ^fTT % qq'tqf qq qqqr qqqf qq sjeff qqr q^qiq % qq't ir qqqq 
qrfqqt q tht ^rq ft i

i

qqrqT

qqr^FT 4. i : nq: 5rqiq Tfq^q qqfr nqr ws qft qsqfjjq
qrq ^tfqq i

qcTnqr
qqr | q sqrq qR % tthw qqrq teq q%

h*-ihdx
\•■-

\\ S\ NN \\
S

S

\-l s

fqq 4. i

no
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: Jrnr it ^fr 3TT3it2t w^tz a o tt wf 'T^rsi
% srfnETn spr to I I Hff JTf eqTff ^ Eftnr I STct^r qfr^? TT
^ ^1^1 'iTR % jfr% sf ^r | i ir^ ^jqrr 77
srf^PcfJT a^TT fn^% 7^=5#^ qR ^fq- ^TT I

wf % q^r ^ '♦tr qrr ^r^rr ^rRrtr ^ft fRRir fqr ir x |tt qR | aRr 
ct^i^ dx | i stct: w? % ^r vn^r qr rift ^trt rtt w, a, x 

f^lT I dx ^r qiR RFTcT ^Tn |, 3^: ^ Rcjlf it RR% qf^q 
q"7 srPTR-T ^ RRH RFTT R^TT | I q1% W5 qRT^ RT STcqTFFn' E t—

eFT ^ 'HTF if fRfrfrf = . —
/VJC.

% I?r dx ^TRli RFT RFT it tsq^fSST = dx
At

0) A X

RcT: fgq J = _^1 dx

o

on2 coAi.i
2E 2AE

cot
(4. 1)2AE

*rff co. A. t = to q-]-?; ^'t sqqq ^7^7 | I R^t: ?W |
^WT it ir Rcq-?!? Ryjy tsq^f^ST RRRj- | % ana’

RTT qtt RqR pR^: R RRqTl^ qR SJTRl ^>ft I 31R: q-p^ fqTRt 
q-pR^ qfr wf it sm rtr % ^trr ts^p^R Riff ?rrt fr ^ ^ 
FFTT RT RRcfT | 1% ©R 7RIT RTR ^tiT | cTRT TO Pr^ qR
Riy- RIR qr

RRIR

^Rf ^iTiqi WT | IqRiq 7

R^T^RR 4.2 : q;^: SRRT R>| q<T RTR 2 00mm 5T1W “RTF aRT 25 
mm wr ^Tetr rirt rrt 3m RRT | 1 ftr rt qfr^ tr: tor | to 

3RRT P?p: RR 5 OkN RRtR RR RITPTT To I 1 7R1T % RR RR 
Rt Rt RftRpRR RRR fF. THcT ^tfR(T pqr FTR R pRR qfR^ q^r ^q-rq ^TIRR 
RpcRFfR fFTT TOT RRRTT RTR Rt RcTTlR | 5RRf Rt| qR RRcR 7 2 0 okg/ 
ra3 rft RtfRq; i

fFT : q^r q| sqFT RFq | Pqr 7RR % f^Rt ^ft qf<^R f^qjRtR 
RR RTR = 50kN + RR qf<^^ R RTR % RRRt 
RR I str:

rtr q;r rr
RTCR | 7RR % RRR fRRR fR^ qR Rp^cTR RR f^qiRtR ^tRT I

112

= 7r/4 (0.22 — 0.152) X 3 X 7200 X 9.81 
= 2.91kN

^cHT qq R? ’TR

sra: RRt q-fR^5R qR rrr RiRf f^r rir
= 50 + 2.91 
= 52.91 kN 

31R: REft qfVRSR qR

52.91 xlO3 
7r/4(0.22 - 0.152)

= 3.85MPasrf^q-^ =

? RT 3m RRT q RcRFn Rib'llTOfRR 4.3:^ Pa wtq WRTTR q?T Ws 
Rf I ^R% Rt% RT% Pr^; qR 1 OOkN RIR rtot r^t fUP? T5? it R?TO 
rPrr'^r RfhRR 7ON/mm2 RrP^ CT ^

kg/m3 ^'T rlR qR 3TRSR-R W UR RRR RcTO
qR RRrR 

t'cRRpS7500
qrr RFf RRifR l E = 200 GPa

I

% RRRT qf7^k qR

Ax3x 7500x9.81
= 100 +f^HTSffR HIT 1000
= 100 + 220.73A

_ (100+220.73A)XlO8
07 it RRR arfqsFqq srfRRR = 70 X 106 A

aT9: A = 14.3cm2
220.73 x 14.3x 10 — 4X 103N 

= 0.315kN |r V&x ^rRi ■m. rr ^ rr it
arq: qq =

rTtrt riP^q

(100+0.315x0.5)X108 x3 10,
200 X 109 X 14.3X 10—4

6 = 10.5mm
RRT^RR 4.4: Tip %fRR f-RR+T RRRRT RRS 2cm2 t Rqr fR^€t 

% SR % fRR RT^- % RRRR 50m RRlf R*F RR Rf | I % RTRt RtR
fRRRt 200N/m RfR qfRRtR 

qR RTfR fTORT RTR Rt RRit RfTOTR MPcl4R RR RTR TO teRRfe 5TR
qStfsiR I %fRR TOR % fRR E = 20xl08N/cm*

aiq: rt"t qsqqfe =

qTRcft I I Rfe %fRR qtt 7RpRRRFR
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:

^ ^ ^ xcm tt dx ^rnr qft
^r silzttft ^Hi5 ir ar^fprsrTcr^r qrrqprsr^nrsq^r iw srr

^TeHnT

2xy N/cm2Ox

X^rarf it = x dx20 x 105

5000

i%%5T if f?r tsjrefe = x x dx x dx 
020 xlO5 

= 6.25cm
sf% 5TT%?rrT ffrt t* arf^Rurq- srf^r x =

= 5000 = 5000 N/cm2

^t^roi 4.5: fq^r 4.2% f^Tir m ^ ^TT^rn ts qft, ^re% 
qr ^nr mr w % ^rvn ts%ffe ?rra qftfsm- i

^ 'iUX fq^lT ^ qfrf5flT I

5000 cm

— (Ahdl)

X
■ai i/////, / ///A

X

(A 2 , d 2}

|w
4-Z

114

:
Aj dj aj :+4'tll: tf-sH q7T =41^' d'^T

TT ^T srfd^T q% ^<<3 t fr^TT q'+-l < A2, d2 a2 ^■4%
% Mp^yxi ^TT ^q^T: :3^f Tlf^FTT qft cq^rT qjT%| I

^ qft aicqcr •^TjT <t«it$ dx q% q^RT qfrf^n^ fjwqfr fq% % 
JTt X I 1 ?«TR 'TT 3R5TPT W A d o^f qfddtf o |

dx = du = -g- dx

oA = OtA! = 02A2

_ q2A2 _
~ ~A~ ~ 2 d2

L2do2
02 (L+x)2

a2L2
E(L+x)2 ^du =

1

,=
1 i]o2 L2 2 dx = - L+l'0E(L+x)

W1 d2
E(L+1) A2E (L+l) A2E d,

W.t Lo2 L. i

W1
irf% d2 = d jft %t q^T qpr A2E ft ^TdT | fqr fsTRtq'

^ qr srsftq' q’T ^*t R'T qf^r ft fqqq^TT «fT ^qT ^ i

^jf^CUT 4.6: ir^ qTTFT ^TT dT% q%, W dd 5dW dj cPdl
urd qftfqf^ I

: fq^ i. i o sdR qtfd^ i -rff^ srnrm % ?nTR ft dx qrarf qft 
qr^Tdr qttfqnr i f*r srerf qt ?r%

7C ^= —co (L+X)8 tan2a — yco

dj ft, 3TT% qTT % qnTd teztffe

qTT qTT qid :

L3 tan2a
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= d2 = ^ (L+x)2 tan2a

y- (f^ ^ |)^rf1% (L+x) tan a

^/3wtan2a[(L+x)3—L3J'*TR
a =

7T (L+x)2 tan2a

1r
3 (L+x)2 i (L+x)“ L3 iL

[ (L+x)3 - L3 Jwdx du =
3E(L+x)2

^[(L+x) L3 ]dxdu = (L+x)2
1

|[ i> ]<-(L+x) -a =
(L+x)

2 "r L+l

^+^1 4. 2 ^ FT^tf^3Tf5^9f^TWrR5>(3nTfcr L=0)5T>

L. 1 +u = - L2 (4.2)

col2
U

6E

Lxl _ dx 
L d2

1  d, - d2
3PRT L d2

L = • (4.3)

116

3^ ^TT fcT •iTR W rft

[ L3 ian2aj7TW (L+l)3 tan2a -w= T

- +[ (l+»^! 
(L+l) tan« = ~dx

d2L tan^ = y

(4.3) ^ L fpR srfcF^mJT ^r+r qr

[d'{ ld2HTCWw = +112 / dj-d.

= ~ (d12+d1da+d12

3T«m

12W
• (4-4)w =

7Tl(d12 + d1d2 + d22)

2)Jr cT«TT w ^ ^fR»JTf(4. 3)^rT(4. 4) 
SrfcfPTPTR' 'R

12W. I2 da3ra + ~^2 1 - '2 4_L2 ^ d.-d, rdl(d-d2)2^(d.-d. ]37LlE(d12+d1d2+d22)1

= 2Wl(d1+2da)
7tE(d12+d1d2+d22)d1

qf? ^ ^f^Tqrre dx — O, 3TcT: sztsrt %

2W1 w.l2 
nEd^ 6EH- =
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2Wlx 3d 
ttE x 3d3crm qf? dj = d2 = d ^ (J. =

2W1 W.l (fyjtft'q' ^
«q5r^ nf^ei ft qra f%qr 

5TT I)
3TW [i. =

TrEd2 2AE

4.7: ^ ^ ^FTlrT f?T^ 'TTl 00 nim
rT^r 15 mm *iY<n ^ ^rfrnr ^ cr^r 1 ^ ir ^rf ^ fjRi% 

f?r^ ^ ^\i 5 0 mm cm 7. 5 mm | 1 
^ ^f^rf 2500 mm | 1 lokN -=p'f'T ’wrx %
sttcT ^rfjrq (^ % mt % -mr qr f^nc ^ qftf^cr) 1 mx famr f?rt t?: 
^TTPH WT | I E — 2lOGPa

dx shnt % sTcpre ^t, f^Rft f?r^ x frmn

-( 50x N
2500 J50 +3Tqqq “Pt qtTrt m in

( )7.5xsrqqq 7.5 + mm2500

( 2
1 + JL

^ '•500 J^aq.5r A = 50 x 7.5 mm2

1000qfcT3Fr a

fi + jl_vV 2500y375

dx
odx

du ,= T
10000 
375E X ( 1 + x

2500
2500 dx

10000 J ( i_y
500 /

u = 375E 1 +
2500

[ 0 + 2m) ]25 X 106
375E

25 X 106 1X375 X 21 X 103 2

= 1.6 mm
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4.8 : t^p ^ft ?7T WR *m!R Tpn
| fV 'JfT^T 3fT'JR

4.3 *r f-?^T
% stPt ^+'N> sTrarnr ^tr w o 

f 5TR ^rf^riT i

Wg | n^TT Tfr^T fl^cT ?T ^TZ^F ~^T f fqr 
■RT TPTT t I ’&J vTWTi 1, STTSTR RH' 5RTH d cm T^T«f

ir rmx % ?.?r

f\
N\

N

Q.

4- 3

1 -d2 
~3 4

-d2
-----J2 X Wl ^ SR

% ^ in* a^crnr ^ ^ ^ ^ dy ^ ^ ^

y | i mr^nrf%^*mw m# Y tt d! i i
ST^TiW TT IRT T^T '^R — -L JL d 2 X y x w

3 4 1

^c7 : ^cT WT = X 1 X w

1y
7775 d; =

w SRTR 3mRT TT rft Tt mz qfr st^r f^r ^ |—
d ; sra: d* = nf

)•d y yxw3 i

1 d2 „
= U 1*- y xw
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y* d2
i f 12 i2E l ^--- ?\ 4 X 12_

y3 X w
3f=i: sT^mr 4 ls%fe -

y. W. dy.
3E

/p w
I 3£ w y dy3PT: 4^ if tsscife -

o
wl2 • (4.5)
6E

WlA. 1. w. t.1l1 3 A. 2E 2A.E.

4 . 2 *TZT?frT ^ ST^rf^T

wnft ^r^ft ^frfT’rfr ^rnft ^ ferr ^ f^rfcr^r T^rm
% 3iw % ft?r f ^5 -mT ^ft ^ yr^r

f, 3TcT: qrft qfTfj^fw'f n ^ trtt |
f^i'TT 'JTR ^HT ToT O ^TTT Irq^T 5rf?T^T Tf^JTTTT WT t I

^ tot % ^q- Jr qr^qy-T qftfw, ?>rf f?m qfr
qTFTT sr+rc ;jfr¥ ferr wr f fqr qr^q" qRTq q-?: qtrr q qqrq ^q-.^! 
3Ertsq fwrw ft qqfq q>ff q fqffr qrr qf^ri^ wu^r. fm 1 frrft qr't 

qrft ^rrar t 1 qfqqfocr % ^t^r ^ wt srqrR % rrqr 
44if <«(' qft °q'4cf qrq f 1

qqq ^qqqq qv'jpr qqqq wz qq rrqr qif^q 4H1 P qmrqr Jiq 1 f, 1 
qff tr^r ^ ^firfqqq €r | fqqqq 3RSTFT qf^^q Aa qqr 
qcqR-qqr-q'qtq: Ea | qqr fqfr ^Jf ^qrq qrr | f^rqqq srqqqq qfq^k 
^wq^r As qqr qcqr^qqr-Tpqtqr es | 1 qtqf q^r qfqrf wuwz | oqr 
^Efr qrqrq fjqpjqqr I 1

fq ^qq qqr =q% | fq^ sn^zr fax % qq-^ qrqqr it fq^qtir
qqrqr fm fqqa q^ q qin qrqr

*95 qq

q<T=K
fprr srq: qff q>ff ®ft it ft-qqf^
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^Tff^ qtqf grf qr qp; qt qqiqq I qqr ^fir qyq
■qTT P it ^ Pa ^ffqfqqq qq; qqr Ps ^qin' TT qq TfT |, 3Tq:

P = Pa + Ps

qtqt wfl if fyqqfe qrrqq ftrft, arq:

• '(4.6)

P3 l Ps 1
Aa Ea As Es

Pa Aa Eaarq^r • (4.7)Ps As Es

qqt (4.7) % erKr qetf ff 1 sftipr tt^ 'j'i

Pa + Ps Aa E;i-f As Es
Ps As Bs

_f qqforw (4.6) % 
\pa + Ps = P TW% }P _ A, Ea + As Esarqqr

Ps As Es

As. Es. P.*. Ps = A., Ea + As. Es.
Aa. Ea. P 

A,. Ea + As. Es 
qfq aa qqr as qqq. qqfqfqq'H qqr ^ftet % wz q qfqqq % qn 

qr^, qq

rPn qqtqrqq (4.7) qtt qfrqqr it pa =

qtt °qqq

1P- Ea
Aa. E3 -l Es. As°a =

(4-8)
P. Es

^qr <Js = Aa. Ea + Es. A, J
qqtqrT’q (4.8) ^ qf ft fqr qqqq qrqt if qfqqq qq% q^qiwdi 

qro qn qqrqqicft ftqr ^ i

qqifqq 4.9: skN2 % qqr 'mq qft qt ^ff ^ fqqqrt qqrf qrRT 
Hd+Tqr w ft i ?qir fq^ q^rfqfqqq ^t ^ fqqqq sqrq 4cm qqr fqrt 

qtcPT qfr ft fqqqq °q iq scm q i qVfl if 
qqrqq I Ea = 80 x l03N/mm2 q^q Eb = 35 x 103N/mma

qfqqTT qq qiq'dcq<-'i
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: TTHT <?fin»n* uhIhP'l'MH 'TT ^TTT ^TTT pa cf^TT 'fid'i
# ^ qT qf% qi^TT ?TT7 Pb I I 
an: P, + Pb = 3 

'jtrt P' fqfrfrr
• (a)

fPft,qTTdT

P. P,
Ab. EbAa. Ea

A. = tc/4 (4)2 
Ab = ^/4 (5)2

= 4- cm2 = 400- mm2
= 6.25-cm2 = 625^ mm2=mT

P,,Pa
625— X 35 x 102400kx80x 103

Pa = 1 -46 Pb 
(a) cT*rr (b)

Pu = 1.78 kN;
spt; n rf ©t iY srfci^r

(b)

1 .22 kNPb =

17.8 x 103 1 .42 N/mm2a. 400t

! .22 = 103 0.62 N/mm2and ab
6257T

^rr^r 4. i o : ^ qfqqfbPT qrr ansi^ qf^?
900 cm2 | ^trt qft lCm qft s^f 5pt>t qrt qf
| qfq qr 40 kN qq qrr ^rq 5ft qqr ^FrpT q qqpq 
qfqqq qrt qrq qrtfqq i es = 200 x 105N/cm2

qqr Ec=15 X 10BN/cm2

: ?qq if ^wicT qft ^rft qrr srqqqq qf<^^ sqqqq 
= 5 x *r/4 x (l)2 = 3.93cra2 sTcT: itife qn arqq^r qfq^q 
= 900 — 3.93

= 896.07cm2
xn P.. + P = 40 (a)
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Pc ps
Ac Ec As. Es.

Pc Paxmj
896.07 X 1.5 X 10,r
17.1 Ps .

(a) wr (b) ^ pp-

Pc = 37.79 kN; and P5 = 2.21 kN

3.93 x 20 x 106
Pc (b)

37.79 X 103
iPT: frc 42.4N/cm2896.07

2.21 x 103as = 562N cm23.93

3qfq'q 4.ii : qqr 20cm ^rrq qqr 3m qt qqrqt % qss 
qft qqr % ^q q qqtq tqqr qm | i fqqrr qpppsq q^rq % fqq 
0.5c :n q'tit ^qrcf qt qrqr fqqrr qqyf q sr^st qqp: ^
qf qt ^vf t, qfq ^ptft % fqq qfqqqq qfqqq 4ft qfqr 1002' / mm2 qqr 
qq^t % fqq 7 5N /mm2^t cfr fq tqr qq qqrq mq fdTiqq mq qrj 
qrq qrn qfrfqq 1 
20 qqr | 1 

^ :

sqrrq qrr qqrqr qqqt % spqFqqr qqtq: qo • o

as
Es E,

as __ Es"F =2°-
qq qfq q^ qrqr qrq fqr qqrft q qr^q qR % 

srfqqq 47t qnrr qqq qt qqft | qqrq qqrft q 7.5N/mm2 qr qfqqq 
^tqr I; qq qqtqqq (sr) q CTg=20x<7i=20x 7.5=;150N/mm2

(x)

qfqqrqqqiTq

^qqq qq q^ I f^r qqr qqr q ^qrrq q ^q% qmr q qfk 
qtqrqqr 1 qq qfq mq qj qrq wm qr fq ^qrrq q qfqqqq qfqqqqt qtqr 
% qrrqr srfqqq qqqq ^t qrq;

q qfqqq qqpq

; dq fqq; qqtqqq (q) q ^q qr qrq ^tqr fq

100
20“ = 5N/mmJCTt
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JTH % ^TT13TcT:
jtr f?r s^t qi: 'THTTr titt ^ i r^ i 

jfT qr f^i

P=;Ps4-P,='tsX As+atx At 
Ps=tc/4x (212—202)x 100X 102 

=322 kN

Pt=^/4x (20)2x 5 = 157 kN 
3T-r: P=322+157 =479kN

4.12 : t^T ^trTJlT ^ AB 4.4 (3?)
»lffcf Hd+lMi o I ^TT ffTTT A +44‘l (Hinge) ^ ^"^7
fcjr^aff B rT?TT C 'TT rTr^T cf^T STTK ?T :?(Sdl’^4+ ^TT^T
WT | I ^TRT ^ CD ^fV qraif 1 m ^ frtt BE ^

0.75m | I WZ IT. F fT 0^ 200kN 'fHT 
mj ^fSTT fft AF 1 . 25m t I

*rfe Es=20x 10°N/cm2; ^ Ec=12x 106 N/cm2 | ^ ^
CD q^ BE it
3FT5F?T qfT#T ^I4-.'1 3 cm2 397 ?Ttt WsZ 77 5cm2 t I

'WT 77 3TfH7T77 7T7,3f7: TTH7

c7d+l4l

fn=Fr 79T toT^f^r 577 77717 l ^7 7^1771^1 M sTTKT

D
1 m

E
0-75 m

I m 1 m
A C F B

—‘e1c1-25 m
200 kN

I^r 4-a c*EJ (^T)
11—23 M. of HRD/ND/95
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'lPs Pc
A

C F B
£A

200 kN
4‘4 (7)

^7 : f77 4.4 (7) 7 AB 77 777 f77 37t7 fTTTTT 771 
7f% ^7 fTTT^ 7q 77f HTT Tl^TTTTTT 7 |

Ps+Pe+R A=200 x 103

77T A % i*t^?r 3077 %% T7-
CN

Psx 1+Pcx 2=200 x 1 .25x 103

77:

(7)

(7)

7^1 Ps 77T Pc 777T: 57TT7 77T 7T7 % ^7 if ^7^7 77 5777
+ <'11 t 77T Ra

| 77 f7 77T7 TrfW 7ft 7WT 7t7 (Ps, Pc 77T RA) | I
AB ^TTTr 77 7T7t 7f | 77: 7T7T % 7777 ^7 it 7ft| U W7 

77t jftTr I

TFT %77 7t 77t7T17

®TT CD 77T BE it tsTTfe % 7T7W ^7 AB 3T7 77 AB'
3T7: 7f77t CC' 77T BB' 

5777 777t ^ I
77 7^7 7T77T 77tf+ fifTT A ;7®7T777 % 
W5T: CD 77r BE %

I
Id-) rrf

77rf7f7 7T7T ACC' 77T ABB' 7—

CC' AC j_
BB' AB 2

77: 2CC' = BB' (0
?7 7777 f ft cftTTT TTt'TTTr (7) '7t TT^ 7T7F | I

Ps Is _ Psx 100 
ASES 3x.'0xl0«

Pc lc _ PCX 75 
Ac Ec 5x 12x 108

CC'= "s-x ls
Es

BB' = 0- k =E..
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ITR •Fnft^T’^T (h) % 'TT —

2xPsX 100 PeX 75 
3x20x 106 5X 12x 10®

_ 3W Ps = -g— rc

41*fl<»r<un (ar) rT^T (^) SF> ^ TT

— kN 19 kN
2000750Ps= -j^kN Pc=

3TrT: •afMid Wl1

750 X 103 = 131.6 N/mm2as = 19x3

fa^HTTT lI5 % W? >T

2000 xlO3 =210.5 N/mm2ac = 19x5

it 7^4 
131.6x1000

5PTtn

a/;=
?rtt ff

= 0.658mm200 XlO3

210.5X750A^c: = 1.316mm120 xlO3

4.13:^ fWRT qft 40mm qfOTT %
5mm ^ srt crtt f^Fi qrf5

27.5mm OTT 25mm | ^Fft | ^TT 3^ qj^ft ^Tf^T %
^ftcn: ^ ftor it^t qft s^mr 2cm | srwt | i
cPTTdft qf^T3fr ^RTf 30cm | I dtt tfa qf^FfiT % 3TR

fqrf qx =qffqf qr^t |f 11 arq qf^rqriaff % fqrt qr ^ qr^R 
fsqfrqf q^r qt t i qf? t?; 4 =qf^Tt qf^r ^tY ft crsrr ^ 

ftr* qft fsqrt qrt rrqr ^rtarf qfeq^r aftr qr^ feqr to ?rt 
H,fVrq»i3fli cTTr qfd^qr % qi>T it qqr’rfr^rnr ^Yqr ?

£,= 200 GPa; Ee=120GP,

?PTTq><.
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°ilXR

'-E
:zzz|7™

v. (ff^T 4^^!
4--*;

: q-^ ^ft Wfa qri gr rr^ ^T^ror I I 3far feqrt wr Sfrqift 
^ ^qrrBtf ir q'qt^n q^r qrrrfr ciqr q nf^rqrrq qfr qfr 

sflT qqrqq q:r SHTcn q^^fr I ffr q^R q ann q^r d*qr n’faqrraff q 
^rqt^q q?r ^rqqr 1 qfqr fq qq-qnfrjrn q?: qftf qq^r qr^^q q^ n|f qq 
| qq: qnqrqqqr qnTtr r^q % f^tr qrqsqqr |, fa '

qqqqq = qqtqq qq; qrq qtfqir Pb 
| qqr pt qrqqrraff qq qqq qrqr to | 1 qq: 

Pb=P«

wz q-?: ?iqq qiqr qiT

. (a)
Pt % qTRq qrqqrrqf if q-^qq q>qr qqr Pb % qrRq ^ if tsqqfe ^tqt 
qf? ^qqrr qrq q;qw: s/t qqr sib eft ^qqrr q'rq fqq-d tot &s % stst 
qft fqqr q qq qft qf ^qr 1

=ffqr qr 4 qo qQ Cm | ^rq: fqqft % ^uf qf^q^-q ^ qr q^
qfr srsT qft fqqr it 0.25cm tot qiqt 1 to: qqr xrterrf qtrqsqq ir 

fsqft TO q|qr =}x 1 = 1/16 cm fTT WR 

&A+6/b=l/16 .

q^r qf sro rtot qrffq fq: qq pt smw qqr erft qrt qfarof <n 
qq^q^q ir to t$t | i to: wqq toto qfqqq to% tortot qqtq: 
% qqrqqrqt gtm i

qrq qtfqq fqr
TOTO qfqqq qrq q?qq:
W qiqsr: As> Ac, q^T Ab t I

(b)

'froq, qfq qfqqri qqr si’qr qr^fr ws it 
qqr ob qqr totot qfi^q ^q-

sia -ni n

°s> CTC
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CTj As4-Go Ac=P; (C)

Gs Oc
(d)Es Ec........................................

(a) 5TW.R fwr 3n q^Fcn
as- As+Gb- Ac=oc. Ab .... (e)

(b) spjtr f^rar ^rr >r^=rr |,

i+^=1/16 • • • • (O
XZ (d), (e) rT^TT (f) TT ^TIT, ^R qT?T

ffti? ft sffira Trfsrq-f cT^r ob I 3Tcr: rfrqT 3Tr fl^cTT |as, CTC

(4.-3^^As = tt/4

A,. = tt/4 ^ 2.752 — 2.52 } = ^3I’' cm2

Ab = re/4x(2)2

(d) *r *tr

= n cm-

ac

200 120

as = f ac
qTftqRaT (e) xj JTR qx

In , 1.3 Itc
4”+ —4

3tw 7as H- 1.3 lac =4<jb 
(h) ^ (g) qpr wr TT

7 x -j- ac + 1.31cc = 4ab 
arqqr ac = 0.306 ab 
3Tqqi os = foc = f X 0.306 ob 

cs = 0.51 ab

• (g)ar^^l

= Ob X TTOs

• (h)

(i)

G)
(b) ITHT ffTfr-TTTq (f) it tn;

0-51 ab 
200 x10s

abX30x 1 1
200 x 10s _ 16X 30 +
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200X 10’
15.3ob + 30 ab — 16

200 xlO5 
°b ~ 16x45.3 X 102

as = 0.51 ob = 0.51x276

1
— 276 Nmm2

3Tcr:

os

5mr CTC

4. 3 cTTq"3T?i|

# STflTRR ^tcft | I +TR ^Tf^fiT rnp
^rr qiqqr ^rq wrf /1 ^T4T qqR q’TO » qfcr °c 

3R- % qrq q t°c qrr qftqqq qt | f
^rqrl A qt lat qrr qf^qqq ^>qr 1 qfe % cirq q qrt qfe 

| q> ^rqrf q *ft lat qfe ftqt ci^r qfq % aiq q t°c 
qrqt ft | eft #qrt q lat % W ftqt IqXlqT

irff qf i-qrq qq qt*q | qfq qrq q qrqt ^qqr qfqy % ^R^ ^t 
#qr| q qt qnfr mwi qfe ^ qq % ft qt qqq f^qr qqnq qq qtqtt 
q?r qff fteTT | qfq qrq qf^qqq % qnr'q fR qrqt qqrt q

eft ^qq sriqfqsFqnft 3fq^T qfe -J5 ^q qqqr adta ^q q q ftq tt 
q^r ft ^rrqr | qrr-Rr q qTaq^r q?Rq ft qrqqr 1 ?q sppr 

qfqqeT qfr qrq ^ qfqq^r qrfr qrqr | 1 qff qf qR ^qi qiiftt 
fqr ?q qfqqq qrr ?q^q srfqqq qfqqq- q fqqqrr qqq fq qf^r 4R =q% |, 
fqvr qft t 1 qq: qrq qfqqq qr qfwq qfqqq ft |qq q qqq qqqr 
qqt^q qtqf srttt: % ft q^q 11

'Jtrq

^ fqrrq qft Rrqqft qqrf 1m qqr sqrqqqifq»JT 4.14 :
2 cm I, ttqf fqtf qr ffqr^qqr q^ (rigidly fixed) |, qf^ 
qrq 50°C ^irqqrqrqqt ^qq qcqR srfqqq ^ qrq qai^qi fqtrq 
qrr qqR ’jqtqr (Coefficient of expansion)

—6
per °c; E = 200 GP,a, = 10 X 10



129
S* :

©3 = * 1m
50°C cttt srsm tt = 1 + 1. cc. t.

^3 crnr % ^5 ^rr?T qi: 1 m | aicr: ^et 'T-?: f^nit qr
P ^nPT '5TT f% ( 1 -f- 1 a t — 1 ) qiT
q^TTT I

vdrqR

3TcT: ^ P % i? cc.t % ^TRT STf^R ^FTT I 5¥ ^ faffa
1. a. t 

1 + 1. a. t a. t.

— 6a 10 x 10 x 50STrT: E
:■: —6

.*. a = 200 x 10 x 10 x 50 = lOON/rara2 
q^t criq- % q^TTw r4YcncT qR qn- jn?r :
P = 100 x n/4 x 400 = 31.4 kN

<Tf? cirq1 qrr ^rnr 5 0°C «i<»r^ % 4^frq feii cR q^r 
it cT^T-T q>'^rr i

4-15 : f%5r 4.6 it 4t ^ R ^?T% ?RT f?Rt
q^ ^ ^ftfr Tpri | i ®? qrr im ^rqr wr qn-1 qzr
sqro 4 cm ft wq- o. 7 sm w flc^r | cnrr ^rqn sq^r 2cm 
| i 20°c ^ ^ ^srf^r i 3R qf? ?t^ qn cnq
qsrqrc 4o°C q^ ferr qt’ff irnft it 5rftr«nT qn jtft qiVPsuj, 
qfq (a) afr&TR 3?? | (b) STTSTR imm f«iqrqr 3fR | I

—6

ac = 15 x 10/°C; aB = 12 x 10 /°C; 
Ec = 100 G Pa; Eu = 100 G Pa

0-75 mI rn

■QtWvV-

f-qir 4. 6
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jpT : qfT ?r^qq Sio qq qqq 20CC ^ sricTT f; 3R: qfg' q'Rf str 
ytrPrr ^qq qr it qR tsqqfe,

6l = ac. t. X 100 + abt X 75

= 15X1Q8 X 20 x 100 -h 12x 10* x 20x75

— 6
= 20X10 (1500 + 900)

—6
= 20x2400x10 cm

= 0.48mm

=qfqr qrq qqq % q^R’q qqqq qr qqtqq qq qitqr, qrq sftfqii fqr 
5;q qq ^pt jtr N | i sr: qq % qrnR it qR q^qq o . 4 8mm %
4<i4< qif^ |

P x 100 P x 75( )4-3TcT: XlO = 0.48 . . . (a)Ac. Ec Ab. E,
Ac = tc/4 x (4)2 = 47rcm2 
Ab =: tc/4 X (2)2 = tc cm2

aR: qqRqq ( a ) it qqRqq *nq Tqq q^ : 
P x 100( P X 75 ) XlO = 0.484tcX 100 x 105 n X 100 X 10s

15072 N 
15072N

arq: P =

= 1200N/cm2srt: ac 4*

15072N
= 4800 N/cm2q'TT ab =

■K

3R qfq 3n?iT7: 1 mm %qq; qiqi | qr fqqrr m q^ | fq: qqqq 
B? it qfqq o. 48mm % ?qR tz o. 38mm Cm, sr:

P X 100( P X 75 )+ XlO = .0384tz x 100 xio5 7t x 100XlO5



131

11,932 N 
11,932

aTrT: P =

950 N/cra*3pi: Oc 4 X 7T

3800 N/cm2=

4. 1 6 : 4 <14 < ^ c^'
=5^ Al cT^rr A21» ^ % ^rr y,4'+; 11 f^rt ftrrt
spft wt qrm ferr ^HTf | f^P 4.7 ir ^nrr | i
^ ^r rrnTflTn t°C 3rfT forr ^rnr err cfPft ^9ff ir sTf-r^i

it ft ar^fiT ar^ir ^TFr ^rf^r^ i irpr ^Tfsf^ ^r^nr stttr ^prpF rCl 
?T5TT jwt ^rr WR ITTO ^2 I ^ ^ CC2 ^ I 1

/{ f S // f ////'' ' //S'/ /

©©

XzXi Qs^r1 ‘____ YajxijLxjI _ _
(

(V_ _

■ffer a- -’7

5?r: q-^f q-?rfq ^Fffsfatf (initiallength)
| T5F5 ^T% STTHT irort^ 3T?riT-3T^riT | eTiq’ ffe

% f^Tcrr (deformation ) ^tV 3m’Tr-3FTTr irr^r ir fPTr i
«4 Cl«l <
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^fsp q-q-iT 'So WIT ITTO ^TT ST^STr t 3TcT: ST^RT ^ ^
4rr 3t^stt it ffe arfsnp fFft; qr?3 wff % t^Rf 

ftre tt.fr | stt: sff it ^trrf it atr ir ^
ft ftrt fJTTT TR'qTTfRT TTT it f^fTTI TTI\ T’TTT cCj | TTT^T 
TfTTT fTTF TTT fTT it Tfo=Fl fFTi I TfT fn TK
Ttf 3FT TFf5 T51 qft ^TT TfT | 3fo: Tl^TIT^TT «fnTT Tf
ifrT??Tfr ftTT fT TTT TT ^iT TfT TTT^n TT TTT fTR TT ^TT 
TI% T’T'T TFT % TIT T TTFTT. fT I

fT T?T TT fT T<:T % f^TCr facT ( 4. 7) TT: tTlfi TtTrq I TFT FTtfatr 
f% 3TFTT it TT Sot TF FTFT Tfi TTTTF TTF ^ •3FF TTT ^T% f^RT ®PF 
f?TfT Xx X2 fRF femt Tf | I 3R TR TRT f?R <RFR Tf |FT ?T ft eft 
TFTTTT t°C T?T^ TT TFT Ttf^ I TTT Sf it TTtf it ffe X^i % TTITT 
fteft |, TT fT ^T't ST TT TTrf T ffe X2Y2 fteft |i TR§ TfT TTTf fTT
3TFTT it fTTF 'JTTTS | Tef: Tf^ft Sf fiiTTF TTR TTFT stf^Ti | ^TIT TT 
WT TR #tTT TF TTeT TRft T«TT ftRF Sf TfTt TT TTT TR FTFTTt 
3^7. f T TTR Sft TF fTRT fTRT fTTt TtT TF it TF TFTTT I TFT
TtfTQ; fTT it Tf f?TfcT X'jX^ ;TRT femi Tf | I fT fTF it TTT Sf 
TTtTT TTT fTft it TTT TT FTTT, TTT TFRTFTTTT fTTf; T^T % f?rq TTTT 
TF TFT FRTFR ft ftTI I

X1Y1
'TffTTT XjjYa = Ojjtl. = ^R T TFT ffe % TRT TTTf
it TfTTTT I

TfT Sf % fTTf Tt 3tfTT f?TfT X^X'g |, TT:

TTT Sf if TJTT (Contraction) = X'1Y1 — ejXl 
^ Sf it tsTffe (Elongation) = X'2Y2 = e2Xl

^ = qzrif ir ?f<flfT fTffT ( Compressive Strain) =

ajtl. = TTT Sf it TFT Tfe T TRT TTFf T

P
A1E1

P
c2 = tcTTTff'irfa (Tensile Strain) = A2Ea

a2e2C1
(4.9)T^i: ------

\E, ■*2
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XjYj - X2Y2 = X'1Y1 + X'aY,
3f«RT a,t 1 — a2t 1 = £x 1 + e2 1 

(ax — a2)t = (ej + e2). (4.10)
^hY+vtu (4.9) cr«n(4. i o)^t »TfPTcrr ^ e 1 ef«TT s 2 ^

^ri'T 5TRT f^n ^rr ti'^crr ^ ct^tt ^1% fTRT if- srf^r^r ^ri'T
ttrt ^rq^rr 1

4.17 : ^TH qft cYff f^TT ?T <(Script- IPTT
| f%?r 4. s if fearer wr | 1 ^rit Yrq Yr tr- afr | n^r sfRf
^rfft ^fafrqjT I 1 cfFff mi an sqw 5mm | 1 vfe w ?rq^r

“PT 60 C ^ST fqq'l ^TPT rff ^if ^cM‘rrf Tfirq^T qn^T qcfT^q’ I

zrfe W ^nr ar 5 kN arr wn: ^rqrqr eft
siRar if sifq’q' q’fcrq^ qrr qrn ^trt YrfYp[ 1

a. = 20 X 10~6/°c; ac = 15 X 10-6/°c; Ea = 80xl06 N/cm* 
Ec = 100 x 10& N/cm2

-fDri- ’ ____ /

2

3

ŵ cTT^l . , CvCNy

1%^ 4-R

^Tt
ga gc

3 a + £c = £ (^a CTc)tE.
s. ac+arw — (20—15) X 10-* x 60lOx 10s lOOxlO6

3T*RT (5a, + 4oc) = 400 X 300 x 10-6 x 10s 
3T«TR 5a, + 4ae = 12000 . (4.11)
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JTTlqTqf^T if

cTR iT nn^T tfwfwfoznr if ?ftfi,^n «ih
°c = 2a, • (4-12)

tnffalUT 4.11 a qr 4.12 ?RfqRoff qff qrR T7 

a, = 9.23 N/mm2 (eni) 
ac = 18.46 N/mm2

irfe ^?f qr 5000 n arferfr^r ^rirrar eft tfrTT mf *r
vrmvjr min? stcrr % ai^^rT qz ^rnrqr 1

3^: o'c x Ac + 2a'a X Aa = 5000

ac' a,' mx % arp.-jr erf# ernr Yr if
^Fr^i aft sReT a>?R | 1 wq- ^tr % ariTor ,sft if fqfrFr ^ fPTFT jfrat

(4.13)

:3RR

°.a C

• (4.14)
E.Ec

TC

Ac = A, */4(*)2 = — cm2
16

5000 16
2a', =+0 c

7t

1-25a'a
vF1^4a ?WI+. qW ^TPT TT

= 79.5 N/mm2
o'c = 98 N/ mm2

3T5T: «pt * affair = 79.5 + 9.2
= 88.7 N/mme 
= 98 - 

= 79.6 N/mm2

frvr a'c — (4.14 sitt )

a'. (m)

(cTT-T)

'ii'J ^.r if aif^iT sfd«i^ 18.4
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srvsrm

1. ^ q^:, f^RTT q-p<=^ 1 0 cm X 0 . 6 cm t> 12kN
qrr sfsftTT wur mr% v?. ^R?f ^ri 25.025 
f^ir wr % ^rarf 25 

1

gt jfTcft | Icm
t 1 ^ % E ^ 5n?rcm srTTrT

( 200GPa)

2. rr^ g^r%s^qt^rtl%^qftf^frqn ^1^5 20cm t 1000 kN
STR ^ qrr^T I, qf? JTRT'4 7 00 N/mm2 ft

^.5TT TOT qrr TTR 10 qTn^ frT ^-f*T ^ TTRlf 5TTa ^rf^rr |

W 'fl’R % qrr<nT ^rfiT TT f^f?i TT# ^lf ^ ^ft WTrT qrtfao; I
qrt ?RTf 3m a*rr E=100GPa ER ^ftf^Tr |

(2. 66cm. ; 7X 10-4 ; 0. 21cm)

3. mfr 40 Cm TO 'S? % TO sn§ TO- mm 5 ^^ft.
tto crtrr f?rn % ^n^ff qrr mm | i zmr 100 kN ^tito to 

imi | ?ft ^r% ftm ^ mm stft qrrfajr qfe (ar) arpj^rfm 
srffTO I 50N/mm2 ft (b) 0.03

E qrr to 200 GPafcmr an t i
ft icm

( 2. 88 cm)

4. Pfi 5 cm mi?T ^t f| fmicl % q:T 200 kN TOT 
0. 006 f^qf q-qj | | f?r^t 100 kN ^
?TTri qrtfaiT? i nq^ q^r ^tqr^n qmir^Tqr rriTiaF. qiq mnq feqT an 
qqi--iT f. i

( 0. 003 cm)

5. fw it qq- h- Tfr^ on^r ant % qrt armf 3 m
| I ql% rn^l it 31TO (aifaqro) ?Rt¥q srfqq^ 4 0 N/mm2 ^tt qf ^ 
3iqiT To % SfrfofcT fqiqqT ’W\ ^TSTT^q^ q^q ^R. ^RTriT I? Saiqt ?fr| sfTT 
TO 7 0 00 kg/m3 ftcTT | I
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75 55-^

T
------ 20 60

1

■£^#r mm
%£T4.9

6. trqr ij| ^177 qfr Sf ftmqfj- ^rq-rf i o m miTT 
f qf | i w^T 37rfr ftr^ qr am 

f^TO- i fqmr f?r^ tt: arm qr% to
^t TOT TOT TttfaiTr faTTO fqr fq'q 3Tfsr^rTO srfqTOT ftf^tt STmTOTcTT Tftqr 

N/mm2 tr arfe q ^tj ^mr ^tt TO 8000 Kg/m3 TOT aftfartr 
ir =Ipr ttmfe qTtfarrr I E= 200 GPa

2 cm t
Tftsft TOTTO ■fllT %
tTRuT If

300 I

(6.8 N/mm2 ; 93.95kN; 1.5cm)

7. rrqr 30 cm’ # rfft qfmri AC fTOt TO 3TT!TRt
JTSq- fsTOF qtm TO ^ft 90 

TO fTOf B TO irqr i 00 KN TO ^fq-ar qm 
BC TOff 7T TORT qfqTOT TO TOT TOT ^TtfaR | B fTOTTO f^lftcT
ftro ?Tf ^ft srnTfir q’TO ws ^ terofe to tot tot ^rtfror i *pter tott 
nqar qt^f ft e=ioo GPa tot afrtm i

cm | i arpr frr^ ^ 60 cm qtt fft
TOT eft ’Sf % AB TOTTORT
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4 00 N/mrn2 f^nft srffT^r f^TTFR W8. TRl^
^PT fi+dT o I T’T IT? ^"'PTfd ^ l< < arfy+d^T ^fldl I IT ITT cfilfVu 
fd’d’+l TTiT ST'TWTT TTHT^?' 2 00 N/mm2 t” d'^TT fad*} 4 0 mm “^TOT ?7T 
fecT ddldl jfT TT% I

( 2 0 mm)

9- ^dld STT dIdl ?cTT?fa ITTTT +lfa£r iTf? ^7T% fTT^
TT 40kN mT ^iT TfT ft I ?ft ^F?Tf 300 fadt TT^TT 37Tft 
fadd ftrrr otrra- ^dyi: 40 ttstt 20 mm ^ 1 dd+i ???■ ^tr 
800 0 Kg/m3 ft 5ft 37PFTT5nTR '*ft iT'^FTT ^ df^rfacf ^Ttfatr |

( 0. 09061 2mm)

rrsfT jcn: f=f^ ?TTsftP 10W^?7T|^£rTTiTft 20 cm ^cPT

o I Jd 3Tdft<T 'WT =FT ITPT 'RfTRT 3ft dd't/t "l1*-^ 1^ 0.25

d'-'T'-T WR JT% I Rt^T Hpf <d d 11 3 0 0cm ft I

E= lOGPa

E = 200 GPa

10.
'R add'll

Cv
cm

(166.7 kN)

3TSTTI7r 5

?T^T ?TTR ^TTT fa^T^T

5. 1 ST^T
3TEcrPT- 1 Tf HTT % fafaTTf RT^T dRd ^TT TRPT qf dRETT if HI «TT 

fa mr ^ft ft
I 5Tff mT farfr ST^TR % 3TST ^ft faflT ^ tr TfT ft) TR ^7! TT^pn- 
fTRT 3RTR % arfarTF? fesn TT TOTT I cf?- 3RTR if ?^TT n«TT STWIR ?>ff ft 
ftm 11 q;*t 3t?tr fad% mi % sTfa^j^ fkm it '*ttt TRd |, yrd ^rfa | i 
^T arernR ir fir ^ 3RPr?i TT ft fafficr ^ Ernrf ^faf ^Tf I

5. 2 STCd % SRTK
TTTITTRTT: aRd ?t RRIT

| I afsq-R- 4 it fifa ‘3Tft TfafT^Tfa^ff TT RTET fanTTTTT

T ft TTR | ( 1) ntt rTTT ( 2) TT STT I 
Tff qT fR- TTft TTd TT ft T^td T^it I VV1 TT 5TTTT Rifa BTraTT (Support) 
% FTTT TT 7ft fadT ftcTT | fTTT RTTR faRtfarf 3TT7 TT ft

(i) fPR STTaiT
(ii) ffR 3RRT T53TT armTT
(iii) snarr
TRT TT RTR Tfafw TT ^TTTT Tfad 3TTaTT % TR faft 

tt^ | i qfa aRT TfaR snaiR t< fan | eft nan n Tfafaqr nr nt* 
3»6ftaR fnrr i nr tttr % narT n fa^ 5. i it fa^nr T7 ifa^ 
strt °m farr trtt t i far naTR tt aferfan am ^far ern ^s^far

I iam

]
im
Ry

fan s- i
138
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0^41 f%^TT jfPTTTt^Tf ?ft ffTT % ^ £TU f^- 5.2%
| I ^ 3TTaTT ^FT ^ ^ f^n TT %t FfiFTT f\ t
jq-% JTT2T ’TT’T SrfafW ^ ^ ^

/-WT
>

Rx
/

^‘idPsiMI 
4?r^rtlOTr Ry

5- 2

qr'TT 3nq% wt t 1 ^ ^ ^ 5. 3 ir tornn irm ti

3n <«T oi i oTi *3TT^r^T

2
Rx 1/

/7/xn
p y

to 5- 3

% % 3iwp; arq- %r f%torto ©: to ^ toraifSHT 
^rr ?NTrTT | :

(i) 3T5 3toq ar^r : to tor shtt % tor tor to tone snap; 
qr to eft w%t 9T'oqto arq1 ^r tot |; ftor ^r 

12—23 M of HRD/ND/95
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%ft 4^1 ^TRn t to 5. 4 ^ %?t TO %tifraiT tot arTT
f^^rr q’qr ^ i TqI arr %t qt%fT^ ^f ?frai' tijt AB q- 
tot tor to | i

BA
1

to 5 • 4
(ii) to arr : to tot arq tt tor anaiT tot ?t to 

^TOtor^TT (BfrarcTto) ^t ^r fro %t sttt tot 
■TOT P. I to 5 . 5 it TO STTm TOT f^'TOT TO P I

BA

to 5- 5
(iii) toft tot : to arr TOf f?rft to t 'snarffT fto toft to 

izttt to snartor ft tor f% to s. 6 it tow to | ft ^tto 
Tf ft aror Trf?T f i ttto anaro % tt^t %r to fTto fir
TOT % TTT TO %t toft TO TT^T TOT f, to if AC T«TT 
BD TOT % srfftvTO %t tof f 1

D ' BA C

tor 5 • 6
(iv) arsarr : to arr % ftft to arraTO tor ft ft ^tot tjt 

TOT T^T TOT t I to 5. 7 to*t tJTT %T tow TO p I
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fa
/ V//

5-7

: qf? sfftf ^ TT 3TTOTto
to 5.8 it ^

(v) anmto optt
fr ?ft arrarto to- wt | i

sptt ^t f^srrm | i 'jt^t r4t t '

E BDCA
/,

to 5-8

: iff? srrq- tnTT ^r ttnr < arrarr(vi) ^ TO 5TT^ TOT
qr tor |3TT ^t eft ^ TOT fTT ^ TO qTTTTOT ^T TOT |
To to anTO qft tqr (Prop) tot | i to 5.»
it TTT TOT % TOT ^ toFTT W | I

er*TT

NJ
A

\\\

to 5. 9

tot qft ttt% qfrto % 3i i f>fd % sttsitt to ^ftTOTTTOTt I TTT^ % to ^tot T;q toT>T to to to to'EST
frtor tot ^
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to ivrjrto Tnrto tot to to ttt | ^ to 5. 10$ tom
TTT I :

(a) I-tot : — tot tot % qftok 4fr arrto stoft % ststo-I %
TTTT rftTT I m: TOTOT I-TOT TTTT | I

(b) T-tot : — ?t yTT % qf^to to sirto atoff % ststt T % 
TTTT fteft | 3TT; TOTTO T-pJTT qrfT 'TTTT | I

(C) TT'Tt TTT TOT :— TOT TOT TO qf^^T TTTO TO TOf^T TO TOTT | I

(<J) TOTOfTOT TOT :- fT TOT TO qfto? STITT fTTT I 
to ( 5 . 10) T fT TTTO % TOTt % qftoq toTT W | |

t->N I—b —1
-"i
- d

I
xt Xt d d

t

y
(•3T) I-‘E^TTO (4)

kbi>^

X X

I

y

ito- 5- 10
5. 3 TOT q* TTtof% TrT TO ?T^q

ttt qi ftow qqro qri ttt ttttt tt ttott ^ 1 ttttto to t tottt
to TIT VTR TO TOTT TTT fq7

( 1) TTjt TOT : TT TOT % Trqr T|T Ttf TOT TT ft TOT TT T1 
yfto? to t Trq: vst stttt to^ qr tott tttt tot

TT ttt t :

TOT fTTO TOTT n TTT fT
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SPFK % 'ATT SFT 'ffR ^1 '3fTciT | I ‘JT^T TT ^ ^T^TT ^TT.
?cr^r ?m ?nT^T '4tt ^Tfi ^r^rr '<tr wt 5^uft
tr ancTT I I 5 . 1 1 it 5T^TT % ,#n^ ^tt °M4cf faRT WT | I

/^-<-'-h*-£l ^-TR
p2R

BA

5-n

?t%??t «nT % ad^fc^r rcn7T tt f^rfer '*tr ^ft( 2) f^rrfTrT ^TTT :
?nrr^5n% | i mT stt^t % srt'*rnr qr | fr^r 'm-?: % f^rn; 
(spread) ^t TTwr ^srf gni sq-^ tar ^rar | i f^crfrcT 'att ?t sr^K

w+cfl ^ :

(a) ^ f^cTfTrT STTT : ST^R % 1TR % 4T^ 5R3T % 5rf?T
rrqTRT q^ VR ^T ITR RTR TfciT | cT^TT eRlf
fsRit -qR cRT Tf[ ITR ^RT fRT | I ^ 5RTR % ^TR ^t
wN/m 5rt oipr fen rrt 11 w^rqrr Jr 5.12
it fRsTPTT JRI f I

1
' CC^COlAIXX^/Ca^^v^^LI/

unj lu/n 05
V9

5. 12

( b) H^R ^R *TR : RT ^ft qf^Tcf 'RT % ^RR ift ^Idl
|, <R?5 f q st^fr % ^tr11! it srfd ^+i+ ^rarf ^ft

?r q^dT 3T«iqT q^cTrqft x^n d«rr qf ^ fqfsrqcr RaiHid dTiqT
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jfrdT | 5. 13 it fq qqTR % mr qft feRT qqr t 1 qf
RR R qtR I fqr -qR R Rq wN/m rr fen trt | sft 

hhr ferfer '4R % tidR q, q’Rg ^tr =ft ctrcit qa *tr 
nrn % 5Rn ntfer ddil % ffe fi^T rr r nqRT ^ nR rt 
q?t at-scf 1 qrr nR itr % aR'f % Raqr fe^ qr ^rtr rr ^ 1

^2 N/m run
\ - ^1 M/m run/

Lij.‘PnTrr^.i B

^ 5. 13

___ ^RT fer Rr ^ ^ ^q. ^ ^ f^q- qp<fefdRt it 3RT
^tr % rt 'at rt nanr | mxj % fefr fe| xx rot rt ^t, rtt 
fq» rq^-s. 14 ^ feirR rtt |

d>H <.

I

w
A BL.

. z!•w
ar^rr

M = W. iA B

5.14
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^ | ^ ^ ^ ^ ^ ff^ft rJTH'n^ 
sr^TT ^>T ^TTC ^nt’TT I ^

pHn^-^-T f^^T,l;5 . 4 VCTri ^T
f^nr * for ^T TT 

t spt ^M«fnrt ^ I 1

5.15^^

?fr[7T qr% ^i 4^
*r*ft ^ft ^

inTTr^-Tcf: ^ 
itr fT^n

UTH TT
3rTH«r

qT 'Tn’^T
^ ^T5T 3^n ir ^ 5Tt x, y, 5m z 3rw

IY

zX I X z

Y

facr 5. 1 5

wxtrsn tom ^ | i maro -rfctotot ^ ^ ^
^ x_y ir I I rm ^t ^tommmm ^r «mm wt
% to ^mto tomt ^t sim ^ to ^ f^torto towr to ^r

f[ *
oS Fx

E Fy = 0

E Fz = 0 J

!I7?t tx to- to tot % mm *ft tor ^ ^Tri ^ ^ 
vvi % sttstr % sp^m Wt ^mr mr to 13m: 'tt to to 5m tot ^tt

to % to 3frsnT fr to* tofw ^fcr tot to
11 ^rtormr (5. i)
F^m ^ tto | i

(51)

JTRf
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s. i: to 5. 16 tf f^mriT Tpr ‘crm q"* tot to mr* % q^irm 
arTsrR ?t to srftocr 
mr ?mrdT ^ i

to to i %'cr ^'r ?mmT 3R

100 N 40N 60N

A B

2 m1 m 0-5m0-5m

4 m
Ra Rb

to 5.16
5^: to vt. iRm % tot to ton: q"?: srrarto | stct: ^ ^5i^m 

sRq" (Simply Supported Beam) | i ^to % totor 
35toux(Vertical) to

to Ra qmr Rb ^msr: mrar-?: A 5m B 5t to^ tor tot 
tofto qm ^f cT? totqRm ( 5. i) qft torn ^ <h

RA+kB = 100x40+60 = 200
A f?RT TT 3Tto ^r qr 

100x1 + 40x1.5 + 60x2 = Rbx4 
Rb = 70N

am: Ra = 200—70 = .130N

l

qr:

^rfRor 5.2: fto 5.17^ ftom 4T!,' 'RTt TT 7+ mm ftoT5t 5m 
5t%?3t '(nr. tot ft mm qrr | ?nm % totor

1 KN

tom q; 1T qR 51151

2 kN 1-5 kN
2kN/m

B-,

1 m 1 m 1 m 1 m —♦

to 5.17
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:

qx 2 kN/m ^T^lf %%?rR ?T ^ 
flTTPT f^rfer ■flTT wf\ ^ i afofw jtrt % f^nr ^ 5^ 
2x4 = 8 kN cHTT % W^T ^ riJM STT^TT ?T%^ST ^TT ITT^TT 5TT 
| 1 3tk: (5.1) qr

Ra+Rb = 1+2+1'5+8 
arw Ra+Rb = 12-5 . . • .
A % *TT^ST 3TP+- %% TT
RB X 4 = 1 X 1+2x2+1 ,5x 3+8x2

• (*)

25.5+ = 6.375kN 4
Ra = 12-5-6-375 

=6.125kN
5. 3 : 5. 1

Rb =

l-aql

5 kN/m1
5 kN 2kN/m ^

B
C

20-5m -*— lm♦0-75 rn-*

(3T)

5kN2 kN5 kN
I BA

C
-0-75m-

1-75 m
3 25m

---------------------4.25 m ---------------

) c1: <r+ + I + 4{Y^TJy 33]

5- 18

14o

^ : r^jqx^ j fo ^HTT TZ. cT>T ST^TT % mT ?PT I 
fcfr q^T ^?fpTT ^ | y<rf % im +T TT Wtf TT^TT ^ mTR
fanfTcT 'flTT 2kN ^ ^ '4R %
% f+TT A fT 1 . 7 51T1 +T fTT 'TT ^ Tr^TT WTT ^ ^HTTm ^ '♦TR +T 
+r ?T4i^?T 'flTT % hi'i f srr ?r°RfT ^ 1 ^rptr- hr

hpt
WT+ra+f HTf+f W‘ 4TS ?T ^RR ^PTHT I HfT ^ HHTH HT HRH

fHcftH HTf+T | HHTH 'HR HI H1H £RH % B f+| HT 5T?H
kN/m H HHPT HSnT gHT C TT 5kN/m 4Tf ft Hid'I |

HPT q,HT HHPf H HSdT Tf dT | HHT fHTT B H 2m qx 
9PH kN/m ^t HTciT | I HHH^H Ht+H f^ftr % 3PTHR ^RT HTH H^Pfft 

HR fH'HH HI £T3H)H fTHf I SPFR cRH HI irqT ^RT HPT HTTH HR^ 
5. 18 (q) Hf^sTTHTHHlt HHT WHH Htd+PHT HH tTFcT ^T«TT HgH 

HTH ft HPTT | I

3PT: HHPTRH 5 . 1 HH+T '+ <d HT

Ra+Rb = 5+2+5 = !2kN .

A % q+w sn^t +r TT

5x0.75+2x 1.75 + 5x3.25 = RBx4.25 .

HRTT | Ht 5RHH Id I HI

HRH ^rr RlfHHPT HTf+T % ^TSHT'd ¥ HTIH<. fPTT dHT Hf H^PSt HR

+T ^HT

H1H

. (a)

• (b)

23.5 = 5.53kN^PR1 Rb 4 25

Ra = 12-5.53 = 6.47kN

h
q^f Hf SHTH ^T 4+H | f^HH HT d^cd+S HH% HTSTR ^ 3 4Tt 

fTt R ftHT, RTTiPHT ^HHTH HT+f H ^RTHTH H^PJt HR C f+FR 
HHcTT f HT fePTT HHT | I

: 5.19 H fci^lU HP HTH R HTHTT % HfdfHHT RT5. 4
5TTH ^tfHTT |
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H

!0 kN/m
M= IkN.m

A„ E
2kN•G

BVE F C }
&j-O-5m-i'0*5m |^-0-5rrw0-5m — I-Gm

3-5 m

(3T)

M= IkN.m 7-5 kN

€A E F
G

0-5 m -il*5m
3-5 m-----------------

^ 5. 19

1.

gr^TTKcfFr ^ to % D qr
^ ^ Nui M ^HT TfT | fjM+1 ^TR 10 kN. m] t W% 3ffcTf<^cf 
C TK 2 kN ^ fUT cT«TT EF TT ^ ?RR RT WT 
r,ftlcM 5J^T ^10 kN/m ^ ?PTT*T I -rfldl T^T | I

'd4l^<IJl 5. 3 ^dT^T WT | ^ ^TR

«K'd-l RT ^+d'I q fiRRT RR

RR “FT RR
RR fRRR EFH % 1-Q^1'5

% 5TRT ^T( rTSTT RR EFH % ^5T G ^ ton I
SRSTRR TOT ^T 5?RRTR VIRR 3Tto to 5. 19(^) ^ toRT JRT | I

7.5kN
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to ntoRR (5. i) rt -dMtor tor ti 
Ra + Ru = (7.5+2) = 9.5
rTSTT A % frNST arto %% RT 
1+7.5X2+2X3

• (^)

Rbx3.5

22
= 6.29kN••• Rb 3.5

-.• Ra = 3.21kN
5.5: fto 5 . 2 0 if TOT % ^ fTTt TT tof^TT

or TRn anto R 5TR torn

4 kN 2 kN/m
B\

30°N A C
s

■*— I m 2 m
4 m

(3T)

2 kN 4 kN

2-/3kNrAx A BE
-*!

Ma' •— I m
3mRAy ~

4 m

[^) ^TTHT 3TT^"
I

5-20
to 5TTR TOT qT <?t TOT % Rif T|| ^ nt tR:

rr nRt ^rt faF| C nr rr tr rtt i to ^ tor | I
f% '4R TOT % 3T5T % STtoR fTO if n RWT 30° % tor TT ^R 

T^T I RR TTT fd*-^ C TT H4H RI% TORT it fdRtf^R fRRT RT

fddf<dtTHR
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^+<11 q I U <'1' % 'iTFT B O T?! 0^7 qTTPT f^rrfTrf '•flTT E TT
^ ^FTT uyp 'iTTT JTFTT ^iT ?1WT | I 3R anOTT A TX ^ 
afrfw ^ vi 3ni-,'7i' ^x t&1;rFT ?rf^nj i q^r ft =^t |
srrq % q-? xx qfqf^qr g^r q-qr ^ qn:?r qr^rr srr^t ?Fff ft wxx | ?Tf1 

VJ^TT % f^ C TT mx XTXl #%?5T ’ffR fl^T f 3T | 3^: qTg ffR XT 
^FTf qr% irfcifw q?r % '4t ^t qd+ srfn^T qqr 35sqtsp; fqqrrsff it qih 

Rax q’qr Ray fftr q-qr sn? qr?:%
y <q' ^T fqqTTFT 'JTRW STTFsT 5 . 2 0 (q-) it f<i<amT ^FTT ^ I

3TTW iVlA ?FT TfT I IqTFT

qfr ^nftqTTtir (5.1) xx snm qrrq- tt

R*x = 2V3

Riy = 2+4=6

TXl A % qrTW arr'-TOT +T TT

Ma 2x1 + 4x3 = 14kN. m

q’fTTTf oM\x d-rr qiPfm, pq.' qrq % qif Ptt tt fir^rr ft Rax •rft ^rtrqq i 
xfx vxx xx qi% wxt xnx ^sqrar Pqsrr tr ^=ft t| ft eft Tpqf^qr qrr '4t 
%^r Ray ft fnn xxt xxr P^qfq Jr Rax qft mxi i xxx§ ^rft Ma 
xxt ft ^nrnr i wtf% vxx xx q^ft % x^wx xz fw* xx qfr m anq^t 
fPrr q’wr q-^p^n qrrir % Ptf xs P?tt qr ^rq^r xxfx fftt i

5. 5 tfr* % Pq??ft ^pT^^q qrr q?r Tx^x^i

Pt®% 3R=5#q if f*Pt yrq qrr qrr Pq?^w pqrqr qr q-qr xxx qft 
^TFqrqrqr X qq+ X’XX % Pr^ arrqTqqr qTfrqrrq- f+j§- q- | qq-

ft ^ 1% q”fq ^<1 y Jq frn-qrqrqr it ftqr eft qf? yrq- qfT °Ff ^iit ir qprr
fan qqqq xx sitt ir am^-ar^FT ^fr qr^qr^r if fFir i
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2kN 3kN 4kN

A C B

"•— I m Im i m I m I m —-
5 m

(3T)i>2kN
I m

Mc
4kN

(^) I m I m I m —*-C B

(F)
f^rq 5 .21

IX X 5.2 1 (ar) XX sir it 5TTT ft if | Pf7 y
r«t t| | Hr n%?t mx fqFT% mx W5r: 2kN akN xxj 4kN | 
TXT R\ ark Rb xtxtxxt xx | i Ra q*rr Rb qq mx Txm 
^SX if qqrtT qcr q-rt+ n q-ft anftnft ^ Pt^MI XT 
Rb = 5kN xxt R\ —4kN stir ftn | i

•R TT q-pq q tf <T qR

3R-
>9

q+qr f, I TF M4'IX

xx qf xtx nrpqrr pqr xxx qft C pq^ it ft^- fir Fqr ^Rtyx qxr ^ w 
Txxt q-TT 11 %x xxnx vrx xx qt ^t Ac xxt cBif xz xtxt %xxt^ 
yrq qft qT^Trq’FqT if qqqrr % pTF qf «r^ft t p^ qpff ^ aFR-aiXFT 
■ift tfFRFFRT if ft I

Pqq 5.21 (ap) tx ^xrx qtpan^, qft fi? % Ac Prtj qi^ ttrRrqxqr 
qqrit x^^ % Pno; anq-?^^ qRtqFR (5.1)+?: vxrx q eft ?nR fPnr 1%,

2Fy = 0 ott 2MZ = 0 qrq gtar ’srrffq
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2kN ^ ^TTT fft3^ Ac t7: Ra

*T1^ cT^1,

SFy T 0 RA—2 = 4-2 = 2

th f^T^pir $ JTf ^t=n t f% sp^t % %^r n^r ^ ^?t 
f^rr ^rmr | cr? ^n: ^rn^ %^r ^fr ft

fprf^ TT q-ft T^- 3FT: 3Tf 51TcT ftcTT | ^ 'TT 2kN ^ft% ^t fefTT
^T 'tTR f^’Tt 31^T TT "PMT ’<rf^" ^ ’Tf ^TT^ y<H % f’TTT
Be ^ITT ^ Ac %
+45' ^ Tf %
Be 3ft Ac tt n^r nf^fw ^FT ^nn ^ft C rn: ?rnT % 'rfr^ f

^TTFT'^T ^T I

I TT

oM M

fr^- C ^ ftTT f3TT wn wff^P ?TPr T4 
C qr ^ apnT ft^ ^r 2>ft 'm^r ^t^ft «r 3pt:MHem

srfrp 'irwr^r rr«rr ^ Be ?ttt afTtai ^ zttwt ftnr 
tt;5 ^t^ €r f^rr? 0-f ^Fft i 5. 21 (^) ^r A r %
C TT 7#?' BC THT TT% ^f-Tf^TT eFT W?t FC ^ f^FlT WT ^ I ^ 
AB % 'Trr:5,5T C tt ^ t^t 3^^^ 3ttt swt toT ^ftt ^ 1

5^ qr 3Ftwt «rr (V)■TTq^T ^TrT'T ?t U <rf % 1|+ W3 
siH 'fiX*t q?t feftf

fiTfr 'TC ^r^STTcT^PrTr ft eft 3ftr % f^ rT^T -X Ssrf %
gtw srrlr smt ^fp

^CT ^TCT ft ^THTTI I qff iff ^TR f^T ^TRT ^iffU; fa fa^ 5.21
(^) ^f qffagf? C tt Fc^rt farnn wr t qft ^ftfa^Ae ^t qr^r^n 
if ^rpt vr% % far Fc ft wrT q-qr Fc % 
ar'pffa ^ fa^t ^T^rq- ^ttt t
y <n f. fa^rfa farfar ^ffft i

ft ffat 11 pr fafa fft srerr fqw ^rr ’t^tt ^M I '-'1

sfraftn tft-T srnrr qx

qtfa^^ if
ftm x qr ffat % fftdr^rrl

3ff its Ac % faq ’Tqfaxrr ( 5. i) % pr*- frnr q^. cttft ftfaR 
fafa arfqrr sfz-o ffar xrffF i

qfa w~s Ac % fa^f C qx nr iTMt+vxi qft fa^ x^-,

Rax 2— 2x1 = 4x2—2x1 =6
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fftfax sn^x ftxr ^ fa its Ac qx "rx xf %xxt xi p xxff frxr xxfaxw 
S Mr = 0 fx.f Xft ftXT | srx: 4x2 — 2x1 = 6kN.m 4X XX 
anxx xrxrxx (An iclockwise di ect on) ^xr pfat qfxxtx snxx 
xrfx | xt XTf5 XTcrx itxt x^fax frxr i yxx % ^x qfx^ qx 
XX Xf XT XT XT XX XT XXX XXX Xf T XTXT | I XX: XXX % faxt % 
fTT XTX^SX XX XXX XTfX XTXX XXX XT XX 3TTXTX XXTXT XFX ft XIXI ^ 
fxxxr ?x xxrx xp xt xxxr | i xtx x faxv xfas^x XX XXX xrfx 
XTX X - X % fax XX qf'Xgf % Xf^T XX% Tt^t 3TTR' % XTfxt XXt % 3TTXX 
xr xtxTT xt'T f> xt xPt^3X XT xxx srrxx ftxr I I Xf XXX 3TrXX 
xx qfas®^ % xfxTTx arrxx % 
q^x fxxr faqftn ftxt-1 i

3TXT XX fXX 'XTX % iWS Ac XT ft EfTX faXT XT, 3TX WS Be XT 5X1X 
Xtfaf I Rb XT XTX 5kN t 3TX Xff fax 5.2l(x) Xt EXTX 
if WX ff XXtXTXT SFy=0 XXT faf C % XTX5T 2Mz=0 fa^T XTX 
X> XXTXX XX XX XXX XTX^l X Xft XT X ^IFT ffa Xt xffa^X C % faf 

Ac X XFX ff X XT?X XXXt fXXTX fxxftn ftxt XX xfa Ac XXT Be Xt 
XTTXT fxXT faXT XTX Xt xfa^iX C 
fax XXtXTX spy —0 XXT 2Mz=0 fx5 ft xmx I 3TX: XTX % faXT xfa5#< 
XT XXXTX XX XXXT XXX XT XX XTX XTX % fax XTf % XTX XTXcs •

X XXt XT fT xxf Xt xfxx XTXX fX aTXWX XX fX XXX ^TTX’X XTX fax ^TTX 
3TXXT xfa^ % xrffX 3ftr % XXt XTfT xxf x't xfxx XTXX f X fx 
XTX XX ft XTFT ftxr I xfa XTX % fxfasr Mfa«0Xf XT 3Tq^XX X^T XXT XXX 
STfXX XTX XTXT ft X> XXX Xfafax % XX ft XTX X XTf XXT Xt XfxX 
*TTXX fR XXTXTX 2Mz = 0 XXT £Fy=0 xt XfTXXT X XX5T: XXX 3?rXX 
XXT 3TTXqx XX XT XTX XTX XTXT XTffF I

5. 6 xq^qx xx xxt xxx xrxx xt xfatx fa?f
xfa faxt qffasx qT xx% xtx xtt % xrp xrff % xitx

XqXXX XTT Xt faTT 3JTT XT 3ftT f T XT Xf STXWX XX 'XXTrXX 
XfTTTXXT XXT xfa Xf XX- Xt% Xt faTTT if ft eft ^’XTcXXT XTX 
XTXXT I XT^ TXT qffa®X XT xfa XiffX 3ftT X XTfT XXf % XTTX 
XXTXX XX Xt faXT XtX XX aftT fT eft ‘XXFXX XXT XXT XT 3ftT 
fTX XT XTXTeXX XTXT XTXT | I Xf WXfapj XT STTXXXX | fa XTX % fa XT

ftxr t I s'TXt XT XTXXTTXT XTiXT

iT ft XTXXT XXT XTX %XnXTXtXT

'TKII 'J1 IH
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nir f[ ?mi sft?: % ^5 ^«(fC3^ qT srqwr ^r 
^ ^rq- 'iT^qr ^ %

jv(-ve)

Jp
I

;bA
A

V(+ve)
v/(+ve) B____ CcIB

Vl-ve)
(^) ■^'Hlc«Kcn

(3T) >*JU|K-<M©b

(^■) ^-1 -h 1 cM °n(^) spiu-J-i^
4c^T C-Twfr

(y^

5.22
to sr^R to fto qfto? q~ srre5 to % qr?^T to srto ^ ^ 

iq’ srqrK qrr to ^q^r ^ fqr snqr ?ft ^5 qrr to ft eft 'tot
qi'Tr jtptt | qqr to to q^r to ft eft tot

•fFTT f q^
ften | ar-qqr to % to % 1

HMT

fq,,4'?: qft ^CeTT f% sneq to- sto % q^rf % qiy-ui ^qrr mx

rxq'ir qxr qq^r snto 5ner qto % to 
gtonqrqr t^tt f crqt sn^r qto wr

?n^T

to^t % ^r 4 sto- 
wtto toTf qx fqto ^q 4 sq^r to qiqr tofq; 1 to 5.2 2 4 ^mw 
?rq ir^ qrto % qttor to 4f qft fqcx tor w f

--t><7tT

1

3T^qur cT^T qqrq 3TTa;4 sn^ir:
qft tor?q to mv to to to sTtonr srqwq 

qxr qqq qqq ana^r qfr srrqqq^qr qto f, qto ’rxqr ^rnqr 
qftofto 4 toPT qrq ^nxrqigto t» 't^
m axq qx ^

13—23 M. of HRD/ND/95

5.7

?ixq

4 si to qqnx % q^r fqtor toaff qx qrq xf
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ft qq wwq qxr qqr qqrq- 3f to % qrr qft ?rrq qft #qrf % toqr to qx 
qrq qrxrr srrq^qqr ff ^rrar f, fqqq to'q’^TT qnr qq arq qrr q^
qf'Co?5-« q< q ^q xf ft, 5rrq fqrqr qr q% 1 qq% f4q qxq qt 4qr4 qft
qrqrx qrq^x qq% fqfq^r fq?|3ff tx jrq-xqq qq qqr qqrq srrto qrr qrq 
qfqq fqrqr qqqr f 1 qxqqfr ?qqTf qqr arrwqqxr grxr qqqqq fqfq 4 
qrcq anto 4t qqxqq qq qq^q qqr qxq qft qqrf rrq qqrq qrqq 
qrqqto q'r qqrq qto snw qrqr qrqr t 1 4 toq 

5. 6 4 q rrq qq qtqtq fqf5 qft sqrq if X?qqr qi%q 
qqqf ^fr qxq 4r qqrf % ^qr % mu qx qrqr-qxr tot xft qq to % qtq 
tox fqqr qrqr tofq 1 axq xfr qto % fto 4t fq?| 
qxrq qr^q qft qr,:T qxq xfr fqfq qrt qqx^q 5.5 q fqxqq ft 4 qqq 
f^qr qqr ^ 1

3TXT

qqrq qqq
qqr qqqqqr

qx qqxqq qqr qq

qgfq qqxqq qq sn^q qqr tor srrq'q stoq qrqr xrxq qt fqfq xq 
xto -3;tx fto qr q^r ?, qx-5 fqrx 4t qrto qfr ^fqqr ?q qqrrx qrr 
»TT^ qto qft toqe fqfq to qt qr xft f :—

(i) qxx qrr fqqqTrxq fqq qx q4t qrqq qq fqfrx r?q 4 affqq 
qf qqr qffr ^fxqf qrr qq fqq qx qq q sffqq qx xrfqq

(ii) qfq qXi qx qftf qq qq% qq % qpqqrq q qq qrx fqqr 
qftq qx qq xfr ft q'r xq qq qff qq fq?| qx ft qxqrf q fqq'rfqq 
qrx qtfqr qXT qq-^q 5. 4 4 qqrf qf fqfq q qfqfqqr qq'f qrr 
qrq qr r qrx qtfq'T qqr xq qrx qft x:qx xrx fqrcr qrr to q toq 
qrx ftfqcr I

(iii) arq (i) f q7% qx to 4 erxq % fqff q vitqt |f toax toq 
'frfqcr, ?:q% qgq qfr xft qxn qft qqrf qfr sqqq qrxxf f qqr 
3>tx rqtf qT fqq % q>% ^ft ®t?qrx qqr toq to rftto

stoax to qrt qrrx; q^ fqr srqqqq qq qrf?q % qraix 
xrr sqqq qrfnt; fqx qsft q qf q^.q qfr qqrf qft sqqq qrxifr 1

(iv) qq qxq % qrfex qqqr qrq fqrqr fqf 4 toq qrx tor fxto 
fq;|ft qx qqqqq qq qrr qrx jttx rtoq 1 wx fq^aff qfr 
3?rx qxrf qf ^fqq to qx qfqrx qrxx xff q qqr xq fqqqr qx 
srrq qqxqq qq % qq qfr xx tox to % arfqqqq toto

1

qrq



157

^cT Tffq I farr q-^f%cr TTHTT ^rr TFVnl I I
^TTW^r ^r % qTn ^r arr^f-g-a gr^T ^rnr tt

wfi ^ gfr srr^RTar | i gn’r?^ hr* ^'t yfnH Twr 
% ot: a«rr hr* grr t-ir % Hf% ^Tthh i fnr
SRTR fgfHR* f^?|3ff cpr Hqwr HH % Hr.* ‘FT STTHH WT HT 

HTTH %rr yrn % fTp: H^F TH Rffil gff Hift “f^H l

(v) 3TH TO* % fcrfHR* TV|3ff HT (CRT IH^ H 3T TH fHt fHT 
n*gr) H'TFTH HH gf? 5H^T ^HTH HTH fq^sff ‘FT HFH PaT 3IW 
HrHH HH; H HT? ff^TH HTFTH HH oTiPsT H^HiW I

(Vi) H^FH 3TTHH HT^ HFTH % fFffT '<%? iTTFTH HH HRFT % Hf%
ffr T" ngr H‘H arfcTH t-ht wffnq ht tot % fHfr h ^tht nf
7,FHTpcR T^r T7T gns 
^rr fHfr HHT ‘J“n gfr HHlf 5HHH ‘FPfr I

(vii) hh (iv) h HTrf nf Mst % sthhr Thh hfht tot % fn^
H STRH gr< FHF fHT ngr fnfHR* fn^HT HT HHFHH HH 5TTn f^HT 
HHT HT Hff fH TT HRH 51TH gTifsfCr rrcf ^H^'t HT 3TH-
fth hh fr gfr nffr hthThh gfrfHH hht Mh^t fn^HT h-< h^h 
HTHH WH STO ^FFH HTH fH^HT qfTfP-TF* % 3RTH1T HTH

Cn ^

WT 3THHT HfHH HH H fHHF frfHQ Hf H^n HtHH HiT(g ^'THT I 
HHFHH HH HI^ % HHTH fT Hfl HT HRTH ^T fHHH FHTH
T^HT H1%rr ?rHT HHIcHgT HR &TfnR' WT % HiTT QH HtHTcH^ 
HR ^'T HT% HlffF |

3FTFHH HR HT^R HHT HHR 3TRH HTTR % fHHH H FHR TRH 
HtR HR :—

Hf T^-r ^th 3TRH HiRH Ri 3TTH1T

( i ) 9T5TRH HTH H HH% fHTT HT HRH STTHR HR ^RT ^ I

(il) TOT % fHH HT HHFTH HR RR ^RT | HH THR HT 
HHTH 3TTHR srfTOHH qRT | I

(iii) TOH % fRH fH‘1 HT HHR RTHR % HTRI'H f^.H H HftHHH 
fRT | HH 3RHHH fH‘5 H7fT RTHT | I

158
(iv j HfH HTH TT fHcrfTH HR RH T^r HT HfrfHHT HR fHHIRH 

% fR'7 HHR fFH RRHIR H?HHin HiTR HltR HH STHFHR HR 
HTTR HHTH'-FH Hi HR HlTR RTHH H fRF Hff HHTH f^rr ^
RTffH |

(V) TO % HT HraTR % HTH Hi |ff g~T iRHTfH H^T RRT | I HHR 
RRH HH RHWH HR 5TR HTH HHH HIHiRR: HH HR^R HT 
HHR RR fHHT RRT | Rfl Hg.Rf HR 3THHT HI HR RH t| I

RHr^TR 5.6: H3TRH ERH UiHHr fHTHfn 5m |, % HR fHR HT
RT HR RH T^r | I TH^T RHHHR HR rrH H^TH STTHR^ 10kN 

Rf^R RffH^r

iOkN
A M

4-RA = kN 2 -5 rn 2-5 m Ra=5kN
5 rn

(3f) ^ f < u | 3 ,R1^'

i
5kN + ve
i_

f
5kN- ve

i
(<=1 ) 3j q ^ Lt U3if^5f

12-5 kM.m
-ve

(^T ) 3f! t ’ Of

5* 23
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arr^r 5.23 (ar) ir fegw tuf | i srfrrfw 
cRT sTT^ % f^rq;,

Ra + Ri
cT>!n A % HT^aT arnm tt 

10 X 2.5 = RB X 5 
Rb = 5 KN an: Ra = 5 kN

q- q%f^Tr tffrnrfa xm p; fr 5tpt %it ^rr %
wq'tfqr wx Wo~x jt ^rt arrmr cr srfqf^qr ^htt hr fesn

rR q'TTSR TTR 3>T ^'FTr I

3R 3rwt 5Rf 3n^ hr-r % f^rq; ^ ftn: % anx^r ^ xx ^«rr Tpr 
qxrnr f-rq11? % sr^ttx 3Tir'T'jt qxr % ^tsTht qrr wtr rj% ^tt 

?RR ^ %,
VA = + 5 kN

q’R A fR c % ww qr sn-^q-ar qxr sttct tor ^rnr ^ + skn ft
fRr, 3R: 3TTSTR to % ^/R tot ?TTjto tof % 3RXTR ^XT STT^qR qR
qrt to 3. 22(q-) it ftoqr RTF |,

Vc = + 5 — 10 = — 5 kN

C R 31WNT qR - 5KN ft | | ifff q-f Eqrq- WR top fqr
qfx^q c ^ tor q’rq’ fpR qfx151©? tx sTT^qR qxr 5 ^ cfrt
'rto#^ c % tor to tofr qfx^to r sm^r qxr —5 kN ft tot |
R^ toto C R STRRT qxr R qiq +5kN tr -5kN ft TOT t I 
^ cR>T R 5ft 5T4K'lq 5TRX R ft cTR XTf f qqT jff XTRR RT XTq1 XfT ft 
to TTRrqr^r R strait rt % ^ttor f^f^ it qfxqto prr 
| 1 par 3iwriq'rt srto to 5. 23(?t) if f^^rqr to | ort % b
if to STWT'IT RT R TO -5kNr XfR | I

tor mto srto rtr % to to to 5. 22 (ar) r eto ?tto 
TO fRT A XT 3TRXT RCq- XX V? RTO % f^CHT R STO ir

10 (a)

(b)

Ma — o
M0 = 5x2.5=12.5 kN/m
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to q’f sttr x^xi ^iffx fqr to R>7 % tr ac % ftor f«r^ xx ^rt
anto TO’ tor Rq- eft qf ~5X f'R| qfr f?RT XT <£X\ R fn^“ qr^rr 3Ta; A 
?t c n^r aTTRq- RT R TO RTR RTT tot R7 it RnT rfR I

^ ^ Be % toft to R ton an to fnRR Rq- R ^7 to 
for rjxr to ^ RA ^:r eft toto: tor to C R xrto to *tr
% ^Ti'X'IT 3fito tor OR RT R qfxRxft REJot
^rq- tor I ^ TOR fff toit for B TO c % TO ton anto V 
RTF RTOT nfo 7R B R anto sTTn to efr MB= 0 fTR I fXT TOR towf 
XR % 37R TOn anto % q7n R atfoTo R< to # cTRT R^nf 3nto STT^f fT 

f 1 qf r q’f eqTn ~rtt Rffx i% arftoq’q' qq;n anto r to* to 
arfTOnIT ftqr to tx anrwT to % to % toft^r if qfoqto tor 
| I q'f 377 7fTO R qR “RTf qiTfrr | qrtot R antor it atfo.'o ^toq' 
f^f^ 7x ftoq sto tor Rff^, Tto 5. 23(rr) it toR anto arrto r 
foRTT TOT t I

R TO 
RTR nTOT

^TfT^T 5.7 : T^qr 5T5T51X ERn R ftofot foTeTfo 4 m ft IJ^T 
2 0 KN/m R TO TOR ftoRn 'TO TO Xf T | I f TOT aTTXTT TO TO ton
anto anto TOito i

f?T : q’f! Xtto TO fXT focTfon TO 2 X 4 = 8 kN TOR 
Mfor q'f *tto TOn R TO TOR ftofef | TO: ftot STXn % TOq fo?| 
c R ^TOq.xrr toto to: s kN to tot to tort | tto ^rrr rx^t 
arrto fora 5. 24 (q) it rtomr tot |, toto tor ftor | i

RA = RB4kN qf TOT % TORR R sqTR n XTO fir rft^ ft fofTO 
TO TORT f I qff JTf TROT XRnT RTffi^ fo: cJc'tRR TOTO? anto to %sr?T

STRqor gxr qcf5TfnfoRi TOn TO.% % fofq ft ST^Vf RR7 ?,•
to* arrto tor qrto % forq

ar* TOTTOT TOT TOn RR % fotq fqR 5.23(3') R feRR TOforq. 

Va=+4KN
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<TT 5ft \m A K X it(

^TCT qfT^ y-y % U~n % ff fn^n'KTfecT ^Tl” ^HT | •'-

(i) RA=-f4kN
(ii) tr^T ?TiTrn ferrCq % TTtn ^'f wkN/m ^ ^

eft ^r ^ qr (wxx)kN w qrr sftr i

3Tel: Vx =4-4 — W X X
^T^sRT ^nffqivrrf ^ CTfCTi | fn, X ^:n ^TTW t?T

Cr 1% srq-^q’q' qrr rnn WEerr ^rr sn^T eT'^r 
T^rq- *r x%*n i qf^ srer ^fqii 

55W | fqr ra = r15 = wi fmrr i

srr WR x = 1/2 ft eft

Vx =

mm y^q1 % fq^| m mxm m fm i (sr) Jr
^ft fir fqr q-fe X = 2m ft

Vx = + 4 - 2x2 = 0 fT ^rreTT | I
m q-f? x qy *tm t/2 y arfe ft m f^r qfr^ 'tt
SfT^efq- ^7 ^rq- ^Wie^rq* ftin 6*47 '76'-^% X 4*1 ^TTn ®TSerr 4?? 
#y 3T7^T0T 477 % ^Wre^Ri 414 4 4t ft 41441 6"4T f4Tl B 4T

44 474 % fqryr y-y

(^)

4444'4 44 
t 414 4 eft

2

Wi Wi
• (4)= 0

2 2

WtWi
• (4)— ?Rr •V° = "2

HH\*vn (a) 4 X = 4m vm qx f4 
VB = + 4- 2 x 4

4r^4 44 f44 5.24(4) 4 f^FTT 44f | 44T 41414 f4f 4 4R4 
^4 4 4f^4 fqnr 41T | I

44 4714 4144 4F4 7R4 % 144 ^ 777=5^4 y—y 47 £414 4rf^f4 fiRRrt 
^7tf47T A 4 X | 1

Wt =

4kN ft4T 1 V4 srtr

374 W4 44
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m:
X _ R Y WXl_ _ R4. x _My = R4x — wx. (^)

W TT ^ STfrMfrST fR | I (^) R
y—y % srfa 'jrnr vx *PTFr f^ff?:?r vix ^ft A ^ x

tt ^nr^r sr^rr w. x ^iptr Ri^rr | i |
(^) 'Tf^^fif (Parabola) % =Ft ^RcTT t 3^’:
3fmw q;^ qfT^PT im i

^>FT®T (?) srf? X = 0 |

MA = 0; Erf? X = 1/2 11 ^

Me = HT^T % tJVX fo('T^ 77 77T7 ®([^'7

cot*cot t

2 2 8

cot2

L«

7|rf t=4m ^ 3JrT:

2x16Mc = = 4 kN. m8

™ Wt ^ Mb = 2 1 —w.t.-i- = 0
2

am: smnT '^tr^t smwr it 3rmot qf^zr ^mr
^ cT^n srf^TRTR’ =f+"rf 3n^r°t y <rf % rf^r

8
| i JTff siwrf srr^g- rfrffm 5. 24(^) it
*m | 1

R RTcfT ^ f^i?TR RR w/2 ^mr

164

5.8: f*m 5 . 2 5 it f^3T^ R STTR »JTn R STrRT Tm

l^t^tpTT i)"f BTF^a 4nl?7 I

4 kN2KN
iBCA

N 3 m2 m D»pO-

a 1 1

—\ "Tr
( kN

- VC 4 kN

I
(4f) m 'STm ^U<oi

PCA
I

12 UM.m
-V92C ; i.rn

24kN :.i

41 M.m C2 

'■'^C3

I

(^T) ^f^FT Siitjdt 31^.^* 

s- 25
:q^tsrTmsnm%f^|BcmcR rrt; 4kN cT«it 2kN R 

| 1 to it arrwJT irm ^ wf % fWf
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3ftT rTJT^ ^1% vrm T< t^rR ?TT 3fo: srq^q-OT qfTT sfr^TR 
^ Tf^r snFff ?r ftrR m i q^ ^crru w fnq-ir qft nrrr ir ^ ^ 

^t^rq-irr i

VB = + 4kN

B nqr C % JTfcTT qfrf 3Rr VTrT T^t cTTT | , 
qtRT smq'JT ^r qrr Ii*rn C nqr 3m (Constant) ^l^rr 

Vc =

cf^T ^ iTIn C ?T A cW am <^17 I atwruy antg- 5. 21 
(?) it fosmn q^r ^ 1

3T?T:

+ 4 + 2 = + 6kN

ffft Srm 3TR5 % f^rtr,
Md = 0;
Mc = 4x3= 12kN-m 

q«rrMA=4x5 + 2x2 = 24kN-m

qfr 5RR armt bc % ^rtR wt bc, | ac
% qeq ?mr C1c2 sm ^rr | i q-fc sm <tt c tt ^ ^rT 
2 0kN ^ n ftaT cfr AC % an^of
sqqq ftar n^r c^a bc1 % antt iy

CjCj BRT
^tcft | ???§ C TT

20kN ^r arf^cr ^% qrr-TT ^ ^ BQ ^
er^r *r? it ^ ar^of Clc3 srcr ^cr ^?rr 4 i trf | % am™ 
arr^ fqrqt ^ tt ^trf | i arer: vx? % fsr^ ?x ^
3FR5 fTTcT qRnr ft eft 5TRn STr^t 3^ qft ^Ji.X BC TT q^?T qf ^ 
atfqr'T %qr ^ nr ^rffer ^r% qmr f^| q-y fyy q^n; 
fqr qf ayr^g- qft qn? trq qft ?rqrf qr> m ^rf qf^qflrq qRq qy: ^yy 
qR qqrq army qry qyc=y ^ , fqq 5.25 (q) q ^
ayRg qfy PTGJ fqrqy qq-y | 1

HIM

RqrfTtrr 5. 9 : fqq if fcgrrr qq qyr^y spR % ayqmr qq ayy^q 
qqr qqR ayr^of ayyyyq qqyfq 1



167

£ fo T'T^T JTtfr^TWT ’'?3T ^T fT^t^PT ^ I 3TT:
x = 0,

vn = 0 ^ qf; X = 1 ^

VA = wl = 3x3 = 9kN

f^er 5.26 fg-) gfr mfa ww ^ gr
*T^TT ^ I

S*TT gfrrr ^r?r ifTT3! MTt^ % fvT7

vvx2x
Mc = W.X. ^r-2 2

crgr Tfrg7?^ ^T *1 *ft y.,Ji ^ 3Tg‘:

Tf? x = 0 qq M„ = 0

W X 1 qq

(ol* 3x(3)s
m* = -T 13.5kN.ni2

gqrn -ing-jt qfr fgg- 5.25 (»?) ir fg'rnrr |

5.10: oqr 10m ^ yi4irig tt gr^ ?r 
4m grl- TT rr^r 2 kN vrnc 7m ^ 9m ^
ikN ^ q^rig fg-rrfrfr ?rg t?t t i ^ ^ptt grr am-gir rr^ 

ggrg urg-'jt ■inT’^r 1

(gfgfipg qf^gg 1966)
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R* :

. (*)RJ,4-RB = 2+ lx2 = 4 

^TWT A % STPSTO TT

2x44-2x1x8 = RBX 1

= 2.4kN ct^t R. = 1 6kN

. (9)

•nr: R

m anw 3r?r arr^r % fact tt ^4 T'3;
VA = -f 1.6kN (A ^ C ^ T^rr t )
Vc =
VE =
VB -

'srq^q-q- ^ srf^3!- faesr 5.27(3) if T^nt wt | 1

*ni arr^or tfr^a- % f^q 

Ma = 0

Mc =

4- 1.6 - 2 = — 0 4kN (C ^ D ^ VZ ywt To'^TT I)
— 0.4 — 2 = — 2.4kN(D%E ?r^ qrw tIwm f>n |)
— 2.4kN (E fr B qrr qrq )

4-1.6x4 = -f6.4kN-m (A C crt qr^r Mrq 4 *rsm |) 

Mn = 7x1 6 — 3x2= +5.2kN-m (C ?r D fTqr 

ME = 9x1.6 - 5x2 - 2x1 =
•HHTT VZ3T £)

MB = 0

qT5T 4 qfrTT

2.4kN-m (D?rE <Tfr qfT^TT %

(E ?T B TO ^ ? I )

srqrnr aiT^T an-Tw 5. 27 (^) R fem ^rar | 1
q^f q^ KqR TTj^r ^if^q D ^ E ^ 4^1 'TR^Tq ^1^4 444 4^ 
tt% 3t>t frtor 4Tf^q i

44T^T4 5.11 : qqr eaf44 3X3 3T44 f4Tf 47 4r?4Tf7:?r I f444
f4^qf?T 10m t 1 44 2, 3, 1 44r 4 kN % 4^st 4R 414 344R
?T 4i44: 1. 5, 3, 6 44T 8 44 4T 44 Tl | I 444 4 4^44 34T444 
44 44T 4qT4 3444 5TT4 ^tf^q I 4454,4 44 q4 4474 4144 44 4T
wYPrq i

170
(47^47 4^44 1961)

4kNIkN3kN2kN
BFt EDA C

l-bm -
Ro=5kNRA=5kN B3 m —*■

2 m-*-6 m
----------10 m--------
(3T) ~UKPX 3TTT^

I
5kN

t1 +ve 2kN Bi E* T1 kN IDA
T

5 kN-ve

I
(®T) aT^Rrqui 3iKM

12 kN.m
tO kN.m7-5kN.m + ve iI

BFA C
RT) <£T5F^ .3TTq^ 3TTt^

faff 5.28
: faff 5.28 it £R4 44 faff 44PTT 44T | fa^T 4m 44 fa 

^ffat PR4 mr 3faT4 47T fa I I ^qfat '4TT4 sflfa 4^1 ffRTT | I 3T4 
3544 iPTrl fa ffffa % 44444 ffffffaqT 44 5TT4 4.'<"41 fflf^q :— . -

Ra + Rb •=24-3 + 1+ 4= 10
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A % *rrt$T STT^T 7ft qr
2x1.5 + 3x3 + 6x1+8x4 = Rbx10.

=
Ra = 5kN

3T«T SHTT fwK A ^ |tt rft sftT % «rn*T ^ft 'TT
^ grr arTW^r stpt qrft- tt 

+ 5kN
+ 5—2= +3kN.
+ 5—2—3=0kN.
= 5-2-3-!= — lOkN.
+ 5—2—3—1—4= — 5kN 
— 50kN.

5kN

VA = 
VG = 
VD = 
VE = 
Vc = 
Vu =

ifcr^cfor sttt arftg-5. 28(^)ir ft^r^rr w | 1 aiwr^ ?ncr
qrr Tq: q”?: «r7r ir qf^q^r ft ^ft

T TTFT sTTcf I zrft q-C ^ qft A 7T«TT B % ^
ft Tim *r fttf qft^ftr ^rft ft^rr sft- wit b ^qr ar’T’Fn1! «r7r ftqiT7n‘ ^iq"

C trt Brq-^T^ arTr qrr ^rnr ththt t^tt ft 3Tct: ^r^rf ft ift +"<cT ?bbt 
ir^f vtr ttjt fI ft q’ft q^ arq^q-ar srft ft 5TRr q^r ^rtftrr 1 

^ pr | fqr ehtt qi ftftqFrq1 arqwq A 
b qr 5kN % «r^rqq; ftftr 1

m-

arq ftirq arrqft ^rrq qrft % faq fTm a ^ qrtcq ftftrq qqr f^ft 
a,c,d,e,f q^r b qr ^qq^T qiq ftqrrfftq, qqqq 

ma = 0
Mc = +Rax 1.5 = 5x1.5= 7.5kN-m
Md = (+5x 3—2x 1.5) = 15-3= +12kN-m
Me = (6x5 — 2x4.5 - 3x3) = +12kN-m
Mf = (5x8 - 2x6.5 - 3x5 - 1x2) = +10kN-m
MB = 0

ftrq arreft anftqfqq 5.28 (q) ^ftror qqr 11 qft qr ftfqr fqft 
qft^csq qq qq^q ^rq0! -qq qft^sjq ft q qr fqqq qr^qr ^ srt. ^qqq 
qrq qftqr vx qqq arqq ftqr | ftrr fqr aqr qqrqr qqr ft qraqr w 
qrq tk sqrq ^ fqr ircq d ?r e qq> arqwq ^ ft qqr qr?:f qr «rpr
14—23 M. of HRD/ND/93
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Jr arq^qar qq I qqf qr qqrq qrqq- ^ Tn^ arfftrqq ft rq gift ft 
sqrq 5r x^ rz qiftq qqiqr qqq ft qrqr | qqr anfta- ft qftr (check) 
ft ft qrft | 1 q^r vx qyq arq q_< qqrq ari^ft qq qftnr fq^ qqr ft 
T^qr ^ arq: arqqqq (Point of Contraflecture) ftf Jfft | I

qqr^T’q 5.12: srfftr arq ab fqqft 1 om t> qr
ffq ft |f f); qqr A q 4. 5m ft ftt rz trqr apq far?? qr arr^q qq 
fqft 11 7-qft qjof qqrf TT 3kN qq qq: qqm fqqftq q-R qq T^T I 1 
rqq ft?q aqqot qqr sR-qur qqf qrr ftqqqrq ^rrq qrq qrifw qqr qqR 
srrq'jf nft aTqqqar qR sqftq ftfftr |

(qfqfqqrqfftq 1962)
^ :

Ra+Rc = 3x10 = 30 _ _ _ _
A ^ qr^ar arrqot q^
4.5x Rc = 30x5 — — —

Rl = 33.34kN qqr Ra = 3.34kN
fqq 5.29 (q) q RA % ^rqrcqq? qrq qr sqrq ftftrq qq qfftftrr 

qq ft% ft fftrr q qqqr 1
8TH*SWUI % f%lT

VA = — 3.34kN
Vc = —3.34kN—4.5x3 = — 16.84kN (Tfr^ C ^ qft ^ 

ftr) A C % *ptt fteftr ftn
Vc = 16.84+33.4 = 16.5kN (Tf+i? C ^ ^rfft sir)
Vn = 0, B cim C % qqr v£T*f t[++ ftrr
qq: qfT’ftq C VX qfqqrqq qq;?qq: arq-qqur qR 165kN ^ ftqqrqq nq 
qrrrcqqr arq^q- qq i6.84kN qq ftqr 1 

qqrq atrqq % fqq 
Ma = 0
Me = -!y x4.5-3x4.5x%3 = 45.375kN-m (arf^mr).
A C % tIt 
Mb = 0 rrcr B ft C % JTtq »fr tTotw % it ftn 1 3frft 
fqq 5.29 (q) ^fenqr *un | 1

(a)

(b)
arq:

% ft ^rr Tfaftq ftu i
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3kN/m
BA

!rc= 100 kN-4"5rTi 310 ------------ -10 m —

(3T) WWT 3Tft^r
RA=-TkN

16-5 kN
+ ve

BJ__A .
3-34 kN [ C

- ve
16-84 kN

STWMW

CA

-ve

45*375 kN. m

(?n Mwrf 3i\k’&
5.29

174

~ 4°kN

arr^r arrt^ ^r?ir i

(xrfrf&F 'Tfkq? 1 963)

4& N

_____ HD B

?t=4t

2rM N

A ic
ra Rb3 m

6 m

(3T) JTRUJ 3fR^T8c
2

t3r 1 oy-1 ■ 6 6 I' f'J + ve
B

A
3 kN

- ve
4-34 kN x io

(-T) 31C|^.MU1 <3oT

+ ve
o>< 4-98kN.m

',oy4-3 kN.m
i

C D BA
(^•) 4^j zfr&tfj cTT^pf

5.30
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gRr 5^ tR *tr mm m: m arwr srt
TO % JTb-q- q-r ^ fiT^T fqw *RT IT^ flFf ?r 2 m 

I STRUT 3fRg- f^- 5 • 30 (sr) IT fe^RT WT | I

Ra + Rb = 60--------

A % 3TT^uf qT

3x20+40x5 = Rbx6 

Rb = 43.4kN,

V4 = 16.6RN

Ve = 16.6-20 = — 3.4kN 

VD = -3.4-40 = —43.4kN 

VB = — 43.4kN

(a)

(b)
Ra = 16.6kN

^ 5.3 0 (^) if fg^PTT ITOT fjfTWUT I

M4 = 0

M0 = 16.6x3 = 49.8kN-m

Md = 16.6 x 5-2 x 20 = 83 -40 = 43kN-m

3TT^f f^RT 5. 3 0 (TT) it fg^T^T *747 | I

5. 14 : TO ABC 10 m I, A 'R f^sf
smiR R fefr I TO B R 3ft A ^ 5m ^t R I TtR TOR fR 
f34ft I I TO % TO AB R 5kN/rn R qgf TTTO fgd'fcd- TO TO 
fRT C R 1 5kN R ^T^St TO 3f*T TfT | I TOT R STTFRT qsr
RR ?#ffRT | +t to? f^rTgrr I

178

fR? t m\'^\ (a) 'rfRTO gft sgR R^rr to to % tsts ab
% To cTRT 3H4W 371% RgT qf^gTO TOT, TO':

— R4X 5—50x ^ = 75kN-in 

^ B TO C % TOT Rt, 3fR str TO: B tf C RT gRf
mm 3tr^- it^t tr^t %r ft»n i gfg x r itht 5 tor tr srfe to
gf *w ^rq*rr aro: it ^ x>5m |t cfg

M0 =

Ml = —R4xx - Wx 5(x—2.5)—Re(x—5)

4fg ^T^R ^TOR<uf it \V, Ra TO Rc R ITTO w feqT TO clTO 
R^r %r R fRi to ^trit | 1

cTTO Mc=0 3TO: TORT STTOUf TO% TRTTcTlJRT TO^l TORTT ?TTR 
5.31 (*) if fg^PTT TOT j I

5. 8 R4 Sf STRT SfcTTOT

% sTTOf % STfsT^TOcr STRUT % gTRUf TOTTO SfqqsquT TOT TOTT gRT
totot g^ r fTO.q-ur Reg qrr stto r^t | from % ito srfcRtsr ^74 
% faq, TOfit 3TRTf% srf^Tg^ TOq’fg ft^ | I TO^f TOT%g if f^T
TOTOTT fqr STfgut (go go Too) % Rgur TO7TO 37+f% RfggTT R
TOg gTO WR Rg % fRft gR%g qg gag fR7 STOT STg fRTT qf 
TOPTO ^ I

5.9 TOTOTO gRT fTTgtg

gfg f%TO to^t yvi % ftRT qr ggrg to^ tott qR^ fror^rg fgTOsif
if TOT+g m T.| |f, Sfgfg cRg R %TOT gRT ^ ggT TOT^t 4%
31WTr<T gg fRTRftg g |t, TO fgR gRFg gqrg qr^F 5] TOT | I



M

<

5.32^ TO’ % ^ ^ ABCD TK stf^m
frm T?! f^i ^T^Tof M f^J-Tl ^-1 ^ I %'$ =T^T STT^l % ^rR'T *sT^ ABCD 

^'^7 A'B'C'D' % T^f if ^ STT^^TT f^f^T ^RTT O ft^TT f^T fwi 
(^) % T^m w I i 3mV ^ ab A'B' % ^r pr |
5ft% ^ft ^CT| DC 3VT C'D' % ^T ^ t£3k% |t ^rf I I ^fff% JTf te4- 
3RR 3?R ^ ?fr% ^ ^ 3TV? ^.fir^ if ftcTT | sra: ABCD
% tfs^ v^ ^ft ^ft ftcft | f^rcrerr ^f^rf if qf^^N- ^f f>iT smfcr

180
EF=E'F' —AB=CD I EF afn: AB % F£q ?nft ?TT^ ?fqi^T rf ^tcft | ^571 
EF n# CD % FSq F ^ | I *RTf EF ^t, q fft
?tf^ ^tcfr | crTT n ^ ^ 5fTcft | l

TJfe =n7 srrqTJi ^nrfi'qr g> 3^ q.r sffr aftr ^ri^
€r q'r 35T7Y if ft^h n;qr ^ft% qff Ftcr^f if Ffqfsn sm 
f-T q-f-rq^f qr,- qf^qr^q ^ g-q-q fffrn*%fgcr qr^qqR fqf^q ^rqf

^Fq^q ^Ffi i

i i
1. oFTsirq qf^q ac Fr*rr bd qfrqq.q % ^ ftffm q.| | qqqrq

% qqqrq «ft ^ | i

2. qqiq FrqRtf ft^t FFTtfsrq; | sf^fq qcqqr f?9n if, ^r% srFqreq q°r 
wtf iti | Ffqr srFq^qqr Ffrqi q:t n^f ^mv | i

3. qq qrf qtqrq: ftt^ qqr Fffr^r if qqrq fmr | i
4. qFqFP FTFT^ 3fqq Ff^iq- ?Tq^ FT F^FT^ if FTff^FT Spqqi qFRq- 

qn; FT^Ffr | i

5. ^ TR-Sq qqrq FfFf % FTiq^T FTqfqfFT ^FB | I

qfq qs qf^^q % ^iftr FTFff qff q^FB-f^^qr r | eft e'F'=R0 i 
^qrqrq ftb^ EF ft y qrr ftr qr (<qr arfq ftft^ gh qq sqrq qff^R f^q^ff 
qqrq % q^qrq Ffqit G'H' = (R—y)0 | i

FTcTj? if Ffqt^B fq^Ff

GH—G'H' E'F'-G'H' R0—(R—y)0 y
GH E'F' R0 R

oc y
qfq 5FT FTFif ir Ffqr^q qfqqFf <jc | eft Ffqtfq fqffq qrr bib — = -

E R

arqqr ac =-^.y

^tftpt ftft| % qr% qfr str qfr ftft^ if qqq qfqqrr qq- fft %fr iFft 
srqrR % sq'^qr jrt nrFT fqrqr qr FTqfFrf | i FFftqR'q (5.2) qft sqiqq? 

if fqrq st^tr ft fqrqr qr Frqrqr | 1

(5.2)

Eac
(5.3)

Ryc y.
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yc yt wftpi v? cr^r % ^ ?mi\ ^fr ^i?fm ^ # ft) sa-^ 
^ f ^'Tff-r q;ar ^nn srf^r ac a^r CTt |

R ^ScTRfH <FRi^ ^■aT =f<Tci7 ^
Tnfp-rrer % f^rq ftar t ^rr e r4t ?r<^ % r%cr sm ^>rr

| 3fcf: ^rffr^R17! (5.2) % swz | f% 5rf^r ttr y % fnq-sr
¥7 V TOT |, STqfcT "RTflT ^TT ?Tnf ^ ST^iW TO* TO% ^^T-

?r ffr TOFfTreTr ^r |” 1

5.10 ^TTOT mi
f^r

^?T¥R ?Tci^ % TOqFf ST^TqT ?T?if srfa^ TR 
qR^ % 3faTO Ff TOT ftcfr I I 5.32 IT fei^ rq-

qf^-o'di^ ^TT ^T^TR 31^ NA t ^ 57,^ srfrl^l t’lT I qf 
e-'fri'-i qR ^qvr % 3T^T Sr fTflTRd ^TT |

^/RT tPTRn ^ if ^ITO 3T3T ?T Yc qFt |fr SRq-q fHcHRT 6al 
R STO

RT 3TOr5r R ?TTrR) ^FT
= acX 5ai 

E
= — x yc x 6al

R
*) ^ft Fiq^R'i 
E

= — S yc x 6al
R

wt tor ^tto mi % qrt sfR cR?r Jr |vr ct?r ^r

2 y« 6a2
R

q-fT^^ TOTF^RTT ^ I STa: f^T SRT ^T TOT f?T cTOT ^T %
TO % RiR |tiTr Rlf|fr |

**'■ S ycX6al = S (AtXSaa •
(5.4) ^ ^ | Pp 3tst % ^r % sPtor r

srrTO RT% ;ft% % Eff^RT % 3H^5 % ^"FTR ^tcTT ^ SRnrq- Wi^Th 
^ %?? ft ^Rr tot $3) |

FTfiT TO

W R SJTR ^TcU |^STOTln 3TST ^

1

E

• (5.4)

3T5T
I

182

5.11 TO>7 SffrTFta

5.32 3T IT f^TO irn; R^T % ABCD % q^rqr
BD R »>TO frRnr fiffr R fq? TOfR q^TTO M RT TfT | I 
etR 3?RfET cTFT R qfR fR| O | eft TO BO TOTO if cT«TT DO eTO 
if !>TT I TO'f R«f if arferfro qf?rqTT fw ( 5. 33) if f^3T| *Tf f?5TT ir
f^FRiTO ffif I RT'T cfR TOf^f Rf R if in TOR cTR f^RtcT fR
% qTRiT q- IR: qf^Rr^ff TO^iiT TO1TO 3ft f% qfF^T R TO T| 
TOTOf TORq q- 3TEf:

B

0

/

D

f^pf 6- 33

M = F(y1 + ya)

= Fyi + Fya Ff^R Ffqtro to r ^rofR st^t % ftiRt 
RRT + Ff^JT TO'T ^FT ^IRR 3T5T % TOST RTO I

fro 5. 34 (3T) if TO Trap TOTO 6al qT 6TO
fRTOt TORfFr 3T5T ^ yc I I
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57T qT st&t % Fi^er

= ac x 6 ax X yc 
E

= r Sax x yc 

| 2 s., x yr‘

= ■ |- s &,2 x y,!

e rM = |^2 5a X y* + 2 5,2 xyt

[2 5U X ycz + 2 5:t2 x ytz] ^ ^
% f^^TTcft afr^ot qfr r 11 cm ^r^fr

^TlrTT | cr«TT ^Ti^TF^'T: I ffTTr stf^T fw ^TnT | I

= 1 x 1 •
(5.2) cT^TT (5.5)% ?FfFT ^ TT^T cTTtq'^ STFfT

f%3T 'jfT ^+'cri n 31%,

2

or Fy!

T»fV ff^7TT Fy2

■1^«ir

(5.5)»FT: M

M E atoc (5.6)

^FT^T ^ JTFr: "nJFT ^’' 3TIcTr | i yc F«Tr y, ^ft 3TI%Fr 
stst % ^Tfr fesrr n ?nq% ft tFricTTFr Fr^n r i ^fttw (5. 6)

I R yc yt

5TTT,

Ffe yc FFT yt qfT=5#F % FTJTTcr Tra^f ^Tt ‘iFlFFT 3FST fft 
^ 1% artecTF FFT FFF fTf^TT ^TF T^T ft cTf,

i'rm'nr wx ^ %in?T
«%5F FrTf Ft ffryc(arfvjWT)

y,(3Tf5TWT)
ot(3rf«+dH)
at(3lfy*iH) 3T5T ^ sFrm

■T^FT FTTq "Pt fft |

1I
|»T M+l <, % 'K 3T^T y, (arftnFFT)yc (irfy+.d*))

qfTF^F % IFF fFTTF FTT F?TFT | cfFT “fTt^ FTFIFt’ FrfT STTcTl
o v-

I I F'ft^T FFT FFn FTFTF: %T1W. Zc F«TT Zt F 'FFrf fer
3TlrTT ^ !

134

3r^: M — ac (arf^FT) x zc = ct, (arfsrfKm) X zt . . . (5.7)

5.12 T?r?ftF 5T57 % TF'tftT 3Tf^ STr^tjf

(■3?) 3TFT^WrT :— STHTclWR FT 3T9T7
*t d/2 ^t FT ftFr FFT FFrFtn 3T5T fw F ffTOF FFT I 1 FFTFFf 
FST ^ V fft FT TTcp (iy jftjt F^t TflfFF, FFFF bxdy
ftFF FFT FffFtF 3T8T % FTFQT 3fFcF FTFOT b dy y2 fTFr I

I ^dvr////7s? /777xZ

y

AN
d

^/2

b

fF^ 5.34

3FT: F^t ^ ^rr FFIFftF 3T2T % F%5F 3ff^- sttfot (IMA)

= [T]^2
d/2I bd3b dy. y 2

12-d/2-d/2

(f) fFFFtFTR FfT-sd? :—fFFFf^rT FfT^^F FF FTcF %??
ftftt f h/3 ffr ft ftFr i FFirfFT % fffft 
y Fft ^ft ft dy Ftsrf Fft 3ft Ftfsrrr I
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k-
(f^ 5.35)

i.
h V 3 0S^r SFf

( ^L 
h \ 3

y) dy

1L (Jh. 
h V 3

»)l*T^T •d'^ltffa' aTiJT % 
*TT^T 'JJSC'1 3n^T

dy y:

2h/3
fk^^TRiTT ^>T ^STRit^T 3T5T % 

*TT^ST •Tfc'^ <«i'MIJi I 1(4 -y)yZxdy
’h/3

r-r - 41+2h/3
-h/:

bh8
36

d
(f^r 5.36)

(h) ^ceTT^nr qfVVr^ :— ^ctTi'fnT Tf7^^ ^Tf 3T2T ^'•’S
^ ^tcft ff T-JT fT^fr 3rqTcf ^ Tp<^ % ^ '^ff ftcfT |f 4itnft I

3T5T 0 ^tor TT IX^ T^r ^^7 qnf^n: sfr 7WrH- 3r5T % ^WlnRTT Ct 
cr«rr ?rf f«r % tt ^><7 6o ^nicfr ft 1 q-fr q?r Itrrf = dcose 
ftTt I zfe fc7 qrr ar^RT r ft eft f?T 7|t q?T TfTSTt rdO X cos0 ft^ft I

q-ft q?T ^r^fR sr^T % qr^sr ^rf^r sn-^t
(Ina) = dCos0 x rdO X Cos0 x (r Sin'1)51 

Cos20. Sio20. d0
d4 I:'2
8

2d1 42:«rt: ffr?®? =i7 Ina = Cos20. Sin20 x d0.8
-1' /:'■(

■ -i-f
1 — Cos40 ) do

4
in40 ~jrey 
4 Jo0 —

Trd4
64
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5. i

ie: &< r
^ ^“i

l 9
rS’f

irtr
§ ^ zte j£- £r ‘fc^qf-rsg? Mr11;
& s /'W’

1 %>%£ •!?
v~*^~ ^

i-bc»'i <r*^cbbcb 2-
■3.13.c'-

J L

D4BJ,'3’- bc*3^4K—*it BD- V>^
>•0.i

&'—A

BS3- d4£BD- bA •2- '2

A 2’’T A

D/2

1
Ct)(f (%-t)1A. 0-11

1 3a&
U.--- - A —^

VaKa\P‘> bMl, Kokb 1-t
~T aFaT

f
bb"iA -*v 2bbbWJ£ 33BC,3L'V / 2.
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f^f^T qf?5#?f % fT^rr ^T^ftn 3r5T cflf^'l 5.1 ir fer 11

stpt: ^rnri^r ir snft^r ^'r?r err# eR^r crlr:?#?f #t ^nq^wR, f^wr-
cr^rr ^i+r wr # f^nfjrn- fer ^rr *rrt | ftstt ^t% arsr

% ?rr#aT ^c=) arr^f % |^nTT
| i

srfcq’ 3TPRT 5TTT ft rft f%#t fRiRcR 3T&T % ^TTST 3^WT rR^RTT-
^rr srr ^rttf t, ^rR^rnr ^rfyi'ift # oqw tt,

Ixj = lx + Ah2

r

^Tft Tr h ?>ff 3T5ff % iTRr ^ft ffr =q-^cr qR^rr | i j rT«n I
^ x xl

TOTtq- eRTT 3RT

^TrfT^T 5. 15 : rnp 5 cm cq-rj^ %

stst % rn-tsT ^rfr^ arm# |tTHimx

vowin' % ’51S ^7T fccTW
¥T # jftfqr |, q-fq- q?r# qft sr^^q-q%n srfrrqrr rrnr«# 1000 N/mm2 
ft eft q'f ^q’crir f^rr sttcT ^Ptf^frr #r jftfT sfr rrqrcrr |
% qrr srfqrty arr^t «ft 5ncr q?rf#tr e = 200 g Pa

fH :

I wz

M E Vc ai

I R yu y,
a, = 1000 N/mm 

™ yc = yt = 2.5 cm

■ja

E. yc 200 X 109 x2.5 X 10R = 500 cm.1000 x 10« x 103CTC

5m

. M CTC. I. d4 X 1000 x 2°c 7TM =
f y< ' 64yc d

-
X 2000 x (5)3or M

M = 12,266 N/m.
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5.16 : (5.37) it fojFT ^ 3n^l+H 'TT
^fcT^r ^ wsrfm arm % mer arr^r ^mr ^nr i

y BA

IA

xx D

d

LO’1c

DC y
b

B

5. 37

^ :
BD*

Ixx, ABCD % ^ro, = ^2

bd8
A' B' C' D' •pt Ixx — ^

BD3 - bd8
^ 'rfr^ frr Ixx —

yy_3T5T % arr^i wn hR-^^ D ?ttt

B 1

«RT: hR'W'S *rr lyy =

12

DB8 - db8
12

190

. . ,. ^T^JI .5.17: f^oT (5.38) Jr iflT qfT^ ^rr 
% ^rrrsT arfc^ an^ 5n?r ^frfarij

7fr?r 3T5T'3^1
I

M

^rffT ^smT^f mm

(f^ 5.38)
:
%'jpr tfcTFr 10 x 9 = 45 cm22

ir*2'T'i ^?r anarr ^ frr — 3 cm 
afrJTrT ^r STeTFr = 6 cm2

’T^- %?? ^ f^-^T arrfJR Jr ^.,4.5 cm
45 X 3 - 6 x 4.5am: qfrs®? % ^.c^r 3tte,r ^ |fr p = 45-6

= 2.77 cm
bh3

^T5T IXX = ~36
bh / h+ 2 C3_ )'.- - 2.77

10 X 93 10 x 9
(3 — 2.77)*36 --
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' = 202.5 + 2.4 = 204.9 cm2
bd3
^- + bd (4.5 - 2.77)2fesT IXX =

2 X 33
+ 2 X 3 X 1.73212

= 4.5 -h 18 = 22.5 cm4 
Ixx = 204.9 — 22.5 = 182.4 cm4

^l^prur 5. 18 : (5. 39) it lxx,
I „ ?1RT I 5TR I SHTT T^T^T % P^fQ, ^rf^RcR SRiTJT

yy A A
srfrr^r loON/mm2 ^ to- tt ^rfrT m ^rr ^ffer m 
ITT^T ?TR ^tf^TT qf? 4m SRR ^RT ftrf TT

U---------- - 200 —

^7 ?r amnfor t iRHTR

1
] 25ri

z/-
xx

250

25

251
4A100 —*A

"ii %mm 

5.39)

6

192

^ : ^ crP<:“W< cfr^ 3fRrf jfff if fqRifjR fwRr ^rr ewr | sfr
^ ( 1), (2) cTR (3) sm f^JR 7R I 1 ^T% TOq-', ^R¥T: 10x2.5, 

20x2.5 ^ 20x2.5 cm | l
10 X 2,5 X 1.25 + 25 X 2.5 X 15 + 20x2.5x28.75

”lO x 2.5 + 25 X 2.5 + 20 X 2.5

17.5 cm.

y

2406.25
137.5

HJRK 3fST SR!T gRT

10 x (2.5)3

amRT (l) 1„ = + 10 x 2.5 (17.5—1.25)* 

= 6,613cm4

12

2.5 x (25)3«m^r (2) =pt Ixx = -b 2.5 X 25(17.5 - 15)* 

= 3,646cm4
12

20 x (2.5)3
3TRcT (3) Ixx = + 20 x 2.5(28.75-17.5)12

= 6,354cm4
*cr: wpi lxx = 6,613 -f 3,646 + 6,354

= 16,613cm4 
25 X 103 25 x 2.53 2.5 X 208vti srr lyy = + +12 12 12

= 1,908cm4 
1AA = Ixx + A X (17.5)2

= 16,613 + (10 + 20 + 25) x 2.5 x (17.5)«
= 58,722cm4

?nrcr qr$r qTt srstt arer ^
arfERr qr | 3r: ^r% t?r it arfrenr ^rt

IOOx 16613x 108x 102
1

°f I-M = = N-m17.5y« 108
= 94931 N-m
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w/2'*tr % tt srfaiKriT ^rr^r ^r qr^r ^ | i 

w x 42
94931anr: 8

w = 47.5 KN/m

3^T<JT 5.19: ( 5. 40) ^ feto W TT yy qrr-
ci^r flr arr^T ^rnr sr^rtcr ^'+,i xx
fit to to' to- ^ it srfFT^r itr lOON/mm2 to |, to 
it vT^T Tq ^r STTRT FT4T 35^0 TffT it ^cTR Sflcr4^f TT TTR 5TTFT
+tfjffT I

% toer |t,tiHcm

>
i

520
f

20 !0Q2-0j-r-
X X

t 4 3 ;1 20 2 20y4 J'ffl.-J..:100 100 100

ft jhki m m $T ‘c

(fw 5. 40)

^ qfrto Ttt i o to x 2 to % to ?tjtr antor it f^R- 
pjfcT fto RT tl+’cfl ^ 'jRTT 1% if ^ f+’d- f^RT ipTT ^ I

20 X 1 +20 X1+20 X 7+20 X 11 +20 X 7
y = 5x10x2

= 5.4xl0-2m
10 X (2)3[, + 20(5.4- I)* J2TPR (i) FFfrr (2) ^ Ixx = 2 x

= 788 X 10~8m4

194

2x(10)3
,,

+ 20(7 - 5.4)2Jarnra (3) crcr (4) Ixx = 2 X

= 436 X 10~8m4
10x(2)3arPR (5) ^rr Ixx = + 20(11 - 5.4)212

= 635 x 10-8m4
Ixx = 788 + 436 + 635 = 1859 X lO'8!!!4 

100 X 1859 X 10~8x 106<Tt
M = —— x Ixx = - 34.43 kN.mJ* 5.4 x IQ-2

CTc at
W S^>TT =1

yc yt
100

^ CTc = ~ x yc = 5— x (12 - 5.4) — 122.2 N/mm2

5.20: 17TT to yTT tom-RiTr d| snqRTRT qtos<;
^ SR7T if totoo TRnT I 3R: to 
tot FTR tolt TT SFTCTFT 51TFT ttoq; I

srto toto tf ffc? ^ srt %

N

D

b

tto 6. 41
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^ :

M = (Jc X Zc = G, X Zt
srfa^rfir ^npt srfnfry % fwcr z wjn srf^cnr |kt ^t%it i

bd2
z = ^

z jtr arfawir % f?r^ bd2 arfsr?^ i
bd2 = b (D2 - b2) 

d
*’• db (bd2) = DZ “ 3b2 = 0 

D2 = 3b2 
d2 + b2 = 3b2 

d

5. 21 : Ftt if % snvf % rf^r qr
ar^inr ^tr i snrr ^ff f^fdPcr 4m t cT«n

sr^R Tm wr | far xx fam if | cf^rr ^>ff ftfa w<^ anaR ^far 
| I ^7^3 if 3R^T srfa^r 10N/mm2 t i ?Rn % % ttr qft
mfarr fa|?RTr JTFT SOOON/^3 | «

or
or

or

f
30

20 x
40

y
30
i

100

mm

(faT^ 5.42)
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TpC-cy»4 % XX ti'l'lST fTRfjTfa % ^R°r q far STTUR ft •d^ltfl't 3T5T
^ 7 — 5 CIT1 t 1

rcdj4bd3
Ixx = 6412

4 (^t arsfefff trq7
*TRT T\m I)

10 X 103 -
64~ X12

= 820.77cm4

°c . 10farm arr^r = X ixx —
Jc

— x 820.77

= 1641.5N-m

fiflRH = 10 X 10 — tc/4(4)* = 87.44cm1 
8000X87.44

= 70N/mHTTT 5FT S.fa *to ^TTX = (100) 2

^far 3RH- ttr % ^riT,JT fatd fa % tteit if srf^+'cfd' «f^R an^or
^rr jtm

70 X (4)2wl1
= 140 N-m

ER* % T* ^ %fa?<T *TR %’TTR^T W% ^ if 3rfTOT*T
3rr^r ^rr itr 

PI
= -—N-m 4

^ an^T = 140 + P = 1641.5

3TT47 P = 1501.5N

■^TJT 5. 22 :ffa^ 5.4 3 if fe<?!4 ST^ft % nfa^'i
farr^t ttr ii+' ^ i

88
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c\j
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E4

o
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£
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o foo
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: cft'T iftsTf ^ (5.43)

it qq | 1 ^2: | '4t trMTq ^tqr :n

(20)3
nr^te< Ixx — 6 X ^2arnTcTT^K

= 4000 cm1

14 x (20)3 10 X (16)s
<a'|<s(d aTRIcTTWnT ^iT IXX — 1212

= 5920 cm4
3

]P2 x (2)
2 L 12 + 22x2x (10 - l)2

2 X (16)3

I qfrs©? ^ Ixx =

r 12
= 7157 + 683 = 7840 cm4

°c— x IxxM =
yc

cfnfi fr <rlT5#q % f^rq; ?htr | srt 
yc

Ixx % tfiTR'TRft ^tqt I

3Tcr: qrq-4 qrr arqqrq = 4000 : 5920 : 7840

= 1 : 1.48 : 1.96

srq ^iqqrqriT: qi% arq qtt apr^rr I-qfr qqrq
i.96 qqr 'qnTorqTR qfv5#q qfr qqrq 1. 48 qqi 11
cftqf ft it I-Tfx^ck qtt qqrq qiq^q srfy+'d’q 11 +'l <>ji qf
| fqr Rqrqtq wx qqrqqqf it I-qfq^k it qqrq qw | qqr
q^r qfqqq qrr tft ^tar | qq it arto ^rr

q^f ^fiTTt it qqrqf qrqr 3Tf&R71 1 ^rrqqRTR Jr I-
qfcssq q?r qq^rr oqrqtq w<$ % qqtqqqf it qqrq qr qiqr srfe | w\ 
qrR-rr ^qqr qrq^q I-qft^k q qq qq?g srq smrqrqR qfq^q q qfaq 
11 ^qt qRq qqq % ^q it I-qfq^k qr qqrq fqq=qqr ^tqr | 1 I-qf^q 
qt qrq^q iqqt qt^rl qsrqq qqr qqirr qt qt^rf qsrqq, afh: q?rt 
qr qqqt | 1

qqq
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yc yt Wfrpi ^ cFfn Jr ^ mii ^fr ^i?fm fTfr^ ^ ffr ar^ 
f ^TTTfn cTnn 5r1%sRT ac n^T

r
SRJ^ TRf-F^rrr % fair am ^tar | ^TT E '^T SHTT 'T?T?T % fafr am. ^>rr
| sm: (5.2) ?r | % 5r%^r irrn y % Mq

^ TOT |, 3Tq% “f%^ff ¥fr if S-faa^r TTR ^T% SST-
^frq ?TcT^ ^ ^ff Sfrr WPTqraT ^TdT |” I
5.10 ssrtfta mi

fam qiT1^^ qri ^Rffn 3t§t ^ft

3-
at Q.

FTcl^ qrr q-^cfT-f^^T STT^xT 'PTcTT | f^FT^T rffiT r{^T■d'i l Ft Tn

wr qrr ar^t tot | 
5frf^> ^TFTR FTci^ % Fr*mr 3TSTqT syaf STf^q^ (rq fqfrfrr % Ffif-
^ cr«n qp.^k % sfafe ft sr'ra fr^ft | 1 5.321? few to
qR-s#^ qrr ^rFff^ mi NA | cf^r ^ ^ srfri^ 11 q^ qf\^ 
qfl FTfr^n TT^ % ^f STsTT if ferf^FI ?aT | I

3>q^t FT'TT^q ^ if ^fFTTn 3T^-f FT yc qff ^Tf q"F; STqWq 6ai

tf sqrq qff^iC>,

^FT ST^W? TF ^FT Ft 'nT^'i ^FT 
= oc X 5ai

E
= — X yc X 6al

R
Ff41^H if ^Ff Fi'4 |^«i 

E
= — 2 yc X 6al

R
fFTt SRTR ^TFTfq mi % fe qfr mx fe if |.Fr cTnq- STFT

S yt 6a2
E

R

FTET % ^TT ^]f^T I
^•- 2: ycX6al = s (xt X 6a2 .

FTJrfe'ir (5.4) ^ TTf Fq^ I fqr ^rFff^r st^t % me % efeFr ^rr 
arife ?ff% % s^mFr % srnfT % ^frf: | sr^q-
qf^:^ % ij^q- fe ^ feF tot t®t fteft | 1

^ 3TcT ^FT Ffqfe ^TFT ^T q’T'T ^FT cfnW qFf %

• (5.4)

FT5TFTR 3TST

182

5.11 9q?‘i 5TfrTF>iI

fer 5.32 3T ir fTOW TTTr ‘cTF^T % ABCD %
BD TF KTO qTfsrtT p3TFT TT fqr TOF^FT qFTTO M Ffn T^T ^ I 
q^ ^TFffq TTFT TF qr>f fsp| O | eft WT BO FTTfe if TO DO TOT

if itqr 1 tot fei if arfcrfe ffe (5. 3 3) if feii fer if 
felTO fR I TOT TO Ffqfe qFf qrr IT In FTFTW FT«TT few fefTeT fR 
% qrRTr q- rr^ qf^TqTTO m^HT TO TO 3ft fa qffe^T TO TO T| 
TOTTOf q-f^J TOTOT FT if^FT-T if ffiTT, TO:

q>FTqT

B

0

t D

fro 6. 33
M = F(y1 + y2)

= Fy1 + Fya TOTTO TOT TO TOFfFT 3T5T % FTlfe 
3TT^it + Ffyif TOT TOT TO TOFTR 3T5fT % FTT^ST STT^T I

fe 5. 34 (3T) if feR TO Trar STTO^ *TOTOT 6al TO ^tfe,
frofr toiftR ftst ^ fft yc I I
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5*T STcTTFr TK vW 3T&T ^ sn'Ef’JT
= ac x sal x yc

E
= ^5- &,i x y,-2K

2 Sn X

= -|- s 6,2 X ytz

or Fy!

«*TV Fy:

]- i b.x X yc2 + S 6a2 X Vt2M

[s 6al x yc2 + s 6a2 x yt2] ^ 3tst
qrrrfr 11 cT^tt q:r% ITT^5T fg'^Tcft 3TrW qft oq’^n

q^r ^mrr | cT^r ^TiFn^rr: I srcr fw ^Tfrr | 1
ER X 1 .

^nftqrTiff (5.2) cm (5.5)% ^>r ctrfqq: 
fqrqr jTt ^r^TcTT n ^?r..

(5.5)*rr: M

am

M E <Jt (5.6)
T R ytyc

^ qrr a-pr: “nm qr^r ^rcrr | 1 yc cT^r yt 
war ?r qrt fcsrr rr qq jtfrt m%rr 1 (5. e)
5TTT,

qfsr yc ctstt yt qp^tk % ^frqicr ^r^fFr stst ^fr
fq; srfsrqr^q ?fqTfq cm cFFT afq^r m T^r ft m,

i'^l'l'l'l 3T5T HtHTrT

?nflr§q HcTf fft 
TTraW 3T5T q bPTPT 

rrcTfj Eit' ttV 1

yc(arr«imTr)
yXsrfawR-)

Ot(3TfET^cT^ ) 
0{(3Tfa^v=nT)

II
5T=FR % qq :3T^’ yt (arfawT)

m fmq qfr | cfsrr ^rqft “qfq^m fitet" q^i ^nm 
| 1 qq'rm cr*TT crm qfT^q rnqtqr qfr q.^Tr: zc cf^r z, fqm
fRTT t I

yc (arftrmq)

184

3Tq: M — (7c (arfgwq) X zc = at (sr^-i^r) x zt . . . (5.7)

5.12 TTr^ftq stct % srifeT
(st) arrqqwFT :— sTPTcrrqrR qprs#^ qq riim ^ arsTT

^ d/2 qtr %ft tz ftfr q-qr ^Tfftn srer fw p fqmqr mr | 1 ^mtq 
3TST ^ y # ffr q-T rrq: dy rfTdT T^t qflfqiT, ^^rTT bxdy 
ftrrr cr«TT ^qrqtv-r sre? % ?rnt5T smat b dy y2 ftqr 1

^ ^dy
cZZZZZZlZZZZZZ

AN
d

c^/2

b-■'•■

5.34

3Ft: ^ qrr ^r?ft.7 stst % ^rfcqr armf (Ina)
d/2 d/2j bd3-mb dy. y 2

12-d/2-d/2

(^) f^ffqrrr :—ff^frqrn: qrr mcf %-?' ' *a o o

stt^tr h/3 #r qq; ftqr 1 ^rffFr srsr % ?rqtdT
y q?t ^ft qr dy qt^rf qft cr^7 fft qflfqpr 1



N

h/3

b - >

(f^r 5.35)

1.h ^ 3
>)W 'Tl'V

b_ ( 2h 
h V 3

y) dy
W^*T

1L
h V 3

y) dy yI^FT ^cTRft^ 3T*!T % 
tfnter ^Tfc^- srnpr

2h/3
faWrfTT ^TT 3T5T %

m^T •r? c^’ an^r
y^ y2xdyj 2h

3
^h/3

+2h/3[-r - 4] -h/.

bh8
36

186

d COS 0

/// //X//S 777X////S\ T-dy
r sin060

1 A9N

1

d
(f^ 5.36)

(h) ^rrTT1?^ ,TfT^®5 — ^ccfl’PTT Tfc15^ 3T2T ^rsi

^ irft ff T'Tr fm 3fq% ^ qf<to % *r^r ^ ^fr ftcft |f srrtnft 1 
^?T 3T5T 0 to TT ^ T^t “Ft SFTeq’nT to^flT 5ft ^nto GW % ^WrnRT^ ?ft 

^ ^ccT % TT to 50 ^rnRTT fff I 'TJT ^?T = d.COS0
tot 1 to far storRT r ft eft q-ft q?t torf rd0 x cos© tot ' 

7ft Trr ^rto stst % tosr srr’Tot 
(In a) dCosO X rd0 X Cos0 X (r Sin0)a

d4 JoKU Cos20. Sin20. d08
2d4 ^2

.
«rt: to ^ INA = Cos20. Sin20 X d0.8

f /:A( 1 — Cos40 ) do
4

d2 T Sin40 "Ire/
32" L ° 4 Jo
Ted4
64
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mfrrapT 5. i

I ,Ki- .. igi!-iiift i|l 
■s* || 
|.g if

y <£qfriS? STSTfST
| *
f? %
a >9t’%

Y~*r

bet 2_1 ■3.o. 13.ct

L

Bi3-- bd^*4BD- bst
\rt-Xl

\*- a'—A

i

e.D’5- Bdi d4£BD- b<*. •2- \2

^2-
4*<** £>*A 3*T 4

v25. (D^1
(£)(^ C^'^)‘iy^P^s—*■ Kb1 2d. O-ll

sr 3A&
P------ ct —^

v2Kevb1/ bM< Ktxb
1

"r

t kbb-iA ■t 2bkJ4 bW 333C.X 32.4
T l^.— b —J

13—23 M. of HRD/ND/93
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tVftr^ Tf'-XP % rrsqr ^T^fTn 3RT riTf^T 5.1 ^ f^r ^ I

srnr: qr^rFq- k srkPT f^rq- ^T?r qr# yrq qfXSki qft 3nq^TRrT7;, f^^rr- 
^ttr ^qr q?qwrT wf if f^nf^rT ferr ^rr q^rr | q-qr srsr
% qr^ST STfcq' STF^T % qj^ qr> “
qq^TT t I ^q- sr^’q’ % 3frfq-rr q^- %jf)- qf-^q- qq- if^Tq- 3T2T % qT^ST

^rfcq- sriqui htt ftt fq^qr q^rpriT srs? % qr^sr ^r^q- srrqtit qr^qr- 
sTTn %qr ^rr qqrqr t, q’f'JTcfpT ^rfkyff ir qrrq

lx, = lx + Ah2

q’^t qr h TTqf srsff % qgq1 cq-^q- qr^qr f- I lx nqr Ix,
qwnr q-qr 3^ qqrqp: % qqqsr arrqot | 1

t f m 1 q" % ^7o qr'i qccflq qqi 
q^r qrqsiq’ j Q00 N/mm

q'r qf ?q;qq-q f^qqr sriq- qftf^nr fjrq^ f% wz qq iftfr qrr qqrqr |
% Tfr-Fk qrr qfq-fty ^ ^rrer qfrfw E = 200 G Pa

^=r :

srsr” qqq % gm to fqrqr ^n\1 *11 *TI t

5. 15 : T^p 5 cm cq-r^- %

4 jttto qfe t^tst qfr srq-Jpr qro qfn 2

I

M E
I R y« y.

a, = 1000 N/mm2 
q^T yc = yt = 2.5 cm 

E. yc

a

200 X 109 X2.5 X 10R = 500 cm.1000 x 106 x 103CTC

5m

. M oc. I. d4 X 1000 x 2CTC 7T.-. M =aq
yc 64 dycT

-
x 2000 x (5)3or M =

M = 12,266 N/m.
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3cTT^TuT 5.16 : (5.37) % ^ 3TT4rl! + l < VT
^f3T ^ SiS^rtlTT STeff % ^c=( aTT^T 5TRT aFTf^W I

y BA

B‘

xx D
d

11
C

DC y
— b

B

facT 5. 37

^ :
BD*

Ixx, ABCD %

bd3
A' B' C D' vt Ixx = -^

BD3 - bd8
vUw*. fT Ixx =

yy_3T5T % arr^r ^nrrr ^nr^r D ^rr
itof B ^ft 1

inr: 'Tfr^T ?rr lyy —

12

DBs - db8
12

190

.5. 17 : (5.38) if ^ rrfTy&Z ^TT 3T5T
% sn^sT. «rfcf srr^q- 5TRr ^frf^tr i

M
30

30

x «•t —20
30y

] J
100

mrT ferr^f mm

(f^ 5.38)
:

f^-^r ^tT^r 10 x 9 = 45 cm2

^Tticc) 't-vs ^?T sncTR ^ %r\ ~ 3 cm 
srnTcT st^'TkT = 6 cm2 
F3% iT^ %?? Wto o

afcT: Tfrs©^ % ^.cg- 3TTE,R ^ |ft p =

2

3ir?JR =?-. 4.5 cm-
45 X 3 - 6 x 4.5

45-6
= 2.77 cm

bh3 • bh / hW Ixx = -36 + —
10 X 93

)n<-*-,
- 2.77

10 X 9
~~2~ (3 — 2.11)*36
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' = 202.5 + 2.4 = 204.9 cm2
bd3

fez ^ Ixx = J2~ + ^ (4-5 — 2.77)23n<rnTtn<

2 X 33
+ 2 x 3 x 1.732

= 4.5 -i- 18 = 22.5 cm4 
Ixx = 204.9 — 22.5 = 182.4 cm4

5.18 : (5.39) ^ *FT 4^1 1„,
lyy iAA 5TTrr ^fifjfTT 1 zrfe arfu^nr am^r
srfrT^r 100N/mm21 ^ ^ ^ ^ ^ ^
JTFT ?TR ^ftriT qfe 4m 5RT aT^T 5>ff fW TT

200 —

12

^ anarfer | 1

1
] 2 5LI

2X XX

250

25

251
*AA 100

*%•tthi mm 

(fasT 5.3 9)
6

192

^ : ^ qfc^ Ht?r arm ’jsr if f^nfjr^r ferr ^ ?FFrrr | 5ft 
^f (1), (2) CIRT ( 3) ?Rr femil TR I I ^TR, 10x2.5, 

20x2.5 20x2.5 I Icm
10 X 2.5 X 1.25 + 25 X 2.5 X 15-f 20x2.5x28.75

10 X 2.5 + 25 X 2.5 + 20 x 2.5y

2406.25
17.5 cm.137.5

STTRTC STST SHfe STTT

10 x (2.5) 3
amra- (1) ft 1„ = + 10 x 2.5 (17.5—1.25)* 

= 6,613cm4

12

2.5 X (25)3
•micT (2) FT Ixx = + 2.5 X 25(17.5 - 15)* 

= 3,646cm4
12

20 x (2.5)3
3TFTcT (3) FT Ixx = + 20 x 2.5(28.75-17.5)12

= 6,354cm4
Fen FT Ixx = 6,613 + 3,646 + 6,354

= 16,613cm4 
25 x 103 25 x 2.5s 2.5 X 208ITiV 5fFR lyy = + +12 12 12

= 1,908cm4 
IAA = Ixx + A X (17.5)2

= 16,613 -f (10 + 20 + 25) x 2.5 X (17.5)*
= 58,722cm4

?r% ^nr ^r% zzn: ^ sfe^rr ^r?fR ^ %
arfER: qx | 3r: tot ^ % stTerkw srf^r ^Rr

100 x 16613 X106X102
1

ot. I.
M = = N-m17.5yt 108

= 94931 N-m
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________________________ w/2

rr^ jg-ifR T? ^TF^T ^FT | I

w X 42
94931 =a^T: 8

w = 47.5 KN/m
^T^T'JT 5.19: ( 5. 40) ^ W TT ^ yy ^F-

rf^r if sff^i ^rirnrr ^tt^t xx
rft FT^TT FTcf^ if STfcr^^
it Tq ^'Ph1 st^t srr^or rF^n- ^qrt ^ftr it ^cq^r sitf^r ^ft jftjt ttfcT 

i

% mer ft, 
100N/mm2 ftcTF |, ^Ffr

tf+Tcm
^FF HFn

I

i
I t !5i 20

t
20 !0020------- Sr

X XT 4 3 
1 20 2 20y4 J J

100 IOC 100i

mm
(f^ 5.40)

ipr : w mR^ ^Ft i o ^*ft x 2 ^ft ^f q’rq- mn anwt it fcrm--
Rfcf f+'iri ^TF FT'fFtTF ^ 'SHTF fqF Rd it <H f+VF fqFqT PTF ^ I 

_ 20x1+20x1+20x7+20x11+20x7
y = 5X10X2

= 5.4x 10~2m
10x(2)3

,a ]arm (i) cm (2) Ixx = 2 x + 20(5.4 - 1)2

= 788 X 10~8m4

194

2x(10)3—^L + 20(7 - 

= 436 x 10-8m4
[ 5-4)°]3rmr (3) am (4) Ixx = 2 x

10x(2)3
3TRRr (5) Ixx = + 20(11 - 5.4)212

= 635 x 10-8m4
Ixx = 788 + 436 + 635 = 1859 X 10~8m4 

100 X 1859 X 10~8X 10601- X rxx=M = = 34.43 kN.m5.4 x 10-2
°c

W S^TR ------- =
yc yt

100^ CTc = -^- X yc = — x (12 - 5.4) — 122.2 N/mra2

5.20 1 F^F Tj+f "cFT-T Rt^FF cFTiTT Df STFq^nqFFT qtT5^ 
% znx it TR^rFcrq f | sfcT; 3rfaw*r stfw srfcRtsr ^t ffc? ^ ?jtff % 
^ttsrf rr«?T ^rtfrf wff s^qicr sfiff ^tRnr t

N

D

b

frcF 5. 41
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^ :

M = ac X Zc = at X Zt
arfecnr mwn % fwq z arfecru- |rt ^rf^r i

bd2
z = i-

z iTH irfyv+.dq bd2 arfjj^cnr ^'rt i
bd2 = b (D2 — b2) 

d
.\ — (bd2) = D2 - 3b2 = 0

D2 = 3b2 
d2 + b2 = 3b2

d
IT = v'2

5.2 1 : it r?’31Q; qfT=5#^ fn«SS % er^- % q?:
^irq1 ^TR spl TTI^T 5TRT I cRn fd-Kl Rf 4m | cf4T %%

ST^TR WT WT I % XX f^TT it | cHTT ^ft WK^ STTETR ^
^ I “PT^S it sr^fir^T srfror lON/mm2 § I y <n % ■N^l % WR 4TT 'T^RT JR 
infTq JTPT SOOON/JTt3 I t

or
or

or

t
30

20
X

40
y

30
I

100

mfi Jr'tmm

(f^ 5.42)
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qf^^E-cT % xx ^TRST ?TRfirfcT % ^RW t ^ ^ ^Rft^T 3r?T
qft ?Tt 7 = 5 Cin | I

red,4bd3
Ixx = 6412

4 (?> STSfftff ^ft ^ <p;r ^T
*TPTT TiqT |)

10 X 103 7T

64~ X (4^12
= 820.77cm4

ac 10
— x Ixx = — X 820.77farm 3it^ = yc

= 1641,5N-m

ffiTTR = 10 X 10 — 87.440111*
8000X87.44

= 70N/mgrd sr 5.% *0,° ’TR — (100)2

3PR ^TR % +'R°T % *T&t 3Tfy®TT^',IT
imr

70 x (4) 2Wl1
- = 140 N-m

% Tf&T f^-wTcT R m WffcZ *TR % 'M <ui RR it 3TfW>cTH
srr^t r m^r 

pi
= -—N-m 4

3nRt = 140 + p = 1641.5 

gpqRT P = 1501.5N

88

ER7T

. 22 : 5.43 it f^l'4 ’R cfR ERrff % TfR#?5
RTT^ 3^PTT ^rn; f^TRft jftsif, 5RTf RTT ^TR RP ^PTR | I
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: eft-r srfn?r jftsrf ^ f^?r (s. 43)
ir ^ I 1 WflTf ^TG7 t Hpc,»to4l4 <7^77? '4\ ^FTTT’ ^FTT

(20)3
3U4dl+R 1XX — 6 X ^

= 4000 era4

14 x (20)3 10 X (16)5
<dl<sj^T 3TFTcTmT M fXX 1212

= 5920 era4

+ 22x2x (10 - l)2]

2 X (16)3

f22 x (2)3=2 L-^I Ixx

+ 12
= 7157 + 683 = 7840 era4

°c— x IxxM =
yc

4pfr ft % fTTcr ?HTR |
Ye

iix % tr^ffTtefr ft^ft 1

3Tcr: mw^ 4TT SR'TRT = 4000 : 5920 : 7840

= 1 : 1.48 : 1.96

5T^T yrq’7f7n T Tf<^'cS<4 414 4?t ST^STT I-“Ft d'+M
1.96 ’pH 441 3TnT4r47R 'TFv5^ 44 447T 1.48 441 ^ I
4t4t ft crft:5^T 4 44 44Tn 4r4z4 3rf444f4 t I W44T 44T4 4f
| f4? 44T4t4 4$T % 441444? 4 I-qfv5#4 4 44T4 44 4tTTf 4T4 | 44T
4ff 5tf444 44 414 4? -4444 ft41 | 44 44 #4 4 4fl 4f444 affe ft41 
| 4fl 4PTT? 4 4414? 44 4141 4fj4l | I ^4M4 34441444 4f<^to4 4 I- 
qfC5^ 4?t 44^4 ^Itftd W % 4414441 $T4 4 4414 41? 4141 3^441 | W? 
frn:4 f44?l 414^4 I-4f7:^4 4 414 47-^ 714 311441447 4f7'°te< 4 3lf!T41 
| I %m 4474 474 % 74 4 I-4f75©4 44 44?4 f44544? fl41 | I I-4fT^k 
4?? 41454 ^444 4Tllf 451417 441 74117? 4>t Tftflf 
41 44>4? ^ I

m 451^4dl4i7,
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: rr^r TTI'^r ^ '*TfIT 1 Om ^tITT^T^T 5. 23 .

cT^ |, TO tPc^ ^T I I *rwr ■'rfjT ^ 2 Ocm o^TT ^Tft
^TT 5TO 1 Ocm | I ^T% ^Tft TT 0^: SOON ^ ^fn^T TOWT 

TO I I arfSHTOT ^frT^T ^T ^TPT TO I
% ^ | f^Tfr^T 'ffftrror^ : q'ff TTOT ^TT rr^ TO TO

| ^«rr 3?rrt Twrj to 11 to! tj fe^rr tt tot ^t stt^t to 
q’frs^ irrTnT fro-fro fr^rr i to % f^o;
TOTO arPcT^TiT srPTSR1 VfVZ&Z ^T ^ITn ^tto i

fTO

^ftfiffr srfy^r^riT srfTOT TOT f^n: ft fN xcm I i

5*t 'rfr5^ mr g-'i smfJi = 500 x N.cm
TO

™)( 10 +sm 'rfr^E^ =mm cm

x y 
100 )32 ( 10 +Mft-o&'i Hni'ti =

500 x xX 32
Mr JL\3 

100 JXqfrs^ tt afw^r (ox) = 10-fZs

daxax % arfir+dM imr % fair -“^r 5ft jtft 5mr ^tt

15o”?sro»+is,y-»-o»+s) *
^ ^ v 3

r»y - » (

-”
dax

100dx
(10 + ioo)

1x v
10 + 100/ x( 10 +*r«rm 100

3xx = 010 + 100 100 
x = 500cm x = 5m

snr: ifit anmoi = 500 X 500
= 2500 N-m

500=( ^ = 15cm
10 + 100

203

TfT5^? MI m i -4i = —sT (,5)3
250000 X 32

ifd ^ -I =
tux 15x 11 X 15

= 7.55 N/mm2
5.24 : #f£rcT TOT (Built—up Beam) 'TfT^

(s. 44) if foror to | i ?rRft st^t xx % ^•H’fH'Pd- 
^ ^ | i % f?r^ 5 m qr tot srrTO tk fs% |tr | i
tro % q^r arrmr ^ 2 m qff fff qr% ?f^5f
to ^ff^rq q-fc sn:^ if ar^^r qfrr^r 80 N/mm2 | i to TOT 
arrsn-pTcT | % xx srsr % Tost ^rr | i srr qfr^ qrr yy %
TTF^ST TOOT '4t to TTf^rq i

^ttt qrr jtft

10 150
! 1

!0
10 10

X X

200
-50-^

1

200 -

W$1 ft J-lft m m

5-44
: ^fq: TrT^dq ^q-firFfr | to ^tst ^ i o cm ^rt

TT iffiTT I
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■-[ 20xl8 }-20x(10—0.5)OTT •ft% '•'rld'l 12

]-[§
= 3,613 cm4

+ 20 X(9.5)2

■
(18)3 4x 1 +4x(10—1.5)Ttrl Tr^fr mIxx = 1 X +2

12
= 2,130 cm4

5^ ^ xx = 3613+2130 
= 5743 cm4

8000x5743M = — x I = 10y

45944 N. m

JTfe W^st WIT TT rmr P ft, rT^

P.a.b. P 2x3M = / 5

P = 3,8287 N

[ ]]+4x L1^-3+18x(3) 1 X 43lyy — 2 X 12" +4 X (5.5)2

2x1x20+
12

= 327 + 505 + 1333 =2165 cm4

:3Tr?rr,JT 5.25: ^ % *ri?n f^+i (5.45)
f^^rrqr wr qr?ft | 1 10 m fft tt qt <tt snsrrfer

202

t 1 crr:ft qrr ^tr 10000 N/m3 <m ^ft| ^tr 70000 N/m8 t 1 
31cT: tT'TT it TFfr W^rf tTR RpJiR I ^1% if +vT Uof SRiPT 

frr VTn 1 5 00 ~'JJ 45 00 N/cm2 I

20 20

X

T x
i

320y

500

mm

(fERT 5.45)

^ :

50x2x1+2x30x2x17
= 9.73cmX =

100+120

^rra+r 3t5T %

50 x23
f 100 (9-73-1)2lyy --

12

2 x(30)3+2x30x(l 7-9.73)2 ][+ 2
12

= 7650+15350 

= 23000 cm4
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I500N
r BA

2000— iOOO —

(<^r)
|-300-j20 0

IT T
t y

x L20 x

200
X
\

- 730

W)(3T)
^*1m rr,

5.46

4500x23,000

(32—9.73)

cFFT it 3n^ =

= 4.65x 106 N.cra

1500x23,000

9.73
= 3.54x10s N.cm
imff *r ir ffrnr i sr^n:

T^T^t it 1 SOON/cm2 47r cTT^T srfcT^f tfcMW qT;5
it ^rtt^T 3Tfr^f 471 ITFT %^T

150 x (32-9.73) = 3420 N/cm8

9.73
^rr 5ft f47 s;*r% arrinr ^rftf^r tr 4ttt | i
16—23 M. of HRD/ND/95

204

4T*ft cT^rr qr^ft 4tt wn: i o ift 47t qr ^47 jt*tr ^q- ^ 4sr
f3n I I qf? qtqf 47T StFt iffo ^TT w ^t rft ^T% qT srfeTJT ^47?T 

arrq-ot q>r irr4 w/2 1

8

w x(10)2 3.54 x10s

8 100
w = 2832 N/m

3T4: qwr iT4T TTTT 477 q-f^T m TT^rf 4T ^TT 2832 N ^ 4^
Ttqr ^if^n i

XT. qTTft 47t ( 30-28. 1 ) ^qft ^ 1 . 7 itift 447
t I

TFft ^rr srF=r ifti?: mi = qrr X 1 x 70000

= 1540 N

%W qFft qrr srrrf ifto ^f4rf qr 'rtt = (283.2-154)10 

= 1292N

SHT: 4f? 4Fft if- TRt q^rf Xcm ?0, ;T4,

x x 46x100x1000
129.2

(100)2
1992

= 28.1 cmx =
46

^T: qi4t qff (30—28.1) = 354ft nTf # 1.9 cm 4ft 4ft 447 | I

5.26: R47 ^447 4ft| % UT4 qft f4444 tF"1^ f44 5.46 
(sr) it fq^Tnn 4471, 744 (4) 4?7 'qff4 ^Tlffn f474T 447 | I aT4 % qff^ 
ir 3fFa474rr 444 447 44T¥4 47444 477 474 5174 47^44 I a7Fa4744 4474 44 
3T74W 47% qfr^ if 4f4447 477 4J4 497t?4 I
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20

XX

300

----- 120 '
““I—

200

% %m rn

faeT 5.47

:
40x1+36x11

= 5.736^cmy =
40+36

2 x (18)33Ixx = 20 x (2)
+ 40x(5.736-l)2+

+ 36 X (11-5.736)2 
= 13.3+900+972+1000

= 2885.3 cm4
f+g- if Iwru; ttit srfkwr srr^t c qx f>TT

ttr isooN.m | i ^ srra;'3! | corr ^
Jr ri# ^rfr^r fpft i

1212

206

1500x100= M. X«« y« = X 5.7361 2885.3 
— 300 N/cma 

15000x100M ^-T- x yc°c =* X (20-5.736)I 2885.3 
= 730 N/cm2

qrr #crvr fw 5. 46 (’a-) fwrar *ptt | 1

5.27 : fsra- (5.47) it +t| % 1_
% % fai( fa<iLr< &Fn ^r sn^r mi ttfi* 71+1 +rfarr faq% rrn^r

it srfasnT qrr irnr
?t 1

3 0 rr*TT 100 N/mn-,2 ?r srfircr^TTW;

qfTT^-r q-irfafa m:
?fftrr 1

3T5T rT?ft ^ 1 5 qrt ^ft'3^1 cm

20 X (2)3[fax = 2 x r 40X (15-1) + 2x (26)3
12

12
- 2 [13.3 + 7840] + 2929 

18,635.6 cm4
** amfir s+rRitr

10,000<TC

X Ixx = x 18,635.6
15Vc

= 1-2423 x 107 N/cm

ai
?FT5I STm^i Sffi ^|y = — X Ixx

y.
3000

X 18.635.6 = 3.7269 X 10fl N/cm
15

ir ^rrr rn^r^rr ;+ft csnw ft farpr^ ftnr a^r ir 
srr^r srfcrfm = 3.7269 X 10fl N/cm ;
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so'srfTjq* ^T^riT ^fr ^’Tre^j'T^ ^TT'ir qf^«r%J
^ ?T^rf if $ T^rq- 9TJRTr % q-TqiT 3R^T qfq

qrffir f ® if frqr ^qiqrfqqr q qqq n|f ^'t qrqr
^T^qa ST^qrq if qfq ^nn qi^q if Sfia'qrqq 5rfqq?r ^1 qin 3 0 N/mm2 | 
qr q'ffs-q if qf 30 N/mm8 srfqq^r ^fff% yc=y, | i

qr?q if, f^r^rif % qqirq 5n%^r 100 N/mm2 t qqiq 
^q-qfq qff q-RTT 11 wq q^R % sRf^Mcr qfr^q

5 I fqqsqfqqr qff qqqr qf^q qf qfT^q
| fqqif qfqqrqq sfqfsq rrq qqq srfqq^ ^ ?nq ^f 3?T?n 11 srq:

qf^q qrr ^Rr>r w qqrr^; f^rq ^rr f% ^ qhc^ qfr 
qf^rf arfarqrqq

qR^#q % fcrtr

qq •dcq«-q
i

i

% qqqrq if fqqrfqq qrqq^r
y« ctc

y. Ot

5.13 ?fqqq ar^q (Composit Seam) • 
£Rq % fe'qf qf^^faiq cr qfq ./rqr q qfqqr qqrq .qrr qqrq 

%qr qqr^ |r qf fqqfr q^qq gRq qr^r qrqr | i ^qif qqqq qwf 
qjqr qqrq q^FR qqrR qqqq fqqr f^ ^f
qq^ qqq- qqq q |f qqr qqqq; qqrq qr qqrq qq^rr fqqqr qqr 
qqrq C^r ^rrf^: I qqrR % tr<q qff 4 qqfq fqrrr ^iq |
^ ^ =R^ ^qqrq qRq q-< sqqrn: q|q qfr ft ^rrqi | qqr
qqcq rtr % ^ ^qq q^f ^fqr | i qqff ftqfq if ^qr qqrq qrr fqrqr 
qqrq q rqqqr qrq^ srfyq; qfqqfqq fqqr srrqr | fqqq fqr qq% 
qrqrR qf qrfirq fqrqr qr qqr qqr qfesik qrr sfqqq fqq f^r 
fqfq qrr qqfq qff qr fqrqr qiqr|qqqq% fqrqr ^fq q-?: q|q srfqqr qqrq qq 
qrqq qq Tf r i qq qqrq qff qrq^-q qqrqq qqr qqq if rr
qq qr fq4^r qr?q if srfqqqq qr fqq; ^qq qqrq qr qqqfq fqrqr qrrqr |

qqr i ^qmi 'jii

q^f^Teftcf‘ tiMin

l

qqif’C'q 5.2s : ^qr qrr^r !Rn qrr, fqqqff qTfit 10 cm qqr qrerf 
20cm | q;qr ^qrq qfr q^r, fqqqfr qRrf 10 cm qqr qtsrf 1 Cm | srt 
qfqqqq ( reinforcement) fqrqr qqr | 1 q^f qfr qqq % qf% qfr qq^ 
qq qrrqqf sm q'rfr qf 11 tRn qrr qrqq srfqffq qrq qfrfqrr qfq qrres 
^ ^qiq if fqqrqq qfqqq qrr qrq qrqq: 10 qqr 150 N/mm2 CT qqr 
Es = 20Et I ?q qr^q qfqftg- ^ff ^qqr qri^s # qq qqq ^ qfrfqq 
fqqqn fqqrq SRT qfqqqq q^f fqrqr qqr | 1
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q?T 3^cTT 3^:^ ^7RT

E ?rn
x<y

Es Vi. SIFfT ^tcTT | I

# S cTW t ^>T5T: 3*n ^3 ^ ^ ^ ^

w: SW « Tt ^ ^ % 'TCT’fl il Sfirw TT
•rm f^n I! ^ ^ ^

* ^«t ^r li* ^ ^ ^ ™ 
^,^%ftrtr *1®%^ * ^rt pro -rt ^ ^ 5>ft ^ 
sw ^ % wmit ^ ^ ^ ^ ^ S

^ *inf ^ SW^ 1 tf* ^ ii^ ^
in I am:* 5* ^ s*jTOt 5>n i
% ^ ^ w^f ^ 50 ^ f5r,RTI ^ ^

Es x SFTRf ^T

os
e, y.’’t

I i

Et
» S* a*w*ir §W

-y“- i ~ *
^fr f^RT t ^Eft *r ^ ^ ^ 1

^KSST^f^ (4.48)^f5TOTW| l^^ft

sj'sl

«Hia<-
3f^: ^TfTH

^ 10 x 20= 200cm I ‘
200 X 1 X 0.5 + 20 X 10 X 11

= 5.75 cm
y = 200 x 1 + 20 x 10

10 X (20)!
+ 200 X (5.75 — 0.5)2 +-----—

-El0x20x(ll—5.75)2 
= 16.67 + 5520 + 6667 + 5520
= 17723.67 cm4

200 X l3
I** = 22

210

arfsp^sr srfcr^r twta'B' it

^ 3rfsr°fr^r tt | i irfe t?r A'B' it srf^^r ^:t irr^r lo/mm2 
(^fr % mm srfrf^r |) ft ?fr ^nr^- t?r E'F it ^rffr^r ^rr

10x5.75 

(21-5.75)

wm it E'F'^cT % ^ mm tot | 3^: ^ srf^r ^t

^ = ^7-6 X 20 = 752 N/cm2 (^ f^TTiq^ to ^ sjnr |) 
srr^yr srf^rltr :

1000 X 17,723.67

(21 — 5.75)
= 11.6 kN/m

f[?TTt f^fu : tfijw ^ft ^?TO % STcTTO it ^fr ^TcT f^qj
'jfr ^cTT I t% f^- 5.48 (q-) if fe^ror qqT | |

10x1x0.5+20x0.5x11 

10x1+20x0.5

(q^t ^ft y qrr qrq’ ^q’qrq’

10xla
-------- +10(5.75 —0.5)2 +

12

— 883 cm4

ft’n ^ttf^r qf ^rrqrq arsrvicM’-n

TO,

= 3.76 N/mm 2

y = = 5.75 cm

TO3 tTtto- % tosp: ft f) 

0.5 X 20 3
I„ = + 20x0.5(11-5.75)*

12

^RT it A^B" it tfror ^ TO lOO x 20 - 2000N/cm2 TOfqq:

fror sTfarorsn:*T it A'B' +rc3 ^wr f i 
srf^T frqr qf E"?" t i srfqq^r qrr to sr+t % arfgqr qft 
ftqr I qfq A'B" it qfqq^f 2 0,00 0 N/cm t E"F" it qfqqqf, 

10000 X 5.75

qi^-qfV-K ^FTRT

= 75.20 N/mm2 3ft fq: % fir1WRT ■UM<?(15.25)
TO" it f I
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20000 x 883
arcT: iflT^PJT SlfcTftg- =

(21-5.75) 

= 11.6 kN. m

^ f^rr srfrT^nr % arr^r^t ^rfoTtycs

lOOOxbd3 

12d/2
1000 x 10x(20)3x2

= — X I =

20X12 
= 6667 N.m

11600
srnj^ amnr = 1.74

6667
| % sfcr sftt^ ir am arflpfm ar^mr mm ^rr

smr %tm |
^TcTT Tv ^ft f% aT'T^nT ^TR" ?T ^rr^fiT

if^FTRit 4mr 7 520 N/cm2 srfbsFT 
t 1 ^"cT: ^ 17^ rngf^TcT 

| sfamr gmqr if mm wr | 1
'SCMR

% fcpr yt tT^TT ys ST^TR |t f%—
E.y

x
E,ys °o

aR: qfT^
4R^ % f^pr
y6 1000

y8 15000
3y, = 4ys . 
yt + ys = 21 .

?>fr mt^Rwf % gm 
y. = 9 cm yt = 12 

w srtr Tfrsfk % fm ef mt% ft y 4?f ^ft 9cm ^
1 q-R mR'm # ^ftf xcm eft ^rf

20 x x ^>ft

^ 5Ftnt ^ arr^iR ^mr ^ qfr ^krf m

4
x 20 = —

3
arw

(3T)

• 00

cm

212
20x1 x0.5+20x10x11

9 =3Td: y =

x = 2.35 cm
^TjjR'n 5-29 : 10 cm ^Tft cT^tt 1 cm

SRlR ^3+ % 1 5 cm ^tf o 4T 2 0 cm *31? UT’i % StePTn % f+Rl

20X+200
ar«r^T

iftfr ^TTeT 4?r mz ^TT

150 ■—-1150 1

200
X

*-100 -^i 10 1600
(^)(•3-T)

100x10i *v T \
s

! 200 XIX -XX
iOO 200i

150 —«* 
- 300 ----- 1

100
060

(4)\fiHf ^Tl^i mm
5. 49
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*ptt | i sRrf spr sra^nr f^fsnff g-Rr ferr ^qr | (sr)
^ ^ ^ wtcfT w ^r-r 3ff ferr wr | fqr trrtt <rfrf %Rn
itof spr ferr if |
11 ^ff q^nsff ir ar-r ^pt ptht^ qfr ^PTni qfrfbnr i

spRS ^FTrq' if SRirq- srffrqR q:r tpr 600 q^T 6000N/cin2 
t • Eg=16xEt

:(3T) 5.49 (q-) if 5^TJTR
cnff ^ ^ftfrf 10x16=160 
_ 160x1 x0.5+20xl5xll

'Pt ^id

^ ^ % etf?T3T rr^ ^^ffcR mil % PRfiPcTrr-HT

f^grqr pqr ^ f\Ji tf-tTrT‘Ico

I *cm

y = = 7.35 cm
160x1+20x15

160x (l)3 15 X (20)3
+ 160 (7.35—0.5)2H------------- +15x20 (11—7.35)*

12
= 13.33 + 7520 + 10000 + 4000 
= 21,533 cm4

O,
^nss % fair arTSTOT = —X I

I„ =
12

yt
= 94,5000

'r, |C'6 ^ srftr^cTH 5rfcT«pr % btistr qr sri^rttr % if

EsCTe

x yt
Ety.

600x7.35
16 = 5150 N/cm2X

18.65
3Rr: 94,500. ^TT STRof srfcRt^ fPTTTP |
(^) qTRS ?R?T pfr wfr if PTRT W | f^PRT f^T sffa if

^ qff tsrqr srr ?r% i ^?p shtit: qfr qff p+ff *rpff Jf ^ffcR 
sffr ^ ?g-i% ^

# 'Tff qrrc3 sret % Tjzq ffcrr^qr tsprf srrq-, fsR^f jrtt 
I i grqTTPT qrrts 5.49 (^) if femn tot | i
% irEq- WFT if 1 X 16+ (1 5—1) = 30 cm TO^ff^ ^Tff TK ^FTRT

Rv’-rta Tw
STTcrr | | STTOT % SRTT TO, f^TOT fFTTcf

TOI

214

TO Tfr I TOT ?'4Tm TO TRS ^TR (15—l)cm | I TfT^
TOfqfT ^ TO1: y =10cm ^RT I

yc=yt= 10 cm 
15x(20)3 15x (10)s

11,250 cm4Ixx = 1212
a,

% TOq 3Trq>iT afpfm = — x 1
yt

600 X 11,250
675000 N-cm

10
afftpr TOTT d'^lTfln 3TST TT %TOf 5cm fTl TO f aPcT: TOT TOTOT 

srfrRfCT % f^'7 ITOR if apfsJTOR ^
60x5x16

TOT

4800 N/cm2 (fTOrrs)
10

3Trf: 6 7, 5 0 0 0 N-cm TO STRR MftfO’ST fTOTTO t I

n 3T5T % TOTST PRrfirfcr ^T fTOflfrTO fF4fTOt if ^ ^
| TOTT ^TTR ST^T TO fTOTfa 3''4Tfq''T fTcff q^f TOTOT SfdTffcT

d

jfrqr
qro'-rf % f^nr tortotot 5tto tort

lx(10)3315 x (20)
Ixx = - 1212
= 9916.7 cm4 

arr^f srfpfrer
600

= ----- x 9916.7
10

= 59,5000 N-cm
RTm % fwq; I„ = 1X(10)3 = 83.3 cm4

12
??qT^ H af^r = 600 X 5 X 16 = 4800 N/cm2

io'
^ af^r ptp 600 fTOfr N/cm2 S arfap Pff &

% f?ri7 srpyr qf+Tn = 4800 X 83.3 = 80000 N-cm
5
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sifT: sTf^rtg
= 59,5000 + 80000 
= 67.5000 N-cm 

: rr^ ^FTIrT 4 cm ^TW ^ 2 cm
^Tf *T# I I ^ ^ ^ ^

^ ^rf^tr I ^T% ^ ITT?T ^
^pnj if f^TT'K 5Tfcm ^T m^T 10000

^T^T'JT 5.30
otrr*r % ^ 7T
mRTH’ #fer f^TTHK '*TTT ^T JTPT ^ 
arrarfer ff i 
^■5qT 6000 N/cm2 t '

Es = 1 • 5 Eb

cTmI

^ :
4- X 1.5 = 3X §-as

Hbyb
am: as = 3 -7b

^ as = 10000 N/cm2 eft ab = —^
•> 1 5tt5^ % ftnr I„ = -^ {(4)4-(2)<| = T cm'

frtm % fm? = Txx = X (2)4 =

10000 = 3333 N/cm2(frrrm)

cm1

1000 X 15rc
amm srfgrfttr = — 4

= 59000 N-cm
100
T" x 44

= 2600 N.cm 
= 5,900 + 2600 
= 61600 N.cm

#pt w amm afrfm =

^ an^t yfd^'Ta'

co/2 61600
^ ”8 100

61600 X 8 =4928 N/manmr w 100
?JTJT if 3N^IT,JT SlfeT^H5. 14

«TT f% rrfV'T’,tti<tot mn^+'rf ^0" ( ^
qr qfrf arq-^r 3TT^n’ "T ^
I, % apTST^T ^ 'flTT ^TTcTf | eft ^
% ifTsqr-xn-sq- TK aTT^M'Jf ^Ff *ft ’rf^FT ^PTI t

©

w/’jnit length
F+dF4A B Fp'V>V,i/~w,VYVV'S/q

MvdMM ■«• d M \ M /

D
F + dF

- 5X

(3T)

M + dM A B M

y>J

d/2
1

£to"
D C

(®0

5. 50
fw 5. 50 (3T) ^ r^m ^ ^Tffn TO- % TT^r ^ ABCD ^ 

5^ ^rr f^Pl- 5RTf 6X t cr^rr TWT ^rf^- %t if ^ x t i ^ ^ 
^^^^mwf %3^^nnrr^rr i^rstt^t^r

T^T ^5- ^ arr^of rrq: TRF^ ^ ^ qfr^ qqr 
"ftf^rrr fq? ^rqrr jt

T^t f I TTFT
Be 'T^rr CD TTf^ENitlft ?T X eHT

X+6X o, M, M-fdM F# F cT^lT F+dF t I W ^ TT,
F^r eT^rf qrr irFrr ^riFn ^ ^ ?f^st vtp: apFrr
^fer wfF^ ensrrf 6x ^fer ^ | i

in qT9q

"Fr w srfr 
F^7 ^nrnr

57T 6X ^Tf % qtoTRFTT % %f

F + dF = F + w. ex
dFaro^r (5.7)= w
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Bc % JTFftT sn^oT ^ TT

(M+dM) — M — (F+dF) 6, -f w. 6X. °

tiM = F. 6I TrpJPTT %

wfa dF. 6X w. —y-

dM (5.8)= F-TS

^TFr abfe tt strFT ^rn; fw 5.50 (^) f f^iFTT w
dtF 3T5T ^ fft y I,| I ^ T|t FTTlf &y I F^TT

TT !>-rrr^ ^f^tT I q-ft ^ |
:7'?T

I

fTT qft % TT?^ 3T«rfrT AD 

M+dM
X yT

M + dM X y X b X sy 

3TcT: 5^ ABFE TT TfT ^‘JW ^ ^ft 5'3Tqrt aflT r#?Ft 5PToT

3rrT: TT fpr T^T g?T = I

t 1
d/2

M+Ms x y x b x dy
T

y.
fdt SHFR ABFE Trffq7 3ftT ^TRI

d/2
= J* -p y X b. X dy

yt

^fqr q- ^bff q'qr-T 'TfrqTTr % Fft I 'iTcr: ™ FI^MT^FT
q'TT? % Prq; q^ ^rfq’^T i =4%

^qrf srair ab ^rrir ^r ^ F^=r | 1 3ft: ef t-’: ft
arrcrftsp q-^r ^ffi | ^rt ft ^ T^r srfcrrtF TRffr | 1 ff ftf % 
fq'^Sr 'ffTTT q=y f^q-7 ^ A.BFE fRcTT | I FFT FrniF. ff> F7?f
% FIW EF TT 3rT^q,F qfTFF T |i 3Tf:SF
=T X b X 6, ftFT EF TT ^?tf ^t b fTTT sq^F f^FT WT | I

srqTR FFFf sffqR qw

218
d/ d/22

M+dM I — y x b x syarr: y X b X 6y —r r
yi Vi

= T X b 5,

c /a

I1 dM
I-b dx

y x b X6yT

yi
a/2

F^fTrJyxbXsy ABFE 3F ^ % F^TFFT 3T5T % FT^ST FFF 

yi
3FFT3T ZFt&m- TRqT | FFT RT^ft Ay fF^T ^1 Ff TT | ^ FT A FTF 
ABFE STFqFT +T FFT y ^F% FRF T7? FT 3TR F fft 5FFFFFlFTn
FTt I

1 dM dM = F T^F FTx Ay ;Txb X d.dx
Fx Av (5.9)

Ff fPtff t. ef qr FFerr | am ?fft Pfft frt % fst % FFr-qr
flFt | I ?Tr% qrF-FiF FFFn Ff^FIF FF F+ 3TfF+:^ 3TFFFF FpTFF FT 
FfFTT fTFT FFT Ff EF % srfFFFFF FFTF cRT qfT^F FT FFFT I Fn: 
FTF % fFr#F FT SSFf'JT FF^FF FfnFF FFnT | pjfFFH FTF FFTFTTF 
(5.9) gRT 5TTF f%Fr qir ifFRi | I

FFTFRF (5.9) F fFt^ FT F FFFFF FF FT 5FFF FTFT |, 1 
FfTFk % FFTFtF 3T5T % FFTST FRF 3F+F FT ^FFT FT^T |, b FTT ?FTF 
FT FfT^#F FT FTfTf fTFT | Fff q+rFF T FTa FTn 1 f+TT | I A RFFF 
FFT y ?TT RFFR % FRF Fs FT FFirfTF FST F Frt RTFT FTFT | FT 
fFFTTT+TF fF^F 3TFT FT 3TR ftcTT | I

PFFT PF^| FT t FT FTn Ay FT FTFT FFIFFfFT fTFT | FFT b F 5F?F- 
FTFFTFt FTFT f I F FFT I FTn F FTTif F FF TFTn FT FF FFTF fTF | I 
Ff SFTF PFFT FTn'T FTp^F Pf FF FF fR| PFF FT PF FpFFF FTF FTFT | 
FFTFTF FST F FFTF o'FTT FF FF Ay FT Fin FSFT FTFFT

3TFRFF FpFFF F FFTFTF FFT fPtt++T F RTFT FTF FT% PFF 
FF it FTTT PFFT FFT | I

Fxb

I
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(3T) afMcTi'hK
y frr qr 3iww srfFR’fT

F. A y

if 3fST xx

b (4-y)T A =Lb

b.d3I = T2

y

r d12 F c y + Y-1 bsnr: t = 2“ -yb2d3 L
6F -)T bd3

J
y

x i

b

f^r 5.5i

'jnFj^cT 'rfi'cyxi srLr^r %

t %r (s. s i) if fe^prr iptt 11 y = +y mww srfa-
spr ^rr rnrr y = o ^ 'tt srf^r arfaw*T i 

17=33 M, a* HRD/ND/95 J
220

3TST TT

T = i x”db ’

t*. 3Ttrpr 5rr^r

F y = 0 ^3^ K\T

arwr1! ^=t
T 3TW =

F
bd

3TT: sriwr^TR q’Pv^ % fcrq
1 F- 
2 bd 3t (arfa^cnr) 

T (Vl-Hfl'l) 2F
bd

(^) I —
-JTra^T 3TST ^ y |ft 'TC 3Tq^ iW srfrT^r

F. Ay
T = r. b

"j^TffFr 3T4T ir y ^ frt r-p: tTt^ =q^rf b | i 

y qrr jtft -y ^ srfspr tt if b tt sth B ^'t | q^rr

qrr it y qrr irin _d_ ?r ^ | q?r ^if b T^cfr | i
2

3t?t: q#3i rf^r for it arr^rir ^rf^r sib % f^rcr ?r 3^^ ai^r 
sBiqr fm :

(i) y >_d qr, I % q^ tt,
2

°¥-y]A = B - y); y = [y -r

D,¥-’]F y +X BT = I.b.

i D2 A
T“yV * . <5.11)T =
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---- B

f
y

D i
d

b _

v

on (^T)

fVol 5.52

q-5 ^ | % I % 7#31 ir wrww 5Tf?r^r ?rr
o H! % y = D/2 TT fTK fT4T 7^31 % f?T^% ?TcT^ qr 

y = d/2 fforr t arq^rw srfcr^r qrr jttjt _^_(D2 — d2) | i
81

(ii) y < d/2 qfr^ % Jr,
g

^ * farr Ay = — (D2 — d2)

% fJrq Ay = b(-f-y) x {y +
b / J2

~ 2A 4
yz)

By ?Tt TT ^ Ay ^rr Tm = ~(d2 - d2^ + y(^~ ~yt>)
8-rl b. L

B b /■ dada) + t(-t ,.)]t == ~o~ (Da-8

222

% Jfirft qr afcra^r

1 d(D2 - d*)J ; y =

'#t. Jr '4t ar-q-j^q-fir srfa^^r qrr ^ q’fT^rf^q: | y =0 
^q^rr q-rq-,

= - Tr.b.L
B

WT TK28

B bd2-FrI.b.L ]T (D2 - d2) +

q’f sq’R’ | % q#'3| rT'^T T'^r % qfcT TT STTf
gRr srq'^rq- sr%^ qrr fq^r qrq srrc?r fterr | i

qfe qft q#'3f qn- rr^ qrq qrqr ^rnr eft arq^RT q'fq^r ^ qrq
x (D2 - d2) ft^r q’qr qfe ^qqft ^:r qrr irqr qnr qrq f^rr eR

PR tiarq^Tir srf^r^ qrr irnr g^- (D2 - d2) ^rr i 3Ter: qr d<m^
qsr q y Tft R fjqr fqf| qrA. % aRTTcT if qWRT qfa^f ^RcTT

B
| I arT^T'T qfqsR qrr 5. 52 if f^FTT qqT | I

fw qr ?TTq ftqr f% 3R^q-ar sifjq: 'qnr ^Rr qr ^wr | 
crqr qt'sr q’T ^qqrr 5ft?r qrq | i q'qt qfr^'f if ?5!TRt qr 
q-qrq 5n?r qrr qrq qtoqq ftar t q^f qq^qq w?q frqr | i ^ft 
qqrR ^rff qq^qur qRrqrqq ffqT | q^f qqrq q^r anqyf wfq frqT | i z^r- 
I-qf^s^q if qqrq qq qrqq qrr qBrqrt'n- if qqqr | qRq qq^rq qq ^

CN

qfsnrfq if qfoq ftqr | i

qtqf q#'qf qq qq aiwrq qq

= 2 x t x qqq q^r qqqjq

qfq t qrr qrq qqq qft qtrrf qft fqqr if qqqqr T^qr t qq: qqr^ffq 
qq ^ y qrt ^^t VX dy qtJff q?t ^qr 'Rjf qtfqrt

T = 8

!-(?->•)T =

= B x dy
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w tt <-m arewT
F / E>2 \-^r(-r -y2)

?R7 rFT^r ir SrfrT^T

(ff)^fWRTR Tfr^r :—f^-g 5.53 tamr D 
'Tf K^fq1! TpTT | |

- b

I*
■> /

T sey

li x/. e X I6F
3tt D2

D

f%?r 5. 53

224

*r f^Trrr tttt 3Tst ^ y ^ t?: dy ^ ^
'TT RTHT I

y = D/2 SinQ 
dy = D/2 Cos0. d6 
b = DCosO

-Jb X dy X yAy

rt/a
DD

=
— Sine x — Cose, deD Cose x

0

Cos^e-Wa
3 JP

D3
-Cos3012

64F. Ay FD3 ^ ^
= — Cos30 xT = tt/D4 X Cos3012I. b.

16F . (5.13)Cosae .
SttD2

0 = Tu/a ^ TT ^TT T = 0;

16F JTFT 3TJST TK fWcT <7T6^t| I6 = 0 'tt arfg^nr — 3nD*
D2

y2aiTT Cos20 = 4
D2/4

(f--)64 FD216F - y2 =3ttD2 X _± SttD4T =
D2
4

37^cr ^ ^ | t ^rr iTFf ^ f^rr ir % arjmT:

44^ t * - -
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F 4F
aftw 3TWn»T =

7r/4D2

16F ttD^ 
“ SttD* x 4F

ttD2

t arfy+ciM 4
T 3T^T?r 3

4
SPOTT T arfHWT = ^ T

(?) gfasrr f^rr^TR tFt^? :—-7?r?fFT % y ^fr tt dy 
vteTi ir?r 'T^t tt frftrq; ^rr (5.54)^ f?OT?r w | 1

— Sine = ~y~ Sin^y =

D d
dy = — Cos0 d9 = - Cos<£. d(f>

226

/ D d \
= 2 ( "y" CosO — — Cos<f>Jq|t

f D= 2 ( y-CosO - d ^2 Cos</> 1 X dyT|T ^rr 5ld'+.;T

dD
= D. Cos0. ~y CosO. d0 —-dCos^. — Cos<f>. d<f>

i? f^jarqr mj | ?Rf qi9?T n ?ht qfem %
sq^rT ^ I

VtTfi^T

TC/a */
r d2

J 2-Jf Cos2<f>. d<f> X- yCos20. d0 x y —Ay
0

Wa
r da d<^I — CosV X —Sint.dtr d2

= J -y— Cos20 X ~y~ SinO d0 —
D

*0

D3 Cos80 d3 CosV
r - T X 34

- d3Cos3*/>JD3Cos30
snr. r =

(5.14)K
~ (D4 - d4) X (D CosO - d Cos<f>)

T arfy^dd ITTT diildld 3T5T 'R ^Idl ^1 0 = ^ = 0 ^ I
F

jT- X (D3 - d3)
T StPeRkTR

TT
- (D4 - d4) (D - d)

D3 - d3
12F

nl i(D2 d2) 1
jy X (D2 + d2) (D - d)

(D3 — d3)4
<sfl«d x yT == 3(D2 + d2) (D - d)
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(^) : rr^T ^f^rr, fiTTO D rT5^ jftSlt t |,
t* % f^- 5. 5 5 it fwrm iptf | sjtr i

/
// /A A/ //d(J) /B 0 B

//
//e ex X

o

t

D

f%cf 5.55]

^TrT qr szrnr ^rr arr^w | % srf^r qf^'i qrt itt^rf 
^ 5^ ^ ^ ^ ^ % qrRW qrt f^n- ^ ^ ^
3T^T ^ sTr^T qT: f^Ti Jr ^rr i arf^rqr 3nm*r
fr f^rr ^ f^rr g- ^rr mv? f^r tt ^ ferr

1 qft =Erkrf %^r Ttferf qfr f*Rt ftrr ^rf^
• 3TST it 0 ^ f^T -Tfv^ AB ^ STf^r 5mr

^ t^T ^T3tf OA % <rrvm^n
^ Ay ^ % firmer ?mf fqnrr ^rt

^ cm (^ + d^) ^>ft % ite?t % wi%cr sm^r ^rt

i

t
i

i

228

--------- rt^ficT £ 3 '+>'-•{ ^>T 'J<lJHM' 3T5T % ^T^5T

D D O- 7= -— d^> x t x — x Sin</>

^*T ©TMl

7112
DJ-y- drf> X t X — Sin</> 

0

Ay = 2 x

D2 x t x CosO
2

tt/2

( ° X Sin^)’f!
0

X d^> .t x^<ra>r aw % nm I = 4 x

tcD3!
8

D2
F X 

7tD3t
x 2t

2F. Cos0F. Ay (5.15)TrDtTab = I. b.
8

3T%f>d M STT^TCiT STfcT^^T 0 — 0 IT Jf^cT 'IT ijbTT I

2F
t arfa+cnr = TtDt

-E- spfrfe 7tDt Tfcm % qfr^ehr vt sq^ct vT?rr | i
T sfRTcf — TtDt

aprai t arfa+cTK = " atbrn

5.31 : yrqcTRnr-qfT^ ^FT SR'T ^TTT 1%
5. seitf^^r antnfTcTl i ^ ?ttcT 4frf^ f?r
^r% irsq- tt fern '4TC mm ^i | ^nwr
qfd^cT q>i ^n*T iooo N/cm2 ^ ^ 1 AA 'TT srfsr^cnr
anWT y Tcf’^'d ^TR ^cfl i
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T
25
iA A

5

2525

150

f
25

4

ICO

mm 

fea 5.56
^ • arrwr^R tIt5^ ir srTy+'cf^ srf^r^r ^Rfi^r 3T5t tt h’^cti f i 

^r^fnr 3f5T ?T 3^r: % wnr wrr = so cm2
28750I = cm412

10 X 25 X 6.25 + 2 X 5 X 2.5 X 2.5 
10 X 2.5 + 2 x 5 X 2.5

= 5 cm

sreT ^ y =

= 2.5 + 2.5 
^ arfrorir mm jtth f i

- = 4.375 cm

F X 50 x 4.375
1000 = 28750 X 512

100 x 5 X 28.750 
12 x 50 x 4.275 

armw *^r = £ x TO-qrsnrTfrvn:

F = = 54760 N

230

= 2 X 54760 
= 109520 N

+>=5^^ % frcTf> A-A 'sTfa^nr 'sTTwri srfcf^r ^ brwt if ft^rr ^ 
^71 iq-r^T 5+^JT 3Tq+T 2.5+ 2.5=5 Hl^< fTOcTT '3TnT I

A = 10 x 2.5 = 25 cm2

ITW TT tTirnT 3T^TT VTT

y = 6.25 cm
54760 X 25 X 6.25 X 12 = 714 N/cmsT 28750 x 5

^T^T'»T 5.32 : ^T% *JT^T **nfTn
%qr mj | snznx i cT^r ^ff
10 cm | i ^ t< 20000 N ari’WJr ^nr ft eft srftj^cnr 

dfif^^rur qr^r arfawR1 srR^r 3T% ^t ^t
arsT strt ^rRrn; ^rr ^r?fr^ srsr qr ■+■ siRt^h 4^1^ i

200/3

AN

100/3

L
100

•*1-mm

Rrer 5.57
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5. 5 7 fZWFH WT | I

sfH- ^ x fft tt 3rT¥Tar sTfcr^ tx ttt7?

F. Ay ^ ff, F = 20000 N
1. b

2x) 20= *( X10 x 'X; y = -3A 310

10 x x10 x 103r = X"1036

(f20000 x |x2 x
Tx

104
X X36

tx irrT STty^dH sfl^u *rf?

(4-4)-2,0000 X 36
2 X 104

x = 5 cm

10252000 x ~2 x T 600 N/cm2T =

104
X 536

/ 20 . X( X = -y t* 'TT )

t (^rrrl?T 3f*5T) = 533 N/cm2

373% q’g; jrrcr fftTT | f^r srq^q-uT srfcr^T irr^ qr arfurcTF
1

5.3 3 : faoT 5. 58 if W 2 0 kN
qrr 3?wrw 5FT ?rir t$j ft eft A, B, C, fT^rr sm qr 3mq^r
qfrT^rT ^7T q-fn I arfST^rTF b=r aftTTeT STfeT^T S^Tq-RT ^ft STTrf

srf^r %'^rf^(T 1 qfr^ qfr m?rf qft fenr if ^Tef q^RTT 
#27T ^ft fg:gT^ (5fo f^-o f^o) |

HFr^hX

232

12.5 A
T

25 103

445

(31)
'H7r4 nrn

fW 5. 58

12.5 X (15)3I — —
A TT Ay ITR

'H' Ay iTPT
20,0000 x 195 
3020 x 12.5

— ^ (104) = 3020 cm4 

ta = 0
= 12.5 X 2.5 X 6.25 = 195 cm3

12
0;

B

= 1030 N/cra2’B —

fc TT Ay imr = 12.5 x 5 x 5 — 2x x dy x y

/ (25 — y2)^ x 2y x dy
2.5

= 312.5 —
2.5

f |>312.5 4- -y2)
= 312.5 — 54.3 = 285.2 cm3

b= 12.5-2 /25-y= 12.5-2 /25-(2.5)*
V V ,

— 3.85cm
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258.2200000 4450 N/cra8- XCc = 3.853020
5

i
(25 - y2)2 2y dy = 269cm3D 'T7 Ay 5TTiT =12.5 X 7.5 X 3.75 —

0

^TjfpT STST % ?/TT % STPT Ay '*Tt Tflrf fW ^TT ’T^TT | ^ftf^

^ 4ft tt | i 

4 X 5
3f4^rT

Ay = (12.5 X 7y5) X 3.75------ * Iq2 X 269 cm8
3 rr

b = 2.5 cm
20,0000 X 269 
3020 x 2.5

arrwrr arf^r ^ 5.5 8 (^) f^r w wr % \

5.34
13^ ftrrr qr *n<* ^ *t t i to ^t f^rfcr em | cmr n;^

= 7100 N/cm2T

: tot fsrererT fw 5. 5 9 f^^nrr *Prr

50

1
20

7
50

20 — 5050 —H
(a)(37)

K’-Ht iJT-T-T mm

5.59

234

sttstr ?r 2m4ft^tqT:i770oN4n' ^^t irn; ?rmv\ mri 11 arfsT^r- 
cT^r qfq
3>qT q qfqqr i cm % sTcnrrT qr sfq^qor qfqq^ 
qf^T qrr qfq1^ qq i

^ : srftrqrq'rr sn^rnr =

qq qrq jfrq qfrfqq qqr qfr^sq qfr qtsrf qft fqwr q
fqqrq 4>q ^rqwq

^ "i
qq HFn

17700x4 = 11800N6

= 8 + 2 x [ 21 + 122.5] = 295 cm4

5)2]12 x 23 2 X (5)3I. 12— + 2 X + 2 x 5 (3.

OTT ^ y ^t T7> qT

A = 2y; y = (6—y/2); b = 2cm 

tft3 q y cm qft ?ft qr r 2y x (6 — y/2) x 11800 
'295 X 2 

2 X 5.5 x 11800y = 1 cm qr t X 220 N/cm*590
2 x 2 x 5 x 11800y = 2 cm it t = = 400 N/cm2590
2 x 2 x 4.5 X 11800y — 3 cm tt t = = 540 N/cm2590
2 x 4 x 4 x 11800y = 4 cm tt t = = 640 N/cm2

590
10 X 3.5x11800y = 5 cm qr r = = 700 N/cm2590

y = 5cm 'qterf 12 cm 44 qr 
10 X 3.5 X 11800 = 116.7 N/cm8T = 295 x 12

[10 x 3.5 4- 12 X 0.5]4tr 3rer qr t = X 11800
295 X 12

= 136.7 N/cm2

qsrqtq stst % qr% qfr aftq qqqqq qfq^r qrr to qt wr wr i 
sq wr qtsrf q qq^qq srfqqq qq to fqq 5.59^ fq^w qqr | 1

5. 35
6 cm x 2 cm fqqfr qfrqk qr esoo N qq qqqqq qwr | 1 
qfTTO qr srfqqqrq qqqqq srfqqq qq qin 44i^q 1

: qq: T tot % fqqqrT qq'q qqr 42T
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20

60

20

Port7- mm
5.60

:
12 X 1 + 12 X 5 = 3cmjft% % y = 12 + 12

+ 12 X (3 - l)2 + 2^2—- + 12 X (5 - 3)s6 X (2)31 12
= 136 cm4

7 o 3T o =
10 x 2.5 X 6800 

136 X 2
srfronr wrw^m 5n?r ^ n^T ^rr

TTI'T TT sTRT f+'^F ^flif ^'?TT fLh< M4Ztf
srr^ ter ^rnr i w^t ^ ^ % favr ^ft an-^r^riT ^ 11 vfe

^PT f'T^^ff ^rTf SFTT^T iT T'ST 'jfFT eft frCeTelT ^Od' f+'^TI ^TT 
¥^rr 11

= 625 N/cm*

F. Ay" Ay b ^t fr Tfr^ebr ^fFr 

Trf^PTf | i qfi? b 37T itpt ?f^T ift^rf ^ eft Ay jth

ddidTn 3T5T TT srfy+'nH' jfteTT | I ^ o 3f o TT b if In ^ff ^^TdeTF jft
t?H 3T^fl?r 5. 35 ef^TT 5. 37 *t ^ MPeT^^ °FT ifFT ^l^fl'f 
3T5T 'R ^t stTerkht ftm I 

18—23 M. of HRD/ND/95

T =1. I. b
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2. <5T¥r TT b ifFT ^FTd’ff ^T^t t eft srfeTW ®Pr
ifr^r ■^rtfid mi % ?nft7 ^ ^Vrr ^f tt, b fft ^eTF
| sr^^r y?, ^r?frn tt fr fbrr i wr q’rcfrmn ir ^trt f'^pf r t* arr^'T0'’ 
srfd^eT irnr f^irrvr'Tr ^rf^cr i

: fsra- 5 . 6 1 ^f f^rq- ^ cTPc^<i % P^p^fr ^^TFf cTTT?I^C0T 5.36
30 kN 5rt arq^Tir efr arfsT^rfl’ ^cr^':rcT afT^r

i

120
40

A B

— 40 — 40
C D

N A

I
5044

100

Tp?[ icj «Mi^' mm %
5.61

:
50 x 2.5 + 16 x 7 + 8 X 11 = 4.4 cm

mi arPsrTTfrfr ft ft^c ^ririr | m: 3rPa^rftir
STfeT^T vi ?'4Td7 Tt ft tT^etr |-

1. AB 7T 3Tff b=2 cm eT4T 2 cm ^rvfiJT Ayi^rdT
2. CD R^rff b=4 cm 7«tT A7, 4cm ^ ?tpt tttiFtr

y 50+16 + 8
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3. W TT ^ Ay t I
30000 X 8 X (11 — 4.4)

r>T2 x
792000

AB qr T = 1
70800030000 x [8 X 6.6 + 16 (7 — 4.4)]

CD TT T f4 X 1
30000 [8 X 6 6 + 16 X 2.6 + 10 X 0.6 X 0.34]

3To qq T 10 x I
288600

r
4 X 4310 x (5)3 + 50 (4.4 —2.5)2I = 1212

+ 16 (7 — 4,4)2 + 2-^8 -f 8 (11 — 4.4)* 

= 775 cm4
792000

AB qr t arf?r3FrrTiT =
775

= 1020 N/cm2

arTa^r^r3; qf^^f ir fecr b ^rnr qfc^ %
5rcRT< ^ ^ adrorfr ^Rnr

qfr^ qr ftcrr | arsr % ^rr | i

5. 37 : ^ T % ara ara qrt qfqrf 2m | ^rar
^r% to q^ ^ p qrq- | i p qrr farm to to qfrf^rrT 
afe tot ir aq^^r, aaa aar srq-wr sfcraR q:r aR 15000, sooo 
to iooo N/cm2 arfaqr a ft i ara qrr qfr^ sttott 5. 37 % 
TOR q fT4T TO TOR TO'fMVf ^ TOR
Rq- fR Rq-TOR to rrt tor to Rtaa rttor srfRTO rt rr
TOUR I

=Pt 3f)q; ^ I TOR TO

^r : Rt% ^ TORta rr qrV 5 cm fbft to 1-136 cm4
yt = 3 cm yc = 5 cm TOR TO RTR o TO: ^TOt TOf R TOR 
TOR RfRRR RRT fRRR TOf TO TOR TOfTO RfRRR TORT |>RT I

238

Mo Mo 3rro = P x 2000 — 2000 P N. mm 
200P x 35000 = °t = 136

5000 x 136P = = 1133 N600
200 x P 5oc = 1,5000 = - 136

15000 x 136 
200 X 5 2040 NP =

P X 10 X 2.5; = iooo 136 x 2.0
1000 x 2 X 136 10880 N/. P = 10 x 2.5

RfR STRT TOR R TOR RgT | TO: fTOlTR 'RTT 1133 N ^Pll I

fRRf RT qfTRk TO RfTOo R RTORR RR TO RR 1 1 3 3 N fRI 1 
TO: RR % qRR TOTRR R&T R y Rt RR TO RTOTR RblRR,

C == 6 x (3 — y) x (y + 3-y)
2 ' X 1113

136x6

1133 X (9—y2)136x2

TTO R TO Iff RT 3TTRTO RR

3

(9—y2) x 6 x dy 
J 1

1133
272

281133x6 233 Nx272 3
TO r towr to = 1133—233 = 900 N

233 = 19.4N cm2toR R Rtto to rIRto' — 6x2
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ir afl^RT srT^T'T
900

= 75 N cm2
12

—1 5.38 15 cm X 15 cm ^T^ft gTTT
cTTF 30 cm SHTT ^7TqT W | I 5R^1 5 cm

3TT SRSTF^ 4 cm2 | ^ TO ^Tt 6 m 'TT 6 000 N
tTcfT fT^R ^fer 'ATT ^T5! TfT I I JTfe ^T^TT i? 3TWTR srfrr^r ^T TO 

6 00 N/cm2 ^ eft tro it atclTOr
^?T: cTR % WTO it WTOTW TO ^T TO WTOWT TfeTT |, TO: TOWT

wt TOrf it fro "fTO TOT I TO 'TW ^ ^'T TW WTO ^TW

arfSTTOW TO^TO TO % fW^ WFTOT^ TOTTW TO TO^T—

I

WT TOTR

an^rir JTfn 4 -a
6000 x 15x 15x 7.5x 12 

15 X 303 X 15

= 20 N / cm2
qfe +r«T5ff ^T sicKltf X

xX !^xb=600x4

FAy
I. b.

600x4 
6x15

% iTSq- TO ^ TO TOTTW TO TO^T WT WTOT | ^ttf^T TO WR 
3TTOTOTO^r TO TOT WTWT | TO ITR ^ TO ^ TOT |

= 26.67 cmx =

BvT
I

5.15 WTO ^ WWTO srfTOW : ^
^TR W^T ^ cT^'T % ^ 'T^ TT^T ^t TO^T WfWTO WfeTTO

(WTO 3PTOT WRTOjTOT Spr^TO wfnTO W^ | I TO: f%Wt fw5?
qT TOq1 5T%TO cT^TT TOTOW wfwTO TOT 5TR qT eft 5TTOT Sf^TTO 

TO fror WT WTOT I I
: fro 5. 62 it fTOR TO WTO ^PT TOTO fW TOT 

STfTOW TO TOT TOTTO I WfWTOTO
^T^TW 5.39

I I f3Ff3fr A,B WTO c TO WTO 
3TTTOW ST^TTOT,^ it TOTOW TO^TOT srfTOW, TOT it aftTOT WTOTOT wfaTOT 
rnj qwW it arfWTOTW, TOTOW WTO WTOW WTOTOT wfWTOT TO WTW WT WWTTO I
WTO fro TO 10 kN To TOT WW T^T | I

240

:
10x12s 9 X 103I * = 690 cm412 12

O
r«T — O rgto o

to o

ILL l oUl
ir

er>
ID

ID

I
«?hP
rtfo

o Eo Eoo
Ts

i PC

1
v

< CD (J
ss///-7 / / / /
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200Xl0000in fat tTT ?=> 9° 3tt° —

= 2 x 106 N—cm
f5F5 A

2x 10® (?H5T)x6 = 17400 N/cm9y P'l’JH —
690

A t* ywr^r srfa^r sp |

srfa^ = 17400 N/cm3 

2x 10fl

(cPTr)am: ^

X 5 = 14500 N/cm9f3F| B TT i srfa^T =
960

10000x10x5.5
= 800 N/cm9V-Uf’-T’r afa^r

690 X 1

■2)G^)0*+°y +C i» 9 —
2

v/

14500, ay=0, t = 800 

14500

ax =
/ 14500 y 

/ ^ 2 ^ + (800)9±^i* t 2 V
= 7250 ±7280

= 14530 N/cm9 a2 = — 30 N/cm9

C

afcHH 9p q I

10000 [10x5.5+5x2.5]
- = 900 N/cm9aiwm sf+rsr =

690x1

qw sTfaq^r = ± 900 N/cm2

242

Jrfa^rPT ^fafa 3T5T 17 = 900 N/CiTl2

if ?q;?rcrJT srf^r b 8 o o N/cm2 ^ ft^rr i sfai q#3ff
'ji

i

F.B d d3
-r 8 24

10000 xio 144x10
144 =

690 8

= 810 N

if arrwr = 10000 — 810 = 9190 N

9190
tsr if affarT anwi srfd«H = = 919 N/cm2

10 X 1

if rapq 3TTW^ af?TW = 0

<*T3r q arfa^'R 3TTWT afaa?T f+f B 7T ^Jrqr -forf 10 cm t i

1000x10x5.5
«rw: a#3r if B afa^r =

690 x 10

= 80 N/cm2

810
4 affacf arT^Tw afaaw = = 40.5 N/cm2

2x10x1

^TjTT'JT 5. 40 : TOT ^7 % 3T7
tot/l 30

^nr | i ^ ^ 2m ^n: 7547 ?r jffarf
7775 10 cm 77 ^fr 7T f?7cT 77: flpg tt 377^^ 7f^r 5rrcr qfrfarr 1

W ^ 'R 4t TfT I 377: 7917 7f777 77 7f
777 771X7 I

t 6 m ^77 f777f7 T? 10000 N/m 7T tr^T 77777 7fercm
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:
2in T'r IT 5HT TZJ STT 
= 30000 20000 = 10000 N

16 F
Cos2 9T =

3 7T D 2

15 _ 10 = 15 SinO 3rw Sin6 = 0.333, 0= 19.5° 
Cos0 = 0943

16x10000
X (0.943)3 = 16,8N/cm2T =

Stt X 900

afnjnr = 30000 x 2 - 10000 (2)2

2
40000 N—m 
4 X 106 N-cm

4x 106
X 5 = 500 N/cm*

7r/64x (30)4

/(”)■500 + (16.8)2±al*2 —
2 V

= 250 ± 256 
0i = 506 N/ cm2, aa=6.0 N/cm2

5.41 : 5.63^ ^FTRT Jr A
qr sr^TFT srfrr^r sfra- i

: 6kN % 5FT 4ft ^e^tcn: fr^rr it f^nf^rcr f^nrr
^rr tf+cfi | i

= 6000 Sin 30 = 3000 N
= 6000 Cos 30 = 5,190 N

244

6000 N
*

30°

60
i

-120 -
500

MO 0-

30

A
i

/ /

Fl^fl ^ITTf^T mm

5.63

5,190x50 —A d srr-t tt «r^ —
3000 X 10’- 229,500 N—cm A tt ?t'f^r ^ $»it i

229,500M
x 3*ifR xfrFFT = — X y =

6x 12a1

12
(rfhn)796 N/cm*
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3000

af^R'T = = 417 N/cm
12x6

= 41.7 N/cm2
6x(12)3x6

3TcT: af^R'rT = 796 -f- = 837.7 N/cm2
a G

[(vy- 13HR STfrraH — ox, 2 — ox + cry ±

2

ct,=o, ax = — 837.7 cp^r t = 81.0 
a1 = 7.4 N/cm2 ott 6a =. 845.1 N/cm*

3T«nH srewiHT
i. ^tt ^ | ? ?mrrfqrr: srq-'trr fer ^ sn^ff %

^TT^- I
TOT

2. “jttt tt ?nr^ 4i% %ht tot % | ? wt %
TO1 ir TOT STTfir cTsqr STT^qTir STW ^TT | ?

3. ̂  srTTOT snw o^tt tot sn^t srr^ sfr TOtf^Tcrr tot
sn-^r fro |, qttfsnr

4. ^^irffsTcT ( Simply Supported)
f4T^T (Span) 5 m |, *t
TT ^iTW: 50 kN TO 30 kN % '4TT ^ilTtT TT^ | I ?Tr TO % f^ftr 
3rtTTOr arr^j cr«Tr sn^ snw i

5 . t^r TO1 ^SITR- qT fro | To SHTO % TOT 3TTT STTOT
t 1 ^ ftrrf qr ^ q%;?r qrT p to t^t | eft ^to

^ tot 3rry;at ^tw tot^- i q^rr qtafrq fq^ff qft arr^ qr ¥q
^ i

q^r-

i

to- tt r^TOt
l m q^r 3 m qrt ^ft

6. T^p qrq TO1 qr fqTO TOlf 6 m | TO% q^TOeff 2 m qff qqrt 
tt 20 kN m qrr qq? tot^ fqqfTq mT to Tfr |( ^to tot anqut ^ 
TO^pq qrr arrw toto i

246

7. qqr ^prrq qn anqqrqrrT tot frorr TOrt 100 mm qqr qr^rt 
| to fqrt qr arrmfTa 11 ^nrq arrarff % rro ^ft 5m | i2 5 0 mm

am ir to% TOq qiT % arfaqroq aw^qui arr qq *n*T
to- qttfarq i ?pto qr qR soooo N/m3 qpT qftfqq l

8. qqr aTn ab f^TTO TOit 5 m | fq^afr B ft^t q qr fqq?r jf l 
to% qyq qfr 3 m I i qfe w% Ttot a qq: i 5 kN m qq qq^
jjrrqot to Tf r ft fft totot to qq qq:q to toto arnt'a’ toito i

9. qqr 10 cm ^tf 1 0 cm ^tt T- qfT^sq qq TO% TOTOff 
q ^tqrr to tot arfro atsr % tost TOeq anTO 5neT qttfro i qror qqr 
^ qft qRT^ 2 cm | I (314.22 cm4)

i o fro 5.64 it frorq qir grro anwror qfpro qq to% ^cq 
tt ftro to tot sqfro arsr % tost toc^ aro^q to ^rfaq 

( 647.57 cm4)
I

*•— 30—4*-20 •» 30 —
T

20

30

50

frSt mm

fqa- 5.64
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srwnT *ptt ttr^ cpiferp: ^ i h i
rr^T ^rnt I I ^Tt ftfff 'TT 1000 N-ra ^ ^
?riTWT ’FTT | 5Tf?nr % ^ST 8 cm ^

vjTTT ^ 3TftT^m ^fcf^T 5TFT cT^T ^ ^Tt ^

JTT^T qfT^frfrT ^tcft | ^VPX I

1 1.

% I

( 4687 . 5 N/cm2 )

1 2. 7^ OTTOR 'TfT^ ^T W TO TO -R '4TfTcT f^TT WT 
I , stt^t TlT^ ^rri ^ c=f^i ^ o^t I i ^

-R iftCTf 1 0 cm I 5r^ 100 cm ^TTi ^ 1 cm ^ ^

mPi^H ItR^T I

1 3. ^'T °R7n ^t 4RT ^TTTO 4?t ^T4T ^flf^n; f^TRT ^ 5T4 4fTTRR
=FT

4, 4TT rTTT ^if
qfr^ qft | f^TTO TO 10Cm |TO f^RT WrTRTR
t f^TTO f^qR q'r^rf i 
qq: 44(4 t i

t I 7TTf St 'R4f 44 44]cm

(1.4.81)

1 4. ^ gRIRTR qf775#4 % TO 44 qfrfRlf^ft ^T srf^RtH 

qf? (3i) T S^Rl (^ ) 5T 'H 410 S.tf^'ifStl't‘1 T^lSTtn

( It 1. 414)

qf-R#4 ^T f444Tt ^RT4T b | xx 4«1T yy15. 441 44 R:44r^R
qfc^#4 % 4444 ^ 4T qTOT 44 ^T 44 | 44T 4 ^ ^ 4>t 4f^#4 % TO4
qr? 4T 4T44 |4 44% 4t 4 ^441 %t%t ^ ^t4R 4T4 | I 'tTr^S^ 44 TO4 
%? ^ ^t4R 4T4 414 44 % 41^4 %4T4t 44 3444 Kb4 ^RT “444 f%4T 
41 4441 | I 314: 3Tsff XX 4^1 yy % 4144 ^ qn 414 414 %tf44 I

248

1 6. 44T 4fTO 44, f444fr 4tJlf 44 1414f 4T 0. 4 cm | 4f^4 
444r 4414TR| I 41^4 4444 qfl 441 4 cm | I 4Y4^t 4444 % 
I'TCT Ixx 4f 414 41T ^44 I

( 5 4 cm4)

1 7. 44TO 4fTO 2 m ^ ffT 44 ft«R ^fcT4 44441 4 344141 44 
fTO | I 4f%44 41 2 0 3 0 N % =Tf 4R sntTRf 4 444* ^11 4T 44 l|| | 
4Rf % 454 414R ffl 41 ?4444 414 441^1 4f% 4fTO 4414 4 3lf!J4^^ 
444 4f444 411414 10000 N/cm2 ll 31^4: 4 4> I (%o f^o ) (4 cm)

18. f4‘4 5.65 4 441 4?4 147^ 44 Hf4Trl % 4%cT %1 f4?IT41 444 ^ %t 
4TT%^T4| I t%J % 45 M 41 3lftir^44 5rf44^T 44 414 5114 %lf^T I

3C00 N |"75 250 -------->f„75 j

==f=d±! 20-1J ::zx
**UttKxU'

Jj-.S
150

i
vWt Tc| i-Ti^f mm

' f45 5.65 (^fof^o) (i0400 N cm2)

19. 4* 10 cm W* 4f44 SR4 % r-qfl^ %t fk# 5.66% 
f4<414f 441 | I 4^ 6 m ^ 41 51 1414) 41 3H?T[fl4 | 541 35971 %
5t4t 3111 5414 417 5 54^5 | I qf? 514 % 3lf94l54 54414 5f5411 44 474 
4 000 N/cm2 5 3lf541 4 fl 51 54 ^ 4414 q1%5 4T1 44 414 515 4ltf%TT 
ill 414 41 f41145 ¥4 ^ 114151 51 44151 | I
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-r 20

-IV 4 ANGLES
OF

3x3^ > CM20

200

100

f^TTTV rnm X] %

5.66 (7120 N/ra)

20. tot arrmfc^ sn^r % srsrrf 6 m | tr^ f^rf 
f^TRT'TT 5000 N/m ^ q-q^T ^fer 'mT ^PT | | qrf? H77T ^T 
3rfy4i^H ci+rf sffd'sfH ioooo ?r N/cm2 jt eft uttt ^ft
=5tof cm jftsrf 5mr ^tf^rr i rfteri ^tsrf 2. 5 to | i anrfr % •mr

(4.93 cm; 12.33 cm2)

21. ^ angifTcT tn^r irn; w | to fro% % ireq- n ^ 
^t+fsq 'H'l ^ P ^t 'ti <'fi q i w vtto qr srfrr^r

5% ^raTTOTTOq^tf^tr |

UWO

250

2 2. tnp ?T77T 3TT'cnf^T SR^T 35 
•JRT % qW--4 IT ^ qPTt SlfcT

% 5 cm ^TRT ^ ^FT q'^fTR 
ft (q-) q^ y-Rr iftsif %

"qVr rrqr 30 cm | 1 
TOf4 q-ft ER*T % ^

cm
9Tcf ^rifr q^r TfR

^ 1 TO 1% ( 3T) ar^ STTR- ^Vrl % TOTOT
tiTTOR ?T I

( 0.463%; 33.3%)

2 3. 4m cTt^f (Angle Irons) 4t, fTO4t fro^ 15 cm X 
1 0 cm X 1 . 5 cm | ^ TOT 4RT TOT | f^F % TOT j- 44^ TO TT 

tot to: #' fro4t 37Tft fTO to 4hrrf 2 0 
?TOTt 3 m m* TOT % TO if TOTO fTOTT TOT t I TOT TOTT TO 
fTOTTO 3rra4 srfaTtsr to 4rf4u; tV
TO TOT TORT: 4000 TOT 1 0000 N/cm2 % I

TOT TOHTi 1 5 cm !cm

TT'ftTO if fTOTTO srfTTOTtot ^qr

( 6. 44 X 1 05 N-cm)

2 4- >T^7 frTO if iffTOFTOT ^TOT TrfiTOT TO TOT TOT 4tfw ^14 f<^d
TO TO T| TOT TO fed 5. 6 7 if f?TOT TO % f^jfe qfTO TOTO TOq- I fTTO 
to mm 2 cm | T’qr totV TO^f 4t Tflrot i cm | i

( 9 540 N/cm2)

7 1000Nr~2000 N

71000N

fTO 5.67

2 5. 5 cm 4fff TOT 1 5 cm ^fTrf TTTO +f^qf % TOT TOTTO ^ft 
?1T?1 TO fro qfq % 3 m % fTOcTfT TO fq^ff TTf ^ I ’5^ qTr TOT 2 5 00 
N/m2 | TOT fTOTTO STfcTTOT TO TOTO 1 000 N/cm2 | l

(«6.7 0m)
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^rft cT«n 15 cm qi5#
iflzt ^f'-fid' '-'Hi ;?r ^rf ^ i es =20 Et

26. ^ 1° cm 
5r 2. 5 cm 1 cm
rT^r ansrt ?tr 30,0000 n cm^ arfron?
srf^^T ^FT JTFT 37TT^’ 1

( 5 4. 7 5 N.cm;2 7 50 N/cm2)

t27. O/fi 'tii*-6 cPTT ^r, fVtl'Fl ^-s14 i o cm 'T^r ^ftsrf 1 5 cm 
75FFT TT ^TFT 1 0 cm 1 cm

"jttt 'Tt frrT #f^rq tT? (st) ^ crar
^ to ^ ^r^rfr tt ^nrif tt# I (^) ^fr ^ % mitt
q-irf^rfFT % cTqwt Tff ff i Jr 3R^r yf-r^ 7oo N/cm21 ?fttcT 
*r 10000 N/cm2

Tft^t ^ STTT f^FTT irm I 1

Es=16 E,
( 171 5 000 N cmi 511800 Ncm

2 8. 7TFS % ! 0 cm X 5 cm ^ sn?ff % T^HT FTT ^TT
fw: ^ tt ^ % jtft ^ f^ ^ ?cnT arfM^RT 'jttt

% fr ^ qrf^ff w,^ ^t i 3TcT: io

7* cptt ^nrf sn ^ fxqr?; jtft ^r ioooo n '^fcrfT^rr siw 
t i ^r arfg^nT yfr^r *ncn i o o o N/cm2 ^ ^rfaTr ^ft i

(0.9375 cm)

cm

E, = 20Et
29. mfr 7 . 5 cm 1 5 cm ^ 'cHTr ^T 7. 5 cm ^Vf

# TfeTTf ^THT ST^T ^TTT | I ^ ^^41 SHTT 
% ttX <T*?T ^ I ^

^3 ctft % 3Tfcrd?r 4 inTT ^rr ^3 Jr
^itft ft ft 5ft fTT^crr^ qWt ^t ^frf rr^rr ^ ^3 

Jr ^rfcT^rr yf^^r % wrr ^tr str i Ea = 7.15 E,
(70 f^-o) (0.92 cm ,8. 0)

30. 5ft ^t, f^REt ^tfrf 5Cm ^ 5RfcT
| I 'Rjf ^ ^ ^t f?rfr tftcFT ^t I I BTft

TTt3rf wrr: tl ^ t2 | 5RT str ^t ^t3rf tj+ta ft
Tlcft I I ^rfe Es = 2Eb fr 5ft t1/t2 ^TSEfTR ffR ^tf^
744"! U <4 47 dqi^H STST ^lH) S»ff 4?t fV'H 144 RET Jf f?7RT ft I

(l: VD
19—23 M- of HRD/ND/95

snf^T srfd'ptyM'+i( { 4T7 47
3Tfll+dHdrTR

y <4 44147 741

252

Tfe TfT^7 4?t f7 7t3Tf 2 5Cm ft 74 ^7T17 44T cftrET if 3rTsj4R7 
5rfRr47 47 7T4 4;77: 1 1000 N/cm2 441 4 5 00 N/cm2 % dffe 7 ft 
5ft S3T7 47 3Tf?T4R7 3777 sfafR 574 4^77 I

(7o feo) ( 2,7 6 00N-cm)

31. P44 5.687 T^4T TiaTTTT 4T4 47 crft:5^4 fdTTTT 444 I ET<4 
47 3747 4fcRt7 574 7tf47 4f4 77^444 4 3^74447 TfcRR 47 714T 
5000N/77t2 *t 3Tfk4: 4 ft I Es = 2Eb = 3Ea

( 1 14900 N-m)

20 2020 20
i

\N 20\
\\ ^\
\

\

to rjtn 200<L 2
orS: Hi 7)

<r\

kV t
\ 20v\

J
mm

f44 5.68
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32. ^tTR>R crf^'cl&^ (r) cT5^

srtcrfc^ sqTfT (d) % *nft snrrcff % -rmax Tmin
4/3 2.0% w itrn | i

%t f%?T%t ''T jn %t 2 5mm3 3. ^ tTJTcrJ ^^Tf^TT %t ^
it, sttt % ft srq%r f^qr ^ | ^°t f^r | i^
frr^t 'TfT^S'? IX 20 kN ^T ST'TWIT WX XXJ | I ^ XX

3TH^r %t ^N- qTT srfcT^^r
%rf%rt i

'-TT^JT
TT 'OT'T ;3'?T^ft;T 3T5T "H-^ %7 ^Tt 5TTT

(?f^T fq'o f^°)

(rmax = 1550 N/cm2; y = 4.2mm)

3 4. %5 %tf%o; ^ i 3T% vx^ % qz ^r arfci+vTiT

srfcr^r S ^ S i ^ f it *pt t?t aw- 
d %t ZtCTf ?WT I xfxxxfc % ^Tfc^ arr^t %t 5TO TOT

^TTT'TT STTW1!

^rar q’z.
t '

Tfr^ % arz % tot %t i o ^ft ^rtHTf
rfSTT ^Z %t TflZlf TZZ % qZT^T

35. ^ l
2 cm | I f^T^t ^ftJTf 1 2cm

f?r% f%*ft xfx^ xx ^tzf T#zf zr qfrzcr am^r %t

ITFT %tfz^ I
(19.5%)

36. xx; xxTxn. qfz^ snz %t fro%t a |, m+k 
| Tx z^i xx xx $fxx x% zqr zz% xx xfx^x xx m- 

^rz xx f xx Tf r | i xx% arfjjqrcrz ct^t star sritar mzt %t 
%tta i

wrftcT f^n zqr

—"1a2 y
^ 9F

, ^o 3To ^ 4V28a2
37. f^,'3‘ 5. 39 f?'Tpt ^ I Tf ’̂^Z % 'TZaft 'T^TT 'tz gKi 5r^T- 

Ttta (ar) ZTTZ XX afTf3! XX\ (Z) arq'TOT XX T7T qfcTOT TOT TO %tfanr l

TOft XfXX\ %, fZTOT TORT D TOT ZtZff t | TXX\ XTXXZX
3TcT: 5Z%

38- XX
TO TO T?T ZTO TO 3TT^yf M TO aTT^TOT TO F | I

254
% TO TO ZW qf%TO TO" %tfanr f^j^T ^1+1 arr% TOft fTOTT, ZZlta’
arar it 0 %tz ZTOt t 

MSinOLw{ }]VM2 Sin20 + F2D2Cos20

39. TOT %tz Zt^T TOZ, aft 10cm X 1 5cm X 1 . 5cm XT t, TO TOTO 
WT TOT £ f% TO%t ®TZT TOT TOT TO STfTO 3TOZT X | I xfx TO TO 
1 OOkN XT TOWW TOT TO TO ft Tt TOF atafTO amTOT xfxXX 
qftta TTT TO%t TTzrf T aTTOTT StThTO % TZZ %T TOiZ TTTT fTO TOTOt

(6 3N/mma)

TOT
I

4 o. fro 5.45% fro% to takK Tfrozz % tot xx qrzt 'tot fto 
i I TO%ta%art TTZ?: %t fft TO fTOT TfT^ TO arfijTTTO arqTTO qfTTOT 
tot %tfro i vrrxx artarro xfxxx tto f?r%t ftar %t 
arftaTO arrwT tot xtx Tfta^ % arwnr srfn

tot %tfro i 
TOT TO XXX %t fTOTTTO I

(164 N/cm2; 272 N/cm2)

41. TO 1 2Cm Ttf TTO 30cm TtT anWTTOT qfta;
20000 N-m TO X* To Too TTO 20kN TO 3TTWT

i ocm to ^rt to
TTOT SrfTTOT TO TOT TTTTT I XX TTRI TT TTTT TOTTOft %t %t TOTIZT

(+ 8.33; 74.3; - 3.0 N/cm2)

42. TO 5Cm Tti TTT 16Cm Tlz TTOZ TTT % Tt% %t aftT 
0. 5Cm TOZt TTT 5Cm Tta fTOTT c%Z TTO TT TTOTT fTOTT TOTT | 
TT TO TOTT 0. 5Cm it TTT % 8Cm % 3TTTTT XT TTO% T% | I TT #Tt 
% 3T-5^t TOR % Zf% TO f I TOT %t 2 . 5IT1 %t ftafT TO XXX afTTOfTT 
fTOTT TOTT | TTT W% TOT % 1 000N TO 'TOT TO TffT |

TO^S TTT WTOT TO TOZt % arfroTO qfTTT TTT %tfTO TTT TOT % 
ataronr arWTT STfTTT TOT tot TTTTO i xtx % ?TT % TOT TOt TTOT tot 
^tfro TTT T^ TOT Ttfro fro TOT % fTTT fTOT TOT #TT % TTT % TOTOTO TT 
%tf TTOT TTt TOfTT | I Es = 1 5Et (%T TOt XX xfXT TOt TOTTTT TOtfTO )

(193 N/cm2; 1590 N/cm2; 1230 N/cm2)
(To fro foo)

TTT cRT
to fTOfr Ttazr qr
TOT TO TTT i I

I

I

I
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cT^T

6. i ar^ f^r>r

3R yiTf qT ^nt % 3R5TFr f^5TT K ^TR | eft ^ ^FT 
a(+vf STT^T11! % 3rfaf<4rf ^3^1% STST %
•flt- 3cT^T | I q^f^FT ^TR Tf|eT 3FTFIT ^ ^T^T ^ q?t ^
itr ^nt ^tq qft srq^n if irrat^r 3T5T qft ftqfcr % q’sq' |rr ^teft ^ i 
‘cTFT 5pT %q^T qqrq- 3Tr^t 3TWRT q^f .% qT^tST |t ^tqT
qTTTCcT q-^f ^t’TT 3Tfq^ q^ ^ qfe ?T '4t ^FTT q if^ '€R ^FFf ^R ^Tif 
arc^rfa^ fq’WT ^zrqr fq^rr q q^Fq ^t i qqt q<qqi3ff if ?q q qtaqi- 
qq qqiFr fq^T qft ^ qtqr fqfqqq ^tqt | fqqq qR qqq qq qqqi
qr^qfqqr q fqqq qp? i £Rq if qqqq? qR % qRq qqpq fq?qq qt 

^ qq fqfqvq fqfqqi | qq^ qqif q q^r qt ^T qt qiqvq ^q ^ snpq 
qf qreft |( ?q qsqrq q qqq fqqr qrqqr i
qia q>

I
^^cl9

/
/

I

r/ i

i AA = ds
©

i
|A

—joCx U
dy

7

fqa 6. i

255

256

5.2 qqrqqq fqffcJ (Method of Integration)

fqq (6. i) if qq ^q a <q qh fq^rqr qq t ^ fqqqr vn^ qq^- % 
qRq fq^fq ^t qqr | i

arq % ^ fqt q x qq fqqq ^qt ^qq a A fqqqq qqrf dx |, sqrq 
qtfqcr | SRq qq fq^q qq q^ % q |tqr I qq: fq^qf A A % qsq 35sqf- 
tR f;qt qt dy srqr 

cRq
sqqq qfrfq^ i qfq qq % fq^q a qx wfqt qf ^qq 

% qrtfqq' stfqq q^T q qqqr x- qsr qo qqiqt I, q't-

dy
— = tanOdx

sf? '^rnr A A sir ^siq ds tq ?tt,
ds

—— = SecO 
dx

qrq aa ^ o qq qf qrtq qqrqr | qq do £Rr sqqq f^qi qqr 11 
qq: Rdo = ds

d2y AMy ^ = A.
dx\ dx y dx

do
(tanO) = Sec26 “dx2

do ds
= Sec20 • —r~ * —— = Sec30ds dx ds

do

d2y I (1 +tan20)3/2 

d2y/dx2

1
R dx2

i r
dy

qi^qfqq; qqq q-—-q^r qfwq sr^rq ?qq frqr | qqffqr q^q f^q- ^

qrq qt ?qq ^t ^tqr | srq: ^ qqoq qrqr

qr qqrqr qq;
l d2y Mx

dx2 ElR

q^ Mx aa qq «f^q qq anaq qft =qqq I iqRqr
d2y

amr El. = Mx (6.1)dx2
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sif^ if STT^T ^TcH
x y ^fr f^^r wrc ’ft I i El anrrc^ fftcn | vx

|f^

—- T — ^ ^T inq- X % ^ TX q^cTr I 3Tsqcn ^rTT | $■
dx v dx /
q'qnT q^f 3TT^°T =PT iTHT ^W!\: SHTR^ ^r,JllcH'+ fTTHT I q^f ^iqul
qf!- fqsrr srq
%f{ ?t>ix x qqr y qfr fewraff qrr ^q-jq if |q q'qrq q^r
srrq^t qrr f%^[ fqi

qfq fqf^ qrq %t 'TT q^T X qif^ aftx q-nc^ q^ y ^V%
q?r 3ftT cRTcqq' ^t eft qqqqq fq^nr % sttott q'4t qqrq qq ^rq^T 
yqieH+ ^q 3rqqqq> qqiq q^r 3rrq°t qi'ined+ ^Et i

Mx ^t, dMddci fq^- qf^q qiq <<d+< ^nftqr^r (6.1) qq qqrqqrq 
f+qr qr qqqr ^ 1

El -^ = J Mx. dx + C1

Mx (dx)2 + CjX 4- C

^tq xx qqtfqq fqeqq w* qrr qqqrq qqiqi qr q^qi | qq

I 1mi 'Jii ti'nai

. (6.2)

- H • (6.3)El. y

qqqqq qqT+<jr if qqr c2 qqrqwq | qt ftrer qfq- 
f?qfq qrq ^ xx qr^q fqrr qr qqrq | qq ^t arq qq % fqq q^ fq^: ax y qqr

qtqt ^t q^q t 1 aqq^ qxq qrsnfrqdy qqtq fq&rq qq qq^qqr 
qxq q qtqf fqxf xx fq#q xx qrq 9jfq ^tqr | 1

axq % farqr q^r qfx^q xx fq^q ^q qqwqr qri mq qqtqrqqf 
(6.2) qqr (6.3) sttt ^nq fwr ^ q+qi t 1

?qq qf^r qsmq q, xrfqqf if xxxxx qqq ^q 

^? = w srrxT fqq( qr =q% I, qq:
LiA

dM = F qqr

d2y- fdx ^ ) = FEl. dx2
d3yawr El. = F . . (6.4)d3y

258

r( )- ■El. d3y
dx dx3

El. ^ = warqqr El. . (6-5)dx4

6. 3 $ra-3fTO°T fqfq (Area Moment Method)
fqq 6.2 qq; sqrq qrfqnr 1 fqqfr fqf^qq cRsqfsn: wr ef q x 

fft qx f?qq ‘cRq ^ qrr qqjf dx qft qrfqcr 1 ^ txs x<. qq^q qq 
qrqaf trqr qqqq qm qr qqrqi | qqr w^r qrq Mx qrfqq 1 *q 

dx if qqqqr qrr arqx de | 1

o of ' er-f 3.7
L

f
M x

1 Xdx dy*>>

de
•s. E

fqq 6.2

ds = R. do 

M
Ef X ds ^ 

qqr ds qft dx % qxrqx qiqr xr qqxrr 11

^ ^ EF ^ ^ qt qfxs^q /j qqr lt q?t qft qT ffqq ff, crq,
[llM

= J El dX

M J ^ ^ ^-gj- x dx qqtrqr fqsrq qrr qrq ?qq ^rqi |do =

0/1 - o/! . (6.6)
4
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t ft* arm arr^sr
% £src>*r Er tt Tfr^d^f % ^rr ar??R 'tf^t
ftcTT | i

dy = x. do
M , = — x. dx

4r M
J Ely, — y2 (6.7)X. X

4
??r srenr f^Rft ^dPiry^-i wr tt snyr % rr irf

^rr I ^ft ^rr ^ar % msT ettf % ^r 
Tf<^wcfi' % q-sq- q^r arr^r ant^ % arr^w El f 'att qr 
ftFT i

raff an- ^rr yi P^r aft oitan

srrar

aR far 7731 !J77T aa
ar^R+- Rot ^ad a^n i waft a>® araamfr aft arr% fe farar 4laaT l

sfiTT srw % sram ^f 3>satyr ^ar w ^ ^tat fafirad
aft ardt q ar fa> fawr aw arar ^tar q i fw arryif<a
rf srw % fart ^ ^tar fafro aft anaft | i

6. 4 sim ?rw aft sraoirri ^ f^a

% srarwyra

(ar) smr % ^aF qr 5ft t^i rfarsr ^rr- 
snw-fqfsr (°q 

*^a<a frR ^ ^0 qr farft qftr^ ar sqrr
El1?

fqfy)aa^ia

= P.xd2x

EIS =^s! + ci;,«ffe X = 1 ?t% qr ^ = O

Cj =
p/2 p/2
~2 + C1O =ara:

2
p/2dy P-x2ara: El. . (6.8)dx 2 2

260

Pn\\ A B\\sss\
ye±

W)

T
p£

1
faa 6.3

P 3 P/2 El. y = x

x = / ^ *r y = Q
P/3 P/3

2 + Canar 2

2 "P ^2O =sra: 6
p/3

Px3 P/2x P/2 (6.9)EI y = 1
arfsraFw fasfq Mart ftA qr ^tar qr x = o

aa: 2 3

—P/2p/3
sra: y 2EImax 3EI ’

oB a>T atwiTrar fa^f q^ °q'aa arar | far x % qr y rwr i 
qfa ft frR vx IwcT ^t aai x fft q^t ^ arqt anr eft w sr^rw
aft rnricn ^qar ^ar f+ai arr rrawr f i o ^rr arr rrtq ^twr (radian)
ft qrrr ftai i
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EI g = P(/-x)
Px2EI = P/x- r +C1dx

dy o ; x=o am: Cj = odx
Px2dy

EI dt = P/x - T 

EI y =

x = o ^%qry = o stct C2 = o

(6.10)

P/x2 Px3 + c26

P/x2 Px3Ei y

( 6. 1 0) cT^T ( 6. 1 1) it JT^FcT x = / 'TT

] = P/2
r W3 _ ^3 -i _ pi3 

EI L 2 6 J

• (6.11)6

‘. = 4 [ p/2_
2EI

1ymax =
3EI

srrff stot % mt srRrnfff ^ ^ ^ ^srr |
^TcTF | I^ ^?TT tTHTF^ra-: ff ^

fefPr f^fsr srr^t fkfk)
p/2

0 —0 =
B A 2FI

3TT^I 311^1 oiT'fcf ^T% ;FT ST^FW
EI

9a — o
p/2

(,B 2EI

^ ^ X I^Y TX fFTcT TX
0s_e4 =ex_ A ct^t x % trs? st-t arr^or ?rr ?t

El
P/2 P(/-x)2
2E1 2EI
P^x 2ei ’ ti^T’+'X^rEI

262

( 6. 1 0) if ’THT+'.'fd i\<-1 Mi'-rf f+^TI WT ^ I

^ 0A = O I ®RT: ^ A TT ?T9t WT
TO1 % f^TT arsT^ % ar^T % ^icft | i

Xhj B ^ :RT'ft ^rq- cfr n< a ?t*tt b
STTT 5TRT 3T^ B <TT f>TT I

yB = qfrsg ? B % hfts^ 3n^qT arnc^s aTTs°f
EI

PI3 2i PI3
_ 2EI X 3

^ ST^TT X ^fr T7 3T75T qfr^ ^T. f^TT 5TTcT
fe^TT ^TT B’+’d'l q I

ys = X 'FTTTST A X % ^{S’J STo STTo 3)['<<sj qrr 3TT^aT

3EI

EI

(-4) P(/-X)2p/2 +2EI 2EI
p/3 p/3P/2X P/2X Px2/ Px8

2EI 6EI + 6EI 2EI + 2EI 6EI

Px3Px3/
— ^ ^TF- eifl^nr (fi. l l) If2EI

Wu srcr *t<t tor wt | i
3'Ai^<uf 6.1^ snyr cn?r aft 4m ws 

'TT 100 kN ■flTT ^PT T^T I I 3Pt: '^RW fsFf tWl ^ M TZ ST^’W! 
BTR ^TT^T I 1 = 40,000 cm4 E = 200 GPa

:

?t 3 ifr

(i) 5q^4^f?T frfa

S? AC % X fat *T TPfa 'TT

E! = 100000 (300-x)

qrfa d^l qf<H t" ddM fan Tftfafafat qft <.<ad TT 
100000 X (300)2

2EI _ 2 X 40,000 X 200 xlO6 “ 1,600
p/2 9

radianQc =
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100 k N\
\. i3 m I m\ A\ B

C

c
(3T)

10X30 000

(<$)

6‘ 4

p/3 10,0000 X (300)3 
3EF 3 X 40,000 x 200X105 = 1.25 cm^ yc =

»i7 CB * faq,

EI = odx2

dy
EI — f^'4TRr, ^rrr ^rr % 'jtft ac sr^rar *n^r

B'C' ^ar^tf^rr^ f3rr | far wz ab

I i

9
0B = oc =i4T- 1600

= 1125+ moyB= yc +y2 = i .125 + oc x bc

= 1.6875 cm

264

(ii) arnrw rPj :—

A fT'rr C % irsq- ^ sriVr srr^i ^Oc - 0A =
EI

0A = O

0C = 3x100x10,0000x300 
2 x 400,000 x 200x105

Ajptt B % qw 4^ arr^'T srr^'f ^rr

93r=r:
1600

»B-0A =
EI

= A fr*TT C % q^T arr^or srrt'f ^rr
EI

C ^ B % irw cFT armr ^rr in^r si^rr | i
9

0U = 0*r: 1600

yb = C % *rmr ^ arr^t arr^j ^rr an^t
EI

3 x 100 x 10,0000 x 3 x 100 w 2 x 300 
2 x 40,000 X200"xl06 

1.125

B % ?msr #-Tn cffT iTr^ot arr^I % STcTEW arr^ot

3

cm
yfl =

EI
= 3x100x10,0000x3x100 1.6875 cm

2 x40,000 x200 x10s “

(g) ™ H«Tif WH?f qr tTfmr gfsa wt ?m i

EI d2y = W([-XT
d 2 2

E! = 
dx

wl2x wx32wlx2
-5- + ci4~ +2

o ; x=o ^ qr ar^T: Cx = o
dx

w/x2 wx3
2~ + “g-

w/x2El -dy_ =b d, 2 (6.12)
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Ely^- 

x=o qr y =

Ely = w-^! -

f^r ^ M qr ^ftt i (6.12) it x = 1 W7 tt

w/x3 I wx4 .
6 24 C2

o ar-T: c2 = O
w/z4 wz4 

6 + 24 ' • (6.13)

1 [f wl3 wl3l
6 J =

wi30
El 2 6ET

1 r^i4
El [4 6

&& arrqit fsrfa :—

(6.5) -r ^ qftxr^rq- =pt ~

W4 ffTff# f^Tit ^ '^T %f\ TT oTTT I

w/yru

Wl4 Wl4 wl4]-era: ymax 8ET24

wlz1
X — X 1 t rpTi

S*TT>!

r
\\i ---- I

X

Av
‘"'/yr \/ y'

X
X\\

(3T)
B£A

x

C

31
4

($ )D

f4sf 6 . 5
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x qr fft tt qfr^k X tt sttt ^tfsrq, 
B ^ |TT

wl3 3J_ w (1 — x)3 3
X x 7- (1 - x)6 4 6

wl3 w (1 _ x)3
6 6

If 14
4 L l3

~ (1 ~ x)
- (1 - X)

CE % jfrrto #tt?t ADCE % qft El ^ TPr tt 

[[£»•-<■
•“]

-- x)1] ] “ 0 - ^>] >< 6ir [>s - (I-*)]
- (1 - X)3

wl2X2 wlx3 wx1
4E1 6E1 1 74^1 (6-13) ^ ^ ^yx =

Stn | 1

9C — = 3frT^ ADCE “FT 5TWTTT
El

1 r wi3
L 6

w (1 - X)3
El 6

0A = 0

wlx2 wlx2 wx3 
“ 2EI0c = 2E1 6EI

(8.12) § ^ STFeT | I

stet tT 3TTW arr^t 'jft Tfr^rTT anf?' 
% tot srcr fr^rr ^ | ^ fqfj arfsrr: ^f^-
qTeft | fTTTTrT TT TTTO T TT T'JT TTT Tt TTTf % MTO TOTl TT 
TOTTl TTT fTTT TO TOTF TT I

•T^ty I TT

tTt fro CTT fT?TT TTO TT TTOTT TT fT#T TO TTO ft TT T^ ^ 
TTT'T fTf?T TOTTO fqfT Tt 'TTaTT arfeTT 
fq^T fqnrr ttot fr Tftrrfr fTfii arf^rr v-iT^TT t 1

fteft ^ I 3Tn% T^3t T Tf
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(*t) stpt >tt«t t?: ^ ?wr ^fer vrrr
t^t $

\
”W/ YVUG

A \ /vv~y~v^.^ v^\xv~v%'-y^vv- C B
\ £\\

6.6

tf^F —fqfsr ^T ST^fTT ftT q^ MM 

wa3
u‘-°” = ^r

M i 'Ji i i

wa4
y= =' 8EI
yB =yc + 0c(i -a)

wa4 wa;i
(t - a)+ 6EI8EI

6.2 : cr^ srrJT qrq- vt. ^sq- f^5 ^ to to 
hto ^fer 'Air ^ TfT 11 to tt fq-^q- qftto I

ar'RTRT ^ 3TT^°T toj ^ f^r tor ^ qwr | qr^ ;to ^rf
tor 3Tto qr^r | i

_ ■w/'VTV
N <N

B\ A y^/VV^

\ 1/21/2

6.7
20—23 M, of HRD/ND/9J
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to^iu, % qr^ toto tor ^rq1 q-% mq- AC
i ^qqrRtoqqtoto^?ft%tor^^^r- 

^n-?; ^r^r| q-qr AC Ttorq qrr n;q7
q?t fewr q ?nr |

B tt ff^nr topr qq qq: ?rqiq qfcr '*ttt % qrpTir fq#r

qto qTTtTMTn
I

Wt4

SET

^ AC TT^T^ton ^r ^nr mr % q:i <>ji fq^ B ^tt fq^q
Wt3

8x 16EI “ 48EI X ~2
Wt4

i

w t4 wt4 Wl4B qq fq^q = 96EI8EI 128EI
41 wt4

384EI

to tor it tor to *nr % qrrTcrr Wl8

°B = 6E1

q>t tor q to to ¥ttt % — (-X6EI \ 2 J
qqqqr

0E = —

wt3 Wl3
3Tq: On = 6EI 48E1

7wt3

48EF

^ tot qrt to- to sn-qw fqfsr
CN

6.3: rrqr qpr qrq qr, ftoft Ffto sm |, ^ mr* 
toq '4R qqr qt toft r*UT to fqr fqq ( 6. 8) it f^TOT qqr 
7% | i topsft B, c q^r d qq qqwr to fqto 5Trq toto i 
I = 20,000cm4; E = 200 GPa

to to qr rrtot t iSRI
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10 KN 10 KN
10 KN/mvi

O’, ,>ca; B
i

^*-lm-4c---2 m •*«-----2 rr.------ *

fsra 6.8

STm % 'flTTT AD TT tr^T ^for '^TTT f^TftrT ^ <1*11^ I
^nr? sr^TR % 'ART R fR^TRT SRFT 5RPT fRTT ^TRIT cf^T RR ?RT hIViiH 

^TT '<t5fPT qR ^3rlT f^U I

C R 1 OkN fRTt % '<TR % RRir(i)
l t = 3m; x = 1mPlx -°D _ El i

1 [10000 X 300 X 100 - 10000 X
El

2.5 X 108
radEl

4.2 X 10810000 X (300)2
9B = Oc = El2EI

']Plx8 Px8 _}_ f 10000 X 300 X(100)2 10000 X (100)
2El~ 6EI = Elyu = 62

4
x 1010“ 3EI

10000 X (300)8 9 x 1010 cmVc = ElEl
18 x 10109 x 1010 

yu = El + 6C X 200 = cmEl

(ii) D r lOkN/m % ^TR % RRT
0.5 X 10810000 X (100)2

QV = El2EI

270

Qr, = 0C = 0 B

10000 X (100)3 10ln
yu = cm3E1 3EI

1010 4
+ 0D X 200 =yc = X 1010cm3EI 3EI

1010 7
yn El + 0,, x 400 = x IO10 cm3EI

(iii) AC R r f?5TT #' ^ ?!% 10kN/m % ^tr %
RRT 
wi2x wix2 \\x30D ,=
1E1 2EI 6EF

100 X (300)2 x 100 100 x 300 x (100)2 100x(100)3+2EI 2E1 6EI
19

X 1086EI

100 x (300)3 9
°b = Oc = x 1086E1 2EF

Wl2X2 WIX3 VVX4
yD = 4EF 6EF 1 24EF

_ 100x(300)2x(100)2 100x(300) x (100)3 100x(100)4+4EF 6EF 24EF
43

X IO10 cm24EF
Wt4

yc== SET
100 x (300)4 81

X 1010 cm8EF 8EF *.
153

yB = yc + 0C x 200 = x 1010 cm8EF

(iv) AD qT 13kN/m % tr^r q-R % rri-
100x(100)3 108

0D =

0B = 0C = «D

. U6EF 6EI
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1010lOOx(lOO)4
yD = cm8EI8EI

11
x 1010cmyc = yD + x 200 = - 24EI

19
x 1010cmyn = yD + 9D X 400 = 24EI

3m: hm

6x 108r 19|^2.5-f0.5+ —

J^4.5+0.5+4.5—= 0.002333

_L _43_ J_
3 + 24 _ 8

r 4 81 11
L9+3 + 8“ 24

7 153 19

108
°D El 

= 0.0015

20,000 x 20 xlO6

108
“ 0C ~ ElB

11010 ]= TTcrayo EI

1010 ] = 0.5 cmyc El

-I 29
24 I 30

1010 [l8 + 3 +yB _ EI 8

6.4: STW f+t TT ^THTT
ipTT | I ^3% f^Tt ^ ITRT I

d2y
EI -r+- = Mdx2

dy
EI -f- = M.x + C. dx 1

dy
= 0 irf? x = 0 am: C, = 0 dx 1

7272

Mx
Ox = EI

Mi
jj^ct f?r^ qr o =

X_.l

Mx2
Ely = 2 + C2

x = 0^'rcy = 0 am: C2 = 0 
Mx2 Mi2

; fam =yx = 2E1 i-2EIa

6.s: (Tqr srr^r tot % to p +r ttrtt ttt ^ i

1 cfT- ^TtdiC tf+'T d. ^ q ■sTiTt b 44Hcft 
Tfcft | i Ttfrf b a-«rr M tt: 5+q-1 i 3^:
qr fwr sotctt Ttfarr 1

%*t:
d2y

EI = Px; q-ff x ij+r f^: q- f^mr w |

d3bx
1 = * 121

bxd3 d2y
E. = P.xam: 12i dx2

d2ybd3
E. = Papamr 12i dx2

bd3 dy
12i E* dx -Px+Cianmr

dy
= 0; qfe x = 1; am: Cj = Pi

bd3 dy
E. -7- = Px - Pi^ 12t dv

Px2bd3
uT E-y- = 2 — ^tX +3jq<i
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Pi2
Ga - 2x = t 51% tt y = 0;

Pi*Px2bd8 - Pix + -J12i E#y

qir X = 0; fft IT iH'JIdl
Pi X 12i

3Rr: 2

12Pi*dy
bd*Ebd8Eox

Jrf? X = 0, JJfrT TT f^T

12i 6PiaPi2
= ~2 X bd*E = bd8E

6 * 5 HT5T 3TTOTfTcT SROTfTT fmr

(ar) ^ % Treq- qr qr-

P

B

x 0x > "ir*

ex7 —&/2a/2 P/2P/2

(3T )

x

PZ/4

BA
X' C

x

(4 )

faa 6.9

274
A C t

El P xdx2 2

dy Px2El + C,dx 4

PI3x = 1/2 trr dy = 0 ; Cx =
16dx

% ireq- q-T mr T^r | 3Tct: jtsjt % ‘<Pfr f?Rt qfr 
aftr fasTT d h Pm P 1 ttr fdrr qT ?rt cr«TT itr qr

^PT

arfronr iPn 1 3r: ?tr % ^ qr

^E3T f«R| qT qf R5T 
dy

EI dx =

o 3yq?rf fq^q qq %

1
PI2Px2

4 + 16 (6.14)

Px3EI y + +C12 2

x = 0 frq t?: y = o; C = o.2

Px3 Pl2xEI. y = — + .. (6.15)12 16

PI20 qfsnpqq = = o qr16E1’ X

cPJT X = 1/2 TK y qfqqTrPT = E'3
48EI

^ CB if f^T W* WS AC % HqpT |f fm

PI20 li 16 EI 

(H) ^q-qrqq fqfg-

C c' x' x0x — 0c =
EI
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1B. [K
0C = o

1 ?x J4 X 2 X £ 2 x x x £

r pf _ n
EI |_ 16 4 J

4ft ITET ( 6. 14) 5TTT STIR ftm | I
A ?T ^tcft |f }<sir

yx = yx + x.Ox

1
»x = -^

% msr Axx1 arr^ryx = a
EI

Px 1 Px3X X
2 X 2 X T X EI = 6EI

1 fPl2 
EI L16

Px214 J
Px3 +yx =
6EI

Pl2x Px3 qrq ?nfr^ir (6.15) sitt m srrtfl | i
16EI 12EI

(^■) ^ry1! f^tdd ^ tiMM sifcM rmr ^npf :—

3ff^f=' CD

Wd2
8EI

X0x
B

I L

*
WZ ©x

W£2
2

6. 10
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?f^t AB ir,

EI ^ - wlx wx2
2~ +dx2 2

wlx2 vvx3 
4 + “6~

dyEI + cxdx

1 dy wl3X = — fTH TT —J—'dx ° ; Cl ~ ~24
2

wx3El4^ = wlx2 4- Z1!+ (6.16)dx 6 6 24
wlx3 wx4_+ z13x , r24 ' 24~ '-'tEI. y = JT~ +

o fR qr x = o; Ca 
wlx3

y = o
wx4 wl3x
24 ^ Z4~

EI. y = + (6.17)12
wl3 wl30A = 0B = -24EI ;

qfc (6.17) it x = 1/2

24 EI

5wl4y arfsRRq = 384EI

wforvJi 4 x =1 m yB = o & zrhr & ^ |

ADD ' qq

i

qfT

X

wlx wx2 A
2 J dx = wbL2 — wx*2 4 60

*wf4fd gTTT qx 6C = o

e* — 0e = 0x = DCC1 D' = ACC' — ADD'
EI EI

wl3 [ wlx2 ]wl3 wx3
16EI 4EI48EI 6EI
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wl3 wlx2 , wx3 „ . .
_ 4EI + SET : ^ ^ ^Ox (8. 16)24EI

61 <J y l'<1 ^ I

ACC' wl3 wl3 wl3STcTO'T
0A - 0C = = 16EI 48E1 24EIEl

A ^ ^ I TT

yx = yx + X ox

yx = A % maT ADD' an^
El

r v rwix wx2-]ElJ L 2 2 J
1 x.dx

o

wlx3 wx4
6EI 8EI

= EI [ 24 

r wbca
L 6

wl3x wlx3 +X.0X 4

WX4 , wl3X 
24

wx4 1
6 J+ —y, = 8

wx4 wlx3 wl3x+ ^ y^ft+^r (8.17)24EI 12EI 24EI

strt ^tt | i

r^wfd 'n: yc = 5wl4
384EI

(^) ^ ansnr a 'tt •mr :

^ a % ^TS^T X % %piT"T % r^li

EI-^?- = P. b
~T xdx2

Pb2xEl 4^ = .. (6.18)21 1dx
El y = — Pbx3 + Cxx + Ca

^ T? y = O 3TrT: C2 = oX = o

278

P

A 8C

Pa
C

B

(«?) iB
far 6.ii

3Hft fiPTTr^ C, ^UTR ^ ?TR fW ^TR Ac ^ ^
3RT ^ ?fR | I

EL y = —

1 % JT5JT X % JTTT % ftnr

^ + P(x-a)

Px3b (6.19)361 + Cix

a
EL ^ =

dx* 1
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P(x—a)1Pbx2 (6.20)dy + C3------2T + 2El. dx
Pbx3 P(x—a)3 -)- C3x 4- C4EI- y = - -6t 6

x = 1 ^ y =0 

_ Pbl3 ^
3r7T: C4 “ 61

PI - a cy6
Pb3Pbl3 — C 1

= (l2 — b2) - C31
6

Pbx3 P (x a)3

61 6

^ (l2—b2) 4- C3 (x 1) 

(6.21)

jfTT ^TFT fPTT

El y = — — + 66'.

X=:a SETtcT c 77 sr^PTT ?T«Tr 
=5(1^ STPT AC 77 31W BC 77 7FTT ^T7 I

(618) 7«Tr (6.20) 7 x—a 7^4 77

(a — a)2 4- C3Pba2Pba2
4- Cj — 2161

31W

f Tt WT7 TTtTTT^ff (6. 19) 77T (6. 2l) X-a 77 7T7 ^

™ + l6
77,

Pba3
— 4- cia =

Pb- (l2-b2) 4- C3 (a—1)
+ ~~6

Pb
Cja— C3a + C3l = (l2—b2)

Pb(l2—b2)

3TWT

cm C4 = o3Tcf. Cj — C3 61

am; 7RT q?' a % WT X % TTTTf % f4n;
Pb (l2—b2)Pbx2dy ..(6.22)EI. 4-- 2121dx

280
Pbx3 Pb(l2—b2)xEI. y =

.. (6.23)61 61
% x % fata ta % fm„ 

P(x-a)2

a erm i

EI. ^ _______
dx 21

Pbx2 Pb(l2—b2)4- |
. . . (6.24)2 6\

Pbx3 P(x-a)3 Pbx(l2—b2)EI. y = -
(6.25)61 2 61

[ Pba2 Pb(l2—b2)1

]4-yc = ~ x a61EI 61

f Pba3
L 61

1 Pab (1—b) (14-b) ]EI 61
1 [ (!±b)l 

61 J
yc = Pa2b

EI 61
I (l-a4-b)Pa2b x (I—a) = b T»g^r qrEI 6!

1 Pa2b2 
EI 31

Pb (12-b2) Pab (2b4-a) 
6 1EI

yc =

0.
6 EI 1

1 [ P. b. (I2—b2) Pba2 ]9p El 61 21

EI [ 2P (1—a)2 Pbl21 Pb (l2—b2) ]0„ =II 21 61

Pba
(2a 4-b)6 EI 1

f S7PT ^4 ta | ffafk dM■M'H 4^) ^ 44)T4> 
^TTtqfr 4TT 7T4 taf taf 7 3ET7 3777 507 7T 777

77I7T77
I

^ 7477 (Macaulay) % gTTT 7^T 974 % fta^T taf
^ 74T4 47 3777 4rt 5444 474 44 fta 44r| | I W 76717 7 7T7 f77 47 
77 f7^ 7T4 4T7 7S7T7 ( 5 ) 4 7f74 744% fta 7 4447T7 7f7447 f^TT 
7TT7T I T^f JJ7 fta; Trfg4 77 7T4T 771 | 47T X 77774: 4lf?4 7 ta
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3dr qr jtrt wr qr i Mk % sftjtr ?R?r % wr if 
fortft qp<.w^ % f^r cj+vf cf'-f sfr^T oili ttcm5i ir

| m wft % f^xr
trqr ^tcTT ^ i 

EI. d2y {(x-a)j»Pbx + Pdx2 1

' {~yEI. dy Pbx2
+ Cxdx 21

p_/ V 
6 \ x_a /

Pbx3El. y = — 6T + + Cxx + C2

X = 0 ^ TT Ca=oy= 2

H - }’ <frt fen 5nq»n wife x=o ?fe ^McT:

(X — a) W hm ^ucmF ffl4ll I

SRHT y = o ?FTT qfe X = 1 ft

^ Cl =pb (i;-bt)

•m EI. dy

; nfe (1—a) = b wr

Pbp / \ 
v < x—a >

2Pbx2
-6T(i«-b*) 

. (6.26)

21— + ' /dx 2 \

r { ‘-a } PbxPbx8 61 (l'-b!»EI. y = - +61
(6.27)

(e. 26) rm(6. 27)q?t ^ %f^ff wrqr sr^-
fq’^’q- qrr jtft ^tpt fqrqr ^rr fiwr | qr^ x < a qr 

% ^fen: % ref qfr jtft "RT =^1^ i
PabPb (2b+a)(l2—b2)= 6EI!6EI1

[ «-«-1
0C EI

282

r phi2
L 2 n

1
(1—a)2 « [<—)]EI

Pab
(2a+ b)6EF1

4r[^ PJg+~- 0s-b!) ]yc =

= Pa2b2 
3 El. 1

STcT STRuf f^fsj .

%TFT -TT STqwr fflrT ffaft 3^; ^ % fqf^T ^pff -TT
^ fe^r fn ^ ^5T?rr^?R^TT^F^ to 11

B ^T ^TfTT ifnft |f ^sfefeTT TTR?r qr, Bfe#- bb'
B % ’TTtST ST^qFr qq qrq

AC'B %3frq'qqft ei ^ fq^ifirq qrrq qq sttr i
l [ Pba 4 0+ 0BB' = Tf

Pba
X "T X 4»]1

Pab
6EI 1 b + a) (a + b)

BB'BB  P. a. b (2b+a)
(a + b) 6 EI. 1
Pba (2a+b)

5^ft 5TWT, Bp = — 6EI. 1
1

0- = 9‘- EI X A n«n X % nsn wo sno srfei w

Pbx x 
EI X 1 X 2 

Pab (2b+a) Pbx2
2 Eli

1
0*

6E 1.1

q^t (6.22) gm qf sttr- | 1 a qqr 1 % qgq

qrq fqt qqnr ?i id fqx % fqfqR1 qrqt % ffetr ox qq 
^Hcft ^ qr

d+di | I A41 -Jii
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1 Pb.x

y * = + x. 0,El 1
Pbx5 Pbx (l2-b2) Pbx3 

2 El 13 El 6EI 1
Pbx3 

6 EF1
Sq^efT (6.2 3) ^ITT fft ftrfr I I

arfa^TTr fq'effq- :—
arfywFr fq-^q- *mr % f^rr, gpq- q-qur^r qrr jfpr qncTr ffrrr 

Pab (2b+a)
6 ET. 1

^ a q,«TT b % qqfr qr?ff % fw q-qrcw fPrr 
Pa2b 
2EI 1

Pbx (l2-b2) 
6 El. i

I

9.

P. b. a (2b-^a)°c = — + 6EI. I
Pab (b-a)3EI

^ a>b rT=r Oc ^TrT?q-qT a < b q"^ fm I
a^TT b%^TTHT%f?TJ7 0B I aTn qft ST^WT A 1 ?:
^PTTcTT^ ^q- ^ W#: B qT ft ^Tcft | I 3^:

Jr qfTqcbr fpr % fq^fr qTq % qfr^cr qr qrq ^pq"
^ft fm i

3rf^a>bftcftBqr q-qwr 
sttoit 3TfTOrrr fqsqq '*tft BC p qrff qx

qf? a>b grt B qr 
ftqr | far srflr

a>b ft?r tt srffjqrq-ir fq'srq wr AC % f^rr ?nflqr<ui (6. 26) 

Pbx2

%qqic*rq^

| 3pr: ?Tf | gpr
i

q^rqr ^rfcE’qT q^ C tk qqr?w | 
fq^r BC Jr ftqr i+ iH

dy Pb
El. + (12 _ b2) = 0

dx 21 61
l2 — b2

arq^r x2 =
3
/ i2-b2qqqr x V 3

21—23 M. of HRD/ND/95
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(e. 27) Jr Xqrr qf pet qr cr«rr (x — a)3 qrJr qqTPTt
qrt JETTq PEET fT

Pb(l8—b8)3; '-]— Pb(l2—b2)3 21 [y affiiwiqq — jgj

P.b.(l2—b2)8/2

6 ^ 3118 V 31

9. V3EII
wt qqqr a>b fEt qr prq CB Jr X pet ?tet Ymax q^j 

PET SET fwr ST PEST t I 5E Sqrqr Jr sf^+nH fqsrq
^tPT I

SET CB itET

SEifEP 6.6: t^qr i oocm SST qtcET St qfSET 3rqp fpst qr PTS 
^q ^ an-qrfET | spt tee sts etp e 3 o cm eet 6 0 cm Et fft qr 
StETSEES: 200 SET 300 N % EPET E^ | I EE: fs^sft A.B.C.D. EET 
E % isesq pe eeeet ste Etfsq i E = 200GPa;I — 5cm4

lo X^ON 20N X lo
T^EZJ -Cf2------X—l

D C E
A B

*-30cni—k30 40 cm —*•cm

(3T)

©

© ©
7200

A D C E B
(<3 )

NS 6.12
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:

D tt 200 N % •*Trc % (a = 30cm, b = 70cm) 
200x30x60(140+30)Pab

9. = (2b+a) =6EI.1 6EIx 100
119000

El
Pb a* 119000200x70x30x30

El0D = + 0A = -
2E1. 1 2 x 100 X El

56000
El
Pb(l/2)* Pb(l2—b2)P

(1/2—a)2 +0C =
2E11 6ET. 1.

200x70x170x30
2EI

200 X 70 x (50)2 200x20x20+
2x lOOx Ef 

175000
6 x El X 100 

16000
2EI

11900040000
+

El ElEl El
200x70x60x60 200x30x30 119000

% = + +
2x lOOx El 

252000
2EI El

90000 119000 43000+ +
El El El El

200x30x70 91000
(60+70) =0B -

6x lOOx El
Pa2b2 200x30x30x70x70

El
2940000

Yd = cm.
3EI.1 3x 100 x El El
Pb(l/2)3 Pb.l/2(12—b2)P

(4-a)3 +y. = -t-
6EI. 1 
200 x 70 x 50 x 50

6EI 6EI. 1
20x20x200x10+

6x 100 x El 6EI
200 x 70 x 50x170 x 30+

6E1X100

286

8750000 17850000800000
+

3EI 3E1 El

9900000

El

200 x 70 x (60)3 200 x (30)3 200x70x60x 5,100
yR =

6x lOOxET 6x lOOxEI6E1

30000005040000 900000 7140000

El cmET EFEF

2. E 77 200 N % '7TT % (a = 60cm, b = 40cm)

200 x 60 x 40x140 112000Pab
(2b+a) =9* =

EF6EI1 6x lOOx EF

76000200 x 40 x (30)2 112000
On = +

2 x 100 x EF EFEF

12000200 X 40 x (50)2 112000
0C = +

EF2 x 100 x El E!

11200 32000200 X 40 x (60)2
+9e

El2x lOOxEF El

128000200x60x40x160
0 u

6x 100 x EF El

200x40x8400x30200 X 40 x (30)3
+yD = 6x lOOx EF6x lOOx EF

3360000 3000000360000
+ cm

ElElEl
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200x40x (50)3 200x40x8400x50
y. =- +

6 x 100 x El 
5000000

6x 100 x El
16800000 11800000+

3EI 3EI 3EI
200 X 40 x (60)3 200x40x8400x60

yE = +
600EI

2880000
600EI

6720000 3840000

El El El
WTTT % fTRif

119000 112000 231000
0. = x = 0.00462

El El 50x 10® 
1320056000 76000

9n = + = 0.00264
El El 50x 106

16000 12000 4000
9. = 0.00008

El El 50X1006 
7500043000 32000

9. = 0.0015
El El 5xl07

21900091000 128000
0B = - - 0.000438

El El 5xl07
= 0y* = yB

2940000 3000000 5940000
yD = -f = 0.1188

El El 5x 107 
21700000

cm.
9900000 11800000

y. = + = 0.1447
3EI 3EI 3x5x13’

68400003000000 3840000+y* = = 0.1368cm
El El 5x 107

288

w sra arr^t fsrfy gm f^rr ^ ^+d'i |
an^JT 6. 1 2 (^) f^^PTT WT ^ I 45^-1 4^1 STI4UI Mfkf Vl
% WR q-pft ^ f^nfaRT fw W | if | I

arm B % arr^t

El X 1
330 x 300 x 80+660 x 300 x 55+300 X 30 x 50+360 X 400 x 80/3

0*

100 X El
231000

= 0.00462
5X107

1 99000
9* - 0D

El El
231000 - 99000 132000

= 0.002640D
5x 107El

144000219000 75000era — 4
= oB + +

El El ElEl
0.0015

C crar D % arraw a<K<a ^rr= 0D0c

El
660 X 200+40x100 4000132000

El ElEl
0.00008

% era 1 3^1^ + 0D X ADyD = A
660x30

x 200 + 0D x 300
2

5940000
= 0.1188 cm

El

1
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EB= B % *TFW ara 4 =?TT 3TT^T 4- 9E x

7,500
yE

6,84,00080400
X 400 =+= 720 X x

ElEl3EI2
= 0.1368 cm

400 80 7000x10x45 200x10x130 400x500
ye= 720 x — X----- b ++

El3 x2x ElEl3EI2

21700000
= 0.1447 cm

El
sthtrt ^ ^ arr^r Mir 4 ^r | i

4% srfy+'riH sfrr C D % ^tcrr 11 srcr: Mir
C\

sptW ^mr CD % M ^r arr^0! 4tt srr^r i

22x 4- 20
1rd2y

- 30 1t*El.
dx2

222x2dy
x - 30+ 20 + CjEl.

2dx
2

23100
= 23100= c,El X

El
22dy
— x2 4* 10(x—30)a + 23100El.
2dx

*rftre>cPT f4#r %
- 1 lx2 + 10xa + 600x 4- 9,000 4- 23100 - 0 

«mr] x = 49.5 cm.
22x8

4_ 23100xx4-C,El. y = - 4-
6

=0arw: C,x «= Oi^'Ry = 0

290

22 X (49.5)3 10X(19.5)3
El. y max — — + 4- 23100x49.5+0

6 3
2177.35 2177.35

y max = = 0.1457 cm
3EI 5x3x10°

^ 4tV Mir 4tt snfnr ft w<^\ ^ f^ Mn

6.7 : (T^T 4m <M cHTT Mt TT aTT^Mr | I 
to **£ 'To 5 ooo N/m ^rr ^
ciM Mt rT«rr '»tr % Mr r:

^TTcT ^ftfjTCr cT^r McJ

E = 200 x 109 N/m2; I = 8,000 cm4

?tto *rfor ^nr Tfi 11 sm % 
to 4frM i vrp; % Mf ^ 

47t '4r ftscrfcT V? to ^rr^t i
TOJIctT

500N/m tx. lo

DC B

1 m “*■2 m1 m

SOON * lo loxSOON

fez 6.13
:

^4n% 4ft Mir 4^1 snM 4TO % M u+r jr-r 4fer to 4ft q4T 
cT4T TOT4T fT4T I 3R: oft TOET ifTTOT MMt Mil tt TOT DB TT 
5000 N/m 4>T TO TO^r I

DB ^ A ^ X ^t ^ft tt Mx itft

= 5000x + 5000 / tY, 5000 /2-V-I/ + —V-3> 

-»lo>r2_1y_5«./x_3y
—5000x3 j 5000 / .l 1 5000 / V

+ _a_V_ / 24“v-3/

2

5000x2dyEl. = + C,dx 2

Ely=----------^ +Gx+Ct

x = 0 tt y = 0 am: C2 = 0 
x = 4 qr y = 0.
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5000(4)3 5000(3)4 50000 = — 24 + Cj X 46 24

, 80000 135000
Cj = —^ 5000 27500

32 ■+' 24 3
5000x2 5000/ \3 5000 / \s

6 V / -T \x“3/EI - 
Ox

27500+2 3
27500 27500
3EI ~ 3x 16x 109 X

1 27500 
10-3 ~ 48 x10s

x = 0 tt =

= 0.000573
5000 27500 20000X ■= 1 *ft° CR 0C = +2EI 3EI 3 El

2000
= 0-00041748 x10s

5000x9 5000x8 27500x = 3 *fto r 0D =
2EI 6EI 3EI

20000
= — 0.0004173E1

5000x16 , 5000x27 5000 27500X = 4 jffo R 0B =
2EI 2EI 6EI 3EI

27500
— 0.0005733 El

^ ^ ^ Th fd ^nr | stct: oa = -0B oc = -ep i 
^T| ^ 3TST^T fqfcT SHTFI ^ ^TT q^ft |

5000x2 , 5000
I

—}■+ 21500xEl. y = 6 24 3
5000 27500 25000ya = - = 0.00052 m6EI 3EI 48 X 106

= 0.052 cm

5000x27 5000x16 27500x3 25000yD = — +6EI 24E1 3EI 48x10*
= 0.00052 m = 0.052 cm

292

Iwr qfr % Pttt =0 cm qf CD %
^TT 0C 0() dt,Jl | I

5000x2 )00 / . \3 
6-V'1/

27500El $- 4.
3dx 2

5000 / . Y 275005000x2
3T?T7T O = 3
3T*nrr x == 2m-

550005000x8 5000+y max = 24EI 3EI6E1
35625 35625

3E1 ~ 58x 106 
= 0.074 cm

= 0.00074 m

HI dd> •*. fd^qT ^TT ?RkTT I q^ °q‘I W f+q-! WT I
fqra% fa ofa f^Rft w&m ir 'xrm mfafa q eft Mr fw ^rr xfa i

6.8 : ^ ‘^nTT 5ft wfa fqrf qx wxxf q srrarfTeT 
^ qfdd WTt K d^i'N l 441 ^ dd+T did TT 15000
N/m^ fdt qq: eoooo N/m % fam? dd<ddi | i dsq- tk
fq’STT ^Ifd-U dfd '^ddft fqtd fd 6111 ^ q?T dldl{ 4 2Cm d^lT
srfaqrdd #qdr srfdq^r iooooN/cm2 t

E = 200x109 N/m2 (^fo fqo f^o)

GOOOO K/vrt4500 Ox
6i5ooo=<rl__

N/'KV
BA

x
6m

faz 6.8
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:

otYwt (6.5) &

, , ICAn , 45000x= +w = +1500 H------ ^----d%E I.
d*4

4500ax2= 15000x4 + CxE I* 12dx3

15000x3 45000x3d% : + Clx + C2E I. 362dx2

d2y = 0^TT5rf^x = 0rmx = 6^r
dx2

15000 X 36 45000 X 36 X 6
Ca = 0; Ct =*RT: 36 X 62x6

= —90000
day 15000x2 45000x3

~ + 36

l+ul % STRT ^TT M'f'? ^4+ ftfO <TT srfd-
fw ^rr +114 r+t>i^ f44i 'Srnr 4+4-44 <h i^i +t ^+fi+<ui
fWT 434 1

— 90000xEl. 2dx2

4jft o44+ 4+4 44

44 F^M TF 44T ^t7!! 4^1 4° 4° 4fsj^dHL

45000x2*r?T: 0 = 150000x H-------^2 — 90000

•rfTwr x = 3.3 ra
45000 x 3615000 x 10.9 -90000x3.3Srfaw+T Wo Wo 41 + 362

= 81750 — 45000 — 297000 = 170250 N—m 
17,0250 X 100 X 21

4fa+dH = 10000 = I
35750 cm4«w I =

45000x3 90000x315000x4 + CgX + C4EL y = -^4 + 20 X 36 6
x =* 0 x = 6 tf y = 0 ffm

294

*rr: C4 = 0
— 15000x(6)4 45000 X (6)3 90000 x (6)3

44T Ca — 24 x 6 30 X 36 X 6 6x6
= + 135000 — 81000 
= 324000 

15000x4

540000

45000x5 90000x3
EIy = 24 + 32,400020 X 36 6

WOT % f+T X = 3rn F^gW TF

15000 X (3)4 , 45000(3)5 90000x27
20 X 36

5000 x 27 90000x27

El. y + 32,4000x3+24 6
15000 X 27

g---------h 22,4000 X 3808
18,7500 x 27

8
187500 X.-2700

8 X 20 x 103 x 3375 X 10-® m% wot f+| tf y =44:

187500 X 2700
cm8 X 20 X 103 x 3575

= 1.76 cm

STT^F’JT 6.9:^+ STTSTlfTcf SHTT TK ^447 f+ f+4 ( 6 . 15)^ f4^W
441 t '^+ 4fsi'Jl Hdf 44+H 44141 44T ^ 44: ^4% f43T4 4+ +T 44I+T4 
44T^ I 4fk+44 f4^4 +T 4T 4T4 441^4 I 444 +T 44Tf 11 I

rai m
X

A

f44 6.15
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imr B tt ^t*it fsratr fro A 'tt
q;nT iTT^r ft I 

Ex-n i
— RA ^ Ru + RA = o

M.xM (1 — x) = — M -fEI d‘y
11dx2

Mx2El ^ + C= — M.x + i21dx
Mx3Mx2 + CjX + C2EE y =--------j + 61

x=0rT«TTx = lft4'ny = 0 3m:C2 = 0

MlMl3Ml2
21 3612

MlMx2dy = _ Mx -1-EI. -|- 3dx
MixM.x3M.x2 + -3El. y = 612

Ml2Ml2Ml2Ml2 +friar tt y = — 16EI6EI48E18EI
MlMl MlMlMl

+ 3EI3 El ’ 9b

=arf^ 0A vr* oB ^ | ^ softer ft^TT t
^ T| f?RT f?Tt 4 ^RT ftdT | 1

TO- it arfSRRTT f^^FT fRT '5fft ^y_ = o

■f0A = 6EI2EIEl

?«TR FT
i'X

Mx2 Ml
0 = - Mx + — 3

3x2 — 61.x + 212 = 0 

+ 61 ± -y/3612 - 2412 1
'-‘-vr3TFTrX = 6

296
r m / 2L- i-O- M 0- 'y Max =- -i- +El 61

M! / 13 O-73)] = M12V3_
27 El

^TrfPT 6.10: fw (e. le) fwrir rttt 3mnfr<T ^ ft ^r 
F’F I I fF^F FF> FF RRtFrTF FTFT FftfFn; |

R /\

B
i fM 

a------^-----
--------- - p, _

b
%

6 16

:

M -M
R» = R1

d2y M {x-a}°El. — — x — Mdx2 1

dy Mx2
El. - Mdx 2 1

Mx3 M / 4 2
^ \x-a/El. y. = + CjX + C6 1 2

x = 0fr«TTx = l^F'rry = 0, C2 = 0
Ml3 M Ml Mba 

6 + 2 1F*TT C, 1 = 6 1 2 3rT:TT —

Mb2 Ml
+ 21

i

r dy Mx2 
EL ox ~ 21 {x - a}- M 6
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MixMb’-xH—>

= 2EI1 “ 6eT ’ °c

Mx3 2

21El-y = 661
Ma2 Nlb^ J^l 
2EI1 X 2ET 1 ~ 6EI

MlMb2

M/MbMb2Ml
19 ' 2EI

= 2eT +
Zfc snsnfTrT ^ AB % f?ret 

m To ff

»A = - «B =

6EIEl2EI/u

MbMb2M/
El2EI/

M/
2EF

M/2
fiF? tt y arfewr ^brr = g^~

6. 1 1 : ^ TTT BTT&nfTT ^TT'T % ^ TT 
4m | f^TT 5rTT ^Ttfarr | ^ ST'^TT ^ fW WT | I

im^tfrtTT^mr p mnmf, ^ ^tt
| ^rqr ^'j°t f^TFpT tt p/m tt mrnT :rfTrf ttt t^t t i2P miTTT T'-Tl

: -
fg^l qr 2P tr ^ qnr^r V wf 
2P X (400)3

cm
48EI

^ mmr ^fer mr % ^RT
5 X 4P X (400)

384EI
JfV^^TV<R5FTT|'fTRP% TTRT

P x 300 X (200)3 
6X400EI

:i

y ITEq- =

Px 300x200x7,000P
6m (,00)2 + 6 X 400 x EIy TST =

64 + 6x64 + 256 ]113P x (400) [EI

— 1256 J
112013P x (400) [_64

nA + 64 r 6x64 T 
6.9 X 108xP

j-y iTW = 384EI
83 P x (400) 

^ 768 X El
3

EI

298

6 . 1 2 : 5>5^fsR M^T fjRTTTt 3?^Tf 1 0m t ^TT
3fn: ^ if TTTfT im TrqT I I ^TTT Tfr^k 28Cm

T^T cm 3TTT TT TfT^ 8Cm TT TT I I ^Tft TfT^T TT
,TTcT ^ ^ ftTT |3rr ttt ^rr % mrt?rT iooon tt sfe- ^
TTT I I 3rlWTT fTSTT 5TFT TtfTT

"TTTTT

I E = 200 x 103N/m2

^ : •

TFT £)■ x <R I qrr ITR

dy2 M 1000 X X X 12 x (50)4
(400+x)1x200xl05dx2 EI

_3,750x
~ (400+x)4 

(400 -f x) — Z RiT qr 
dy dydz

dx dx dz
d2y d2y

TTT
dx2 dz2
d2y 3,750(z—400)

TT: , .
dz2 Z4

dy 1 400
— = 3,750 ] + Cj

Tfr x = 1000 cm sRrrr x = 1400 cm ft dy

2z2 ' 3z3dz

- = 0dz

1[ 400
-tt: 0 = 3,750 + ci+2x(l,400)2 3(1,400)

17x3,750
*P?TT CT =

42x(l ,400)2
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X (1.400)2 ]17400 + C2" 6z2 + 42y = 3,750

qf? z = 1400 %4Yo y = 0 
3,750

am: C2 = - — X 140()
6

— 16z2 ' 42x(1400)2 7x1,400 J

x = 0 tt arfuwJT f^'T arm | rf^rr z = 400cm

17z400
y = 3,750 +

am:
i2]
49 J

341[l3,750
y ^ = l00 6 + 1029

4,750x2,010
= 3 cm400x6x1,029

6. x 3 : efft i^T gaTH ^ri 0.25 Cm
2 cm o^T^T %it5f qft mrcm- 9)?t wt ’ll | TZr% ^

qft 11 aRrm?!' % ^rrr sfnc fW^ft ^ Tft 
|f T|4t cf^T jrf? ^TTcf 4TT 8 000 kg/m3 ft 5ft 

^cT^T STtacHT srfcT^T ^cTT^tr |

PTM MX

(^o f^o f^o )

E = 200GPa

f* :
(6.17) ^t | f^3ff C 5T«TT B TT ^ 311^1 5T^T

^t4T 9)3T TT f ^ '*TPT 5fc^ MX T&ft srfxf^XT ^T%
x^ft sn^r■mx ?t Tf=rr |! xx 'tt xff ti rT?r ,T«?t %

ftcft |, 5rf=rf^trr ^x r xxxt xxt Tmt fxx ^ fWou w | i xx: x|t 
,\B srrq ^IT-T XETT XT XMXTT | fXX^T fXTT A ftXT I 

TT XTT fx^: XT XX xfxfxixr XX R % XfrfXMcT OX- XXTX xfer XIX xt fx 
q^t°% ^TR % XXXX ftXT X^X XXT| TX XWT I f^3ff A, B X«Tr C TX SfX-
XXT X^X ft4t I 

22—23 M. of HRD/ND/95

XMX

XT XFT

300

A

2 cmC
BjpPCCm'—

> 7 .''7~7r7'7r~7~7~/ / / / /
21R

R
(33)

(^)

fxx 6.17
fxxr B ?T X Xt ?xt TX TT^r qx EZTTX cftfxn

wx2d2y
El. — Rxdx2 2

wx3dy Rx2
El 6 - 2 +C‘dx

dy
X = 0 rTOT X = 1 TK = 0dx

wl
*rt. Cj = 0 cT«rr R = —p

EIy = -24 

y = 0, x = 1 ffr% qr

° = -24 

*r<*rCt=~

wx4 wl X8
3 X 6 + Ca

wl4 wl1
18 + Cs

wl4



3U1

wl4wlx9wx4
EIy =

x = 0fft%'TTy = 2cm

2EI = wl4 ^ w srffT ?i^T# TT "FT T^T ^TT I

+ 7218

72

irftr T’d't/t ^l^Tf b

1(t)-« , cm4I = b x

20b80b
4 X 1000 1000 N\v =

5x72x200x l05xbx 1000
14 = 2b X (4)3 X 120
= 4.7 X 10» 

an-icn 1 = 147 cm

6. 6

far) 5^t=r rT«n ftrrf tk —

lpp
D BCA

s4"- a -*■£-?.cja
Po

6. 18

a)}{X-a}+P{X 

- - a^.+0,+ y "£x - (1 - a)^

d*y - (1 -= Px - PEl. dx2

Px2dy
El. — 2dx

,

302

dy
x = 1/2 'M tt —— = 0

dx
PI2 p r i ^2

2 \ 2 ~ a J8T?T: 0 = +CX8
Pla Pa2

«PRT Cj = — 2 + 2

El. A , ^ f{-}’ Pa2 Pla P
4- — — — 4- ---- X^2 2^2dx 2

*{■ . (6.28)

Px3 PI ax Pa2x
~ 2 ~2~

+ Cz + T {x
EI.y= -

}'- (1-a)
x = a^r'Try = 0 
Pa3 Pla2 Pa3 Pla2 2Pa8

3rt: 0 = — 
6 — + C2 C2 = —“ 2 + 3
Px2 }•El. y = - (1 - a)6
Plax Pa3x Pla3 2Pa3 

~ 2 2 +2 (6.29)3
1 r Pa2 Pla -|

L 2 ~ 2 J9. = Ef.
0B = — 0A ?nrfir% % gTTT 

fPla2 2Pa3"l
L^~ “ T J = y

i
y4 = EI.

(?) qTTPT 4^1 VV 5Tf4 m tr^r 4474 4fer 4TT 44^
4^ 4414 fafST 41 4T % 44R f444 445 44V4R4 4T4 f44T
41 444T ^ I

r,r wx4 wl El. y = —— {x-a}3 wl3x 1 )■+ — a24 12 48 2
wa4 wal3 

_ ^4 ~ 48~
wla / 1 \2
4 v.y~aJ ■ . (6.30)
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0 < x < (i-a) % t ^Tf a % sffcFT ^ ^ 
^ srra 5r?rqt %tft ^r | i

6.14:^srsnfttoa 'rc%T^^fr|^TTB <V<
qqr q 'jRTftk sirarfer | 1 c tt ^ 30000 N ^rnwi

6.19 far) % f^§w qqr | 1 c ^ ^ ^
1 = 30000 cm4 to E = 200 x 105 N/cm2

30000NiOOOO M -

B CA

3 m I m -**
A 0000 N

C2

A C
B

Ci
)

cBA

T
30000 N.m

B
(^T)

6.19

304
5?T:

q>ff qfMro fw ^ f^rq ircr «rtfr ^ffp
d2y

EL = 10000 x - 40000dx2
dy lOOOOx2 40000 r 'j 2 - 2 V-3j>

lOOOOx3 40000 r 3^ V-3}
EL— = + Cjdx 2

EX.y = — + C1 x + Cf

x = 0a*iTX = 3^<rey = 0; Ca = 0 
C1 = - 15000 

lOOOOx3 40000 r ") 3^V-3>EI.y = — - 15000x

irl lOOOOx (4) 3 40000 x (l)3 ]arer: ye = - 15000x46 6
40000

El
^ E = 200 x 10° N/m3 I = 30000 x 10-8 m4 

______ 40000_______
200 xl09x 30000 xlO-8 

= 0.067cm 
3n^r fqfsr:—

f¥sr shtt fqfk" q^rRft 1 6.19 (d’)
an^j froqr to 11 to qft fes&q to ir (q) ^ froqt

ye = = 0.000667m

TO
I ‘

1
CaCi- £I X C % era AB'CA an^t

2 30000
2+2

1 [ 30000x3 xEl
100000

El
B % ffrfrer AB'B ^ an^r

BB = El
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45000330000

= X -r- X 1 =El 2
*M'f ACC2 APBj 4"

El

450000 600004CC2 4
= -j— 3twCC2 = X ElElBBl

100000-60000 40000
yc = CC1 = CjC2 CC2 — ElEl

=0.0667 cm

TTifTiT 6. 15 : 80 cm 2 cm X £ cm ^ Tft
rfEr (6.20) * f^En w t 1

0.5cm omTT rT4T ^TTPT ^31 it H^flf *1= | I ^ ^TT- 
3T ^ft qx eft »rsq- qrm frt E4cr ftrrt ^t
fq'^q' ft ^ irs^-fTOfeT if ft^TT I ^ft ftrd Tt. «4IH ^ I 1 

TK jrf'eTf’TWT m 4iT EH Et 4dl^ I

- 80 cm

6.20

:
fpTTcT qtt Eft qrt ^ wm ErarRef trn % ht ir eht et

I f5TE4?t fEHfE 1 I cHT EE% ESE if ^ ^TT 4ft f^TT ^ E^t EK EE Tfl 
ft fEEET ETE Eft ft Et Rr ESE #€t ET EfMw EE ft I

E+efT

c fw^ = 'sr?rr *?mr + Tfr ^ Eteri
= 0.5 + 0.25 = 0.75 cm

D 36 E1EE^T Kc — JSRJS0.75 = 48EI

306

Rcx/2 
16 El

Elfft ’ffoff TT M=rjicii

y — [enrwr ’^hi 'fiief Esrrl X ^rir ?f5t sj^rtt (sfoct qgt sft ^tei| -j- g^t
4?! setht]

Rc l2 
16 El0-4)y = + ^ X 0.75 = 0.75

O-t) ■‘ -4x4'

(«-t) x 4-^

0.75aTEET
2

3
3TEE

/ = 60 cm

36x20xi05x2x(i)3
Rc = = 8.68 N(60)2X 12

8.68
Ra = RB = —2 = 4. 34N

6.7 EE^FEE % 4ETE tE^E

EEEt E ^RTf $ EEE % ETRET EHH fE«3E EE ft SETE f<?ET 
EET | I EE^E 3ES1EE fen E EE E| EE^EE EE %
feq ftar | i EfetE ERfefet e fe bte^ee ee % etee eeht
SHE E feE E4H 4ft EEET EE°E fTET | I

Et SHE ^ETEE

6. 8 24T EE ETE EEE

EET SHE, Et f% fE fE^ EE E5 ft EET EEE ftR EEET EtEt ftPCt % 
E5E fEEl Et fE*^ ET ETE ETElfTE ft, E4i EET ETE ETE 4FfETET ^ I



307

(ar) fr^ 'tt :-*

<AJ’ / /vwr\
A B\\\

S\ Rs J==Zs
r~> C\/-~NX

(^)
BA

C\J
cO

H-C Wo 03 
^ (\J L$

r
7TFi_

(^T)

6.21

= -^ (/-x)a - R (/-X)EI^
dx2
dy - -■- [ -+f-'-j -R t x + ^ +C1El dx

dyx=o ^ 'TT = o Stf: cx = O

_ r oj r /2x2EI y = 2- L^- X4 /x3 -] R/x2 Rx3
3 J 2 +12

X = 0 TT, y=0 ^TT C2 = O

^ t ^
t ^ X = / ^ TT y = o 

O =

6~+ Ca

if | f^r^rir f^rr wir^r % T^rr

wT A 
2 L 2

/4 ill _ ^i!3 J 2
R/3+ -t^t — + 612

308

8W1R =afW

Mfd'fw R in?T, 'tt R rr«rr ^ ^TFr ^fcr >rn:
: ft ?TTrr fwr y+ai

^SRT TT f^n ir
M Rl*

^ yfdP^Ti R % f^rr it = -3^

% sn^ F arunORci ^x
| 1 rr^ mr* ^fcr % ^Tvm

j apq^T R — I w/Rl3
8EI 3EI

] -I W' (b>1=t['^4 ....(6.31)/x -— lx2

lx3 ~\ , , //x2 x3\__j_iw/ (T-x)X4w r /v 
EI y = "T l 2 ....(6.32)+ 12

(6.31) ^ x—/ xi 
1^ ftrt qro - — 48 EJ 

*pft5F?TJT (6.32) it X =//2 

TTW IdWfcT T? y —

.„/3

w/4
192EI

^rHld>'<1Tft ( 6. 3l) CRT (6.32) ?T ^rftt+d^ ?TR
5TRT ^TT g^cft | I

^ % x 'tt f^ft rx rrr an^t

^ /a + x2 - 2/x j" = -|- w/ (/-X) .

—___— (2x—2/) — —5— w/ = o (arfuwro 3fTo %
dx 2 &

anr^r x = f /
SR»R ^ tt t / |Tt T?. arfud>dH ^t^TT d^TT *TFT 

^4)^<ut (6. 33) if x = 5/8 l ^ ^ ^ t 1

L wla

d«n

. (6.33)Mx = —
dMx

arfy+rf* rrr rr arr^t — 128
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srfkfi'-f+f a(+vf 3rrq^T fft^Tl ^fff^

wl2(arfe^r) wz ftrff vt ^tt | %mx imr -y- | i

^ ^r 3rr^5 (6.33) ^i^di ?t 3t«t^t Brsurf!^^
fkfsr 5TTT STFcT ^TT d'^cfl | ^TTT ftr 6.21 (^) ir fe^ld'l wr
I i

f^TT 'Tfr^TT ^5 M ^ H fft TT |>n I

6. 1 6 : rr^T 1 Om ^ fa^: TT %<E ^ TT amnfTcT 
yrd1 ^r ^ #fer ttr str Tfffjnr f^nFr%
■3c^T 3Tf«T^TJT 5TfrR^ 1000 N/cm21 I cT^TT fd’^T 1. 5 cm ^ ST^RT 
^ 1 SRd1 'TfC^ dTT 3T5T % ^Tfcd' SU^t 80000 cm4 | I
E = 12x 105 N/cm2 crqrtRTT ^ZTf 40 cm | I

't*! <.u(

^ :

arffcpRPT d+d1 3FT 3rr^W sR* f^R TT ^PTT d^TT ^^RTT JTR^IJIKHdi

w/a
8 ^ 1

w-X (1000)2 X 20 = 10008 X 80000

apRi w = 32 N/cm

w x 1012*TWT f^fd <R y = 1 .5 =
192 x 80000 x 12 xlO6

w =27.5 N/cm 

am: fdTTR tnr ^t *rrr 27.5 N/cm

3RSTT

6. 17 : (6. 22)ir f^3T^ ^ ^ ^ tRdT % f^TTr
R d^TT STfU+dd Jtiljf(cd,di *7^ ddlcHd' dd 3TT^ 7TT ITR ^Tld’ |

310

8 N/ rrrvr.N 7S
&r ^^ o-v>- v\ wwvvns A

-i■s
50 cm-100 cm RV

fdcf 6. 22

aRT % ^TRT AC ^7 80 N/cm % ddK fd^TT it ^TR
?rwr i dTORi (e.i3) ^ fdRffd dT qdT mnd dfer mr % 
tttrt c ctt 3fR fd«^T —

80 X 108 f (1.5)2 
y “ El I 4

11.5 17] = X 80 X 1086 24 48EI

fTR AC 7T B^R R fRTT it RT ^sp ^6Id 4fed' dR % 4>| <UI C R
37R dft fed! d fd^T :—

80 X 108wa2
8E18E1

2dT dfefd-dr RT (5R R fe^TT d) % RRT fR| C R fdSTd 
R X (100)3

y = 3 EI
C TT fd fe#T = O

17 80 XlO8 RxlOO3
0 = 4® X 80X108 “ 8EI 3EI

3x800x11 = 5500 N3TW R = 48

arfsiRR r arr^or C 77 ^frt

80x50x50
= 100000 N.cm2

C^rx^i^'cmCiT#A%JTE3T#o^o3rro
= - 80x50 (x+25) + 55000 X x

R[ ftfe R dfcT+d'H ddTdRR 4RT Rf sn^f ^TT feTdR did 
= 80X50X125+5500X100 = 50000 N.cm
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(^r) tk 5mr % f^ft 3^ rt ?r^?t vn
RT —

pN\ aX BA
rN

2, R

f^T 6.23
RR P % ^RW B IR fasnr

R/3
3EI

P(l—a)2x a _ JRP+ 3E13EI 2EI

P(21+a) (I—a)23^t: R 213

STfdr^TR- OTW c RT ^>TT ^
Rxa ftRT I qf? a = o^t TOT ’RR RR TfT 7> RR R=P i|>TT

RRT 5TRT q+'T 3TTR°t RRd- ^FTT I

SSTjROT 6.18 : CTRT SIW ?R7T %, f^pt ?RTf 1 I, R/TcT RT ^TT 
P^nrT^rlcPTT^wtf^:^ arrinfTcT 11 srt:
RT srfcTf^qr «TR RRT cRR RT ^FT T| arfoTWR RRTRFF RR ^,jikH+ RRF RF
aTTROT RTT RTR RRT^r I Ro Ro RTo 3TT^R RRT 3To Ro STT^R Rt RRTfR I

CN

RTR

:
Rift^RR ( 6. 11) 5RT P % 4*1 <^1 C TT fq'^T

- sll «')3P/(f/)2

2EI

27P/3 (?fr% f^n ^r)

R % ^RR C TT •£M < Ryir fR^R
128EI

312

P3 0. l
44\ A

C\
\ R\ a

(3^)

J
P+3P/2A itzc B

5TM M q T

Rx(|/)8 = 9R/3

27P/8 _ -
128EI “ 64EI ’ 2

- pj
arfy+RR R£'J(kq+ RRTR RR 3iiqu( C RT f[td! t — ~^~ 

STfaRTRlT RRRRRT RRTR RvT 3fr^t A RT ^RT = -P14* |P1»

3ET 64EI

9R/3 3P

i
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srnwr w 11 ^ ^r y t=c ^ arrsnftcT

| I 3^: ^ TT 
arr^ar fTTrr ^rfsrq; i

^T^TOT 6.19 : rr^T

c3C'

:

^t% qfr^ qx arm M

= M_^i_/V2EI ^ 5 ^
qfr^s^ tt w^7 ^rfMw % 'f i<jt ^t f^^rr ^ f^r

= *- (A i V3EI ^ 5 J
15Mami R = 8 1

^>TT I^rT srmt JT'Rf TT M ^

3rf?T^TJT ^'qTciT^ sf^r ^r arm wz f*rt tk ^Imi q^rr *rH
15 x M x _1L
T x T x 5

arfy^VW ^H‘icH+ qTTqT

^ = M= M-Rx

M3M= M - 22

(rr) sf^ qr^r :—

qfc ?j^=rT | ar«rqT f^r^r TTr^r^ ^rr | ^ ^ 'rr
^rr arfT^ ^ % ftnr i

^r^«r 6.20 : ^ ’srrrr w tt far^ /1 ^M 'R ^nr 
P ^nrqr w | i sra re siw^ zr re ^ arnnfTcr | f^mr

^TTRft I I t^r ^T Hpif^ l ^TR P ^r anSTT eft«rrrk ^tr p %
*mfa % fRITRT K ^ m STTeT ^T^U, I

’TmT

314
^T :

P
jqr srfrrfw q^r — |

KP
am: TfT ^T Hi^TR =

P %• ^RTT W ftR R ^T fRTT tf f^r
p/3

3EI
P

qqq firr R afdPfRT RT—p- % RRT 3R R fRTT t fRR

p/3

6EI
p/3 P/3 KP

3El 6EI 2

/3
3T«RT K = 3EI

6 . 9 STR arrsnfRT Her yRT

tTR ?rr arrerifTcr sr?t «r rtpt i rr^r rri re w 
tr^RT R^rf wrr -q-R R^r r^r | crqr ^ ttrt f^RTfa qx ^ jqr tk f^r 
^ i rPTPT ^ferf ^tr % ^tirt 4^% fVwr ^f fq‘^Tr qft sq^ %
srfqfw % q^R^r ^rt qfr frm % fqsrq % =rpr qR ferr rpt i

R x l3 5wl4
48EI :84EI

amr R = f wl
RTfqf^ srt qt^ff faff r srf<rfw q^r

= i {wl- 4- wl } =-4 wl
i,^T5T,JT 6. 21 : irqr trt qT, fqqqff qfqqf 5 00 |, 50000 N

qn trqr rtr qfer mT Rq t^t | i fqff qT rRR arrarfreT enrr qeq ^ 
qnrf RTeTR q s'qi1 qr arrarfrer ^ i arcr: sqr qfrrfq.qr 
arqwq 4R CRf qqrq qR arRW arr^J '4t <sTlPq^ i

cm

qfrf^ qqr ?rr%=PT 5Uef

I
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8N/ mm

250cm —-250cm
15000 02500015000 g

16816
(3T)

t
1C7X25000

lo^i5000/16
I T

15000/16250000 ;

(<^) ^q^qcrr aTeT ^srnt^'

■ir&cr "H'

PS.
"<2^\ -^r^npi

(^)

6. 25
qfe Z^, ftrff 3^sqT ^ f^S^T % STTET % ET^T

eft ftrrf tt u feifw % h m i 

^ :
mPii = 5/8 w/ =5/8 X 50000 

_ 25,0000 N
8

%9^%i M. of HRD/NP/9S

316

mrOrfa % grrr srfdOtm

' X5000U=1^°N
16 16

(6.25) (^) rr«TT (?r) % sttf'TW ^ 5R?r 3tt^t 3rrt^ 
iu, t 1

(.,.'+i ^ I r( etfdcr 'ATT %
50000x500

VW f^cT^T TT Wst aTR1! 

25 X 106

fTRui,

wl2 N-cm8 88

t^T R % ^TT^T oTT'-T % ^ TT 3TR0T

R1 25,0000 ^ 500 125x10°
4' ~ 8 X 4 “ 32

JTS’T if qftwnft WZ 3TRW

25x10° 125x10° 25x10°

N-cm

IT (,-5,4)8 32

25x10° N-cm8x4

qf^ ^ y- x % ^rrtTK v7* ^fien eft ^ srfrir^i qir irnr

sr^TT 5TFT fw 3fT | I

z!l _ 1 x -5
E1 2 384 El

wl4
384 X Ef

4-- wl = ~ X 50000 =

wl4Rl3 5
48E! 384

5= A X

25,0000 N
R = 1616 16

=*{ }250000f^pt TT q-f^EtiTT 50000 - 16

55,0000 N32
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6. 2 2 : TO- F&pft ^rrf 11 77 3nOTf7cT |,

yr?n7 f^rrf tt | rr^rr oW<r ^r% ^ I' cr^ w
5f^r| ttt q;^ 77r7 Tfcr srn: *ft t^t 11 Trs^ k f^cf

TT f^rTTT TT7T T^T ^TPT cf^ft BTTSnff % Tf^fw
srmR

Tt^'f f^rt % srrsrn;
tr^7 7717 ft I

:
Wl

Tc^P 7T7T7 77 TfTfTTTT 77 = y

7fe=f '7T7 % 7T77 7V% 7?t f^WT 7 f7^7 =

77: srfMW 77 % 7777 777 % 767 77 377 TTt fTTT ^T f7W7

5wl4
384EI767 77 7717

wl413wl
= ~3~ X 38EI “ 144EI 

767 7T7 77 77 77T7

7wl4wl45wl4
384E1 144EI 1,1521

6.10 ar? anr3
% 777 7T7 777 % 77 f77 % 77T7 ^17^ f7^ 77 7^ 7 77T

farf 77 fTTft 7777 777 777 T^t TTTT 1 7^ fTTT f 71 777T 77T |3TT 777
7t 7^77711 1 77^ 71 7Hf77T7T7Ttf7 777 3T7t67f7WT 7^77 7777

| f77^T fTT f7^7 ft 7% I

7T7 3rr7rf77 777 7 fTTf 77 77771 ^Tf7 T^t itcft | I 77: 75 777 %
777^ % fqrq; fTTt 77 ttr 7r%77T7 7^7 77771 TTR

■^ifiq, 1

77: 75 777 q[7T 77 777 717lf77 777 % it ^77 7171 71 77711 f77 
77 fTTf 77 3?57f77 TfTf^Tl 77 % 3rf7f777 777R 7t 77 7^ if I

717 771 Tlfl*7t% 7?t fTTl ^ 77^ 717 ^67f77 7T7 77^ 77 ^ 777R 
f7^ 77 777: 717177? 771 7%7177f flT 771 f7 f77 (6.26) *f fT^lTT

771 | f
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Mgma wT\ re>&' ’
f/ £/2i/2/ /1/

(3T)

♦
W/2

i
7

T
W/2
i

) -

we/s+ i T
W &/ 8 we/s

(^T) 3TR73~

f77 6.26

(7) SR7 % 767 f777f7 77 7771 717 777 77 :—

77f7f7 7171 7c77 7f7f771 77 71 717 ~ 1171 I A ^ X 71 771 

7r fTTf Tfr^? 77 777 77 TIT'i
O'

Mx= 0 

ST>^T El --^-4 =

Wx
— Ma (s i£T 7T7 l/2 ft sfTTT fft TT)

d2y WxY~ + m.dx2
dy Wx2^-+ Max X+C1 .i?«RT El - =
dx . (6.34)



3iy

A. = 0; X = 0 qr afcr: 0^=0
dx

Wx3 x2mu El. y ---------

x = 0ft%TT y=0 3T^:C2 = 0
Wx3 x2El y = - ^- + MA A-

^ ^ _ dy 
2-^^ I!

fMA 2----- *~Ca

(6.35)

0 qxX =

Wl(6- 34), ir MA = = M ^ ^rirfirfcr %B8
| I

Ma Mn % sfT | 3Eq- Msr ^ STT^T fer 3fT
I i qr st^wt e4 = 9b = o | ^ 04 — 0b = o i

3^: A ^ B % jt^t snr sn^of srn^ qrr '^z ^'nn
i

Wl 1a^r: —Max1 H----- X -y = 0

Wl ,
Sf^^T Ma= -g- (4iIJllcHcti)

3TT^r cT4T 3TWIT’4' fw (6.26) % qTT | |

m\3?W (6. 35) ?T WX f^fcf tR
y ^ r_ w /1 vL 12 ',2;

Wl * (4)' * *] Wl3
+ ~8~

sny i f<d shtt i 
(?) ?nTFr ^fcr ^rrc ?npT qr

192EI

VmI'm ?
\ »

A V ^ B

l

6.27

3:0

wl
mttz 5TTT SR^rq: 5rfMq.qT ^ 2 f>rr foii qR rht ^ vm?*

i fsTT A ?r ^ x qx fq^fr qf^#q qR qq^q q^r 3n^i,i
2----- Maw>2wlx

M = 2

wx2d2y w!x +ma

P + Max + Cx
T- +
wlx2 . wx3

W. El. -gj,- =

dyEI. 4dx
dy o ; x = o sftq ara: Cx = o
dx

wlx2 wx3»m: EI. -A (6.36)6 + M^x-\-4dx
Max2 ,r

~2 T ^2
wlx3 wx4 

12 + 24EI. y = — +
x=o gtq tt y=o, m: C2 = o 

wx4 Max2wlx3 (6.37)3R: EI. y = — 24^ +

ma q^r Biq d4Wo,i (e. 36) q x=i/2 q^ = o q*x

arqqr qqMq srt qqrq^ (6.37) q x=l qR y=o w q^ 
strt f+4i qr qqqrr | 1

ma =

12 2

wl2
12

qsq fq^fq qr srfyqRrq fqsjrq qqfqrxq (e. 37) sm fq^r ^r 
qq^rr | i

3 , w(l/2)‘ (O’x ‘]= ±{-*L(±\ 
eiL 12 V, 2 ^

= 3^1 ^47 qrq ^n^rfer to % qrq qq y fqxt qft

TO qqqr ftRT qT qq^qf % qqjq % qq^ TOT q ^fgqqrq 
TO qq aq^ot qq qfq qs q-Rff | qc^y sjxq it

____4- ^d-2 X
24 ^ 12 Xy arfa

1

qqr fqOT qq qrqqqWdT
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sft 3TR- | i srcT: ftfrr ^r^rr ^ anyrf^ y<rr ^ff ^^tf

3Tfe ^ | i

6.23* ^3 cHTT TT r^T^T^r f^td fd 1 ^ ^FTf f?FTT ?T 3. d^lT
b ^FF ^Tt RT tr^ ^ST 'ATT P 'd1FF4T W t I ^?F% f^FT % STF^of, STfcTf^FTT 
iFT, yftr^TiT F^ JT^F f^^cTfcF 7T f^#T sTT^T ^P^M, 1 3^TWT cF«TT ^T 

3ny°T yrt^ yt i

Px
V a bX ----------3- - .

Ax X

CB
e~£ XX

X

(3^)

I -+ I
IA 1 Bi

T~D CMA ‘
1 \ !\J

• r\

( ^ ^ cK 'd 2ri” :^c^

6.28

:

% M4 MB ^ Ra, Rb wt: ftra A ^ B ^r ^ 
yr^T srfafoqr 5Ft «jr^r | i

?F X qTt Tpc5®^ ^ ^F 3B^.°T =

p{RA x — MA —

fqfe sr^ tt)

322

{x-a}ei. 41y = — R4x4- Ma + Pdx2

dy K —}’x2 Py + MA x + -fEI- dT = ~ Ra + Q

x = o qr dy Cj = o= O 3TcT:dx
dyx = 1 trft qr -3.
dx

+ MJ + (1 _

=2^+ X,

= o

o = — Ra a)2

Pb2aprqT Ra (6.38)1 1 2 •
RAxa bxL, P/ \3

2 ■f"6\X-a/EI. y = — 6 + +C2

cPFT X = 1 qr y = o 3rt: C 
l2 p

X = O 2 = O

3
^ + M.----- 1-----

b 2 6
1 — ao = —

3Ma Pb3
Ra =arqqT + (6.39)1 l3

f (6.38) CHFT (6. 39) gTfTF

3 M. Pb3 
1 + P

Pb22 Ma + la1

Pab2srqqT MA = [2

yH^+<u| (e. 39) ^

3Pab2 + _Pb8 Pb2R* = ^ (3a -t- b)l3 I2

?RT a trq b % ?«TRbr qrqf qr> ^rq- <TX 

^^Rb=^-2 (3b+a)mb
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ar? A B % hst ant*? 9pr ^tt i
1Pab1

- (Ma + Mb) X -2~ + — = oam:
1 2

Pab (6.40)

arrtrn: vx 11 a^r: ?rpf^T ?rpt ott
Jr <<dd ^ ^ % tflMST cj+H' sR- afT^riT ^’’TR spy cHi^i 9TpT

|Pn i
A % tH^^T 3TT^I TT

(Mb—Ma) v/
2 X

3iw MA + MB = —:—1

Pab v a v 2a
— ; X — X —■

21 x 1+ 3 1 2 3

* („ + 4)bPab+ 1 x T
Pab (2a + b) . (6.41)amr Ma -f 2Mb l2

(6 40) d«TT ( 6. 41) H 

Pa2bcT5^! M-u — j2Pab2ma = i2

^ ^ft 3wr d«rr ^r-srfdfwr ddl ^rt
'TT ^H'K ^tfsrcr |

Ra X 1 + Mb = Ma + P X b

MTHt

Pa2bPab2RA X 1 = + Pbl2 l2

Pb [ ]a b — b2 4- l2amr RA = -pf

Pb2y8 (3a4-b) irf? 1 = (a4-b) wr sm?.

Pa2
otT snR Rb = -jz- ( 3b + a)l3

328

dyx = 0 fmr x = 10 {fid T7- = 0 am: C, = 0 dx 1
wx 103

- +M, x !0 + —- + T53
(10)2 wrfCfT 0 = - RA X

(10)3 (5)3ar«mr 50Ra = 10MA (6.46)6 + w "6 

X2 WX4
6 + Ma 2 + 24

w

X3

ei y = - r. 4“ Ca

x = 0 FTm X = (0 TT y = o C2 = 0
(10)3 (10)2 (10)4 w(5)4

ra g + M., 2 + W 24 + 240 =

10000 w
(l°)4 4- (5)4....................(6.47)R, = 50Ma 4 246

Ma ^ % Rn PnfpTR ( 6.4 6) % T^f 5 P TO
to («. 47) % to ^rJr $ 1

50 0 - T ) - -T v{1 - 4 )w
-J (10)3 X 5 

10000x5xl03 1 10000 
— X (5)4 X 4

3
6

Ra = 4,0625 N

Rb = 50000 - 40626 = 9375 N 

Hromr (6.46) ar^mr (6.47) *r RA = 40625 tt 

Ma =

arm11! adanr sim

- 5,7290 N-m

10000X102 10000
Mb = RAX 10-57290- — (10 - 5)2 

lOOOOxlO2 10000

2

= 40625x 10-5,7290 - Y' (I0 -5)22
= - 26040 N-m
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10,0000
= 50000 NRa rb — 2

anr: f^r RA = 40625 + 50000 = 9,0625 N 
Rb = 9375 + 5,0000 = 59375 N

iTS-7 f^fgfrr TK
PI 10,0000x10 = - 12,500 N-ra

- 5,7290 - 12,5000 - - 18,2290 N-m
- 2,6040 - 12,5000 = - 15,1040 N-m

Mi, ^

W Ma = 
w* mb =

8

m f^crf^r ^ Tr^ f^rr -n -jot ^ o >vrn^f 6. 2 5 : n^; 1 2
qfq % fqrr a ^ 4 m |ft qq qqr qqR ^

120000 N ''TIT ?rq | qqT fcX B ^ 6m ^ qT
80090 N q?f 355qfqT WR ^7 ^ | I fart q^ qfcrfW
qroi

q^r irq qrqq qi% qrr mq I
(?fo fqo fqo)

:

^qfr •qn: % qqqq
Ra = Rh = - 4,0000 N 
Tra tt # fqqr Jr

Pb2
Ra = -J7- (3a + b) 

12,0000 x(8)2 80,0000
(12 + 8) = —j— N

80,0000 28,0000
(12)2

NTTffq TT Rn = 12,0000 - 99
12,0000 X(4)2Pa2

^T— (24 + 4>— (3b + a) =mq 7R7 7T fqq Ru =

28,0000
N9

330

80,0000
^ R. = —- 4,0000 = —9— N 

28,0000
9 ~ 4,0000 = - -y- N

’5m: R f^srr it qqq ttr ^scqqr qp- % ttcr 
8,0000x12

44,0000

80000^ R„ =

Ma = M„ = = 12,0000 N-m8

^ fqwr q qq m %

Pab2 12,0000x4x(8)2 64.0000
N-m(12)2 3

Pa2b 12,0000x 8x(4)2 
l2

32,0000M„ = N-m(12)2 3
64,0000 28,0000^ MA = - f 12,0000 = - N-m3 3
32,0000 4,0000*rMB = - 3— + 12,0000 = - N-m

6.26 : fqq 6.28 (q) q fq'qpT qq srrq % frrq 
A q^ qq fqqfq if q.gqfcrr qrrfqqr qq mr qfqfqqr qqqmf qft 

5nTr ^r^fq qq % qrq fqr qpqf qr-TR ‘5’ % qqrqr qq qrqT |
:

q^ q^qrq qqr qqrir qq fqrqr qr qqqrr | wr fqr q^riq 6.22 
^rq fqqr qqr | i

fqq 6.28 (q) qq ^fqq

°a = 0B = 0 qqr 0A — 0B = 0

fqq% qqqq- fq?|3ff A q^T B % qsq qqrq qq -qrqq 317771 qrr qj 
sqq qrqr qrqr |

(MA-fMB) X ~ -f- ^

sqm MA + MB =

Pab 1
r- = 0sm:
2

Pab
. (6.48)
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fifffr B % ’THto A f^T 6 t I 3^: ^ ^ft^T
f^ff ^'t sq-Ff ir wr jTi^t eft a % m'w ^ srr^f stot % % ^5
^'T EI *t ^T ^ TT s STFeT ^Ti I

3Tcl: A % TT,
Ma. I2 2a212 Pab 

X 3 + 1 X 2 X 3
Ma)1 a

[ 2EI
Pab

1 1

Pab
, (6.49)3t«rt Ma + 2Mb = -7T (2a+b) +

?retwff (6.48) em (6.49) ^ tt

Pab2 6EI.&
Ma

“ l2

B qr vnr armit

RaxH-Mb = MA+Px b

l2

Pb
or RAXl = 2Ma + ~j (1—a)1

2Pab2 Pb2 12E1.6
= 12 + l21

12EI.6Pb2
^ Ra = (2a+1) -

%% 3T^TT?T ^t STTT ^ft fpT fWT ^TT tl+’dT | f^WT ^FT

^ft% ter TPTT | —

l2

{x“a}d2y
— Ra.x "E Ma "E PEI. dx2

EL -^- = - R- T + ma-x + '|~'{x“a^
dy

X=OrmTX = lft%'TT = 0 T^R TT

X2dy +cx

Pb22Ma . (6.50)Cj = 0 CRT RA = 

24--23 M. of HRD/ND/95

+ l21
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sfftr qr,

Ma. x2
Hi.y = -R. T + —

X = 0?t%qTy = 6eWTX = l rT%TTy = 0 
3R: C2 = El6 ^

x3
-E L ■>j..

3Ra. I3 Ma_. I2
y + 2
3Ma Pb3 6EI.6 

3Rqr R, = — 4

P
-EEI 61 — a0 - 4- 6

• (6.51)
l3 !3

^Pft^Toff ( 6. 5 0 ) n4T ( 6 • 5 1) ^ 

Pab2 6EI.6
M.= —2 l2

12EI.6
crt Ra = -y~ (3a -E b) - —y

Pb2

6.27 : ^ fart cfi# TZ f^FTfef 1 | W
srEr ergrf mr^: ^tr | cT4t %% f^R R l/3
ffr R ZT< R 3Ti?JTfT'T t I ^7 R ^TFT kR t, k tfEHMIel
f’FRRT ft^tt R rf^rr gr- t i ^ i

^ :-
qqftR:^ ( 6. 3 7) R |TT R QR 4414 4fcr 4R %

RT°T f^STT

^ (i)’wl2*G-4tG)‘1 wl[ a.
y EI 1212

»i]
wl4 (aY% r ferr Jr)

486EI

3T»4< 4 (6.23) 4 RR 44 414414') R 5T4t4 R4 |4 447 R 
4f4f44r 44 R % ^F-4 f444
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, -«(I)' * (f). 8R I3
(3MT f^T ^')2187EI3EI. I3

Tot if fw^q-
wl4 8R13

= kR486EI 2187ER
9wl4

arrT. R =
(4374E1 k + 1613)

6.11 ftn srr^ qnrrf^trf

W q?r wfrzff if qrf ^ff ff ^qrcT qff qfprf, 
r4T ft?ff | i ^qrf Tfzrf ct^tt Htfrf ^ff f qr^ ^f^rf
3M^-3T?nr iftrff t Z^TT fqr fqw ( 6. 3 0) if f^fP-TV ^PTf | I

P/2

6. 30

Wffcrcr srscrq-r qc^ff qrqTfzq’f q^i | i wft

sr^ftir q’nrr^Tq-: ^rc^r^ff ariztjft^r sr^qr % fessff if fq^rr zrqr 11 
?^qff ^rrrr^q-: ir wrfor %qr qmrr | rrqT t ^qr arrsiTfer

|fq?^%-
^ qfrs#? qz ^qrq1 ^ srr^q- q^qfq’q1 ^rr z^ff st^fr qfc^

M ^qn- srrqpr ^ff rr^rr ~y x y ^ ^ *ptpt i qwq^

if JTEft zr ^qr^ff ^ i qf^rqq qff qfqrf itt srqnx.
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qccff srq^ ^qz qfr ?ft% ^f qrfff % fqzr ^rqz % q^T tfq^T t ^ 
^ qfcq-qf am zqrm srar % qr'TST trq: ft q^rr f^^rr q^Tcfr f i

^fqr ^qqrrFf ?q’qiT qi^rr ^q^r q^f finr ^rt q^r
|, airr: q^q-qmrqr ffqr | ^rqr I qrr rrrn ^fr rrq: ^nrrn ^q % 

qrqpfr qq: zq ‘Rq % ficfr | qf/^q ^ ^
ftcft | arq-fq q^q-q; qfT^zq qq qrrin affijqrqq- srffrqR ^Fizr ^ i 
if I % TTR if irqr JT^R qlzqRn q:T% % 5Tcqq> ^RTr % %T ^
qfqqrqrR qnrqr< qq: qfqr % zq ir qqr ferr qficrr | q^r snif ^qff 
sfqqrqrrT qafr arrtq q'r zrqr | i q^r fqrqfq q/ qf%qf qz 
fTcft t qqr qqrq qq snq’jf '4r q??f qpjqrqq ^Rr | i

qqqRi

Pi
qt-q fqrqfq qq M = -j-

r?cfqi qfr q^rr qq b qqr t qRq^ q^r 4?t qTfif qqr qt^rf
qt, =qfq: q-qq: qccfr qqq zqrqR ary % qR&T qzqr | 3R: qeq fqrqfq qr

PI
rrqr qTqff gRi qfq fq^r ^ qFrr qqR qq qrq’q — 4n

qfq 1 qrqRf qfr qqtq ^qrf, n

q&q fmfq qq q

bt3
yc = yt = t/2

. M a
fq qRT qft qqR —j- = -

PL x -i§ x t/2 =
PI

Mrqqr qccff % q?qqr qb:^ qq qqR qz qrqq — 4n

I 12 ’

^ qq

3plMy . (6.52)
2nbt2a 4nI

PIei _d!y = _ _ 
dx2 4n

Plxdy 4T + C-EL dx
PI2dy

dx = 0 ^x = 1/2 17

P12XPlx2 + ^ gEI y = - 8n
x = 0 q^ y = 0 C2 = 0
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[-riL 8n

2
1‘TW f^fd qr y =

El

PJ3
32nEi

1TcdV 'R arfd^rm =
2n

6.28 : rnfr T?f^er wnfr sfr fwfi 
75 cm %fwfcr q-r irsq- Jr ^rrfcr f^r w | ^«rr tc 7500 N 
^ vt? Prqrqr ^qr | 1 ttkt rr f^T 5 cm ^ ^ ^

^ srfrT^r 40000 N/cm2 ?r srfa^ ^ cfr ^^ qfr 
^qr- ^rf ^rr jftJif ?ncr nnr ^ fqr srrcsr
^ Tr^f %^rr nrit ^ttet i ^frrf = 12 x ifferfi

E = 20 X 106 N/cm2

yryrfer |
q^rr

n'qr

cT«TT

(^fo fq-o f^o)

5 ?r :

^jtht qft fq?f^r ?ftsrr qn: ^ 37% m qrt ^ '*tr mm | 

fqwq y = 3P13
8nbt3E

3 X 750 X (75)3
8n (12t) t3 X 20 X 105

5 =

nt4 = 0.9825

2P1qf^r a =
2nbt2

3 X 755 x 75 
2n(12t) t2

4,0000 x

nt3 = 1.76
0.9825

= 0.56 cmt = 1.76
= 12 x 0.56 = 6.72cm
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1.76 = 10'T fed 41 *fwr = (0.56)3

EM
I R

nbt34EIEl cmr I =R = ^-r 12PIM
U X 12t X t3 = nt4 = 0.98253TSRT 1 = 12

4 X 20 X 106 X 0.9825 = 140 cmR = 7500 X 75

6.29: rr^r '*TR afT^n qTfTRr 1 0 0 Cm | STczNt

fR ?r^t srmrfci i i f?R ?r 30 cm nm 70 cm qrt |ft
cr 2000 N % ^r anr ^ | 1 5 cm Tift nm
0. 5 cm irtrr 11 qeefr Tt #wr frier qrtfatr

'T^t4 ir 3,0000 N/cm2 ^ srte sfosrr ^ ^'r 1dCTvT

^ :

JTKT f^eTfeT ^R STfoRKT^T RT Tr^t

= 2000 X 50 - 2000 X 20 = 60,000 N. cm

60000 x 6] 48
y- = 9.6 = 10 (infac*) 

100 - 40

n = 3000 X 5 X (0.5)2

jttT f^TTTr 'Tccft qfr snrri =40 +

= 46 cm

qrfffT rr^T^cff 40 Cill VT #77^ Tr^RT qrr JTPT ^ mTR
Ter: snrrf i o qf^f it w^r ^ Tmt i

qf^eT^tf qtt et^rf f^r^fTfecr fPft :

10

46, 52, 58, 64, 70, 76, 82, 8 8, 94 eT«TT 100 Cm I
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i. ^ aifr 'cR^t r: swrer 3a |, eft sr^sfr m
^r 1 ^trW | sft ^ M *t a ^ ^rq^r | rr^rr %zru Wx 
| ^ft to f?R ?r a qfr tk ?rq ^r | i va: ^ wr % ^Rq s-rt 

srfrorq fq^q wr qrtNq 1^dcq'-n

qf? qrq I-qR^ q?r 25 cm qRr qqr 3 m qqr ii 
qpc5§q qrr qfcq 3rrqq 8,000 cm4 ^t eft W qq Wi qrr qrq qqi^q 
fqqq stfrorq fq#q 0.625 cm qqr qferqq tot qfqqq 
10000 N/cm2 ^t 1

E = 20 x 10° N/cm2 (q° fq° ^°)

{2a3 (2W + 7Wj) 49330 N, 7330 N J3EI
2. qrq sncrrfTcr srt fqqqr qf^-c^q qq> 

fTOfq qri | qqr qq r< qsq fq^ % qpff sir 1/3 q?r qr <n W
23W13

| 2l qfqif qrttTHm

I I^nr | 1 fe qttf^ir % mrorq fqstq 81EI
3. ^ 24 cm qten qqr 3 m ^rqrt qrr smr axq fqfTO qqrr^: q ^rf-^q 

fqnrr qqr | 1 q qeqqT % TO«r 8kN/cm2 qrr arfrorq qqrq qfro 
^eq^q ^terr ^ 1 qf^cqi’q qqr qqq ftrq qr fq^q q?t qrqr
5TcqqT qROT ftqfq % faq fTTeT q?tf^ ^ft qf% q^iq ^t qf | I

(q) qyq fq^qfq q^ qqr mrrq qfer '^r qqr |t i
(q) fq^qfq % q«r tc q^jt vtr ^rm ft i

(q) qR qeq fq^ ^ %qR to ftr^: qq qqr qro qfcr | i
(q) smr qq % qeqqqf q;qr fq^rf qrq to crqr TOn qfer | i

(qr) srrar mx qyq fTOfq qT ^ qro qfer ^q q qq Tfr | 
qqr qrm Jjqq q^: tot ^r % ^q q qq Tf t | i 

I = 12,000 cm4; E = 20 X 106 N/cm2 
(q) 53334 N, 0.75 cm (q) 53334 N, 0.625 cm 
(q) 35480 N, 0.054 cm (?) 53334 N; 0.64 cm 
(*) 35480 N; 1.5834 cm
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4. trqr 1 qqrf % $Rq q-?: P^tto qqrq qq^r qqiq |, q^qqqf arm qrq
it W qfq qqrtqr qqrf qrr iiq> qqiq qfcr qq Tfi | i fq% q^q fq^ 
q;q ^qq fqt ix qqqqr qqr fq^q qq qqqtq mq qtrfqq i

( 25 43 N
^ 216 ’ 112 J
5. tr^r qfrs^q qrqr 1 qt qqr cRq fqrr vx smrrfTcr | i 

?q% qiffq fq^: b qrf qqr W srfq qq:tq: qqi| qq ^ qR
qq x%j | i b qq qf qiq ?TTq ^rfqo; fqqq fq? qftrqqq fq^q qR %

qqr qrfqq ft qt
wl4qrq to qr ft i qfq srfrorq fqefq qrr qrq 

K q^i qrq qrq qrfqq i
KEl

(^° fro)
(0.4531; 178.6)

6. qq ^fqq arq 1 qrf ffr qr qt fq^srf XX snqrfrq I i SRq 
qcrfq; qrTO rf b qrf |ft qq: qrfqr | qqr TOqr fqr xx qqr q^qt qR 
p *rq t | i b qrr qrq 1 % ^q rf ?rrq qrffqq qfq arfrf 
qrq -qqqq rfqq ft i

fq^q qrrq^rq

(^fo f^o fqo) 
(0.3171; 0.221)

7. qq: qrq qrqrRq cRq q fqqqft q'tqirf' 2 0 cm ^ qfqqq qrr qrq 
12000 N/cm2 qqr fqstq qrr qrq fqrqfq % qqr qf^qrRT % qrrqT 
| 1 fq wxx qfr fq^qfq qrq qfrfqq qfq qqqqq tot rfrfnq qiq ft qqr 
?Rq xx qqr qqrq rffer to m x$i ft 1

I = 15,000 cm4 q*TT E = 20 x 006/N/cm2

qrfqq

(^f0 fqo fqo) 
(160 cm; 5625 N/cm)

8. qqr tot qrsrrfrq qrq qq qqr qqrq rffeq to ?q qqrrq 
qqr | fqr fTO qfqqpq qqr fqt qt Wx qqr |qt fqt: qq W211 qf fq^ 
sprfqq fqr qeq fq?| XX fqstq qrr qrq qft | rqr q^ qR % qq: qqrq 
qfqq ftrf to rf qro ftqr 11

qqrqr

(q o fq o fq o )
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9. rnp 1 3TT sRn St EHTft ?r ^ftf srrRT tor wr 
| sr^ sft ^Rrf 1/2 | i crsf: wt % qf^s ^r ^rfcs 3rrs;ot ^n: ssst

| cnrr ‘J'M ftrTf t?; arrarPTn | i HTn spt ^iorif q"?: Hts1 
’TIT W ^ T| t n?TT ^7% ^ 1/4 | I 3TcT: IT^
fs^r rrfr sn;^r % farr ^ ^rrss i

(?fo f^o f^o)
/ 19 wl3\ 
\ 512 ’ El J

10. T7^r TO St arrsnrf tt, ^fr 1 qfr |fr qx |, to arrarrf^ | to 
scssr arrsm: ?r 1/3 crs> sr^rst 11 arrTO % st% ^tft it wn: W 
qsr ?mFr sfor | tot srcs^r M W/4 % TOr %tr <?pt t! | i qfs ^ 

TT fs^T JTFT JJST ftrn -R ^ TO fSiT-T % RTFT ^t eft ST^TSt 
srr ^fses arr^0! fTfer Rioter ^rs fsr irsq ^rrs ^r ^cs 11

(5f0 fqfo fso)

TO 1

(f-0
11- ^ TO" f-JiRtt TO? (l+2a) I 1 s?t fft R St 3fryRt R 

srryrfRs g ^-jen- sres^ fR ?t a R ^ft rt sr^'#t | 1 sressr r 
RTSt ^TR W eT4T *TS^T R W2 wf1! ^ I 5TeR ^TR'iT R fsSTq' 
R TO TO Rfarr |

R?T

(^° f^°)
Wa3 Wa2l Wal2 
3EI + 2EI 8EI

1 2. ^ Ref STr^rPCeT <R*T % fRt R fR^teT fSWTSff if ^TT¥r: Mj 
TO Ms TO % eTTO R | | ^3% fRf R 5TSWT

\ w r_L_ -i
J; 0ElL3 aJ

ScTTfiT |

2M1+M:[( M1+2M2n >■]2EI 6EI

13. qqT 1 0cm ^tfr 3 0cm TO TO 4ui eft TO RS % JJR fR 
^ R RSt TO efiT Tf F | I qfs srfRTO 3fsts fs^ TO SRT srfTOT 
^RT: 2cm TO TO 1000 N/cm2 ^t ft ReT fR R m T^T fSTOS TO

E=lOx 105 N/cm2; (2110N)5TRT qfrfsr^ I
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R Ref srrsrfffs oRS R ffRt fTOfn I I R ’TTO TOcf TO 
w/ fsrf qfr ^q1 11 WtT% hwt ft^ fRRT ^R 3R ft fen t
tost to frot ff s^r fs#r qn nnr to Ct nrs 1 (it wl)

15. rrq7 sn srsss froff ffet icm nsr ^fftf 2cm t ^nffs 
ft ^ft r nrnrRn | 1 sfs fqrft fR n7- ^ nefSR to %

spROT s^ Rf 3T5T % STRf 5° SS TO nt STOS R 3TSSS f affecfS 

fqrs srffsef qrr to snfe 1

14.

qT 2 m

E—20x 106 N/cm1

1 6. TO TO STS fR R RT 1 sf ^f R TO 
atrnrfer | irt ^rt trt r snnR 11/3 ft TO r nfft

I I ScSST StTSTR R
R Ref
I I ?Rf SSR efsrt R TO STO tfef

SS R SoFRT 5TR I

SR eTM

5 vd3 n 
El ’ — 216’ El J

ft nw to f nqn fR R ffer nr< to tot r? fR 
t^t | ft ?r nscr fR r ssto q;f fsfn to RfR i

wl3 . wP_
24EI ’ 30EI

wl3r_L •L216 *

17. TO m
r w rt

1[
1 8. TO SffTO STS RS R, ffRT qff^SS TO nST*T SST efST^ 11 

w/ TOtqr efsrf STF to ^fef to ers T^r | i to ^fr rrt R R* 
fR f kl R TO TO f & R r ^ ^rnRn | i k srr s^ to rhR 
fjfRr to R qRr rt snRr qrr sts fR R nrnf to % ft 1RTR

(fo ft o fS° )
(k=0.71)

1 9. TO 1 ^ TO RS R SR wl TO STO tfef t efS TfT
| 1 qfs TO fR t 1/4 R STT R TO Trq: 2qr R TORS ft TO TO R 
3isrf TOiR rft srs R to fR R ^ fn£n $ i ^ ^ ^
SrfffqiST Sef To R fs^s TO Rf ^ fn^ fn TOT Rfer I
% fefq; SRFFTS Sef TOS ss srsf 3TRFsT St SSRS I

SITS RS

(qfo fSo fs°)
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{4r wl; \v 13 }6144EI

2 0. ?T4Tn ^ !R?T 1 |TT R"5; STT^T f^RT TT ^TRT Sfi'cTT-
fer | cr^r 'K m | % ^ ftirf
^ ^47 ^rf^r fat *r i/3 4ft |tr tt arfa^rcnr ftor | i fa^ qfrfaTr far 
arfronr fem fa^rfa t o. o i i 77 r stt srrtr ^nrr 
fawfa 4t '47 fa#? 457 JTH w, 1, E cT47 t ^TT STtfa 45t# |'(T ^rfF^q- |

(^° fe° fa-0)

MX

I TJ&T

(0.00108 ~)
ER

21.1^ art fanwt 1 a47 ^ ^rtr ei | fa^r a qr
4^ fT47 B T7 fat qt SttSTTfaq | fatf fat ^
b tt iTsp trtrttf ttrar ttr | i a 'K srfafatr ttr Ftrtqr twtnr 
fria qtrfaq i b qt ^tt qfr srtwor ttr sfamw fa^fa qrr trt irm- qfrfarr i 
tfc b, a % 6 tqr wfa | fa a qr ^rtnr qfa ^rffaw qrr
tfat mt <747 B qt tttcrr i

qt antrfat 11t+Tcm

3M
(>) Ra = ; MA = M/2, 0B = — , y =

-j f74 4T# ffa M 1/3 fa ?fT 77

3i6;MA

Ml2
27E1

3M 3EI6 Ml + 1^
21

2 2. trqr fatr |3Tr SRt T7 fartfa fa^fat 11, w srfa ttfa ttrf 
4TT FT^ ^Ttrt fafar tR ft I I pcRt SFTT ^fct Sfitfa ^
ttrt t|t | i fafa fafa ^ 1/4 fa ^ct tqr mt 21 ,T?Tr ^sq.^ 
i/2 farrf 111 i

00 Ra----2j + ;Qb =i3 4E1

9tt % fatf qt fart tf titt ttr^t t47 fat t^r arr’tt srrfa
ttr?t i

(fa fao fao)
j^STcfa fafa tr M = + ~~ wl2 -| 

32 J: tst fartft qt M =
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23. otr tRti^t qrtffa t 9 qfcttf 11 5ffa^ 7 cm fafa ttr o .6 cm
qt 400ON ^TTfafa I i ttrtr fa faff tt.'fa ffafa fa ^fa tEt 

ttrtr tr fa t47 srfttt i soo N/cm2 ^ fafa ^ fa 1 ^°T nITUir 
trfa ftr qrtrtt % tst ffa4 qt ft^t qrr tit ttrfa i

(to fao fao)
(56.6cm, 1cm)E=20x 1O0 N/cm2

ttitr | ffa tfatr qtfr2 4. ftep ttft qrtrtt 7 fafaf fa ffa 
6 cm fafa 747 0. 6 cm fafa | I tt ftfat'f 47 fart 4t7 fir ttltT fa

T 7T fa 747

T4R

t4lf 5TT7 fafafT fatt fa ?fa tEt 77 2 800N^TtT
?fa ttrf srft tt fa trtr 15 o o o N/cm2 ^ ^ fa 1

7 ttW

4Ttrtt % tet fa^i 77 fafar 47 tit fa 77nfa E=20x 106 N/cm*
(to fao fao) 

(54cm, 0.91cm)

25. ^ 777 ttt fatfa 7t7f 6m | 30000N/m ^B7
tfat tR 7T 'trfTt fa fa t 747 ^747 747 fatT ^ 777T7t fa 77 
attlfTt | fa 25000N % tT7 ttt 77 1cm 4t 7T7T | I 717 77t 
qt tft tTtt 80,000 cm4 |74TttT tRfa 20 X 106 N/cm2 | » 
STT7 tTt % ftt 347777 77 fa fat 7t atfa tlfa ttlfa .

26. fa I fafa 47 ERt fatt fafa 77 75 | 747 ft 77 fa 
fa^JtT 477 '477 tt 7^11 faft^T tlffa ffa 77 tit w 7fa fafa ?TtT^ ttT
tfa ffa qt far | i fttr qt tfaffan tt ttr fat tt trfa 47 tit 
tit 47ffa 1 fafatt fafa 47 trt fa ttrfa 1

wl; wl; —
wl2 0.00131 wl4-!

El J
wl2FA

L20 30 ’ 20 ’

27. fa 75 ERt fa ftfaft ‘ | I ft 77 fa ft'737477 fafa tR
tt 7^T I ftt47 fat ffa 77 trt ttr trffa ffa 77 w | i ffa

| 1 fa fafafarr tt 47 tit ttrfa 1tst ft^ 77 fa fa fa ttrtr ttr
( 41 )
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28. snsr sttstr f^wfd 1 | t^r
^fer ^rrc ^nr | f^r^r *rnr f^rf t?: w^t cnrr ^sq- 'rc w I i 
arftenr f^'T ^T 1TH <d'l^ i

'»ll'T»I

/ jvl^N 
^120ER J

sr^rnr i
^TTT 31^^

7 . 1 S(q^7
f^^fV ^7? r-TC rrgq- sr^T^fT eft 3rT5TP4 7^#^

ff TeW 3T'cJ5qT?r % srf'H^Tdd'f SrfTT^T ^eT^T ^tTT I ><M
cT«TT #73 ^ 3rer trTT ^t ?ff eft f 77ft ^75 737 777T TTtf T^T
7T7T | I

TTTT 7^1773 #73 73 b“7r7 ilf^U f^PTTfr ^TTlt 1 | 77F1777 ^^7T7 
7^ 77rf if 7777 R | I fW ( 7 . 1) 77 7ff7 7^ 77 f77 7T 7^ | 
77T ^ f7^ 77 Q>7 77 7Tf7 7777 77 | I

<1
A

.\
s\
N
N

\ m
A \

\ (■!>

/

V/

(TT)
f77 7.1

7f faX 73 fT^r 7f7f77T ^37 77 7777 777T 7t 7^77 77iq[ 3t7T I 
^37 T-T 7T7OT TT# ^?lt7 77 7t 7ST if ‘a’ =Ft fft 73 f# 77T 77; 77F7 
fTTTT 77 7777 ^ I

344
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11'-»!, Mcif'ti 4P<',3'c5^ 3f§T % ffl^ST SIh*^ fH'fldd'H 43T^8TT

x3ti x-^i <. yT'TcT % TT ^ ^Tgr AB ^ft ^5?T ?T ^ 3T5T

^T aTT^T

^ ^flTT | I
% ^HTHtTC 2ft I CR 3fI^ot ^?r % TIZ F47 ?t«ft f^f^Fft AC 

^ft I I

^rf^r ¥7 ^ ^ ^ srrc jtht ^rr tott | y&i
TT WT? % qt Tfr^q1 sft BFTvf-q^r fpq^r | ^T% T^sq i7f% Tj-gq- 3Tt ^ ^tf 
Tfr^ ^ $31 331 3$ii3Z* 5TW ^ qftf 3333 3331 | I TT^
T^ft tht qr JT^rqr t ^rq- f% ^sq- qftq- qrr qr^ qf ?t ^t i

w % ^nrnrq- 3fx^3 (37 Tq^ft % ^q- tt |) w % 
3T8T % irrtsT TTPTT fff 3H% f, q^ 3313 3fv^3 ^t q^ ^ fft 
313\ ^tTT I ^qr ^ q-^; ?3\ q-?; irq1333 TT arfq^qq- ^tcTT I I f333 

% 33X3 rrqr qf^SJT 3^3\ 3X IT'T'TT 3^X31 ^T^qT | 33 333X 3fKUl3 333- 
qq qfqqq qfc^sq % TcT^T ftqr | i q^?qT wrq, frq- 33WT3 qfqqw 33 
3fX3T3 333 31% %33 33 3133 % fTqrqTTrft $311

33f3\%\ qft fft 3X 33% 3X fqwq BC | 33*33 fqffq $=-- qfq
?TqTf fq^TTf =Bc/I

33^ <!>

q^T q^riq-

I

( G q.'SqT qrqtqr ^)

q^f T mz % 33% 3X S\3X3'3 5*f> cj?r 4T> c^fT ^~X^ f Z3‘ I C = F 0 
x$ o ^fk33 if *333 fqrqq qqq t

T
G

I

R<>T

G ~

GOT

• (7.1)R

^ft 333X qrtf 3ffq- fsp^ f^-^n r 3X ?t, fqffq -£l 

3fk f3331 r 3X 33*33 3f333 rr 33 X%1 $

GOTr Tr T
3TeT3T • (7-2)R
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$31 t fr %3Z 3 fq^ft ^313 3X 33*333h)3 <3 (7.2) fr qi? ?TTq 
srf333 33 qqq 33 ptr qfr yaq q q^t % qqqqqiqt ^tqr |, q^ qfqq^r fq^ft 

qf7^53 if %?? qq ^i^q 331 qrfft 3^z qq srfy+d*T $311 1srqqpq
o

3^73 3Tq^T % RtR, f^l qfwq qq ^ 3^3 '<*3WV3 ^ 
qn snqq' "qq qq qqq qi^r Ti’q 33 antjot % qnqq ^qrf^q 1 7.1
(q) if 331 fq'qrqr qqq | ^ qq^r 333 qft qrqqqr qrtfqnr qft 3% ^ r q^t 

^ft qq frqq | qqr fqqqtt 37zii dr | 1

33 333 qq m x%i q^t qqr — 

qff Tr

stqq % qsr % qrqsT qq qq qq qrqqt 

X 2 Tr r2 xdr

rr x 2rr x dr 

3TqKqq- qfqqq t q^T 2^r.dr qqrq" sraw t '

= Tr

T * X 2 7i r2 drR X

2 7T T X r3 drR

qfq^q qq 37$ anq^t srfqqtg=qT?5 33 sn^t

R
2 TCT r3 drR

o J

ktR4
2 R

tttR4
T = -w~.2R

tJ (7.3)
R

stor % '33t3 q^cq 3133 3J33 31X31 | I

fq^i qqqn | i

q^t j — 2

qfq o stqq % sqiq qq *333 q^: qt ?qq?t -^y
ttD4
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«nr*f(7.1), (7.2) fl«n(7.3) % 

5° = TfT T

J R . (7.4)I r

( 7 . 4) ^TcH | I JTft T
^T?rr sn^t, J irfta r

T 3ttww 5TffT^r, g ?^rr inwj 0 1 % ^ ^ |
% 5qR=r %qr IRT I rTJTT xr fefrtft ^•

oiJ I q rH

r qr 3R^qTJT srfcr^T t 1^qr

jrfTf rm,
TI 0

0 = GJ — = T
GJ 1

*rfc e =1 = ujff* ^ crt,

*T'JFT cfi?r GJ ^ 3n^T fteTT I ^TTZ % qfrT tr^j^ #qrf if tr^ 
4?t xtcMR 4>T ?T% 57^ “iRtf ^cTT” ^ft ^T 5fRT | I

JT = R X T

-R nfVd^ wn- W4)q ^TPF SFTfT RTTTT | I q^ f^TWefT

*4^T qTTTTT t rr^T f^teT if H RTTRT Tlfw % ^HTR ^teTT 

t > f^'t*! oq'rcr D | g^r+T CTeftq-jntrtct, ttD3
16 ^TT I

^4)q.<«! ( 7 . 4) ^ WtW^f 4t\\*\T Tfr^q- % f^ftr ^fy STT^cf ferqT 
^+>fi | I sfre % ^Tf%?T ^ ^idR+ sqTJT W?T: D q-qq d eft qfr-

i? [D*-a‘] i ^^TT a 414 Mmiqi i

Vqi^r.'M 7.1 r ^qi' 4 tT4t ^-TITT % ^t 300 cm <?iqi^ TT 80ONm 
4>T 4'•TIy-JI ^HTPIT TPTT ^ I 3ff!J4Tefq 5rf4^T <74 qftR (flTrt)

4dl^4 I G = 80 GPa 

:

T G»T
J 1R

25—23 M. of HRD/ND/95
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8,000 X (4/2)T = 63.7 N/mm2X RT " x (4)4J
32

8,000 X 300______
Gj = 8 X 10^ X ^ X (4)4

= 0.119 X —- = 6.8°

T. 10

TC

7. 2 : Trap ^7 ’TT 1 5 kN-m ^ 37Pc74kT^7 ^ 377^7

^r7PT7 qq i ^ i ^rf4 wtj % S7cqq> 
rrm sTf^f qft qw eo N/mm2 ^ ?f7te ^tdt w 477 
°qT77 STTcT qftfjfir |

^7 :

q-^r 20 ^TRT sqqq- % ^fqrf % ^3^7 ^>7 1°

150,00 X D/2T X R =T = ~/32 D4J

150,00 X 16D3 = 60x 7T

D = 108 mm
150,00 x 20 X D 
80 X 103X 7r32xD4

T.l 7T
0 180CJ

150,00x20x180x32
D3 = 80 X 1 03 X 7T2

D =130 mm 
37fsrq7 h P^h iui qi"fi °q"H Hi <N4 ^tnr 
3777: w: qT7 sqrq- = 130mm

7.3 : 4t t-TTf qrt irftf ^ ^
(TTfd trqrtqr frsq-qfti7 % 377^7) ^t ^tf^TT I
^ TRT W sf’T | ^77T7 'TTWI | ^777477 37tdT47 ^77 47^7 5,TTT7
3nE77 | I 4t4t ^t ^431 4Tt ^f4Tf, 'ATT ^^77 4^74 OR: fT | ^77 4t4t 
37fdWr7 4?t TO7 ^ft TT^TR ftd7 Rlf^T I

^7 :

^-(D4—d4)<sft<4?l TtTZ % j =
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31?? D cT^tt d srirff^ o^rra- °wr| i

^3 ^ D/ 2 9T ^T^TT IST^RkT^T ^rf?FFT •^l^'Ct ^ TT

jtt^t €rf^rr 3tfr mz Dj | i cT«Tr vfe D2 Q^r d2^t^r
W'T7 % sfl^^T ^ STFTfRi' =TRT , cT^

n,4 Dj2 = k/4 (D22 - d22)

3>ff ^ ^=rr|, 'fTTT rT^TT tT3TsT ^ | I

(t)1)r
d22 -Tt/4 D^ = tt/4 t J

Dx2 = f Do2 amr D, = V| D.,

StcD*
— D 4 = -----~512 2 96

»FT: 577? 77 J = 22 ^D4—d4 = 15ru

(37) 4MM Tfy+'fM ST^FFT %

2
W 7 7T7 TfT 77 37Tf7 T1 = 7r/32xDj4XTX -jJ-

= 76 d‘3Xt 

5^(DX)4 2
^ft^T 5T7? 7T 77 77 37777 T2 = X t X Da96

5<Dt)4 V3X T X96 Dx
16T2 SttD^XtX V3

= 1.44X ttD^XC

(7) 7777 37fd+77 377777 7f777 t ^ 77

96Tx

t.1x2
417 517? 737 01 =

GxDj 
tx1x2 t!xV3

77t^7% 577? M.47 02 = GXD2 GxDj

= 0.866 «57^ff w: 7*rT| ? ^ttpt tth 1 % grm |,
05

350
T GJ

JTTtZ ^srfT = — = — 

irra% ^Tpr rffTf 55^7

''ft wr ??r irfr? 96
32^(Dj)4

X -(D,)1

77777 TTToTT- 7 Tj[ 5777 7777 o f% 77771 77? 37f777 77777 7^7 
77 7777 o, 737 “777 77771 777 7777 7T7f 3777 '47 3^77 Ttcft | I77 7777

577? 7 757 % 77757 7777777 TTil+X'Jl 17 57777? 1377 7T 77777 ^ I 
37777 77? 7?, 75T % 77f? f?77 T? 7f?77 7t 7777 7|7 377 fTTt
^ 77 3757 7? 17777 777 5F7 ftT71 I 
^7 'J'? 7'T7t7 7?f T777 t 777f77 7f 7|7 77 77
3TfM?77 7777 7f>7 7 f?+|")+ i 77

| I T^t77t q^n T><,al

5T7 77 7777 f%7T 777 7ft 7f777 
37%77 ftcft ^ eft 77? 37fS777 7777 77777 77 7777 ^ | 377: 7777

3777*7 r7f?^^7 7777 7777T 77? 777 ?t7 77? # 7^577 37^ 7777 ftTT
7ft 7777

I-

7f7 d.> = f D, ft 7t 77777 377777 = 1.93 777 7177 37777 
TTtl 7177 7T7 377777 -jr | fw7 ?W | 7717 Tit 7T7«7 777 f 177 arfe 
ft 77 777t | 7fT 7777 7? 3777S7 757 % 7ft 7f777 777 f>77 |, ?77 ^7 ^ 
I? ?i7r 77771 1

'377f?,IT 7.4: 1*7? 7c77771 (Hoist) 717 777 75CIT1 1H 77 ^ 777 
7f 5 Ci71 5777 % 7^ 7? 7777 | I ?r77771 *7 5Cm 5777 
7^7 fl77 7 4kN 717 77? 73777 77771 I 77? *f 3^77177 7f77?7 7?t 
7777 777fJT I (?*7t % 77? Tit 77°7 777l 77 77177 q ) I

;
--

Tit T*7t ^ ?7?7

7f? f7 3t7 77? % 7777 
I f7% sqiq- fir 7T17? % ft% 

7Tff7 f777 fTl 7177 7 3Tf77!77 57f777 Tit 7777 771 7717 ft ?| I I7T>7 
37t7f?n 5777 77f 7 5717 T7 f | I

f7 :

VJ? 7 7177 Tit 777 Tit 7177 7f75T7 7 
7? 777 7717 T17 77777 77? 7777 f77T 777

777

(f D- 1600N/m.qr vTTT TIT 77 3TTF7 = 4000 +
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D 400 x 4x16T
= 65 N/rrun2r xt =

Mu pftfjfl' yHgM WIMd D ^

T =
*(5)3

wrTj= ir{D1- (i d)4} = tt65D‘
32x81

400 X 4 x D/2 
65* D4 

32x81 
stwi D = 53.8nun

t = 65 =

2
arraf^P smr = ^ X 53.8 = 35.9mm

•{ -(3.59)= y= *1 (5.38)2

16. Itc
= 4 cm2

^ . 2 571
W *7 — 7T/4 X (5)2 = cm2

25* F 16.Itt 
4~spt afcTWd Wtt WT = —4

X 10025*
4

8.9
= —Jf X 100 = 35.6%

^T^T’JT 7.5:^ ?r^r W wf 4ft 5ft?5R 
^ 5Cm 4ft 'ftcFT 4ft ^f^RTT % TT gRT
^ftfT IT4T | I tftcf^r 4ft 4f^T 4TT amffop oqi^ 3Cm ^4T 44^ =4T?T 60111 
| I 3ftf% % 4T4Tcf ^FHcT ^4T 'ftcRT % W'R ^t 4?t ST^Rt
ioo ^ 7scm 11 qfg w Jr srfcRrcnr ar^r srfcr^r ifirt ^ fr^r
^ Jf ww: 7oso N/mm2 4:>r 2° ^ 3rfir4r ^ gt eft w q-?:

4-11^1 ^PIRTT ^TT ?T4RT | ? ^RTeT % G=85GPa ^pTT qteRT % 
f5Tq[ G = 38GPa I I ^ Jr qr?df4+ srfawr 4JT qrq ^TTef W eRT
'rf^+l jf 3RR ^tT 4TT Rq I

wr | i s^rJf44141

w?r:

352

:
*

w % f^rq J = (5)1 cm4

qteRqftm 44 J = ^64 — 34J = */32x 81x15

5FTT4 % W if amq- srf^T % faq f'UH'i 4^14^ 44 4T4
2= —^- (5)4X 70x — X 103 = 1.72 X 105 N/mm 

qteTfr spt qfrr44 4 arj^rq srfer % faq 4W sq^r 44 4ft

* 2 
= — x 81 x 15 x 50 x —r x 103

•3 2^

= 2.0x10s N/mm

qfq 3rfa44nr 2° % qM 4?>r % f^rq qM 4^ strot 44 4T4T T ^ 44

2* T. ls T. lb 
"ISO = GSJ, + Gb.Jb

TxlOOxlO2 ___
== 80xl03x (5)4xlO^ + _H

TX75X102

X 81 xl5x35xl03xl04
32 32

T = 910 X 103 N/mra
$14 f44T qq 4T4f 4T4T if ?4q44

44: T - 910 N/m

fdTFK ^>rrHM

91000x5 
= */32x(5)‘x2

2= 22.8 N/mm5PTT4 444 4 qfddd

5HI4 4^4 qsq 4>>r 44 414
9,100x100 180

8xl05x__H. X (5)4 X *32
= 1.06°

to ^r 4^t44 ^ q54 4fm 44 41*

9,100x75x180 
3,5x 106X x8l X15X* = 0.94°

32
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7.6:^ c5t?T 100 CHI 'TT SPT^ f?Rt T?:
sr^ t i tt a ^ 4ocm qr
i kN-m qrr jh ^mrqi qqr ^ i srq^ srfsr^nT ^q^q^q q^r qq rnq 

^TTcT q^tf^rq i

I K N.m /
A/ 8// ^

40cm “------— 60 cm

7.2

:—

qrq fqr fqd a qqr b qf^f^TT q?q7q q^sr: TA ^ 
"tb ^q q| | i

t/+Jb = 1000:

ftn.T a qqr b vx q;sq qT>r qq mq | i qrir q^rq^q fq^: 
xx qq q;| qfqfqiqT xwxjx ^ qgfqq $ ^nqi | srt: \xnx b xx

. (7-5)

1000 x 60 _ Tax100 
CJxlOO ~CJX100 

;%Ta = 6,000 N-cm 
Tb = 4,000 N-cm

qqqr % qfxqiq qq qqrr qt qpq ^fq qfq c xx q^q qftq qrr 
qrq fq Frqrr qrq xx qqqqr qqiqr qqr || i wqq qrt qt ,si^f Jr qrqi 
qT qqj?rr ^ i qqq, ca qT qq q^r t^ qqr.qqq cb qr qqq^q tb ^firin’ i 
qq ^x xxxx fqf| c qr qsq q^q qq qrq 
q^ qqqfq^s fq?^ | i 

TAX40 TSX60

|tqr qiP^q qqtfq?qqrq

CJ CJ
40TA = 60T, (7.6)

354

qqtqr^Tf (7.5) qqr (7.6) #

Ta = 6,000 N-cm 
Tb = 4,000 N-cm

AC q qfqqqnr q^q qqrr^q qrqqr ^ fqqqq qrq 6,0 0 0 N-cm
« 1

6,000x16
qfqq^qq qfirwq = = 47.8 N/mm2n x (4)3

7.7: qfq d<i^'<'ji (7.6) it ftro b q 30 cm qtt |rt qx 
500 N-m qrr qqr qhc qqq^q d fq^ qr qqft fqqrr q qqiqi qrq 
qt ac, da qqr de qrqf it q^q^t qrr mx qqrfq 1

:—

qfq Ta qqr Tb> a qqr b qr q>qsr: srfqfqjqr qqft qft °qqq q*'<q ^ 
TA + TB = 1000 + 500

ftf<i b xx ^sq qq qiq fqqqqq qr
TAXlOO 10,00x60 500x30
GJ X100 = GJ X100 + G J X190

AC q qsq qq anqq = TA = 750 N.m

BD «f qsq qq srrqq = TA = 15,00 — 750
= 750 N.m

CD it trsq qq qr^q = TA — 10,00
= - 2,50 N.m

7. 8 : qqr qqqq fqqqq it 4cm qr^q ^rrq irq 0.5 cm 
qtst qtqrc qtt f?qrq qfqqq fqq% 3tqr 3cm =qrq qq qfq qq q^t 
| qqr ^q qx 500 n. m. qrr ^ ^ qqrqr qqr | 1 q q>ff ft
qqrq qqrt % f qqr qfqf fqrt qq it qqq fqrq qq | fqqit fqr nPrqn' 
trq it ^5q
srfcT^r qq qrq rnx qqfqcr 1 Ga = 80GPa qqj Gc = 40GPa

ft I qq: ^qrq trq qfq it srfaqrqq aqrwqqqrq
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^ ^ftf^riT fFTTcr ^rr cift 5r%ftsr %qr 
t, ?r«rr tc | i

Ts + Tc = 5,00.................................................

0. =0C

3wr ^rr^jf

• (7.7)

Tsxl_____ = T0xl
J« XG. Jc x Gc

T. Tc
n

X8x 105 34 X 4 x 10832
Ts

2x175 ~ 81
350

T =-----81

(7.7) ^TT (7.8)5RT 
Tc = 94 N.m
T5 = 406 N.m

Jf arrvrjr srf^w =

Tc • . (7.8)

33x940x3
tc x (3)4 x 2 = ^7.7 N/mm*

32x4060x4 
"[(4)4-(3)4]x2

«r 3TWJT Sjfd^^r = = 46 N/mm*

7.9 : itbp scm alter ®mr^ 0.25cm ^ %
^r w an^r ?rr .mr sorter ftrte ft grm iooN/mm> arfa^r
3TTWT STf^T ft I

^ :~

*TR sftfsnr ^RTC % ?rfr ^ arfcrf^r «W7r; D OTT CC | | 

J = 1J (T>4-d4) = (D*+d2) (D2—d2)

= "32 (Da+d2> (D“d) (D+d)

360

:

^ ^frftrfr f% snr w girr TiTf^r wfar H(kW) I ^ am* 
^rfcr^r T(MN/m2)

tor ^1% ^r^rr grr sriwot

H X103 
_ 2rtX 200 X 60

(40)3
.(7.10)= rex X T X 106 .

106

1 . 6 H cf^TT'sfNH FTRT IRf 'TRf'Tcf ^rf'Ta 
1 . 2 t t I

D tjar d ft, rft 

TT^fq'rT grr airEpt = 1. 6 H X 1000 X 60 
2^TxlOO'

^ x (D4 ~ d4) • (7.H)x 1.2 T= 2 X D16

?RftWr (7. 10) (7. 11) ?r STRT^t'R
1( D4—d4 ) x1 .6x2 = 2.4 X D (40)3

3.2 X (40)3D4 — d4
2.4D

qf? d = D/2 

3.2 X (40)315
— D3 = 2.416

33.2 X16 X (40) = 1.42 X (40)8D8 = 2.4x15

sqm D = 44.8 cm 
arrcrPcf) sqm d =» 22.4 cm
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^rei^TT 7.15 : w 5 0crn 4cm | I
f’s ^ 2cm tt ct^tt wq- wf Jr scm ctriH ^pi 

f^rr Tprr t 1 ^ ^iwr^ ^pt ttpt so N/mm2 ^
?T ft eft 200 fo sro f^o cp; qr^rqrr wf^r ^r ttht ^ 2cm ^
^T"T 'flT^T ^ spl JTFT 3 cm ^T% ^FT % ft eft
~3*{ ^FT ^ft eT^I s ^’’Tr^T f^’fl'^r 2Cm oTFT P+'-'-TT ^l f, I

$* :—
arfeeTir srPr^r ^r •^tft if fjr^f fk kkr | kff%
^r^r ?ftft fk if ^Tt j ^r ttft ^ t i

(4)‘ - (3)4]- r
16 L

x 1 X 80 X 103Prft^ grr srmeit =

= 687.23N.m

2tt x 200X687.23 = 14.39 kW
60 X10s

0 = T. u = T. 12
GJj GJ2

lj Jx cT«TT 12 J2 2 cm ^FT % ^T4T 3 cm TT^T
k ^q-TT: eT^rf efSTT mPl Sflf’’t °WT | I

Jx_ =
J, J2

1,

32 12321,
„[(4)4 (3)*]TC[(4)4_(2)4]

351.
= 50—; erm 1, + 1

48lx
1,=29 cm

3TTfr"T 7.16: f4> 3fr iffa W: fqr fFTFT 6 cm eT^F Fkt
300 cm | I 37T% TT f^T fTOT TT STTT 7 5kW ^kcT

5rft k | i W Fkcr qfr k wfff kr % two; sfPft fw mn |,

362

mp 9hp? % 3k 3ftT t sft 30kW WptP ^ft t eFF ^FTt affr kt 45 kW 
9Tf33 %eft ^ I SFFH' F 
fPrrt % fsf FksrfSF qftF ?neT qfifsrrr ^ 200 Fo5ropiro
FFT G FTP 8 0 GPa t I

Fpci 'ti'efq- FpTFF <TFT Wl? % 3Ht

7 *5 kW on 45 KH off y0 kWoff
\

B4

300 cm

fF3 7. 3

|F :

b qF 4 5 kW fPpt fmrr F^rr | ff: fff cb jttt 45 kW 
FpFF FfTpFF fteft | FFT FFT CA F FF 3 0 W FpFF Fi^FF fleft 
| I fPp ^ CB F 3fp?J37rrF FpTF FTTfFF fTeft | FF: FFt FIF F 
FpJFTFF FpF FF Ft FFFF ftFf I

«rpr BC *r irr amrJT = 45 X 103 X 60
27TX200

= 2148.6 Nm

2148.6x 103x 16arfy+dH anwr srPr =
ttX(60)3

— 50.67 N/mm2

_ 67,500x150x32x180 
G.J — TtxSx 106X7tx(6)4Xk

= 1.82°

T.lC? BC F =

30xl03x60F? AC arrfot = 27rx200
= 1432.4N.m
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600x75x150x32 ^ 180
ttXSX 105XttX(6)4 X n

= 1.21°

A frcr B % irw trsfr
= 1.02 + 1.21 
= 3.03°

7.17 (7.4) w ferq-r Tnrr | 57 ab ^
CD f^BTTf B cT«rr C fRr ^ftfT WT | 1^+?: % sqw ^T5T:
20 rT^T 10 cm t 1 W AB it A 77 tr^T «FT SB^r T?. 
6 0 N/mm2 srfwr prr | 1 qf? CD it siwr^r srftr- 

^rr br 60 N/mm2 ft eft Rra 5TR qrrt 1

8cm dia.

»rnT AC Jr =

20 cm
"V .BA ^TrRW 'frT ^HTT

’ /

10 cm
DC

fq^r 7. 4

f*T :

A qr srcrqr w m srmw = 7c/16x(8)8x600 
= ttX 32x60 N.m

vrq? AB Jr 3rm+ 
w CD ¥ 5ft armor

f+R B mrrr
Opr C qq sqrrr

qtnt fmx % ^'^qf^rcs ft?! f«fr^ tt ^bt Tq q^r qrr rmr bbr ^ cBtt 
qR SftqW d'-f+ SRTTT^T sqrq- % rBTR'TTcft ftcl f I

7rx32x600x 10+r CD *1 «r armor = 20
= ttX 16x600 N-cm

26—23 M, of HRD/ND/95
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tt X 16 X 600 = tt/16 X d8 X 600 

d = 63.5 mm

: qr wt % fBTt qft RF qRq- 5TTI ^ ™ t7.18
vrt 6 qnq% 2 0 irrft % fTT RR ^ ^ I 1 ^
qriq^ft it srftrqRq arqirq arq^q^r q^ 60 N/mm- ^^ 20 N/mm
qqr mfrrq q-fc qrf^ft q:r rr 1 Mr ft qt wt? qq RR sb 

ttr qrri'7 faM qRqr qqr wMf qtr ft 1qxiqxqqrR

f* :

1 ct "fi ir ^r armqor «ft

+4(1)2 X6X200 = 9424.78 N

20
= 300ti x ^

= 3,0000r: N cm

sprsmt srt rmifm qq arrqq

rr
30000 tt = — d8 X 600

16

d3 = 80

stc^rt w qrr «ttjt = 43 mm

7. 3 bsr fsfM qrmfqqi

qfq qqr qn: qft Mfqqt srqrr it viMr ^rq- eft fMt
f ?f+fr qr+qt qr^r qr-rr | 1 qfq qr+fr f^rMr f-r^r Trq tr ft 
f% spqsp f g’qt % -ft qj^rnff amt ^fMt % arft % qfMq

+r q-cR % qrqi'ft qfr bsft JMnfr qrM'r q+r ^nqrmqr qr
q 1 qrqriqqf qrr qq'rq ‘Mr-qqf % fqi’rt fqRi ^Terr | eBTT anqsqqRr 
ftq qr Mr qfr qrq^ fq-qr ^rr rrqr?rr | 1 fM Rrmt fMtd' ^ fq^r ft 
qf^r arfirqt fq+M^i B^rq1 fTBr ^ 1
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D

P

366

7. 4 HER sfSTcf sp^TRt 'TT rR 37^*1 VTTT :

7 . 5 it fTcFf ^rrn^fr ^'T fePTT WI | fjl^+l «fl«d
o7TRT D ^qf ^rit WRT ^TT ^1 STTCT d | I ^ ^ ^TST^T 

^T P ^T TfT | I ’TFT TTtfrq f^T TT T^T Br-^faT 3TgfPT cR ?1TT 
^nzr trt I cT«rr r ttttit: ctr ttt a tt ’rqr | i *ttrt- 
^tt fT^rPr ^^rnr w?r % arr tt f^- stwpjt P tftt 

Tmaf 5FFFT PD/2 ^iFTT I
4P

dm'M’Ji gF P % Fit ^ srT^Tw srPrgF = —-js-ird*2

o
2
2

on

8 PDPD
iJTFtiT—2* % ^TT7W FT7 ■7 Fpra^T Tiri3

{'+*}4P 8PD 8PD
7rd2 ‘ red3 7td3afF: cTiT F sTfas^Ff arq^qoT STpig^r T =

3WFT ^TjTTT it ^T'T.TT % tftar |7T> q? TT FFT 3TFFT ifFTT TFtf% 
fflT qrr sqTT? qFTTFt TF % sft’TTT 5FFT D 4Tt STFSTT cTfeT TFT ^'FTT | I

st^t: srfaqrJT arwTq
8 PD . (7.12)T =
7i d 3

ST&fPr VTR P % 3ta,% TTFRT TT fT&TT 5TTT TTTF % f^F %T7T 73F TT 
FqTrf ferr FFT | I fTTFr FT7 ^TTT % TT FRF* FT RTFT Tlf^F

^FT fTT (7.5) F fWTFT FFT | I FT fFt^T % F^F FIT TTT FFlf 
4I | I Ffe TF TTFrf it TTSF F7>r TTT FFT §0 ft i FF

ifl _ T6l _ P D = PD61
6 GJ 2 GJ 2GJ

^F F5F % TTTTF ^FFTT FFF FTF FFTT FFT A % FFtST FF 
'STTn r | FFT FITF B FFT =F1F BB qTr fFFT it FTTFT | FFT BB=a 60 
^ q-qrF TF FF FFT F F^t FT^IT FF5TT FT FFTFT | FF fF 6l ’FF Ft 
’5TFFT F'JF FFT FT FT FT FT FFT I
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RB 3TT 3Tc#cr ^ I 3TrT: OAB BB'B"
irrH’T ^r g^rr | i ^:,

B'B" OA D
BB' AB ~ 2a

fa^rm spr 3x?fvT B'B"

= BB'X -W = a ^ x^ =

^ zswfzn: fatf? qfr wrcT % f^q; ^fr st^tr ^Fft ^ ?f^T 
ttDN % ^R^T

N ^®rr sq-^r qrrcTr |

PD2 6l
4GJ

faSfq- % q-'PT gTTT STf^T %qT ^TT TOTT |,dcT^T

ttDN
PD2-/

O

3T?r: f^T 6 4GJ 61

PD2
X ttDN4GJ

^J=^- d4

6 PD3 Nam: & = • (7-13)

b % bb ^rr f¥^ft % 5qr?r %
ws % ^rot f?RRRW ft ^rq-qr i f^| b qrr fqr?STnR

ipx ftfrr | q-qr ^ f^| 3{5T qx ^rr T^n | i

7.19 : irqr <pf^r qjirn^ Jr i o jRcr fgtoi 
I ^rqri srfe oqro 8 cm | q-qr sr^ ^Fricr % cTR qrr s^tik
0. 7 5 cm | I qf<? qr 1 00N 4TT 3T5fpT *TR 5T»T TfT ft eft f^RTT 
fq'^r eTqr w^r seq^ srfeTq^r qfr irrar str qftf^q; i qrm^ft fq^-
q^r q^RT ^fr q^rriq- i G = 80 GPa

Gd4

f?T :

8PD3N
fqj^T = Gd4

368

8x 10x(8)3x 10 _ 
~ (O.VS/xSxlO0

,__ 8PD
arfs^Pem 3JM¥M«I = _^3

1.62 cm

8x10x8 
“ 7tX(0.75)3

^q-Rt Jr trqrtqr ^q^r qR^r % ^ 3r^ ^tr qfr
q:TTRt q?r ^tq> sr^qr fq^cr,ir ^r'w q^r | i

P = Gd*
~ 6 8D3N

^pfr ^ 62x 102 = ^kI^/m

= 40.4N/mm2

7.2 0 : ^ *PFT f^Tef ^qpft ’RR? IkN/m
| tt srr^qq 3T5fPr 'br 4 on arfawr afq^qor srfq

130N/mma 11 ^^TPft qft STB BBrf (stbtb Bf BBrf ^ ^BFfr 
qft qx ^ f^Bt qft ^ bb) 4. s cm 11 4TBnft % br q^i ^tb,
f SBt q?r 3ftBB BBSBTB BBT f^ft q?T B^qT BTB qftf^B I ^SBT BBTR 
G = 40 GPa

BB

qrr btb

(bo fBo fBo)

fB :
*>HRt 'JB^P %

4X 105 X d4 • (7.14)1 = 8D3xN

arfqqmB qq^B, qfqqB % Biq sr<r 
8x4xD (7.15)1300 =

BB fBfBBT rrqr |BS BB W Tift ff BB fB BBlf N X d ^tBT BBtf^ STB 
BBT^ B N qj^rBBT fBB% BR qp oBTB d ^ ^^^T

BBfB fmr i

red3

(7.16)Nxd = 4.5
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mtww (7.15) a D= l30^7^- = 128d3

4.5 cT?TT D = 128cl3 ^FT ITFT (7.14)(7.16) « N — —
ir W^T TT

4.5
4x 105Xd4 =8xl (128)3X

4x 105
d “ 8X(128)3X4.5 

ar^r: cm sq'ra' = 0.27 cm = 2.7 mm

= 16.64.5
js4Y i — 0.27

^>r sqrff = 128x(0.27)3 — 25.4Jmm 
arw: adw ara =12.7 mm

: q-fe ^JTrfirqf qft i4fifr ^ fen ^ in eft] nnm7.21
fern 47 r top 5nrr ^IRq. i

feqrnr it 5T nnn ^mfent 4ft ^ fen
irqr | i n:47 ^qrnt it i o f^fferf ^ttnn sqrn 
47T 3srrn o. 2 5 cm I i ^ ^ 2 cm 4ft 12 f s-
fferr ^t eft nTO 4R 4n s^rn frier 4?rfen i nn4n tom 4n fe^nw 

l kN/m | i

2cm n2?! mT

nfe ^4ei ^nnit it arr^'m srferq^r 200 N/mm2 ^r n m
f^T feOT 4nqi: ^qn-n ^ ^r^rr arra^enr «tr nnr 471^ 'ieM’-'i

nrn '»fr q’nr^q' 1 g = so g Pa

^ :
5>ft 47nrfeif ^ift n f anr: ^tr 4fef wfeff nr nmn | n’n 

^ t&nqfe nfer? n swfefe % sRm ffet 1
o c c

6 = 61 + 62

= ^ + pP
3T«RT

P!P

370

fe !Al nqr ^ qfef 4nnfett % fe^q^r nw471 ei^n nnqn 
fern*! 47i fe^q^T noi47 n | 1

l1 1 (7.17)+
P2PiH’

Gd4’tiMi'il fer f<i ^,-i',i irw = 8D3N

8 X IQ3 X (6.25)4
”8 X (2)3 X 10

2 x 105 X d4 
8 X (2)3 X 12

7.17 it vr imfi ^7 wr qr ?t?tt (j. = IkN/m wl qr
8 X (2)3 X 10 

8 X 105X (0.25)4

jwt qii fer^q^r qTqe =

8 X (2)3 X 121 = + 8 x 105 x d4
9.6ani4T 10,000 — 256 X 8 =

9.6 X 10-4 = 12 x IO-4aT«Ri d4 = 0.7952
d = 1.86 mm3T«RT

„ — fa<114 qrqr4t % sn’trn; t< jtrt fen jtrt nfej b uqpF P = - 

fem q>n ^ 1

* x (0.186)3 X 2000 
8x2 25.3 NP =

2.53 = 25.3 mm1

^?r^T"T 7.2 2 : 1(47 qft xmh % fecr ^ qr^rfelf 47T sfem
f47irr inn | 1 47mnr 4ft ^Rt 47nnfr % afe?; n«rr rx
wr nqr | 1 ^ftqrt 47q-fer 4ft 4fqrf ^\^x ^Mt 4nmft ^ 0. 6Cm 3ifaq71 1 
qrfft 47mnt it 12 f ^fferi | fferif ^47 4n sqrn 2. 5cm nqr nR 4tt 
sinn 0. 3cm t 1 ^ qr?q- wr | ^ ar^sn if 4nmft if mfe 
?tqt57T 0 . 5crn | 1 ^fteRt 47Jmft 471 fe^q->4 JT1I47 fTRI q7tfar( qfe qq^ 47t 
lem ^tSf^ ^ 1 5 ON ^7 3T?f 4?t 3T[qW47en ft I
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fez* 3Tfo. 15Cm ft ct«tt ^ftart it 
1 0 f sfaqr ft eft mx ^rr ^RT 5TTeT ^tfn^ G = 80 GPa 

(?fo feo fee)
f* :

qr^ft ^rirr^ft fr^Tq- 3707^
Gd6 80x 101 x (0.3)4 x 10* 

8 -h (2.5)* X 12 x 10‘8 x D3 x N _
= 4.3 KN/m

^Tftt ^fTTTt ^7 STltto ?rft¥3T 

^ftcTTt ^JTTTt ^TT Sntf^ ^rffg^T =0. 5+0. 6=1. 1cm 

3Tfft ^RT^fr srfcfqr #<ft^7 =_-0. 5 + 1 . 0 = 1. 5cm 

^ftcfft ^r?ft sifeTH ^f'ft^ =i. i +1 = 2. icm 
jrf? ^ftcTft fTfJl^r ^>T |i. it, cTSf

4.3 x 1.5 -f- fx X 2.1 = 15 
(x = 4.06 kN/m

WteTTt ^iTPft % f ^ft ^7 3fT^} szjth 

= 2.5 - 2 x 0.15 - 0.3 - d 
= d) q'ft d, «firRt qnmft % enr wry srrnr | |

^ftelTt ^JTfjft feTWT *iq^
o

= 0. 5cm

Gd*____  _ 80 x 107 X d*
8D3 N 8 X (1.9 - d)3 X 10 

10* X d* = 4.06 x (1.9 - d)3

1.9 47t 37^ d 4ii spfT |, 37c7: ^ ^ ^

d = ,r .4.06 X (1.9)3

= 4.06 =

y10*
= 0.23 cm

fSefte TlfM+'i qR % f+r

- { 4.06 x (1.9 — 0.23)3 }‘10*
= 0.208

372

^Trfta feT t %!T

}‘d _ ^"Toe x (1.9 - 0.208)3
10*

= 2.1 mm (^3r*nr)
j^fcTrT ^tTR't VT Rtt 'FZWV T ^ q77. 5

7+g f^^ft ?TfePT f¥f^a XX 375ftq an^t T OTqi eft
37^-371+r ^rrpTT |^ f^ft XX ^ ^ ^ ^ ^

^3n ^ 3TTcjq T % tj C17^ 1

arftr^T^ xx^x xfxx^x
T X 64

?T^
32 TddT X nd3X 2Ted*2I

^ qrtq W fafa 47 T 574+1 4T^ 5TTeT ^TT ^ |
<7+7 "37+7 37S4TJT ft f^TT ^I^IT I

7. 23 f^Tef 4*7Ht tTT 1 N m ^7 ^7
^7:77^ | I 0.5MT^eftW4tft37fTOTT7 sfeT^T

57TeT 47tf^ I

fH :
32 X 1032 T _ ________

+d^ ” ^ X (^)3a^r srf?ra^T —

8 X 32 X 10 = 81.3 N/mma

37^7777 SRH^TRTT
(sTTcffPTqTeTT ^ -7T G qq TO BOGPa fTO TO7T |)^

!. ^ 40 mm 5TO%®?^ 1 KN.m 4fitot 3tto TO4t
1PT7 | I ft -JeTO 37fj4TO STOT^T ^feTO eT4T TOP 3m ft TOT 

q+l TO ^tf^ 1 (79.5 N/mm2; 8.5°)

2. to sommamr to s+t w ^t f^rot ^ _^o J
f^T+T ^7 XX 1 kN. m ^TT tot ^ ^ q7: ^ 2 ^

^7 q 3TOT ft 1
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3. ^FTTcf ?rf^T3ff % f^RT TT ^ ^ ^ qf | | ^rft
H'fVl+I ^T irrr<+ oinJf 5 Omm cf'^T HTHT^ 5i^rn ^ | gi^r ^r.l^T TT 
lOkN.m ^3^ ^r STT^OT ^prrPTT W I I 3cW ^TriT 3rf?J^-

siWT'T ^rr I
(27 N/mm2; 54 N/mm2)

4. 3m ABCD 4?r ^ | :

AB CP4I BC ^FT 3t?T | ^ ^FT WT: 100 cFTT 80mm | I CD 
STFT ^^7 | ^«Tr 57T?T 100mm ^ Si idf^ £4T?T 60mm | I
qf? STc^ '4FT if qff'7 ft, SR^TT r<TFT Tfr d^T fW ^5?T ^>T ^T 
iRd i arfk^nr srewr srfd^r ttt rft 50 N/mm2 I 1 ^
srt qr^fad ^ sTr^of ^r qrd ddr^ir 1

(131.5 cm; 53.85 cm, 114.65 cm 
1.450°; T = 5.03kN.m)^5^ ^

5. rr^ tfWcT W 7>T 600mm ^fdT '4T<T STd dft ^1 SRH | f^T^T 5qr?r 
1 OOjnm q 8 00mm ^741 ^ Td '^FT STd Pl44 4^1 fsi^FFT °qTO

| 44T ^t-TT 'fl'Fff 4ft ^f4T^44i sffgr ^FTF ^ I ^43 % 471 5 Ojiun
12 kN.rn 4TT 47T 3iT4/4 ^FTTqT 44T | ^4 ftiTT 45 | I 4^4T
4414 if STfy'RPr SF4^4,jr 4fd47r 44F 4^4 4 ^^F ^54 +tuF 44 414 5F4
qftfsnr l dfar % fwq G = 40 GPa ^firf444 % farr 4F G = 40 GPa

(61 N/mm2: 8.1 N/mm2, 1.37°)

6. F(47 1443 4TF F(4r 47 ST^-FITF ( r+a ) | 44F ^ 47
*TRT4 ¥4 ^ 434F |3FF ( r — a) 44F | I 4f4 ^4 47 srsfpr 44 3FF44 
T 44 TfFF 44F a = 0.1 r dt 4474 f%4f 44F^ if ^34 4Ff4 % 474 if 
f4F4% 4f43F4 77f 4f3 ^Pft 4^ 4| 4F4 f44F 4F4 47F4TF 4474 °4F4 T 

(3.25%)I I
(40 f4o f4o)

44F 4^ 47 ^4-
44F 45 '37T7Ff 444 44lf 51711 I 444 f4^ 47 ^[4 444 f4^ 4 2111
^ ^7l’47 444; 81 kN.m 41F 4^74144 F(4 6kN.m 4FF 474144? ^54

I7. FT47 St4 ?74F4 44 443 8 0mm °4F4 4^1

374

| I 443 if 3TfcF^44 3F4¥44 4f444 44F ^43 % 44444 STF44 44F4F 44F
^34 4TF4 5F4 4?Ff4Q; I

(79.6 N/mm2; 3.91°) 

8. ^4F ^43 110 4o 4o fiTo 47 67kW 4f44 4F7f44 4T74F | 44F ?4
47 441 44F4 434 44 4144 44 T^F | I

7T43 4 SF4¥44 4f444 44 4F4 70N/mm2 44F 2111 4411 if ^34 4^4 
2° % 3Ff44T 4ft fF4F 4Tf^ | 443 44 ?4444 °4F4 ^47 f74f4 % 5F4

(7. 55 cm)^tfsnr l
(4o f4o f4o)

9. TTcfi 443 44 4t47t 5417F 44% 4F^J 5474 ¥F 3FF4F f I 4^ 400 
Sfo SFo f4o 47 30 kw TlfTcF 477f44 4F74 % fsP£ f^4K4 f+41 447 f 447 
444 80 N/mm2 4 4f44F 44 3F4W4 4ft ft4F 4Fff4 I 3F4: (si)

443 4TF 4711 57F4 (5) 2m %t 2(7? 47 f744 4? mR^^F % 4*4 4F4$T 
434 4ft4 447 (4) 44F 4f7f?4f4 % f4^ %F^4 443 %t 44t4 4*7% 47 
SFf45F4 4414 %f 444 44 4F4 5F4 %tf40[ I

(^° ^°)
(3.43 cm6.650 22%)

1 0. 44* 5%4 f4?4 4F5 4*F 443 4^ 3RT ^TTF4 4T|4 5414 4F% 1444 % 
443 % 447^ if %tfF 447 f I 14TF4 %43 44 4t47? =474 5F4 %tf4FF 4?% 
4f4 FT444T 44F1 if I44FF %34 %M fW'l 4F3 % W 44 75% ft I

4f4 f4«F 4F5 FTSf 14TF4 if 4f4^44 4F4F4 5Ff444F 44 414 5 0 441 7 5 
N/mm2 ft 4? 443 SF7F 4° 5Fo f4o 47 149 kw 5Ff44 4F7f44 %t 41 
444ft f I Gs=2.2 Gallo

(4.4cm, 1,915 4o 4o flo)

tr^T 414^7 % 40 fl4t % 3F47M 5414 47 477 444% 44 f 1 
^T4%t 44 5414 514 4?tf%FT 4^ 14% gl71 200 5o4ofil°47 746kw ?ff44 
4T%f%4 4% 51 7ft ft I 444% if 44¥45 5f455 44 414 20N/mm2 %
4^ ft41 4Tffq; I 4f%4414 ^34 45 51^4 44 414 %?44 % 30% 4fsJ5

| i (6.08 cm)

11
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12. n^r < sfnrnft sf^Tcf zm* siwr rnr % ^rm ^ 
JT1TT I I *rfe W?T ^JTRt TT 500N 3?^ ^I'FTT ^Tq- eft 40min
^T fq-#T STTFT fteTT | I TTF if 
300 N/mm2 ^ ?ftfqeT *ft eft dT'< qrr cqTR- qrqrf 5fFT I

(5.05 mm 1.78 m)

srfii+qq am-TW qfci'q'H •HTH’i'-'i'-'i

1 3. 01^ ^3eftqiT ‘fr'H'I'-fr Tf 1 2 ^eft f fjH'+l sfl^rf oqT^T 2 Omm 
| q'sarr 5TTO riTT 2mm | i w^ft ^t atirte 6 Omm
t i qf^ w^t "fqrf q-?! qR 4 5mm ?ff eft fqi’qqr q^r ^nrnrr M«qr ?
^ qR % qrRUT rfR If fqRTT arfaqrrm- STT^'RT qfqqrT 3cT"T ^tqr 1

qRnT

(25 Nt 159 N/mm2)

14. f^7 tfsnr f^^fkR qnrRt q n f ^rqf | 1 qfq qrqmft qr aftw
sqr^T o qqqq efTT % sqiq’ qrr 10 wr | eft to qftto fq: qTtot q^r 
fervor qurqr ? x ffqrtqT frqr 1 ^ ftqrtqr qq qrq qqto 1

qq 10 omm qft teqto totqf? qqqqq + q1 qt 1 kN qq wr
t eft (3T) qqTRt qiT qR I (q) ^qqft qq 3ftq7T oqqq qqq 
qqqq qrq qftto 1 qR qqrq qrr '^r sooo kg/m3 qrq ?ftto i

qrqr
(q) fqqft

(10, 13N 90 mm, 9)
1 s. qqr qqqq ^qfqqt qqiTqt q toft qqqqft qr^fr qmrqt % sfqffft

Irq^T ^ Jr qi^<t qqqFft ^ 1 omm &tsr ^ 1 qr?Rt qqrpft Jf 10
^qfqqf ff fqqqq aftqn 5qrq 2 5mm t qqr efR qq squr 3mm t 1
qfq qtot qq 15 on 'qR qqq qq qr^ft qqrqft qft erqrf Jr
20mm qfr qnft tot t <ft qteRt qntot q^T fq^qq qqq: qqri^ 1

qfq tot qqnfqqf % 4'ni fqqq- srqqqq 1.5 mm t qtqqt qqtot 
% qR qq sqrq ?TTq qftfqrr qfq ^qrJt jseit qfr qwr 8 f 1

(^fo fqo fqo) 
(0.46 N/ mm 2 3.2 mm)

16. irqr qqpr qqtot 5mmsqw% qrq % qqi^ qf ^ i qrq-qftto[
?qr qq fqrqqr qsq qqrrq'q qqrqr qqq fjrq% fq> rtJT 200 

200N/mma ft qfjqr qqrq qfqqqr q qqRT toT 1
(2. 45 N.m)

STSTiiq 8

%-^tof 5TtoH ^ 

8. 1 arterto qiq qrq qq£ qtot qfm
qfq fqqfr qqqqqqq qr^- Jf qiq qqq qqqr qq fqqr ^qq eft qq% torqt

qfqfto % to- 
• | qqr tot “qfqto 
qrq tor qq qft qfqq

% toqq qft tor Jr qqqmrq qrq' ^nrefr q^cfr | i qq 
^to tor Jf qqpq qq qqr ftotor qqr :3eq?q qRqi 
3rqqr ^q qqq” qr^r qrrqr 11 tofr srfqfqqq eRqr 
tor toff tot qft qr^q tor^ qrr sraoT toq qqr qqqq q^nr qq toR 
Jf qqr ‘totsq eFFr" to7 1 toto erqr stosq qqq qft toqq

qrq
044

torf Jf brr q^t qtffr qq^ 44 qrqrq qft tort fof/isq % =qrq % 20 ft

qqT o't-tt I qq ^qJf aTfqqr fqqqnr qqf tor t fqqft qo^rr qqq qqrr ^Oerr 
q 1 ^q sfqqr srqq&q qf^rqei qrr 414 frier qrqq qqq ftoqrfqqr qqwrq qf^q-
to to't t :—

(1) toR qfr toq qtqrf Jf sfqqqr qq5 qqiq | i 
( 2) PReT qqr qqq qqjq qrr 4R 4Rq to1 t '

(®r) gq qfqqqf

to 8.1 (sr) Jf qrq tofto; 444 qrr arrtoqiqr r rqqqfr torq tonf, t 
qqr 4qJf aitfrfqqr qrq p ^ 1 444 qft toR rrqrt^ qrq to to t 1 qtoto 
A A qq sqpr qrfqq to tqq to to to tot Jf fq^rto q^qr | 1 torq 
qq ^qqf to4i4, qqq qrq p qqr qqq qw 2Fy to fqr fqtor to w
£RT qrqrqr 4r q^r | % 3fq% 4544 srqqqr Jf | 1 qqr toz 3^444 to q^wr 
totoq to qq 56 toq 44f4i | tqr fqr f44 8.1 (4) Jf fqwrqi »T4T
t 1

4444 qq ftoq 44 6F = pXr 60X 1 (r60X 1 31444 % tow 
to °qq4 qrqqr ^ to q^iqq % 4444 % totof444 1

376



377

CD 03

CL

00
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sh wra qr ^=t = p x 60 x Sin 0

2

2 /

o

pxr ftOxSin 0qT ^ ^s^sr: ^ =

= 2 p. r = 2 Fy

w sr^PFT q7 ^fh qr% qrr stT^t wt sr^R % ^ artr 
q^ % q^r ^ fqf^r 'jfFFn

qf? qqr^ Jf ^q qfqq^r -^y |, ^rg' 
ay x 2t = 2 Fy = 2P. r

if f^FTT WT | I

p. r
. (8.1)ay =

t
qf5 ^tf 3Fq- SRl^q qfT^? f^FTT TO eft f^rfeT if 3Tf^TO 

jft ?>n qqr qfrfa % ?>ft iqq qrq

(q) 3T^t«;q qffT5T^

fqg- 8.1(c) if ferTO- *Ff qfr^ b-b q^ sro ^tf^rT. 1 toTt^ ?n^r
% qror srsftq’ fqwt^r q^r tti2 p i q^

3TTO 3TST^T 3FT-
TO- p
qRrr qro ^t 3Tq5r?q' to 2 rurt t i 3ft; ^ 
tsq qfqq^T eft qfqF>ofr qrr qrr to 2 rrrtx ax it^r 1

'tfrT :

rr'?p = 2 Tift 3X

p. r (8.2)
2t

^nftTOiff (8. 1) cFB (8. 2) ^TOlfqTt^FTif ^TO^arterf^ 
^rq % qrRq' ^'TOT qf^ftq- si'q'qT |q qfqq^r srosq1 ^rfd^r q^ ^ Tl'TT 
| 1 gq srfqqqr #?rq ^t stto ^qrl qft fern q fq^ro qR^ qq ^fto
| qqr sprteq- qfqq^T ^qqft apTOq qf?R#q ^ fqwt£ qR^ ^T qqRT ^<dT 
$ ! 3Tq: qf qrfT RT qqrqr I fq^ TOfRF TO ^ qqcT q^r qTO F Rqit H qRq 

qtn=RT spjqRT qfT^^q % ^t % ^t ’pft ^teft | 1
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8. i : ^ IX fjTfT^T 2m rf^T ^\xri 2cm
t IN/mm2 

i
3TrrTf\^i' m "^TT ^ I ’T^T ,T?T!!T ^T ^TR1 5l kf

Z* •

100x200oT ^rf^r^r = r 
t 2X2

= 50 N/mm2

^T^T’IT 8.2 : q;^ tar |3n 'TRRR ( Penstock ) 2 *fr 5TO 
12.5 mm HtSTf | cT«TT 160m | 1 'TTcRR ^

irf'J^FcTTr 5rf^T?r?T °FT -MI 'T ?TTcT I

xf? q-RR^ qft frq-jf fRT ^TTf gRW W fr 3NT 3Rts4 ^ftf ^
tsttt 8 o % eft ^ft arfeRT^r srfeT^r % f^rq; ^ 3R^t 5ft4 5TR ^^tq. i

HR ^T ^TR 10000 N/ *ft3 | I

^ :
= 10000 X 160 = 1 .6 MN/m2

!

1 .6 X 1 X 100 X 108p.r^q srfrT^r — 1.25x10-=t

= 128 N/mm2 

^ iftf qft SSTcTT 80% |, 3R^T ^

« 0.80x160 = 128 m

^T^TOT 8.3 : ORT ^f'ftffeT fa Tfa^X qTT ^ Idf^ 1. 5 4t cPTT 
^t^R 2 mft|i aprtsq' em qfw^r ^srt ^tri: 82 ei^n-
so^rfcTFRTl i q^R arfeRirsr^tcrrsfeT^r ioo N/mm2
eft ^>T aR^TiT ITR ^Rt I

pT :

jR stfegq =
’lit

27—23 M. of HRD/ND/95

Pr

380

SR ftr, 3Rtsif tffa ^rTT | |

= p x 0.75 x 100 
0.80x2

100

100x0.80x2 — 2.13 N/mm8P = 75

P- r 
.t X 2

sRf^ mc 'tfr^fPr ?rftr 4\ ?erar | i

px 75 
"OTSX 2x2

100 =

p= 2.67 N/mm2

qR^ 3PJ^T 5[f?ReT ^Pff tf 
= 2.13 N/mm2

RTRT'Jf 8.4: q^ qtrRT 5 0 cm 3TtqfR» ^-TR iffSlf
1 cm I ^ |RT ^FTR % 2 cm Htf ?TT qR 3R ?R #5efr | I ^Pft gP qft 
^flt 2 c n S I Pfe RTT 20° C |t ^R Rt Pe^ ^«T Jf STfacRT PPT 

PR pfppp pr qrr ptp pr prt i 

Es = 200G Pa; a8=12xl06/C° Eb=100Gpa 
ab = 20 X 1 O'f l°C

PR PRTT PRT ^ if^O, 3R: 3RiR PTPPP

ptpf fr qft PtTTppt rp% rtp % st^stt qpqfl
% ptpf fP SFT PFR OTJTP 5 0 PPfo fpR PT PPRT | I

PteRT % |P t PfRP = 7T x 50 X 20 X 10~6 X180 cm 

SRR % fP P PfRP = tt x50xl2xl0-«x 180cm

^PTR Pi PfRP PRP ^ PR ?ftPT | 3R: ^FTR ^ PPfpP fpfrfp PPT PtPP 
P PPP fpffp ^Pft ppffpr qtpp ?PTR pit PPtPP ff P^P PP PPeP PReTT |

f 3R: fppT 3Tf?Jp7prp

I
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f^frf^+qtcR- % ^nr 

  (20-12)x 50x180x10-6
= 8 x 180 x 10'H550-

I:—
;-iT^ ^"T^rnr % +r<,|j| p ^

px25’TH'^ tt rpPT srf?T^T (ab)=
i

p X 25?fqT^r % ?f'Tt¥VT sfaTH (as)
2

px25
IXlOxlO"

'ftcrsr ir rr^T f^trTrr =

px 25
2x20x 1055PTPT % tfqt^T =

pX25 px25 = 8X180X10-*8+loxio5 2x20x 105

4.61 N/mm:P

46.1x25^PTTcf |TT % TTft^T SffdaJvT = = 57.6 N/mm*2

46.1x25
'ftrPT % gT cPPT yfdsicl = = 115.2 N/mm21

fafsr II:—
ob crs ^5tr?r: L0'rf^f (cPpt)

I ^rqr ^ 4ftf 4T^r ?r^r ^pt 11 ^ ^trt % TPft??r
ITPT ‘Ttcf^T cTPT % 4TT4T ^PTT I

ob X 1 = osx2
as

= i (8.3)
<*•

382

°s Ob
= U$.fa+

Eg Eb
%Os = 8x180x10“® • (8-4)+ fOX 10520x105

*PfcFTtfff (8.3) rT4T (8.4) gTTT 

os = 57.6 N/mm 2
ob = H5.2N/mm2

__ px2557.6
2

576x2 
••• P = -25“

8.5 : tr^T ?rtt 4?T Vff^T W^, f^PT^T 4TSI 54TTT 1 0 ^PTT ^47
3TT7f^ 9. 5 cm |, 0. 1 cm oqTTT % sPTTrT % TTT TT 20N/mm2 % 

TT f^facT tar WT | I ^fwtl H 2 N/mm2 77T srtcffpF TR 
'T’tft % wicT qfT^W 77 itft 5nn' Tfrf^rn; 1 ir 3Rt^r

77 77nzr ^ ^fjnr 1 es= 1.6 Ec

:

?rf^73ff “ft srirff^ 7" iraPT 
7T7 7TT ^fFTrT 7^ fTTT TTRTT ^ I STrT: artrrfTT: cnTT '777 7 7q7 Tf^PFT 
77^7 7 fPft I

4.61 N/mm2

77T7 7, f^TTTi 3Ri?7T 7777 7 77% 7777 f[ 77- 
7^7 7fT^#7 ft, 7f7?7Tf77 f^FTT 77 777TT | I qf? ’7T7 77 71271 ts ft 7t,

tsxd = rc/4.d2 
ts = tt/4x0.1 cm

7f7 7f777 7 TTffTT' 77t77 |7 7f777 qc1 ft 77T f7 77 f%7t TTfl 
77 % 7 777 % 7TT7

oc1x0.25=tc/4X 0.1X200 
oc1 = 6.28 N/mm8

77OK 77 777T77T
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^Tf^T 6.28 N/mm2 ^T,ft:5H 5r%^T cT^TT cTR if 
20 N/mm2 cFPT 5r%^f ^HT I

jtpt ^frfsrq; sri’rrfw ^rf^r^r cr^n- citt sTcr^t
^>TT5T: crc ?T^r as t ^ 'Tf^T^T % 5tRt R onT
2 X p X r % «t <.N < iW I

^rf/r^T ir afcf f=itlhldH = 2 x 200 X iP = 20000N
2

cT’Tf IT JT^T ^FFfT ^T% ST^Rtsft ^ =oc0. 5 + as2 X t:/4 X 0.1 

??rf^T 0.5
TT

(8.5)+ 0.1 2 as—

cfTT WT% | 3^: ^idR* ?R % RRT %

jCfar i

200°c

asas ®cac

1.6EC

(8.6)

EcEc Es

as —1.6 (7C ......................................
^nffan^fr (8 • 5) (8 • 8) srt

ac =26.6 N/mm2 
JTRr^T it affair srfcT^T =26. 6—6. 28

= 20.32 N/mm2 
8.2 arfafre? ^fst % ^rT'n t^r ^ 3ttoh

3pJ'-6?55 if JTf ?'TGd RnTT jTT ^ % f^?ft R
srfcT^r ^1% | ^ 'rRgftq- srftr^r y ^fr 3Rts?t mR^ r

| d’^TT ^RT 3PT^!>Tt afcra^r ^ft TRsffa tR^'J r rrtt t I ^t 

| 3rt: ^ |t srf^r *ft | i 

qR+pr 3TSRT =4TOPT Rt'R

3T«T4T

(rft)

RIdT

ay

Ej= I E

384

jxay0*
3TJjteq Rf% £i =

E E

6v
+R oil4df»f+ R^fcf — (ex+2ey)

qfc snqRf nrr rft stotcPT it qR^r sv ?trt fen ^rr rkTt | i

8.6 : trq7 qwt ^R R Rrf^T Rfrf^ nqif 1, RTC 
d | t cm nlzt <%dt ^ 4-1 iqi qqr | i ^rqit 3rtdf<+ p nwr | i 

fns ^rRr^ fe qrq % rt^t % strcr it qfe Tipd3i(5-4(j.)
ftqt ^Rfe E qRT^crrqrqt^qqr y. qfert 3Rqr?r sqqq Ren | i

^ fFTR qrr ftrfeR oo^cm ?rt qqr is cm sncrRqr sqm r 
| qqr w% ^ 4tt nRrt o. s cm | i 7N/mm2 r RdR^ 
qR | ^ srrqRqr ^r % rtr 3trcH ^r 16 cm3 qfe
^tcft I I STRrc«RT RqR dRT qfelT 3RqR R rvt 5TR RT I
HR sftfe* E = 210GPa (n<> Ro)

v

:

tR^W 4RT °i) l ffl -4 Rf>fd I

p.d (xp.dEy =
2tE 4t.E

p.d [j.pd*=pri f^fir « = TtE 2tE
6V
— = (cx + 2ey)

_ H-Pd ( pd [zpd 
4tE 2tE-[ + 2tE 2tE

Pd [l _2(i+4-2tl]6V = vx -4-

upd2l (5-V)&v =
l6tE
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V = tt/4 d2. 1.
Jr p = 7 N/mm2; d = 15cm; 1 = 90cm; t = 0.5cm

d-«n E=210 GPa d’^TT 6v = 16cm3 W* 9T
7rX70X(15)3X90 
16x0.5x210x 105 (5-4 h-)16 =

[x = 0.25
E =2G (1+H-)

210x 109 = 2G (1+0.25)
G = srrmr = 84 GPa

: 3000111, 20001118. 7 _
iftcnf i. 5cm | i i. 5N/mm2 3n?rfT4T srra-

mfrdT Jr ^ ^rf^r, (*) ^ 'tt ^rt^r mr
I (^) 47 1 KN 3T^fPT ^tqt^T 'fllT ^HT Tfl | I

cm

<frfj qpci+qfd'qf it ^Ft % T?: Jrfcmq
5FT mr 5TTcT I

IX = 0.3; E = 200GPa

^ :
1 .5X100p. r = 100 N/mma(*) ay = 1.5t
1.5x100 

2t = 2X1.5 
100 0.3x50 _ 85

E “ E
50 0.3x100 ^0

E “ E

p. r - = 50 N/mm*ax =

By E

ex - £

6v = v(cx+2ey)
= Y (200)2 X 300 ^ 

= 8949 cm3

>17020
20 X10420x 104

M = 25 N/mm- 
£

oy—ox
arf+RT^T atM'j-M'Ji srfcR^r 2

386

(g) ay = 100 N/mm2
47,1000

ax = 50 — = 45 N/mm27rx200xl .5x100 
100 0.3x45 86.5

ey = t-E E E
45 0.3x100 15

ex = E E E
2X86.5v (2ey + ex) = +4 (200)2 X 300 (

6v = 8,855 cm3 

srfy+ciM srq^qnr =

8. 3 q>?nqrR q?T% ?i>r
^ 8.2 (q) it q+TT^R ?qtcT qq qjfcqTF r, qtqR

qU I i t cf^TT :37rq ^FT+riqrT sridfc.^ qrq p | i rq+r 
f^Tft oqrcfPr ?rqcRr ^t fq^tq qrt qqfqr ^trft i cq-Rffa qqqvi' 

A-A qtt q^qqr qftfarr | ^qft 3PJ q>r 8. 2 (q) ir fkwin qq 
dclf % STcPTcT ^Tdc-H'iei^qT if qtqj

15 )6V =
20x 104 20x 104

100-45
2 =27.5 N/mm2

A
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vx ^tpt f^r^RTT srtrrfT^ 'tes cc'D'D ct«tt

^fT'TT | I 3TPT ^rr ar^olTRT^t^tt atgr ^ qr. 6o ^tor
cc' DP' rCosO im i
2 2

^T sf^PT TT 35S^Tcn; f^FPt^T : 
6Fy = 27rrCos0Xr6OxpxSmO 
= 27ir2 p Sin®. Cos0. do

k/2

= J 2„rsp 
0

F> . SraO. Cos0. d0

= 7rr2p

*rj°T 5rfiTTt!Tt = 2rur. t. ay
^ cry qqvA n |t srf^^r | i

2nrt. ay = 7rr2p 
pr

= ~^r • (8.7)

sppr qfq \\ % bb Fr^rr eft ^rtzrr gp
^efT ^ fo,

2t

^ -pr ax “ 2t

TTTT^R ’It^ % f^rpt P5iT?f q-i: fppp ^q- % p^j-
JTPT % *TW srfa^r I I ^ ?!iTR cp: spr^cpiT srf^^

BT^T 5T?q- ^teP | PPcTP PW *PTcPT ^t ^TPr

8.4 'TeT^r iftPT^TR <sft?T % 3TPTPP ^
4= 'r-3

qTTqT

I

Pt^l'hK ^T 3TPPPT v

4
STPTePT P TfT^PT 6v = ^ X^x3r2. 6r

3sr 3sdarPTcrf^PP f^rffp = -^~
dv r

388

qfajtP 3iw 5Midl4 f^fp
(xprpray (xaX
2tE2tEEE

36d 3Pr
3TPprfp^i = 2tEdv

3pr
3TPPPT P Tf^dP 6v = (1 H-) X v . (8.8)2tE

^T^COI 8.8*. 48OCm oqTP % PtPT^R ?IPT 'FT fjRPF T^T^t
trrp'4 3 o ON/mm2 |; ^PfPRf ptHrf 5T?m^ i. s

^t I 5 PIP sftfrrcr |
^Tr ann 
N/mm2 sPeftT^ XR ^FT

:
300_ = 60N/mm2

1.5 X 240

3T^7T srffT^T

t = 3 cm60 =

^TfR0! 8.9 : ^ TeFPT PtPWIX ’iFT (Vd+l 10 OCIU cPTT 
*tot icm I 'TPft P W W I I ^ ^R 5N/mm2 ^ 
% fptr f^PP qpft qr^T ^TPr qw | (a=0.3; E=200GPa

^ :

2t

pr [xpr
aqroPr fclsfa = 2j£ 2tE

5X500 0.3x5x500
2xE 2x E
875
E

3X875 43&d
- (50)*XXv =••• *V = E

= 690cm3
sr^rra sPFFTFTr

1000mm % sppfe 5PTP, 20mm Tfiz PPT 2m P# 'P^T
P^PPPPX 4Ft5T it IN'mm2 4P appfxpr ptp PP TfT | I fP PPT
apREP ^rfcRP qil PR PR I

1.

12. 5N/mm*)(2 5N/mm2



389

2. 2IT1 sqrtf % 'flTT it SPT=FcT fFTRf ^ d^H
4 o on/mm2 d^rr dw^rc gfr^r ^r ifter^ ismm | i dfd 

s d*TT dftr^dT so srfd?Rf|t ddsrdPT srrd didt md 
3Td^T dTd 5ird I

(0. 96N/mma)

3. iTep ^ iscm arrdf^ ddi o. 25cm fftsrf df^r 
^rT TOWT 300N/mm2 dX §)dl I I dfe dfddTT % fdTT ^ddl ^

^idP<+ dTd ?F(TdT ^fld dT TTr'+Td ^td % fwt, ^d dfd ^T dTd ddT^d dfd
(d) dfd^dd to dfddd % *nm< r< (d) dfd^rdd srfddd

(lON/mm2, 20N/mm2)

4. dffd TT dd ??qTd % ^Td ^T dtdfts* «dTd dd df^d % °dld d
0. icm dd 11 fid dr dTHrf 2cm ddr df^d dr ^did 150cm | d^
ddTdT dTd fd ^ t[Td d df^d dT dS did d did dtfd dT =dTd 0. 0 2CIT1 dd 

did! | (d) sTTd it diddfe (d) ^Td it gd dfddd ddT (d) fid dT 
df^ T< did, did drfdd I E=200GPa; (o. 2512cm; 107N/mm2;
2. 86N/mma )

% dldTC qd, gtdT | I

5. qd ^didd dddidiT ddr 250cm ^did dt ddr 25m ^dr 11 
ddt dl dg ddT ddT dd tr d<t I I dtd dt dteit o. 3Cm I I d^ 

dd dl ddcd 1000 fddT/m3 gt dt idf ddld it ddr^T dfdddd dfddd dt 
dTdT did dtfdd I

(104. lN/mm2)

6. crd^dnddfddT d^C, fdddT 5dTd 20Cm ddF dtdR dt dfelf
0. 5 cm |, 0. 25Cm 5dTd dT dTT ^d d ^dT |dT d^d fcdT W 
^ I df? dfddl if 20 N/mm2 dl dtdfcd 414 ddd d d9dTd dlddd 
dt did! 1 ON/mm2 gT dt fdd dfddd d-C dR dt d'til did! dlfg^ I 
dR % ddf dfddT % d^Tdf dT adTT^ddr dldld ddld | I

(48. IN/mm2)

7. r^d iOcm dtdftd °drd ddr 0.2 cm dtst ^ddd 
d dtdf fdd dt dd dcd l N/mm2 dr drdftd did ddrdr ddr ^ i dfd 
4=0. 25 ddT E = 200 GPa gt dt dfddr dt dlfCdT if dfddd ffe

(0.025%)

dfddT

did dtfdd I

L
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8. <Jd dd ddg dTd dTdt dtdldTT ddt dT ^dld 20 m | I ^d% 
dtdR dt dtHTf 1. 5 cm I ddr Wdd dtcR dd did 0.6 N/cm2 | I ddt
ddrd it ddpd drfcTddd srfddd did drfdTT 1 dfe ddld dt dTd dTdSd 
500 N/mm2 gt dt ^«TT ddd dl did ddT^d I

(200 N/mm2; 2.5)

dTd T ?3td ddr dtdTdR 
dfdddd

9. cdidT dddld % dd it §di ddd dddldl

^td, fddd dtdftd did, 5drd, diddd ddr dRrf ddid % diddd
oddd

dT dddld did dtfdtr I

( )5-4^
3 (l - (I)



3TSZTFT 9

VTTT
o

9. i 5T%?T
sre^rq- 4,5, cr^r 7 ^ f^n w t ^

%^T aTSTt^T, sf^FT, af^T^r ^TTT^f ^TT ^ ^| ^ 1 e,ltd^
it ^JTT ^TT ft ft TT'TT f ^ ^^TPft 3^r^

^rpt^nrt qf^^iTfcT it tor ^ ft m ^ Tt fttr f i
: % arSTto, X'$T *\T\i\ WT it ^ f^ft ft 3T«r^T ft^t VW\T %t1MlrMC1

^TTT f^jft rr^ ^17 q-T ^rr T_f frf f I % 'ATT'1! ^t ?R^T-
qr^r ^r?n f 1 arem^r irtiif ar^wrpr ff^rq^fwnrr inw ^ft 

’tq'PT PT Tf ft I
9.2 3T^t?T WTT^fcT

irsp q;^ 3T^T^ sftt ^FRT ^f5TP ^
fesre f^PT ^r anyot M f^OTt^T ft I ^’TT | aT^ftiT

ft?pn arffl-^-

3TSTPT '♦nr P cf^TT

■4TTT % ^TPiT 3T^T^ % 3R5TF1 X^TZ <TT P^PTPT
srfrT^r fprr 1 fpp ar-a 4 % ^ft ar^r^ % apre*^
tth: q"=c arffl^r^ 5rfrR?r ftqr ffr?r^T pip ft^rt ^ ^ ^
srfrf^r ^T sTT^r ffrqr TT P^TT f I zrff ^ ''HKIJI ^C^T^PTI PPTf % 'ftrTT 
ft ^TTT 5rPT: ftrTT f cPT 37b-M 1 Om'^T fp^PT ^1 ^I^PT ^^

I

?7T f?«rfcf it ffsp ftff ^TK % mft tt arfflPT^ srffsPT
'TT qfwpt fpfi 5rff^ft 'FT ft ftp PPT fPTT I
PIP ftfapr 3TPPP 37PPTPFTT PT f fPP% apT^PP WTZ ft ftftf

b ppt ftPrf d f 1 apr: ; 
arafpr pp % pppp ppt^t

TPTTP cftppl ^TT pfppp = j^j- 

Pprp pp appp % ^FTTP arfppppt pfppp

fpTT apt: ffftPPPP

(9. l)

M d
= ± b d3 x 2

12
391

392

6M
(9.2)bd2

apr: arppp p artepp Tfwft pfpprr 'FT PPT

P 6M
bd ^ bd2 . (9.3)

(9.3)%^(^)

PPTFRPT apRT PTPTPPF ftff ft fpp | I pfp P PPtlPT PPf f PP
?PPTT

PPT Pp ^ftTgTftp f fqr op^fp 'PPT °FT PtftP

PTP PEWTcPpr ^PTT PPT pff P ppp pPf ^ pp ^PFT PPT ‘PPPPP 
ftPT I PPT PPT pft TTf^T PTT PPP f PPPT PP/PP pprp ft fp^TT
(arppp 3TPPT PvT^T; ITcr -JP fp^l ft ^prfipftp ftpfp PT fp'pT f^TT fjfp PT 
PffWTPt P^TPPT PTP fer TTTPr | | f ff PP PPP f fpr PPP PP fprftp Trffpt 
f PtftP fpvp fppftP ft I 
f?PfPPt it ITT^P ft ft pppp f

arr: pffqrpt pfppp PTT PR PP2 fpfp pff-
I

PPTpTP 9. l : p> Ptep pprf ft PPT amrrffcT PTP PT pfp^ 100mm 
^tPT PPT 150mm PRT f 1 tot % pep fp^p qp 5 kN
FTP TfT f; ppf ar^iftpp fP PT 1 5 kN PP P^ftp cRP pi ........
f I TOP^f fpRfp % P6P pffFgjp qp ppft PP fpp% fff if pfppp PP 
PR PR ftfpiT 1 top f trpr fqf ^■ 
fppf PPft tft if pfppp PR ft 

:

PT PPTpt PTT

PfTF#p ft ^ft 'Pt PR ftfpTTPP
I

15 x 10sPFP fpRff pf^SSP PT 3TSftP pfppp =

?P Pff^p PT ppr to- appf M = —-1-
4

pTr#P PT PTOT STTpf =
<N

^Pft PPT ffP% y = i-^0

sr; P=FP pfppp =

= iN/mm*150 x 100

5 X 103 X 2 X 108
4 (N. mm)

bd3 100 X (150)8
12 ~ T2 mm4

6My = ±I bd2
107 1

= i 6 X = 6.67 N/inm*X (100 X 150a)1
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=5rftT vjrq- % rrSJT TT 'ATT f^T ^ ^ ’’^T

y^fir^ ^TT l

q^f q^ 'jft ^ra^ftq-1 q^r frq% ^n qr s^wrq
qfyq^r qrr qry fmr I

apr: 37Tfr ^7T TT qfpqwt yfy^FT =—6.67+1.0
= - 5.67 N mm2

= 6.67 + 1.0 
= 7.67 |N/mm2

q?t ^ft qr ffqrf qf-1^ Jr 35qrt p 
qfpqTPY qfqw q^T ppt ^pq- ^Pnr; ^pt: 37T qfp^?

5 x I03 x x

f+q^r Jr qfwnft yfyq^r

M M ^fl P^fU q I ^ *T x mm

W N.mmif+q q-q arrr’q = 2
6 X 5 X 103 X x 
“"lOO X (150)2“

6M
qq «<+h = —

qm arrefnr qf^r =
bd2

21 N/mm

_l 1 = 0 ; amr

100 X (150) 
x - 6 X 5 X 103

9.2: f+F L qi% 150 mm
^sq+R yyfipffq- PPcPT ^ irq7 40 kN W I I TfP^
ab % 35qrt yyr Orq^ft PcTf % ^ff qiwq ^pt qPrPqTr

6 x 5 x 103 x x 
2 X 100^T(150)

= 2 X 75mm = 150 mm

6M = 1STT: 2bd2
2

squr % mg; 5 qr

i

NJ
As

V

40 KN40 KN 15cm
L\

s
s

PiP 2
Ib

4 15 cm 40 H Ni
9. 1

394
** :

f^r 9. i i yr<j wz % fqpft -rfT^q ab q-p q> 
TfTPTW % q-Rd fqtR+T f^T q Rq t| fqqqTT PR 40 kN | I
^FTT 4RP P fqrjft fqR TT qfqqR +)- qqT pq^q qr qftf q-qrq qtqT I

srfrjT PR % fqpfr q’fy^R ir p = 40 r pr

PTf P PP p2 % PTP PPR RT P TfaTPTqq qpqR R|TR[ fqpqq qfrpRT 
40 X 103 (1 5 -j- 7.5) N. cm t P^ PTP P ^fsTPTPP P4R PcPR +^411 I 
yr^ 'pp % p^p arfpp PR P ppp pp sfrpp qrr p^ ptp pptp t^pt i

40000

PTRT

qf^Rq PPr qfqq-T = = 2.26 N/mm 2
-/-(l 5)2 

4000 x 22.5 15qqrq sdpqq — X-/64 (15)4 2
= 27.15 N/mm2
mft Hi it qfqg^ = 2.26 27.15 

= 24.89 N/mm2 qqp 
fR% xti P pf+m - — 2.26 - 27.15

= 29.41 N/mm2

9.3 : fro 9.2 p froip p^f pqr pwr % -pR qr ?^fro ^r
PPRT PPT I I R 'PR q:T qfrosp 24 5° qftp qr pqr so kN^r cm

P2

O\j\s
E\ 45° p

A\
\
\\\
\
\

10 cm\ ii z Lr\
V

X

20 cm

fro 9. 2
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^ 1 0 cm VtZJ iniTWR-1 I rT^TT ^WT ^ »TT^
^nr% ^i% crfT5s»^f i 'rfr^te^t % Bir^t rr2!! f’l^'^ ’^1’ tt
^T ^THT ^ft ^'fTfTT I

^ :

B TT ^ 30 kN % ^T^t ^T TOTf if WH 30000Cos
4 5N cT’TT 3000Osin 4 5N ^ ^ff if f^'mf^rT fa^TT
^rfr | i ^3% srf^rfw b tc ^nr t| soooocqs 45N % 
mt ^fr B TT wt TfTTTm % «FT rf«Tr ^ 3TT^t %
TTTTSOOOOcos 45 X BD |, srf^mfqTr fw ^TT | I 3RT: f?TTT
B ^ x ^ff qr f^TrT f^ff 'Tfw? TK

(3f) l^r 30000 Sin 45 N ^TarTW^r W 30000sin 45X X 
^TT ^’TTrR^' STM 1^1 I

(%) 30000 cos 4 5 I^r arf^T^ jf'ff^T SFT I

(b-) ^ af^r ^?t-3twjt fiiwr ^rnr 30000 cos 45xBD
fm 1
3ft: ^rf^r ftrt ?r x cm ^ fft arr^t ^r
Tmr=30000 sin 45 X X — 30000 cos 45 X 5.

s*T 5T^R X^ 5 cm TT <Hi^nuI ^T Hl’i
fnrr 1 wiMfr % 5nT>r ^ ^fr ^ | 30000 n an

^rirftq- far^ C ?f niWT I C ai^ =FRT ^1%
°FT STST ^ TfT^^T a^T aRTT t I

^5T 'TfT'c^'t TT ^nflsH «tr,i 3 0000 cos 4 5%^^i
^cT^T gtFT |

fcRB'smT % «r?r aFin-

37Tft f^r ^aft if ^f'ff^T srfd^H
30000Cos45

= 10.6N/mm22x10

28—23 M. of HRD/ND/95

396

arf^cW if^?r stvt srrfjr f?rt 5>n arft tt x 2 0 cm ^ t.
ammra 3fr^t^-30000 x 1 x 20—30000 x 1 x 5-

V2 V2

= 31,81 SON.c i

318150 
2 x (10)8 X

10
5TW srf^T^T = " ~ X 12

= 95.45 N/mm2

=#r BTTETq- ^cjnciRT | 3ffT: dRTf taf if srfrT^T cT^r 1%^% taf
if fr-Trsn af^^r i^R'-'T

3?rff Taf if srfrrsm = 95.4 6—10.6

= 34. 86N/mm2(^nr)

f^r^-ir ^af if srfcf^r = — 95. 46—1 0. 6

— 10 6. 0 6N/mm2 ( H"ihTs*i )

9 . 3 fcfn i?T VTRn

^ ST?! iTHTTIRTT fcfvr faTTTaff fcrafR b rf^Tr d 13TTHTT ^ ̂
% fnar 9. 3(3t) if f^irq-r vm % i ^qrt fir* tk

'iT8T ir y, qT rr^r ^TR p nq- Tfr t | %TTT p ^PTfirffr
rRT if f^^TcT t I qf? srq 3TST q’T eft mTFT TR^ faFRtrf f^WT 31% VTR
arm% arnr fRRr pr p t eft Rf^r vx Rq arsfbT «tr p rrarr 33R arar 
sn^jn py, nffTrr %t far Rf^r qn xx % bt%$t qr%n 
arr^ar Rf^r % 31* qraq % *afr if rpR qffrqR -Rq-R qfiin i arfvrafq 
jTSffq- q'R rT«n aRT 3TT?J% % 3TITaT 3RR 5rfiT3%t 3T Rf%T % STTSITT ^ 

(?t) cRt (^) if f^mqr rtt t i

mr q'aR 3R
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HJ^T ^ ^P P
y.->

pp
- Vi -

A Bx/7 P
P

/

1V7 /77v/y//// / 7

(<f)(3T)
l-TR17!£x

D 3LTy
i A1 A1

B-LA Py,dx
- d 21 1\xTV,. A(■

P
\J 21A

t
(fT)

9. 3

Pyxx d/2P
q-R^ tx srfq^r = _ A Txx

A = bd q«n
P fiPVj bd3Ixx =bd bd2 12

398

y, qrq ’♦ft fr qR^ qq qfxnr?
_ _ , Pyi-d/2

A + Ixx
P

6PytP
bd2bd

qf qqq 3Tqqr qqt^T qtqf t ?T^TT I qf ^rft TTfiq % qrq qx fq^TT
qr^qr I

qqq qqtfV xrcqqrq fqstq qrx qqrc qft qqr xfnfe q 
fqfqq 3ft qqfqq qft frqr, % qrq: qqq q fqqq gtdr | axq: q^ eqrq wr 
qrqr | fqr qq it qqq qfqqq q 
qrq qRq if qttf qqq qfq' qq q

p
qfqqq qxq^q ot q+qr P,) qq —t- >' pd _ bd2
fqqir fqr qiq q?q q qqq qfqq^T q qqqq ^t 
fqrqx qr qqqr q —

^t i 3PT: qqqqq qqr^qq it qf<?
fqqT qrq (fqqit qfyqqq qqq•dcM-q

6Py, qw^qr qr srfqqqq qrq
sq qqqq qrq

P 6Py,
bd bda

d
^ Vx = 6 "

qfq p q.^qtqiT qq % qrqf qYx qfqq fr qqqr | qq: qrqf qqq; 
qxqqqr q^T qrq d/6 ^ qfqqi q?ff ^tqr 
qqrqr | fqr “qR % fqRT d % 
if qqq qfqqq =Ft

%4\ fqfj it q^q qqR % qfc^qf % fqrr qf fqc^rt fqqrM ( qT q+d'l 
qqifqqrq qq stq qqi+R qftq^q % fqxr qrqqqi qr Hiq 
^tqr qrf?fTT q^f d xqq -qfq^q % sqrq qt =qqr qqqr P i

qfq qrq qtq'f ^eqfeR qqfqfq qqqqt % qi^T qxqst P\ qqr qqq: 
q^qfqqt^ xx qqr yt qt ^qt qq qq Tfr ^t qqr fq fqq (9-4) iffqqrqT 
qqr | qq xqq qr q'tq't qsft % qr^q qqq f’tqr qqr sqqr fq?%qq fq^qfqftj 
^ fqqr qpTT dif^u |

qi qrffq siq: q^ fqc^rq fqqyqr qi 
qf qq fq^rf qrq if qfqq ^ q qfq 

qqpq ^t^ q xiq i qi qqqr i

t
d/8 q qfqq q^t
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'TfT^ ^ 8T5T % f^rq-cf f5F| 'TT JH?T % T^§
f^rftcT f^rraft ^ ?npr mT ^ fr fa$t (9.4) it few
w | 1 ^ Px = Pa = P3 = P* = P anr: $*rT ^ % ?T eft srfeWT 
% WT if ^tf 3FeTC STTcTT | 3fh: ^ ft ^f^FT ^ft fefa if ^tf TfecR fteH 
t 1 qm % fefe ar^q- bx?[ ^t arrar | 1

P3 ^ r- ^lf^uI Q-c*
I

D C7

;/ X I/y- ■y1
/ 1

-yi- /
A BV P2

5 ?>.

H)<ul !®(-^ 1
C -i—xi \ ^c*

D

y y
b

A Bx
d

fe 9.4

400

fe if ^r st^tr f?TfT srfe^r :

( 1) sreflTT aFT px = p p/a % ?rqfe *vn 1
(2) qFr P4 eW P ^ q^r q’q’fqff fsr^i *Tnr p.x1 fsp yy

% ^rfe «fe ^Trr cf^rr ^ sf^k ^fecnr srfd'WH' 
PXl b '.

X ^PTr ^ ^ AB?T,TTitr ± - 

CD 'TT Cm I

(3) sift p3 rr^r p2 irfr^C femi wr p.yx C^n
aft xx % gi^ar sfe ^rr ei«?r spftc

arfy+dM aiCq^r ®ft wt ^

F-fet DA er«tt CB ^m,
P PXj X b/2 PyjXd/2

lyy +

WXl

Prx d ,
Ixx X T ftm ^

Vfal A TT S|fd«ld = “ A + Ixx
p 6Pyx+ +bd dba bda
P 6PXx 6Pyj

‘TR'i B qr srf^n=r - — + db2 bdabd
P 6Pxx 6Pyt

^Fii C qx ir%«n?r = — dba bd2bd
6Pxx bPy,P

q^r D qr srfcra^r = +db2bd bd2
Tfefc ff STfyWJT mfe SffeT^FT C 'TT Cm CtCt C^ 

^rferq’F *fqfe if | erqr mfe arf^mr m?r ^rffr^F
^t'TT A CPrr ar^f ^ttf if | 14 1

Tf?:^ % fer f^| tt 3T«TTcr ^>rr a t7. ^ erm srf?r?F ^
Ctc fer arm eft,

6Pxx 6Py1P
bd = b2d d2b

6x,- +-^ b ^ d3f«rqr 1 ^
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T<T if ^ fT^T 5rfrf^T *Ff ^ ^cr |T fT5f:

-%- X ^ = 1.....................................
b d

5r«f^»T (9.4) ^ FG 4ft s^4cr 4^aT | ^'t Y-3T5T ^
X—3f5T qfT ^9T: d/6 b-4T b/6 ^T 3^f#? ^fTcft | I Sffc ^TIX P Wt 5T4HT
^ ^ if ci^ wr Mk ^ cfFr srt gh,he fi^r ef
^TT'-cf ^FT I "TTX <d"^T V^rsff SRT ?fnTT ^FT^Nr EFGH %
HtcR ^ 'TX '*fr 5FT ^4 eft qf<^ if ^ '4t ef^Ff Jffa^T ^ 3e4"T ^>fT l 
W ^ f^nsft ^rr Fw^eff q;^ ^ttit im | i

9.4 : t^F ffT|+R qfc^ % ?cf^ qx f5Ri^T 5ifra d t 
^'4441?l ^TR qft srftl+dH '4r+'riel'I ^ct'FT^q fq^ft 4T cFFT
sr%^f F 'dcMv4 ^t t 

:

(9.4)

_Z_ = P^i x d/2
A t

qff Xx '4TT qft ^STiT 3T^T if qft |Tt sifter ^TxfJ I xjfr I 
qrr ef«TT ^fFTTFT T?ff qft ^ri F ^ff S^TTOPT 3f5ff % frnj 'FFTTF ^t^ 
154eT: xx qrr ttft fqr^ft wt szt-rfFt ^ if 4-rt sn *frit I ef^rr q^rrfq 
tfprwF Fff | fqr xx *rtq ^fef^r 3T44T srsff qrt feTT it
’-fiMi 5fFr

P PXi X d/2
X/4.d2 k/64 xd4

3T>T^T Xl= a/0

FTC? I fqr 'qrx afST tr d/8 ^rr % sfterc ?[t ^^Ffr ^f^tr f^ra%
f% qfx^ % f^qf FT eTFF ft I

9.5: q;qr qpqr f^r^rqfx^ri 2mx 2m =rT^ ^r%
riHf ?imqR^ttr 75 cmqfr|frqp;R4crqqrf^|q^mx p ^ft TfT 11

qfq arrsrR if qr|f -qt eFFf qfd^r q ^q^ |t eft p q^r affirqrrFT qiq ^trt 
^tf^rq i ^qizqrrvnT 24000 N/m3 tar^T ^-^kTi | i qrq qft 
4m | I

402

qite % TTif tt 'tf = 2,4000x2x2x4 
= 38,4000 N

anOTT % it arfr^Fr 44t¥q qf?r«Fr (af^r^r % MfhR'H)
38, 4000+P 
200x200

?rft 3{r«t< ar erqq q ^t,
3 8,4000+P 6PX25 

200 x 200 200 x (200)
6Px25

200x(200)aa +

P = 76.8000N

9.e: qrqte % qr^- qx, fqwrqf<-°w^ imx l .5 m
t, cftqt qqfttrq 3fsft^ 2 5 cm qft^xtqq^ 4 5,oooon q^T?tqt¥q ^rx 

xfr ^ i qrir % qft qq'R hk4 fqpft qft^&q % qr^'f qr'tq't
qr qfqqF qri qpT 5TTeT qftfqrr l

Np25 cm
D C

T
E 25 cmu io —-

yo y

BA x
150 cm

fV?t 9. 5
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‘
45,0000
100x150

= 0.3 N/mma=

6Py
AD rPTT BC 'TT

6x45,0000x25 
“ 100 x (150)

= 0.3 N/mm*
2

6Px
AB fr«n CD tt

= 6T^T5^^5 = °-45N/mm!

ATTSTf^r = —0.3+0.3+0.45 = 0.45N/mm2 (^)
= _ 0.3—0.3+0.45 = — 0.15N/mma (^rfr^r)JprfTT B TT HTrlsH 

^ht C tt 5Tfwr = —0.3—0.3— 0.45 = —1.05 N/mm2 
f+n D -TT = _o.3+0.3-0.45 =-0.45 N/mm2 (mtt)

cfsiT im ^
FTC TfT t I 

STTcT qf<? (3T)

9.7 : ^ 2 5cm s:TRT 
(9.6) if *1* f3FlT* 2,0000N 

^ qfT^3? adwcnr fr^r
TTTtntr (^) mr 2 4,oooN/m3 f^n ^ i'ATT

:
^ ^ fft \/32+42 = 5 cm | I ^

^frr^R ^ % ^rsr ^
I 3TcT: 3T5T XX % STtST ^>0 wff9F *Pt ^

fwm I i
( st ) arfefm' 5Tf^r A R ft^r,

2,0000 , 2,0000x5x25/2
“ +4(25)2 + ^/64 X (25)4

= 1.06 N/mm2

408

60000 N *rn: fiTTUR it +fr?H afrq^r -jcq^T *fRqr rr«rr «ft 
3Tr«rR TT 45000X 1 — 45000 Nm

qrv# B'c rn^r srfrT^ cm Ad'
•dcM'-rr ^>17 I

■R «fqv^ 3PT ^TT^T ^c'TWf

60000 6x4,5000x100 
lOOx 100x100

gB' =
100x100

= 0.21 N/mm! (cFTT)

6x45000x10060000a A =
100x100x100100x100

(eqYrr)^ 0.33N/mm2

ffqR % vtr w cm p ^TfT qr 'rfw*ft ^=r R
15ft fsp 7R# B'C' ft C + d/2 ST«m 

C ?f?t fmcr t i K % 3TT+nr qr
3TT5TR =Ft f+5 K TT ^PTOf^T +"<ci'l

r?’

hP
— xe

3W

q'f? BflcTT^ ’TfT^q' if +Tf -iqR 5Tpf4c'i q- ^cMR eft ^TTR^T STfcRcT

6hW
(r^PT yIrH**)= p X X

1 xd d23
dhP

X e«r*i*T
W 3

smt | % ?rfe qfTWRt ^ R ^t-jr qft irtirnff q+r f^rf vriq- 
ft -+l<m ^ eft qR-T qTnqR yr|rrf ^TT I

9. 5 % CfScT

wq? 5j’^' urf^ci' ^ crq- %q^r ff-Rf •r^t :3ccrt

gtift arfq-^ -3^% Rrq qrr m. ir q^ ^rift % mT effr fsRftpff <tt

^ q^f it ^FR % RRI q'qR aR^cpiT ^ft ^rnefT | I «RT: 
Ffqj if RT ifTRT, ftR ifR'q ifqWP qpf % ^RPT srfcTqpf

6
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T?T"T ftcT f % ,PTTTJT fil Tfl^ ^sn'ffl'T «T§T q'T.
•sTfaTrTJT ^t'TT | 7T ^ff % ^TT^T srf?RR UT^T ^tcTT |
^TH gTfq- ?Tnf RT ST^ ftcTT ^ ^ TT ^T % ^Rnf arfijWH qfrT-
??T ft.TT | I

q^- ?^tg% ^ff wt % fwir fif^r sirr^ d | crsrr fsR qT
an-^JT M iraf ^ an^^t T ?rq TfT cR 

^ +kiji arfirq>cnT aqrw0! y fri ^ "i

i smi

T D TD
XT

J 2 2J

% +i ^’'i yfy+H h arf^R srf?R^r
MD MD

-------f^fr 3WW 3TST % anqera =
21 J

an^t wqtq ^rfc^ 3n^>t qrr srryr |>rrr | 

arfer^Tq qw afr^r

(!)'C? /+ -2al =
2 V

MD (”)' - ©I+ /
2J /"V

= [ ]M -f VM2+T2 • ... (9.5)

a-ft Me arr^tf qrr jtpt 3i%% ^
aTf’T^ afrT^T q©qr, ^

Mk D

I 2

qT (Jj % ?TI^T

MH X D
Qj = . (9.6)J

l
410

JTjfcmf (9.5) q«rr (9 •6) %
)( M + / M2+T 2ME = *

\/

ME qrT cpqTTT^T an^'q q^T 'STTcn I- I

?qt yqrrT

G)'/
+ t2• m * *

\
/ MD2 TD 2
/ 4-

2J2JV
/ M2 + T2 \d

_ 2J t
qf4 te Tf ^3^ qr arrq'q ar%%

ft, ^

.(9.8)
JV

anfa TT 5T%^I%

DTe . (9.9)xTIUiX

2J

rnitawff (9.8) qqr (9.9)4

/ M2+T2TE =

y ^ qft 'T^TT TT aiT^T Tfl 4ldT t I
\

. 1 0 : q^ 3tT ^tqj Tt. 4 kN-m TT ^ SPT aiTf 0! 3kN-m
9 A r. / V

qn ^q>q Tft | i iqqs sttct q^wr (ar)
'itftfTqtr arqw’q afr^ tt to 80N/mm2 ^ ^ ^ (^)
yfjyqq srfq'TT TT TO 128 N/mm2 # arflJT T ft I

qrq45?q qpT qq

TE = V32 + 42 
= 5 kN-m
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7T

ds X 80X10850.00 =
16

d = 68.40 mm 
'T'WT 4ft irr^rit

M£ = | [3 + 5J = 4 kN-m
40,00 = tc/32 d3x 123x10°

68.4 mmd

^TTf^TTiT 9.11 : ^ 8 0 ypm TT ^ 74 5 kw ^ 
f>(T 9TCFJ ?ffr | I TT arfefTJT 2FT 3Tmq‘ atef ^1.8
JRr I I ar'TJ % JT-T'T tqrf^T 4 5 0 cm TX | cT^TT ^RT tqf^T %
r 10,0000 n% '4Tt: TTferrm ^ wqfT ^fr| i iststtc %
^r^'TT g’c’TR ^HT?f f?r iTT'TTT T4T '4TT % ^Tf^T % 4TROT ^cTRT «RT STT^W
3ft i T7 it-;t ^ T -IT T;tt T 0 . 8 TTT |, STfi'fRrT FT ?T RR TR | I Tf? WTZ 
% TTR if arfjFTT TT-T Tf-TTF 64 N/mm2 ^ iTrJF R W\ eft RTR FT 
?tr FrP>rq: i I

E-
(Ff o fqo feTo )

: —
745 X 1000x60

=*teT 2TT srr-nt = Nm
2-x80

= 83.93 kN-m 
arrerFTfT T'T arn^T = 1.8x83.93

160.07 kN-m
srfEr'FFJT 4-f=t ?t-f zimti

90,000 x 743 + 0.8X88.93
4x10s

= 1101.43 kN-m
IJ^nTFT 6l*t>r1 -TT^T^r

-H 1101.43 + V(1101.43)2 + (160.07)2Mk

= 1107.215 kN-m 
29—23 M. of HRD/ND/95

412

M rr 7T

X ds3T«T^T N = a X
I 32y

1107.215x10° = k/32 d3 X 64 

d = 560.64 mm

F<n^T 9.12 : <7F faFTt A W B TT f%^( 9. 9)ir Ttr Ft
Tff^T «E"f F4T ToT ^ I T?? F FT'fT TTFFT tf d>rT rPT-T 4 000 N ^ I
Ejt'R1 FT °FRT 6 cm ^ I Ffe FFF FFT FTFTF FfoFT FF3T: 32 0N/mm2 
FFT 1 6 0 N/mm2 % 3TfkrF F ci'FT FfF W 1 5 0 rpm TT ^ eft ^3% 
STTT fFeRt ^lOtcf FRTfTFT Ft RT FTFcft q ? Ft FFftTT ^f FHCFT aTT'FTfTrT 
FPTT RT FFeTT | I

4000N

i
irj'l

i I
— 30cm ~145 cm 45 cm

4O00N

fw 9. 9

^ :

fF^TT ^ FT"T FiFt FFfFT TT Ff^fW F^ft FT FFT FTTFT
FTF FFfTF q-r 1^_0 N FT Sr%fw ^ 3RT # f?SF ^ FFTgtrr i

FTf^T FC Ft% Ft fFFT if FpFIT I Ff^FFT FFF FR 3TRF fFFFT FTF 0.15 
kN-m ^ FTf^TF fFTFr ^ fftFT ^TT^- Fl% Tf^FTSF FT fftFT I

= tt/16 X(6)3 XarfsRKPT 3T54^t sTwr^ srr h im ^"T fh-
1,6000
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= ^ X 2160 N.m

2160 r. = V Ma + T2

= V (150)24- T2 
T = 6784 N.m

rrx 216000 N.cm 

15000 + V (15000)a+T2 

T = 13.57 kN.m

imff it sfnr ^rrr trt T f^FPK $mu i

tv/32 X (6)3 X 3,2000 =

216000 tv

2tt x 6784 X 150 
1000 x 60f?7T 3^ 5Tf^Tapf: mr

106kW

: 9.10 0^ arff^T ?TCFI f^PTT WT ^9.13
f3T?m ^ c,D, ^ E | ?t?tt ^ A 05 B tt t^frir it

fer | 1 to % cRvt ^ ^ | mm (t^t p cnrr
TP 1 400 rpm TT ^NrfTn ^TPl «lT?ft wf^T ^PT 5TTrT 

?7qT f^'M <T? °TFT '4t ^TTcT ^tfrOT., ^4 3rf^4idH arf^f^ Slfd^r
PTd 80 N/mm2 ^ otp 4 0 N/mm2 ^ srf^ ?r

gt I Tisf it TTT 4TT PldT ^fT d^dl t I

ifTyl

wc % 3TST % pftst 'tppt % ppp % amm
-'tiifd, i

1500X 5+3000x 10 + 1000x5 = 3000X 5 +Px 10+2500X 5
P = 1 SOON

TPtf % pp fir it+ Cr^r ptw p pf 5trp ffar | fprpt d 
fPTPt I (PT %PP rnr ft fTPt I) PPT c E Ptfpp fprfppf I I 
Pf 'Pt ^rfp prr PPT PT^o: PTPPT fPTPt D PITT fppr PPT p^t p^t 3n!P4

ft PPlfp cftPT

PTPP'

+T7+r+i c ppt e pm pm fp+ pp spa^r %
fppfppf PP ft PPT P PP Tft I I

PTTPX

414
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fgr^T D si u feqr >rar arr^t = (3000 — 1500) x 10

= 15000 N.cm.

fsrlwt C E girr f^mr w stt^t 

= (3000 - 1500) X 5 + (2500 - 1000) X 5 

- 15000 N.cm.

^R-Fl 41 srf^ Ttf fap p 1500 N OT | 3TW ^ff,
?t?fr frw tPTR | i

2-x 400(3000-1500) X 10
iflT? s-ITT = 100X60X1000

= 6.28 kW

°Ft ^T'^r srrsrrfer ^ ^tptt ^kTt ^ fwrr 
fsrr.fr % ?sqTT IX %-z£\ ^r q’jff % % ^TTT % TOT % ^PT T|
| i srRisFm- 5PR- an^t a 4,5 o o o N.cm % ?>it i 
STPT DC a®rr DE 4 WXJ^X ( 7 500 cm) ^if SPT srm’f 
fTcTT | STT: arfy+vpj STf^PTST siTff?cfuT srfci'4^T TiT:t'5^' A ^HT I 
qr^ rrff fr^ % fsrf^r mfi it ti^rfra frf 4rr smpf u^f tPn^ 
•T Cl cT4 'JTPT f P-TFF q1^ “i^f STfit+cPT sr^FTf 47? STTtJ’f FFT Tj^T ^t, 
^74 TTpr 'qJs^' SPT 3TTHW cT4T ^TPTT^T «fqirr 47? STTa^T % *TT'i ST^PT-ST^PT STP4 
fqrcr jfrf -m | f^U rfSTT ?7T
rRT 7?rf|^ I

77? % fiTT ^rqrr srfii«tidM *tt»tsqitt 51171 q-

A IT *11H qZTT 57T anti 4 

= V(45000)2 + (7500)2 

= 4,5500 N. cm.

16x4,5500
d3 = 7tx4000

4l6

d = 3.85 cm

A TT 5T5T afrqTJt

~Y~ ^ 4,5000 + v'(45000)a4-(7500)a

4,5250 N. cm.

32x45250
d3 - 7^x8000

d = 3.84 cm.

w “Pi ®mr = 3.85 cm

9.14: ^TT? f3?447T o4T?T tr^r |
77 ^OTtf-? | 21 o rpm 4?r ^tt? ^ ?rfF3 | i a ?? B
qf 22.5 kW ^rf^r Tt^rfr? qrrrfr | q-?^ b tt f4"?fr
kW ^ q'TflTT wrt ? ft TTpft I q-?!? 3^7? C Tr 974 ] 5 ^tt

3P4 fu <ft

far t fqfrqnMl

f RT 7.5

^ ^ft ^sfpft | i ftft TnfMn frrfprf ^t^pf furfr %
ft 3ttr ^ i ret fsrrfrft re srrer ^?f | a q? ^ffrsr, b re eTfa^r»? 
60° % qrm re cprr c re | i farfaft a, b n«TT c re rett

% f^f 47p? re tht? rep?: 6000, 2000 cPTT 3000N | I fs?Tffft % 
fft fw 9. 11(3?) it fere# q# | 1 stre it ferrre 3?req'? 47? re 

qp? 4000 N/cma | 1 re rerq refenr 1

dPT

57? :

2000 N ^ frep? qrt ft rere ^frer ret ss^fre ^r feftfere re? 
j?re reffq 1 frefr b re rere re ^fercr 2000 Cos 60 - iooon 
4«tt qrer 200xSin60 = 1730N ftre 1
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1 kN(
6 KN, 3 k N 1*73 m

ABC
Rh/ Rh

SOcm^^lScrr-^--— 60cm—* 75 cm
RvRv (3T)

5
I

146000
103250

I

101250
9375

45000 i<•

10230 o

68200

(S’)

9.11

418

q- w vx yfcR- vRcf^r wx
f4<d i\- Tfir j| | 5T ^ arr^PT ^sp
371'PT cf4T ^fT<r ^TRcT^T if f^^Td «Fff % ^TPT | 9 . 11 (4’) cfSTT
(ff) Jr f^rcrr w | i

’*) Mr AB 4 4^ i fict arr^r =

% ftsicr ^ff %?THrRi'

22- 5x 103x60
2^x210 

= 10,2300 N-cm
^mi BC 4 ^nikci ^p-^'1!

15x1000x60 
= 2ttx210

siTtpf STT^sr fasT 9. 1 1 (?) it f?^T4T W | I 
STTRl aiWft % 2-Htt | < srftJWT iTfd'4Vf % fejT^ f

i ferr '4t w'ts' % 'rf^55©? 'tt •rf^rnit 347? sr- srr^pt v/mh2amv* 
im f?r mu cf?T Mv w?r: d'^rr ^ impf cq^f ^TcT

= 68200 N. cm

I I
spfrp: qf^#? qr ^ra^t qrr qr?

Vt2 + mh2 4- Mv2 ^tt 1
wit mh, mv a?r t % ^ a ma itm | fa aiTOnr 

^d-TflTd q;5n aiTaq ?rr qra B C IX ^IT XX^ fax 44 qf? 
arq^q+'n'T ^t ?t ap? qf<^#?t qr 44 ?^f4 ^'N‘ qtt ^rr 11

5t'T3 qa °-Tra 3rfa47?^ an^r % znmx ?■?: sncr fen
sri'TT i

B tt ^S’T qn srrq^r
= V(10,3250)‘! + (10,1250)2 + (10,2300)2 
= 17,7000 N. cm 
C 'R ^FT <HI4',t

= V (14,6000)2 + (4,5000)2 + (6,8200)2 
= 16,7250 N. cm

TTTJ ®T[if 3ny‘{>dH TOq qn 3rr^°T %
16 X 17,7000 

tt x 4000 
d = 6.08 cm

TT ?TRT fW 'JlHI ^II3iTaK

d3 =
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9.15 : Tf^’S^ 'TT, f^FT
*TilT d |, spf^r SToT 3H1TW M, *1$ STT^T T s^WT13! F 
(TO? % TO^T) cT^T rr^ ftn:r SHJfR P 5FT TfT t I W ^ srfTOTf? 
a?f*T^ irsf SFfTOT STRTsRT “FT ’TF? I

^ :
32M4?

^rfy^dM ?trfl3'T sfcH^ — Kd37td2
4M4?

OTtsTT srf?T^T =
red2 TCr3

% 'TfC5®^ % 37-RT cT^TT f^R% 3F7-
% f^irf q-^: ^ srfTOnr |>rr i

STTW-T F %
^'T'1? srtcf^Ff ^Tf^r ^FTT ^ ^f^R' o^TR?

16F
3-d2

i6 r
^7% f^T aPT^T0! SrfcRvT =

:rd3

fwK 'R ^rf 3PT^<pJI 5T%^5T

16T 16F
red3 + 3 red2

srfTOTR- Sfffl’FTq a-rr aFTW1? a'f'T^Fr qFf jf$l TX 3?
fTRT tf Tt^'T srfd’^FT 'TTFFT I

ftt +d ^

K 4P 32M 
-d3 red3 }37%^^ srPA-^ srfd'SFr =

y+c^)’}*32M
27rd3

16T i32 M )■-(^Fa^Penr 5trt«m
7rd327Td3

wa % efrfdjT strt % Per tR :

16T 16F )?4P )Maff^Rfa = . ,o ~P
2:rd2 rrrd3 Snd2

16T2+(„dS 16F i'T’TT apT^tRT 5ffd«1<H =
3Tda

L
420

3TWm ST5FT*TTRT

(A’fe fW TOT % ^FTFT % E ^4T G % I?FT iTRW^cn
ft eft nJ% 200 GPa ^ 80 GPa ^)

9 . 1 2 14 ^ f^RR gRT 'ddlM, ^T% P ^T qj5? ?TRT
qfg 10 0 N/mm2 TOT 3TTOT ^ftTO STfeTOT ^ 3?fTO ft I

(15.385kN)

-----20 cm

i

Pr-

±'ZZ2Z22 X2cmT
HOcm- *

i;

9.i2
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2. ^ qr^ ^ 4 ct^tt arrcrfr^
dj qr^r mr qfr arBr^r*? ?rrcf ^rfsnr irfe iwf

^r ^fft qfcT^T ^ ^ feqr ^rnr 1

3. n^r 100mm x 200mm % ^^5 ir 50mm ^T ^ Brtt 
Tprr ^ 1 qrr 3T5T ^ ^ ^j^fr % ^ ^t€t
TT^ft ^ ^T 50mm fT ff^cf | ^ ^ ^ 20 kN ^
^s^terc
% srBr^r urcf qfrf^ i

| i ^T3ff qr ^ ^n: ^rr% ^r% qfc^srHR ^FT XqT

4. ^qi Wt? 1 0 0mm ^TrfT 
400 kN qrr ^s^Br «tr ?rq | i ^irq- jfvT ^ h'm'u^ 
qrr itr ^T9r: 3 sN/mm2 n^rr 15 ON/mm2 | I 3R: RTT q?r R^T % 
srer ^ stBrrr ^ft str qnfjfu, i

R'* qr

(21. imm)

5. ^q> 200 BFft aqT^T % S^T^t R| % R^T % ^ 5 0mm 5qr?T
frr^^rrl i qn bt^t R^t % st^t % str cTR; 5 onmi ^ | i r^t 
% srsT qfr f?m n ?ft^ qT% arnTqRfr str qrt 5tr qffftrrr qf^ ^ ^rftsq- 
afcRM1 i o oN/mma ?r arfsRT ^ i ^ % ?frqR ^rR qr% rto %
^R Br r R siBraR jtr Rfqq i

[2590kN, 9 lN/mm2 (^Rt^r)]

y&* qrr fqin 8m X Fm6. qrRgr^ qB’ f^rfr % ansriT
FrtqTR | I fqTRT qrr ^ffcRT W *TH | RR 7m | l fRRT
qr 1 ekN/m #^if ^ R ^r fOT it ^ cTR <FT TfT | I qfq fRRT 
qrr hr 2okN/m3 f\rft fwft R arfa^FR #qrf 4rfrw Bfr htstr 
qfR®q % fqRT Ht Br| R FR qfcrqR q1 3WR ^'t I

(142m)

7. somm sqq^ qrr sir eoomm qfr ^fr r f»R ftBr ^ 
amrifR | f?r% vw r 5 kN r qq: qfqrTR ■q^qsq | 1 qfq w 
36 0 rpm r 3 0kW Trfqq- qr^o qR ft cR R^qi^qr ^ ^

422

HRcR »T TTR % •aoiRTcR aqTH' ^ffoR aqr^T % f?Rf R q^Tq1 srBrqqr
arfsrqrcFT srq-qr'q ^faRr ?ner qfif^rq i

(^ofqof^o)

( l 8. 4N/mm2 3. 4 sN/mm2 i o. gN/mm* 

q’R 8. eN/mm2)

8. qqr wr r qsq rt arrfq ‘T’ ct?tt afqR rt an^t M=1 • 5 T 
Rq | i qqfjfq fqr srr ^r ^r arfsrqrqrr q'crrq qiqrqqT rt arBjqrcrq' 
aiRRl qfq^FT qrr afTTR 1.55 ^FTT I

9. qqr q^-^qTa “FF 5TR rpm R 134. 5kW 7ffqq qr^RT qTRT | I
qf? ^r r qsq rt arr^f % qrq % 
qffrr nR qfq arqrnr aiwnq qiRRT 4oN/mm2 ^ qq q-R qrr °qTO 
ttrt Rf^rq 1

qqR rt srrtjq- ht fw-RIR

(93mm)

10. qqr RFft nfqrqrr % Brq RT% rt? ?nTr4- rrq 'hr r arq-qrq- §tkt
* >a

•Flff^fq rrfq •Jfrq spt^m arqRprr JrBrq^r t ^ i nf^fqn qrr ^f«rr^ 1, otn^r 
d cFTT 5rBr Fiqrtqr amr^q hr w hr ^Vfarrr i

dr

2^v



3rS£Tfq- 10

10.1
^■<rr ^ 5ft iWr stto ^ vx jtto f^n 

wff arsftt ?rfr^T ^r wfr eft ^ ^fr ^rrerr 11 if ^ sft ^

|, f-t'*t | i

^ ^ mu ^r ^if ^fr mx mxw f^rstt ^t 3Tfw 
^fr | eft ^?TTr fuim ^ ^ fr ^ ^ t 1 ^T~
f^5 Sf^ST^r RiTT f?rff STFC % ^%5t ^ ^ ^ ^•^’I ^ ^ ^

ftrsrrf if ^ fr^ % wtrot ^rr ^terr 11

eFFR % 5TKT srforrsr SRR UZU El T< fm~ fteff I I ^ I=Ar2 
(A sr^srFT 'tr:15®? cf«rr r cTaf^r f^RT t) 1 ^T ^TsrfcrftEr
f^-^q- % srfr ^ fe?rr if r^-cRt £>tt 5f^r ^c^rr R^rr vmz 
5ffr3r 3Tr?jut eft i m R^TRf r vfr t i

•^n 3r^TR R'fl- T^r #qTf m mu ujxm ^ ^ ^r
sr^q-rcr, q^r ^rierr | i muz qrr u* Tmu $ R5 $u ^ %
fer^-q m sqrf^-T srer fwr ^ ^ ^ ^r 1

TOeR q>? ffT^teT10. 2

TTep qft qrRR qftf^CT ^fr ‘f^T qr ^ STTT 
^R P 2T5T % ^qTRT T<R ^t e R ^ft mui ZU | I 
fq^q 10.1 (3T) if ^ qfr qrfeT ^T I ^
TT’rr fqiR aR 5PfR ^ STFiRT R T R ^ f^^T--. qf^S^f if

3fT ^qft

rst q^r
qm

arqq sr-qq ^tq i qqrq ^r q^r qrq qr^-. m < 

^■ft qr | P y 1
423

424

d’y
jpt: El Py

dxa
d2y P+ •y = o3r«r?T
cixa El
d2y I P

k2y=0 q-f? k =*ww\ wr qrq
dx2 v El

e-H* Q ^ejr
TU\Jl y —Tl

x

\i
777777

!P
f .'/ / / ff

(^T) (a) (?T) [5)
fasT 10.1

Rrqqq fq^qt qtffqrRT % ^r qfr tjt qqnr sqqq fqrqr qrr qqrqr | i

y = A Sin kx + B Cosx

ir^f A rmi B f*Wfr I I
X=0 tt y=e 50: B=e

1 —Cos kl
e--------------

Sin kl
rn,- X=1 ^ TT y=C 30: A =

]•[ 1-Coskl Sin kx + Cos kxm snr y = Sin kl
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*r*rtjrfcf % ^rr^r, x=l/2 t* ^ f^r ^rr
Coskl"|

2 J
kl•[ 1 —Coski 

Sin kl

1 - Cos2-^- + Sina-^-\

2 Sin Cos . J

1 - Cos2-^- + Sin2 + 2 Cos2^

Sin +y max
2

•[( ki , r kl
~T + Cos2Sin

‘]o n kl 2 Cos—2~

kl1 + Cos2—~ kl -

•[ + Sin2 2

2 Cos

kl= e Sec • (io.i)yw yniaA 2

flTftonR ( 1 0. 1) ?r RR I %?ft fn^TcT P ^IT % %IT 
srfealT frr TTR e ^ t I vfe e ^rr rn?r Rn ffr eft
kaTT '^ft Rn ^tqr ^ c=0 ^ q-< £rfR 'AT RTf^ ^ ?

Tf^^r ft RC? f^RT ^fr ^ ^TT fqT'^^ 'd'^cSciT STTT
ft ftcTT I ^rf f?T ^c^STiT ITR fkRT ft Wf ft I

1 kl

i
'cSTH'-n

~
9TR P ^TT JRT 5RTR ft k X

2 2 2
RR 3fTkfRcT ft Rlinn RTf ^RfSTIT RT^T f+d^ll ft RR kta? y

3 ft WtT ^rHRR RR p ^fr, RT RfR RfcTR fR^T RRR ^tRT “RtqRT RT 
SRTfRR RR” RfT RIRT | cfRT fRRt Pc gTTT R^cT k 
4R RRT ^ fR 1R RR R! Rk frfR R RfRR Rt RcRjFTT ft eft Rf R3RT ft RTcft 
| RRT RTR RRTTRt ft RTcft | I RR Rt R1R RR fR R fkm RT PR 
*ftfRR TfTT | RRT RTR ?RtRt RRT TfRT | I

max

^ I Rf ERTRMl •Jlidl

El 7T2

Pc = (10.2)
l2

426

Rft I—RfR’&R % ?^RRR RfcR STT^t Rt ^RRT RTcft ^ I

RRRRT RRR R RTR % RRTR R RR % RR°T RcRR RfnRR R SR1R n^t 
fRRT RRT ^ I Rf RRR ^ ^ ^TR R"^ <f-RRRT RR % RTTW (Si'f'RRR RRT

RTR % RR^R RkTRR R RfjR ft RtR R^ftRRR) RcR^R RffRT RT RFT 
it fRTTR RR RT RTR fRf % fRT fREjfftxT fRRT R1RT RTffR I RcT- R^ft Rk- 
ffsqfij- ^T4- qx “srrRR RT SRtf^rR RR” fRRR f-TH? fTRT I RTRFRR: Rc^- 

;RR ftdT ^ RR: oRIRfRR RR cTR RRR % RRR RcRT RfdRT 
Rt RR'JR RTRT RT RR5T | RR: oRT^RT RR RR rTr^TR RRR % RRR RRFR
ScTT RT Rid

StfafR
r2E:v2E Ar2Pc

Oc =

(7)'Al2A

RfT r TR5^ RT wj-TcTR RRTrRR 5RRT RTmT | I

STTffRR RR TT RHRR R1 RFT 1RT STRR R?cTT | t?T ^ J- ^ STRTcTRRRT

ft fR ac RFT 3FRPT rTf- 
RRR ffR^FT ft RFTRT cfRT RR RT RTR

Wrier RR fteTT TOT | I Rfe Rf RRR 
RR ^ Rf^R ft Rt ?RR RT R'ftsR %
RTRFT^ RR % RR fTRT I Ref: RTRR" RT Rf fR RRR % TTlRt R fRf 3RRRT

Rt ft fRRfT ac RT RFT SRRR Sff'RRR

Tet ^ddT

ftcTT | fRTRT TOT WTiTT %3 
RRlRR RfeTRR % RR ft RRT FRR RT ftR TRR RfT TOT I I RtR ?RRT 
RT fRRRR RTR: TOfRR 5RT f- ^t^T t I

RRR

ftRT — f^RfrTRT

ijf % 3TR^5R RTRRT cRTRRT RR RT RTR 0% RTR R fFR ^FT 
fRRT RRT | Rt RTRT fRRT RR fRR fRT TO fRT | I ^RT RRR RTR f*Rt RT 
fRRt TO RRR Rt f^RfcT ft RR Rt 5RTRRR RTT TO fRR 
f?RT fTRfRRT % fRR. oRTj-RR RR RT R!R RTR fRRT RRT p. I

10.3

| I TOT RT RRRT

1. RtRt Ok RR ft^T RT 

4 7T2 El
p = l2
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2. ^ fan farr m h 'tt
9 7T2 E[ 

p= = - 4i»

3. v* fan 4.? 'T^r ^rn fan ^ -|fa in
t:2 El 

?c “ ^l2

i o. i : ^ ^ fan^ farnr? ^tr srcfR^T fan^t
300 ciii 4 cm t 1 (a0 nr% nn far fan %

| (ar) sHi fa't 11 54T fa faafa -RTniT nnf nfanx ;j« ^r
r^r ^|r nr’i ^t^rr i e - 200 GPa nn nj-w srfa^r 3.50 N/mm2
^51 :

I = tt/64 X (4)4 = 4- cm4 
7t2Ef 7t2 x 200 X 103 x 47T X 104

(<*) Pc = 300 X 300 X 104l2
= 27.5kN

jtpt nrfarq n=rrf 1 | faffa n% ^prr npr ?r^t fan
3f«joiT fan-r^ '4R Tn''*mr % nsnr ^rm fa^rr ji'ht nifar 1 ^r-

X iin'+.H = frfljTT '♦TK

-2ET 7r2 x 20 x 105 X 4tz
3^: 3500 X ~ X (4)2 =

TT2 X 20 X i 05 X 4n
l2l2

7T2x20xl05 tt2x104
3fW l2 = 17.5471x3^00 3500

100 7t
= 75 cm<sT«Tm 1 = 4.17

4x tl2 x 200 X 10s x 47T, x „ 4tt2E!
{%) — ja 11KN

300 X 300 
4-2 x 20 X I05 X 47t4~2rl

3,500 X 7t/4(4)2= —p— l2

4tu2 x 104
3T'4^T l2 17' 5

200:: = 150cm1 4-17
;3n?R0T 10.2 : rnr 250 cm fanPT fa zrfa fafa far I Tl fan

?t ‘̂ fa % nr i? faoT fan n^- fa 20 kN '4R am
30—23 M. of HRD/ND/95

430

5ft tfa t -p- ^q- fan | m:
PR = Pc (5mr>T ) fan £ 1 3rd: 5^ rfrdtd ¥ arfdffad

P + Pc 
Pc X P

ffaf Tfadd d fa 2d: % fad, Pc =

1
Pr

-2 El
l2

772 Ef
+ ac X A1 l2

3Td:
Pr 7T2 Ef

Pc X A X ----- jy

X Aac X A dc
if«RT PK =

( r)X A X l2
1 X ar:2 El

dcdff a —oE n fafa ddfa % ffa fa'dpffd fafaf | 1 -pit f = Ar2

TTfaT fafar m- ^nn q n^rr a fa 'TPrr^m: sprfrf fat n t 

pfPT w% wnrrT % fnr l
I 1smf fafi % farq

750J

ffa ster am fan q-fafnfafa % faro; fa tfa 
nrt a <n irr^ fat fart fa mm fan

fafa fart n? fat tt
^5 nrr ??rt to fat tt

cm fq’q-13rfr fat q’T „

1600

it nr ifa farar TTmi |

fa^r t fa farn n to nr 1/4 mr
4 it nf 

4/9 TO

M Jl

»> )t

tn n % faTTr fat -m jjar fa fnr 17171—
faiTm nr

P = ffc A {■-'(4y}
faf Tnt cm fa fa fanr qffasqfar % ffa fani-fn t 1 
?rnr tm

P = a A / ■O)11 _
/
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[i ,TTr'4 cr«TT fr q’fTf^rfcT % fpirt^ | i

^cTI^T'iT 10.5 : % ^'■•T sIT^ oqT?T 8 cm cT^TT ^tcf-
oqr?T 6 cm | ^ 200 cm | I ^ 5nm TO |tr ^?T^r

fq-TT1^ 'flTT TO ^rfatr ^ (bt) TOT fat ff
(^) f^: f'TT ^ i

ac = 600 N/mm2

(far t ^ % fat) x = f6Qo

^T :

[(8)2-(6)!] =

= 64 [W-^] = 

43.75*

A = n/4 7* cm2

43.75* cm4

I
r“ = A = 6 .25 cm27*

fa) a = £ X 1600 
600x7*P = = 660 kN1 , 200+200 

s\ ----- -z—zr~z----1 + 1600 6.25
1fa) « = 1600

6000 X 7*
P = = -264kN1 200 X 200 

6.25 '
10.6 : tTOT ^ (Connecting red) 50cm

TOT TO 8 cm X 3 cm tr^to | I 8 cm TOfl TO % arf+TO
% TOST af^r % facr, far TOT faff qn fa'4T tot 6 cm %

irfaTO 3tst % frrfsr % fat sr faff qrerr tot ^tt tott | i 
qfa tfar % ttt stto faqr ft 45 cm sq-R % fTro tt srftj^a'ir 
fa>TO TO TOTT TO faffa fa fflTO STfeTTO TO iOON/mm2 ^ 3rf?jq7

1 1600 X-f-

t ! fTO TT# faf % fa^T % fat oc = ^
2,500 ’

^ :
«r^ farr

432
8X(3)31 = = 1 8 cm412

18r2 = = f cm28x3

(Jc-x A 24,0000f'Tn'K ^T7 = 1+a ay 1 50x501 -L ___  v
^ 2500 3/4

24,0000 X3
= 103 kN7

far TO fac % t far 
3x83I = = 128cm412

128 16r2 = cm28x3 3

24,0000f-HI'K TO = 24.000X41-|--- 1.
1 2500'' 16/3

50X50 =X 7

= 137.1 kN
sr farm to 103 kN ?fa i 
qfo faror T7 irfair to p ^r, =rq 
*/4a2 x’p = 10,6660

10,3000x4
= 6.2 N/mm23TTOT p * x (45)2

10.7 : TR TOR- TT fa^T ft I Tfa^T Ttfr ??TO +1 qrfalff 
TTT ft 20 cm x 10 cm X I cm ft STOT fr 1 cm ^tft TOT 30 cm 
faff Tfffa fa TOf faf T7: fa?TO
fafffa fa fto 4m ftfafffar to t:t fatt ft ^ R'n f
fat TOfTO TO 5TT f fafat I faff % faro faf fa % farof t fTOTTO
TT'TTff TO fat TO | I Tc = 3500 N/mm2 x

q’qr f f ttt fa fro if ?q-c* 11TOITT

1
7,500

ftfa faifa fa faror s(tr tt tot ttt fafa fa fan fa to+to sttot 
frfa fawrfa if t^ ’fftR ft i
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30 cm
I cm

T
t cm

icrn1cm
H -x

20cm

r 1cm
f

|^-I0cmI0cm-^) ^ I cm
|V

io.2

:

10X20 9x18*-2[-w
= 4,600 cm4

]^rf Fxx 12

+ 30x(10.5)»[ ]Tfejtfr fxx = 2x

= 6,625 cm4 
Fxx = 4600+6625 
= 11,125cm4 

2 x 1 X 303 =4,500 cm4Tf^fr I YV 12

1 8x l32 X 103>[ ]38x 102*f?*rr ■n fXI = -4- 1212
= 7,940 cm1 

f-T Ixx = 4,500+7,940 
= 12,442 cm4

1
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T* Tfr^ =TTT = 30+30+18 + 18+4x10 
= 136 cm2 

11,225r2 fzprrR «mr = = 82.5 cm-136
pcX A 3,500x136

1+a 2 400X400
7.500x82.5

1-1 ^T7-
1 +

3500x 136 = 3780 kN1,258

^rt f^naff *r crfT:^ ^rr xx ct«tt yy
% m+sr ^Tfcsr mrR ^rr ^nf^r iXx ttft w.fkvi % ^
4fr ^ tt f^rc ^ ^cfi %^r lyy ^ ^ Mr | i

itft +rf^ ^fr XI
^ ^

11,225 = 4500 + 2x

= 4500+340+ I9x2 
19x2 = 11,225 - 4840 = 5385 

smr x2 = 336 
x = 18.4 cm

l

2xl03 18x l3
12 +[ (t)’]38x~r12

3T'4m

10.5 ^ ^1 VTTT»JT

’Tfe FcTW ^FIT TT ffpT SITT |T eft 3+^^^ ^q%
tt |t^r |
44T 444 4f444 4T |>4T | I 

?ii (10.1) 4

444 44 3TrmJT STfiJ^rq^ 44114444

kl
Ymax 4fu = e See -y

/ Pk = V kl
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= Px Xman = P e Sec -~

P e Sec kl x d/2
^FT yf-IslM I 2

'TCT^ it d q'TJli “FT sq-f^r ^Crff ^ I f^FT ^Tfr^

3rfsn>?PT 4qlr^
kl

p PxeSec—2

a + —r~ ~ X d/2

klP X e SecP
- x d/2irtWTJT

A I

10.8 : ^ n'T snT* it ?frar | f?T^ qj_ rpar
?qTT JT^cT | I f€% JT^T f?TT TT irq: Ur^jfT '%]? FfirnTT »PTT | fiR^fr f?5TT 
3TTT«T it % 3V$r % Wi*.,“< t I 3Trr: JT^q f^T srrtf^: ®TST ^ f^ 

STT^T % f^pr 5?^ STT^T ^ftfsTP I

f?T BTor^r 47 %t WTT T4J arfgT^T 'TTFsP 5TTrf
4frf3ffT qfq- qfr vf^rt 3m, ^tTPT Tf^? 47T sqrp 5 cm cT^f 
MTcrfc^- s^TT 2-5 cm 'flir 4000N q-«rr ^SnT ^ cm | E = 200x 103 
IS/cm2 (^ )

:
qf<? iT^=r ir x jft tt -q-Kq TJfi ir qrrr wr y §i ^ 

'rfT^ 7- qrq-T q^r an^rq , p x y w fqt % qr 
10. 1 (^) it ‘a’ ?rf fT^prr qqr t 1

- Py
d2y

3TT: El dx2

d2y P
—- 4- v
dx2 El '

= 0

436

2 +k‘y = ° : k* = EIP .
=r=-TJaH T’’

fqq^t q*flq>xq 4rr fjq m+r ftr^q aT 

y — A sin kx + B Cos kx

dy A k Coskx + Bk Sin kxapstqr dx
dy- = O, snr A = OX " 0 IT dx

y = B Cos kx 
x = O ^ tt y = (c+u) 
m~. B = (e+a)

P(e+a) Cos kx = (e- a) CosiT44T y ^ v EI K

x = 1 ar y e

/ -I5T«RT c — (c + a) Cos X IV ET

II X 1mm (e + a) = e See
V EI

-[ ]/ PSee I - 1mm a ETY

1 = 300 cm

- x 5866? (“5-39)^[ = 64

180400x64I ±
V EI X 300 xX 1 - v 586^x20 x 103 T

- 46°
a — 8 [ Sec 46° — 1 ] = 3.5 cm 

srfoFm a+a a^r = 400 (8+3.5) 
= 4,6000 N cm
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4,600X64 _5_
586 X 7T 2

= 400 N/mm2

400 =-- 2.7N/mm*afTnr?!? srfasRT = tt/4 (25-6.25

ureter = 400 + 2.7
= 402.7 N/mm2

fafrsm fjTTT'R *m: wrn
'#nTaT 4ft ^ r^d % f^rq; an^-

fzt’f 'vtr ^rr jttt 5TTd ft dt,

10. 6

1/ pdp
2J Sec-V El x 2scr^^ -— ± P X e X 

A
5RTT Wif^T ^ld I n

/J2p = / P
2 V t:2EI 2 V Pc

/ p 1
V El 2

+EJ
rrft Pc <HFT^T WT ^TTf^T ’‘dT t — |j

P
See y- ~2 Sec 2 +' Pc1

Pc + 0.26P
Pc - P

f+r^r? m'd t d«rr ^^rdri df’-d+d 4M =++1 dirTfSeC. WTT df ITd ^T
t i

d Pc+0.26P 
21 Pc - P

P . (10.3)»Td: mPi4d a = T"' ±PXeA

10.7 3TdSF5? 'd.fCd

q^r Pt?t ^ ^ ffT7 4 i d I 
srqTd P d«rr sr^srw ^rn: W dsd qr pft Tfi f

32—23 M. of HRD/ND/95

^ qr 3T5fm( 10. 3)^f^3T4TddT t

438

P

W/2

fdd 10.3

qqix tt; dqqr (^rftind y t) ^ did

Wx
= Py 4

Wxd2y . (10.4)^ ei. 7^ = - py - d

314*1 fMi^V mft^T17! ^ IdM y+M oTTT

/ p ■)I p-( + a + bxx + BSiV ElA Cos V El ’

% Trsst TT mr, sr^'TT qr

x + B Siny^—Jy— x^(10/ P—rEI V
d-’y •5)A Cos V EIdx2

WfcfXW (10.4) fKT

WxPdy2
EI y EIdx2

P" /~P^ ^V "EI x J B SuV EI x )-4r(ACos
PW . (10.6)— x - ^ (a + bx) .

qTTtTO (10.5) (10.6 ) SKT

P w
IT (a + bx) - IeT x = 0
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*>ft Tart *f x * ^ *r?r
WP

= 0- ETb- 2EI
W

iTW b = — 2P
a = o

W/ Pam; y = A Cos ^ gj- 

x = 0 qr y = o

/ Px + B Sin VTT X ~ 2P X
ar?T: A = O

W/ Py = B Sin V ET x 2P x

W/Pdy PB . Cos xV ElV EF 2Pdx

dy
x = l/o— o:dx

W/ P / P
B V HI * CoS ^ El 1/ 2 2P 

W /El Q
Ip V p Sec

W /eT c ;
2P V P ScC ^ El

X = 1/., ?h y srrg-?TT<T m\ i

W /eT / p ,
}/max 2pV p El '

ariwcpr arfr^r irrVr

O =ifq:

/ P
B - v Er

/ p/ p wx
i/2 Sin X —V'eIapr: y 2P

W1
. (10.7;4P *

W1
= P y 4-maz 4

W j-Ef 
“ 2 \/~P

/ P" (10.8)tan v/ El

440

10.9: tr^i 300 Cm 4iT 4 Cm cTSTT
i o cm tfter | i s*r <n; i o o KN ^rr ststr *rter vtr 9 KN 

^THH1 ^fJcT 3PT5PP4 ’4TT ^ I STcT: srfsr^TrpT
rf^r rFR srf^r itft 1 E = 20 x 106 N/cm 2

:

(10.4) if ^ rx arefto smt? P rr^r 5ppF«? >ttt W
stPt ii+f'f 'FT ^nr Tfr | 1

^/unit length1
y

pp

W/2 W/2x
/

10.4

X 'Pt qr fqrqV qfr^^ tt q'-Tr^r sft arr^'q

wlx wx2
= P x y -f

2 2

d2y wlx wx*
v'ET. — • (10.9)= _L pXy _ 1

dx2 2 2

"3N q>d ^nff ^*4 y+i <. fq riqi 1T* Ngl

/p /p x+a+bx+cx2. (10.10)x + B Siny = A Cos V El ' VEI

41 •if qaff tt 4t 3T3r+'rH qrr^ qr

d2y = —IEI \ JJx + BSiavmx} +2cA Cosd>2



■441

wx2wlx1 ][ ( 1 0 ; 9) 5T^rPy +
22El

/ P-
V El

/ PP
A Cos / — x + B Sin /

V El
x

El

/ wx2 wlx \1p
( a+bx+cx2 ) r]-------

ElEl

/ wxa 

El \ 2

1 wl* )P
2c =----- - (a-fbx+cx2) H------snirar

2El

TTx* ^ 4 INI

wwp c = —C + -----  = O
2P2EIEl

X % WFff *KN<

wlwlp
= o b =— b —

2P2EIEl
fpfr Tsn % rw<N. ^ it

wEI2CE1P
2c = a im«n a =

P*PEl
(10.10) ^ a, b, ?Tm c, ^ ^tr Tr

wlx wx^
- 4- 2PIP . / P wEI

y = A cos -g|- x r B Smy -g|- x — p2 2P
wEI

x=o fr% tt y=o srw A = pa

/ P / ?/ Pdy x + BSinA V El xV ElV Eldx
wl wx
2P r P

442

dy
X=Va ^ ^ "dX = °

/ P /_P_ 
V El*nRi 0 = — A Sin i/2 -+• B CosV El

/TT _ wlX V EI X 2P
wx+ 2P

/ P /PwEI
JT’RTB = A. tan V El 1/2 P2 tan V El t//a 

wEI
x + tan

wEI / P / Ppa Eos y EI3R: y = V EI 1/2pa

rz:x_
V EI

wEI wlx wxx Sin pa 2P + 2P

x=i/j tt y atTy^dH j-far

" / P_
A/ EIcin *■/2

wEI / P
V -£1 ‘A +Cosymax = <

/ P
Cos V EI l/j

pa

wEI wl2 wl2
pa + 4P + 8P

wEI_ c / P .
pa Sec y' £i l/a p2

wEI wl2
8P

X = t/a TT arfff+dM 4TT TTT 3TTTit

Wiawl 1= P-y + ^r xmax 2 2 8
wEI wEI wl2 wl2 wl2P

Sec V EI ~ p

l~P~
^ V 'eT~ l/a -

i
300 = 30 N/Cm

!
P 8 4 8
wEI { ■}P

900
w —
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4x10s 1000
- cm4I = 12

I ^ ^ fwr -ildl I ^ ^ddH ^TPT I
5T^ 3TT«rW^ •T^t | ’^Td^T 4'M3tst 3m?«T o'fTt

^?n fenr tt i
d’TT

/ 10*000 x3 
150 V 20 X 105 X 1000

/ P i

V EL 2

150
X 3.87 (radian)

1000

180150
= 33.4°X 3.87 X

1000 7C

3 x 20 X b5 X 1000 (Sec 33.4°—1)3?fippcnr srnpr — 3x10,000

2x 105x0.198

= 39,6000 N-cm

39,6000x3 10
x 2yfd-^T = 1000

= 5940 N/cms

10.000 ^-25 N/mm23rf«r5Td 10x4

84.4 N/mm2= 594 + 250 =arfvrjFR rrrbpT srfd^T

= 34.4 N/mm2srfy+'T^T

444

10.10 : crdr ^ f^TTO di^r ^ i ocm rnn
-^FTf^r 3TW scm I d*TT ^ 3m fqd gnr | [
^ ^ Tff# ^ dTT 3nT*r Jr st^tr ^ femm | f%
^ 3rfk^=nr f^T o. 5 cmftdT | i rfk ^ ^ ^

tdt^T^^r%^20 kN % arsfbT^T^^^- 
^ ferdr srf^dTT ^?q-?T fkr i e = 200 GPa

I rnTW

m^rarroritJTfcdddfkm e' |dm 
Tfrs^g qrr fd^-q y' |, dd-

y' = e' Sin "x

^ 5n-Tf^dr qfrfRT% % arr^r |

A

=T^T C

tt x—0, y'=0 B cp- X=I, y'=o 

tt x=l/2, y' = e'
T^X

y' = e' Sin —3rq:

I
d2y' 7r2c' t:x

Sin • (10.11)

W P % "tFT 5ftf^ A ^ X 3fr ffr T* ^
t^iTTy Py g^n ^rfTOq-^T^
% y $ dTdT |; 3TT:

dx2 l2 1

y

d2
El (y—y') = — Py

dx2

d2y py 
arqqr-------- 1----- —

day' rc2e' Sin rex
(10.12)dx2 El dx2 l2 1
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irra ~flfyrf ^>r w s^iJ ^r t :—

7tX
: a rnp fwjrt^ | iy = a e' Sin

1
a e' tc2 Sin ttxdy

1* 1dx

d*y a e' tt2 Sin
rcr

1* ldx“
d^

T^*d y fT’ETT ------- fTT JTR 10.12 V TT
dxa

p a e' Sin t:xa o' n2 Sin ttx Sin "X
4-

EI1* 1 1 la 1

(t
Pla Tt2)

a
7T2EI la

I Pla
1 - = 1ar**T a

t^EIL
p

i = 12Tw*rr a
Pc

P ^*E1
^To? Pc = ---a (snWT-’TTT)

Pc-P

3RT: % fesnr w^' ipr ^iji

la

Pc tt:X
e' Sin ......... (10.13)y =

iPc-P

srftj't.cH ’i tt x = 1/2 fVrr i
Pe

■e' ... . ........... (10.U)ymax
Pc-P

PxPc
srfn^FrTM WT^nT — X c'

Pc-P

•J'TM'frT arrq-m q q-foifl % fw 

tc2EI Tr2x20xl05X7r64(104-84) XlO
Pc =

300X300 
7r3x 20X 10^x36 x 164 X 10
l2

= 635kN
1000x9x104x64

2x63.5x0.5x10
arfsrwr ^ anqq =

63.5-2

= 106 N. mqfawT 5rf?R?T

P M d/2 1060020000
x 5++

tt (104 —84)7T (102-82) *IA

644
= 7.46 N/mm2

srfcT^T m ‘Tiw '+■ i^t | i

qrfr^T (10.14)^ ^TT | Pr STfecHT few P %
I q-fe P=Pc cT^ ^T| e ^ f^cPTT ft ^T7 STS^TT STHnn

y 4TT ^ ftHT 3TFT: SHT1* it ^ ^'•T % ^ s^Tf

ft ftfrr | ^rt ?ftcJ ^ arfw?: ^trot | ivrn: Pc

STJRPTTFn3T«TT3

arnr^n: ftrsPr wtt |tr ^t^ ^f'^t 4ft ?mp4 sncr

qTtfjftT ^ft FTTTFT FT54T 1TR % | I ^ 5TH RRTRTT 20mm
oqTH 4FI FT^T fFRT 5StfT 4TT | I P'Rft ft ftRT 47 f'PT gRT ^

1

(3/-)I I
2. FtT'FF f3i7RT f^RT ^ cT^TT |7RT Pf4 ^ 1. 5

5m iTPTcfRR qfT^S^ 44 | I ?7r% ipR^k 4?t ^“tflf 1 00mm ft eft 
jft&i 5TTrt 4^ I RT% Pro; 3pPRR '4R 300KN | I E=100GPa

(3.32 cm)

3f4T
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3. ^ fa«T9T3 mri ioocm iomm |,
1 OON/mma rf’T^T tt l nm %<£ ^Hcft ^ \

ff ̂  f?rff ^T$r ^T SR^cT fel
«ldl34 I

^ft si imh < <=41^ ^t ^rrcT d N
(484N)dd HPT

4. tT^ 3^f ?fr| 2 40mxn s^THT d«TT 2 0 0mm STTcdT^
SHTH" 3TT | FfsqT fHH'T 2 0 0kN ^ WR ^ TfT | I iffe RT'^ ^f^rf
12mm ^TT 5>ff %t ft ^t 'T^PT ^ arf^WT #4^ rr«fT cPPT
sffrf^r itpt ^rfTm; i vfc ^tr ^ % 40mm ^ ^ ^ ft eft fepft
^SeTT elT ^ef^T ^f cPPT jrfrf^T ^ ?
E=80GPa

5. IT^ ^IT%R 4Tffo 35% ^T'4 R, fSR!% ftT^ ^ |, 600 kN ^
H'R ?pt TfT | i fqrn^ ^r0!^ 6 ft eft sfpRR ^ ^ft 9Tr>r ftr 
Mpe-^'i 4ft fV^TT ?1ld I
E=200GPa

(36.9N/mm2, 7.9N/mm2, 27.2mm)

(129 mm)

f^t-?:f^,;5!ft qnfT^Tf^T ^T®4(4eit

Non Metal 
L-ongitudinal Stress 
Longitudinal Strain 
Transverse Strain 
Shear Test 
Shear Stress 
Shear Force 
Shear force-Diagram 
Shear Strain 
Shear Deflection 
Normal Strain 
Axial Load 
Bending Combined 
With Axial Load 
Principle of Superposition 
Suddenly Applied Load 
Support
Bulk Modulus of Elasticity
Euler’s Formula
Internal Pressure
Eccentricity
Eccentric Load
Neutral Axis
Uniformly Varying Load
Uniformly Distributed Load
Uniaxial Stress
Uniaxial Loading

8Pfc;s4 srfd^ 
ipRS^T f°n>f?T 

fdt’fd 
STT^RT 'RTSRr 
apT^RT trfcfq^T 
3PT¥RT «Rf 
arr^RT ^tr7? 

fd?>fd
fTSfl’T 

3rfV<44 fdfPd 
ST^T HR

HR JT^cT

3rctTRt<Tir 
3TRTfRTT HR
sitor
HTHdH SRJTRH HR IT

HRTfRF ?TH 
Hc^ScTT

HR
T5THFT 3T5T 
TRTHHR R HR 
T(THHPT fHTfTH HR 
y'+K-f-f'RT HpfHH 

HRH

448
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POT +rT,Ji 
^<4cfl

‘FTStTcH <TO&T,TT 
V53TT37
tr*jfl<l < 3TTSTP

Angle of Twist 
Torsional Rigidity 
Torque 
Hardness 
Hardness Test 
Hinged
Hinged Support 
Coil
Helical Spring 
Shell
Spherical Shell 
Dynamic Load
Ultimate Tensile Strength 
Moment of Inertia 
Radius of Gyration 
Dead Load 
Prop
Propped Cantilever 
Tank
Tensile Test 
Tensile Stress 
Fibre Reniforced Glass 
Fibre Reniforced Plastic 
Slenderness Ratio 
Thermal Stress 
Biaxial Stress 
Biaxial Loading
Two Dimensional Strain Field 
Indentation Hardness Test 
Modulus of Regidity 
Beam

<01

rrfrRt STIT

^ «rr:

^T^fcT 5TPT

cr^?r qrtspiT 
5rf?r^pr

0'rd) 5RfpTcT ^TR- 
SrafpFT H Prd^

%3r5fpT pf^T^T

fsrf^r ^ 
T^tSTVT

SOT

450

'rfr^ffp' f3v! 
fpTFR 
rR^‘ TOTT

Tf7!"5^? rrFTR 
Tfr^rrifF ifRR 
qfr^pi 
RT^ff SFTTFTo

qr^fTcr 5Tf^=r 
srsrraf ^tr

51WTRRT
wrm ttpr 
srfrFRT
srf^?r sr^jqr
FTfpRFT 
qfoR'T PR
srfctw 
stur srfcFR 
srar^r

?Rn
snrr'ff Jf'ji+

smr tR?r 
wg srrtjR 
d^Tfcf thisr

^fsrrsfTR^ ‘iR^r

Cast/Iron
Point of Contraflexttre
Safe
Sample
Yield Stress
Area-Moment
Section Modulus
Resultant Bending Moment
Circumferential Stress
Poisson’s Ratio
Transmitted Power
Shock Load
Elasticity
Elastic Modulus
Stress
Stress State 
Stress Ellipse 
Stress Circle 
Percentage Elongation 
Principal Stress 
Principal Plane 
Principal Strain 
Overhanging Beam 
Gage Factor 
Slope
Contilever Beam 
Fixed Support

Mechanical Properties 
Torque
Continuous Beam
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Buckling
Integration Method 
Cylindrical Shell 
Bending Moment 
Bending Moment Diagram 
Bending Stress 
Moment of Resistance 
Bending Load 
Bending Theory 
Load
Brittle Material 
Torsional Shear 
Torsional Load 
Modular Ratio 
Mohr Circle 
Creep 
Alloy
Young’s Modulus 
Linear Strain 
Roller Support 
Strain
Strain gauge 
Deflection

Electrical Resistance Strain Gauge 
Span

Plane Stress 
Plane State of Stress 
Plane Strain 
Plane State of Strain 
Axis of Symmetry

ciTT^^T

Mu
UW'ft
ci+'W itWUcs

:Mr'T 3TKv a
4cK'T Mfrfsl'rf

'TT'T
UT-T f-H4irr
UR

UfM UR
unriurt uutft

fU«T
UU UTTRT

fr^R yruR 

urfr

5r%TTU UTTT

c

Srfrfelrl

%rfcT 3T^UT 
uu’firfiT 3r2T
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Plane
Equivalent Torque 
Equivalent Bending Moment 
Column 
Static Load 
Proportional Limit 
Universal Testing Machine 
Concentrated Load 
Impact Load 
Impact Test 
Balanced Section 
Compression Test 
Compressive Stress 
Compound Bars 
Composite Beams 
Simply Supported Beam 
Shaft
Conical Bar 
Hook’s Law
Threedimensional State of Stress 
Thrcedimensional State of Strain 
Fatigue

UR

uupjtM ^ftur 
utMt rYstu

UR
UUf UR

UTlSU Rt5RT 
UIft3';T M Ff cM

URT
3TPTU URT

W-
yi't^i+'R 
pr ^TT fuuu

Mfrfu
«rt%

nsruTUfl?rT — 23 cpto arfR uuo arr^o fto (gRoito)/9 5—ii-e-98—1000
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