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Okuw. gol!amnasynda yokary oku\.v n1ckdcr>lc1111dc 1nat1.•riallaryii 
g~~ylygy ders1 bo~~?~ n1csele 9ozmcgit"i usullary gorkc:.rih.:11 Cllillanina iki 
oolumden ybara~, btrll1JI boli.imde nusgawy lllCSClcictin ~Crl k:ri, 1k.11111 lx>llin1de 
bolsa, ITI~eleler1n cy~~ii~leti, gorkezn1elcri WC jogaplary get irily!it . 

K1tap telm1k1 yokary okuw 111ckdcplcri li<,:in ta.ssyklana11 okuw 
inalcsatnamasy esasynda tayyarlanyldy. 
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TURKl\tlENISTANYN PREZIDENTI 
GURBANGULY BERDIMUHAMEDOW: 

"Giiyfli dowletde yly1n est1sy orny eyeleyar, diymek, 
biz yl1nyn in taze gazananlary bi/en ayakda$ 

gitnielidiris. " 

Tiirkmenistanyn Prezidenti Hormatly Gurbanguly 
Berdimuhamedo"vyii yurdumyzyii jemgyyetcyilik- oni.im9ili.k gurlu~y 
dowrcbapla~dyrmak boyuncya i~lap diizen syyasy we ykdysady 
maksatnamalary Beyi.k Galkyny~lar zan1anamyzda taze kamil ya~ayY$ 
ke~bini doretmegi ba~ maksat edinyan strategiYadyr. Onun esasy stiti.inlerinm 
biri-de 'Yurdumyzda bilim uJgamyny kamil~i111ilige, ylym pudagyny osdfuip, 
halkara dcrejesinc yykarmaga goniikdirilen ozgcrtmelerdir. 01 halkymyza 
ylmy-telmiki progresit1 m sonky gazananlary bilen ayakda$ gidip, diihya 
siwilizasiyasyna sazl~ykly go$ulyp gitmage mtin1kinyilik becyan yoldur. 

Ho11natly Prezidentimizin oymez-y-itmez taglymatlaryny durmu$a 
oma~dynnakda tfukmentalyplarynahalkara dcrejesinde ylym-bilirn bcrmek 
we arassa ahlakly, watanyylyk n1hunda terbiyelcmek iJ1 wajyp meselelcriii 
biri bolup ducyar. 

Dowletin ykdysady kuwwatyny pugtalandy1jak \Ve ony has 
belentliklere alyp gitjekdowrebap it1Zener hi.inar1nenlerini tayyarlamak hem 
a)'ratyn ahmiyete eycdir. Su babatda hakykata akyl yetirmck baradaky 
ylymlaryii esasylarynyn biri bolan "Materiallaryn gar$ylygy" ylmyna uly 
orun dcgi$1idir. Onun iiyin tehniki yokary okuw mekdepleriniii talyplary 
"Materiallaryii gar~ylygy" dersiniii <;:yl~yrymly hasaplarnalarynyii ajayYp 
usullaryndan yctcrlik dercjede ba~ alyp 9ykmalydyrlar. 

"Materiallaryii gar~ylygy" umumy tehniki ders bolup, gelejekki 
inzenerleri tayyarlamakda tehniki bilimlerit1 binyady bolup hyzmat cdyar . 
Galyberse-de, bu kursun amaly bolegi talyplarda itl.Zenerlik pikirlenmaniii 
osmegine, olaryii d1inyagara~ynyil ginelmegine yokary derejede ,Yardan1 
ber}'ar. 

Talyplar "Materiallaryi1 gar$ylygy'' kursuny owrcncnde, kopleny, 
meseleleri yozn1ekde uly kyn9ylyklar 9ecyarler. 
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Meseleler )'ygyndysynyi'l ttirkmen dilinde tayyarlanylyp, yokary okuw 
mekdeplerinii1 talyplaryna yeti.rilmegi, yurdumyzda dowrcbap inzcncr9ilik 
meselelerm 9ozillmegine yardam beryar. $cyle maksat hilcn clit1izdaki 
}'ygyndy yurdumyzyi'l tehniki yokary okuw mckdcplcrimk okayan lalyplar 
tiyin niyetlenilip, talyplara materiallaryi'l gar~ylygy dersi hoyunc;a mcsclcleri 
9ozmegin usullaryny gowncjay ozle~dinncgi maksat cdinyiir Clollanma 
awtorlaryi'l kop }'yllaryii dowamynda to plan ylmy-mugallymc;ylyk lcjribcleri 
esasynda tayyarlanyldy. Y ygyndynyi'l kop bolegi aydyn mcsc lelcr bo lup, 
olaryil jogaplary, gorkezmeleri we 96zliwlcri kitabyi1 iki11ii hiHcginde 
yerle~dirilendir. Seyle hem talyplaryn i~jen pikirlenmcgi we 6zba~dak 
ozlc~dirmcgi ti9in birna<;e yyl~yi-ymly mcsclclerin 9ozUwi gollanmada 

dti~tindir~siz berilyar. 
Meselelcr )'ygyndysynyn dtiziiminc giryUn temalar tehniki yokary 

okuw mekdepleri il<;in tassyklanan okuw maksalnamasyna layyklykda 

beyan edildi. 
Kitabyn ilkinji gezek Hirkmen dilindc tayy:ulrmyandygy bilen 

baglylykda awtorlar kitapda goyberilmegi mtimkin lx)lan ldibir nogsanlyklar 
il<;in jogapkar<;iligi oz ustlerinden a,Yyrmayarlar. Y yg) nd y hoyunc;a gelip_ 
gow~n bellikler we tekliplcr onuii geljekki ne~irlcrindc giii' iii\i.inde tutular. 
Kitap 9apa tayyarlananda beren gymmatly maslahat lary Uc;in professor 
<;.Amansahedowa, teksti redaksi.Ya eden dosent S.Cili.Jtikowa we tehniki 
taydan yardam eden B.Abdyrahmanowa, S.A.Ny)'azow adyi1daky TOHU­
-nyi'l talyplary P.Annayewc, B.Berdiycwe, N.Artykown S.Pa~~ykowa, 
A.Myi·adowa, A.Erlekowa awtorlar uly minnetdarlyk b1ld iry!irlcr. 

Awtorlar ~u kitabyn yykmagyna bcren uly komckkri n1,·111 Y cwropa 
Birle~iginm TASIS-TEMPUS maksatnamasynyi1 CD .ll•, P-25064 belgili 
"Y cwropanyn uniwersitetleri bilen hyzmatda~lykda Tlirkmc111standa oba 
hojalyk bilimlerini osdtinnek" atlytaslamasyna oz minnctdarlyf ytly bildiryar. 
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IBAP 
SUYNME WE GYSYLMA 

1.1 Statiki kesgitlenyan ulgamlaryn basaby 

1.1.Kcse kesigi l 6x 16 sm2 bolan aga<; stiti.in gysylanda dartgynlylygy 1 kN/sm
2 

-

-dan kop bolmadyk yagdayYllda naye iii ulyyuki saklap biler? 

1.2. P guy<; bilen dartylan (surata 
seret) diametri 25 mm bolan 
9atyda yilze 9ykyan dartgynlylyk 

~~~$==:3---:;~ P 1 O kN/sm2. Epenegii'i diwara 
bolan basy~y 0,14 kN/sm2 -dan 
kop bo lmadyk yagdayda epenegiii 
diametrini kesgitlemeli. 

J.2-nji surat 

:Ill 

1.3-nji surat 

1.3. Po lat zolak tegelek beryin 
~iklerbilengow~lanwe boy 
gilyji bilcn dartylan ( surataseret). 
H owply kesikde dartgynlylygyil 
ortabahasyny kesgitlemcli 

1.4. 30 a bclgili iki tawraly balka 
kerpiy diwara girizilen ( surata seret ). 
Balka Q=60kN bas~ gilyy bilen 
kerpi9 diwary endigan basyar. Eger 
kerpi<; orumiii rugsat edilyan 

dartgynlylygy [cr] = 0,09 kN/sm2 

bolsa, balkanyii diwara giryan 
uzynlygyny kesgitlcmeli. Balkanyn 
inini kesgitlenen sortdan almaly. 

1.4-nji surllt 
J.5. Uzynlygy birmeilze~ we ok boyun9a tasir edyan birmenze~ gily9 bilen 
yUklenen iki simiD biri mis, beylekisi bolsa po lat materialdan yasalan. Mis 
simin diarretri l mm. Eger iki sim hem den uzalyan bolsalar, po lat simITT diametri 

na9a den bo Jar? 
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1.6. Kese kesigi 10 x 10 sm2 bolan agay dircglcriii her biri suratda gorkczil4;i 
)'aly yuklenen. Direglerm hlisi)'etli kesiklerindiiki drutgyn lylyklary kesgit lcmeli. 

]. 6-njy surat 

1.7. Kesc kesiginm meydany 10 smz bolan po lat stcrzcnii\ (surata scrct) 
hemme bolcklerindaki dartgynlylyklary we doly durkuny tiylg1.:tmesi 
kesgitlemeli. 

lm 2m--~ 

I. 7-nji surat 

vt .8. Bug ma~ynyn silindrindaki i~ basy~y q = I 0 atm; silindrin 1i;k1 diametri 
D=350mm(surataseret). Eger boltuf1 materialynarugsat cdil)iiin dartt,')'11lylyk 
(cr] = 4 kN/sm2 bolsa, gapagy silindre berkitmek il<yin diamelri d 18 mm 
bolan na9e bolt gerek bolar? 

1.8-nji surat 

10 

I. 9-njy surat 

1.10-njy .<;urat 

• ~ \ " ::::»-"'' - - t·· - " 

f 
T 

1.11-nji surat 

1.12-nji surat 

1.9. Diametri d=l5 sm bolan tegelek 
kesikli agayAB direg (surata seret) suw 
geyitmeyan germewajy agdarylmakdan 
saklayar. Diregin materialyna rugsat 
edilyan dartgynlylygy 0,2 kN/sm2 di)ijp 
kabul cdip, dircglerii\ iii uly aralyk.laryny 
kesgitlcmeli. 

1.10. Suratda gorkczi~i yaly yilklencn, 
gaty AB balka, A we B direglere agram 
salyar. Adircgiii matcrialy-polat, kesc 
kesigi l O sm2, B diregiii materialy-aga<y, 
kese kesigi 100 sm2, <; sterzen-mis, kese 
kcsigi 30 sm2• Yilkilii asylan nokadynyil 
~ak sfrwmcsini kesgitlemeli. 

J . t 1. Go teriji kranyi1 AB dartyjysy ( surat 
serct) 500 mm2 kesc kesikli tros bolup 
hyzmat edyar. Trosun materialyi1a rugsat 
edilyan dartgynlylyk 4 kN/sm2

. 

Da1t yjynyil berklik ~erti boyun<ya kran 
nayC yuki gotcrip biJcr? 

1.1 2 . Gaty AB stcrren (surata scret) 
p gil)-9 bilen )'iiklenen we diametri20 mm 
bolan tegclek kese kesikli D<; polat 
yekiji bilen saklanyar. Ji'\ uly rugsat 
cdilyan gilyji we B nokadyfl a~ak 
siiy~mesini kesgitlemeli. <;D sterzenin 
materialyna rugsat edilyan dartgynlylyk 
[cr] = 16 kN/sm2

• 
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1.22. Diametri Imm bolan polat sun gor11:ontal A W C B (surata scret) 
gozganmayan nokatlaryi'i arasyna dartylyp c;:ekilen. Simiil uzynlygynyii 
ortasyna <:; nokatda kem-kcmdcn art)tan P ylik asylan. Simiii uzalmasy 
0,5 % bolanda, ol iizUlyar. $u pursatda P yUk, (' nokadyii a~ak sliy"mesi 
we iizi.ilen pursatynda simi11 dartgynlylygy nama dc1Y? Ozlilme pursadyna 
c;:enli simiii durkunyu,Ytgetmesini ma}'y$gak diy-ip ha.sap etmeli. 

200 sm 

-------- - ---- ------

I ' 

~' 
. B 

E¥3 

•• 

1.23-nji surat 

Y ilklenmc 
P, kN 

2 
12 
22 
32 

c;t 

p 

1.22-nji surat 

11 1.23. Tekiz nusgada iki tenzometr 
oturdylan.A tenzomctr nusganyil boy oky 
boyunc;:a, B tenzometr balsa, oka 
perpendikulyar yerle$dirilen. Degi~lilikde, 
tenzometrlerirl ulaltmagy ~ =950, ~ = 1100. 
Tenzometrleri11 baza lary birmeiize$: 
SA =SB =20 mm: 

Basganc;:akly osyiin yUklcnmede alnan 
gorkezijiler tablisada gctirilen. Ma}'y$gaklyk 
boy E modulyii orta bahasyny we kcsc 
durkuny liytgetmaniii koeffisiycntini ~L 
("Puassonyii koeffisiyentini) hasaplamaly. 
Nusganyi\ kesiginiii meydany A= 1 sm2 • 

Tenzometrlcr bOYum;a hasabat 
nA, mm 

4,5 
14,5 
24 

34,5 

14 

ns, mm 
36 

32,5 
30 

25,5 

1.24. I9inden yandyryl)'an dwigatelin silindrini berkidyan $pilkanyii (hyrly 
ster:Zenin) diametrini saylamaly. $pilkalara giiy9Jer den ya}'ran diyip hasap 
etmeli. Berlen: silindriii ic;:ki diametri D= 100 mm~ silindriii ic;indaki gazyn in 
uly bas)'$y p= l OMPa= 1 kN/sm2

, $pilkalaryll sany n=8, ~pilkanyi\ rnaterialyna 
rugsat edilyan dartgynlylyk 6 kN/sm2-e deii. 

u~ 
H ,. 

I.\ ~ 

I 
\ 

" 

1.25-nji surat 

1.26-njy surat 

--/ ....... \ 

1--- --r--- ".!llt-r--' 
1 

J.27-nji .mrat 

t .25. Hemi$elik gowrumleri bolan 
sterzenler A diiwne berkidilen. ex. 
burc;:un ha)isyululygynda diiwne goylan 
rugsat edilyan giiyjiiii ill uly bahasy 
bolar? Sterzenill materialynyii rugsat 
edilyan dartgynlylygy [cr]den bolanda 
gi.i:Yji.iil ululygyny kesgitlerncli. 

1.26. Sterzenlerin materialy we 
gyzdyrylyan temperaturasy birmenze~ 

bolanda we ~ bur9laryii haysy 
gatna~ygynda stel"Zenlcrde temperatura 
dartgynlyJyklary doremeyar? Direg ilsti 
B('-denAdiiwne c;enli aralyk hemi$Clik 
(h =canst). 

1.27. A di.iwiln tckizlikde :Yuwa~ 
aylanyan ululygy boyum;;a hemi~elik 
gilyji kabul edyar. Sterfonlerin 
materialynyii massasynyii minimal 
bahasynda ex. burc;:un ululygyny 
kesgitlcmeli. Ster:lenleriii meydany 
birmenZC$ bcrklik ~crtinden kcsgit­
lenilyar. 
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1.28. 61'1tinde11 gyzdyryla11 ki9i radiusy r gur~aw, radiusy R bolan tigre 
geydililen. Eger gt1r~awyn kese kesiginm 111eydai1y A we niaYJ'l?gaklyk 111oduly 
E bolsa, gur~aw sowadylandan son gur~awdaky darty~ gi.iyji.ini \Ve 
dartgynlylygy kesgitlcmeli (tigri gysylmayan di-yip hasap ct1ncli). 

n-------~" l l>-ll ~N ' 1.29. O)itgeyan l<esikli d)lural)lu1nin 
.lh j=~.:.:~~~=-=-11;--,;J f zolagyn sii)'mnesini kesgitlemcli 

l•Mlo (surataseret). E=0,7 · 104 kN/sn12 

~ 

" ... 
1.29-njy s11rat 

p 
di-yip kal1ul etmeli. 

1.30. Dinamiki kocffisiye11ti kd=2 bolan birdenka goylan si.i}'ndtiriji gl.iy9den 
po lat sterzenii1 kese kesiginii'i n1eydanyny kesgitlemeli. Sterzenm otnositel 
durkuny tiYfgctmesi 1 /1800-den kop bolmaly dal. Eger sterzenin 
materialynyii berl<lik 9agi crh =42 kN/s1112 bolsa, atiya9lyk koeffisiyentini 
kesgitlemeli 

.. 
I, 

1.31-nji s11rat 

• 

1.31. <;yzgyda hereketi togtadyjy 
enja1nyii shen1asy ~ekillendirilen. 
Radiusy R bolan~kiwi mo1nent M 
aylayar. $kiwi togtadyjy ino1nenti 
<;K ry9aga goylan P guyjlin 
tasirinden ~kiw bilen AB polat 
lentanyn arasynda doreyan surtlilme 
giiyjuni do redyar. M n10111enti 
denagra1nla~dyrmak ui;in gerek 
bolan P yiikiln agramyny we <; 
nokadyn ornuny uytget1nesini 
kesgitlemeli. Lentanyn ~kiwi gur~ap 
alyan bur9y a, lentanyil ~kiw 
boyun9a stirtilh11e k.oeffisiyenti f-e 
den. Berlcn: M-500N1n; R 0,2 n1; 
L=5a=l1n· a.=230° · e =Re. =2R· 

' 'J '2 ' 

16 

f=0,2; lentanyn ini b=30 mm; 
galynlygy h=lm1n. I<..<; ry9agy 
absol)lut gaty diyip hasap etmeli. 

I 

p 

J.32-nji s11rat 

h 

1.32. Iki birmenze$ sterzene P giiyy 
goytan (surataseret). Steraenli ulgama 
in az material har9 bo Jar yali h aralyk 
nahili bolmaly? 

1.2 Statiki kesgitlenmeyan sterienli ulgamlaryn hasaby 

, / 

lOU till 

// / / 

1.33-nji s11rat 

1.33. Tki tarapy jebis berkidilen ster2.enirl 
a$aky boleginin mcydany 40 sn12-a, 
yokarky boleginii\ meydany 10 sm2-a 
den. Sterzenin a~aky we yokarky 
bo leklerinin dartgynlylyklaryny 
kesgitleLneli . 

1.34. Tros merkezi boleginin diametri d1=5mm bolan mis simden we bu 
bolegi gur~ap alan diametri d, =2,5 mm bolan dokuz polat simden ybarat. 
Simleri parallel hasap edip, P=5 kN yuk asylanda, trosun simlerindaki 

dartgynlylygyny kcsgitlcmeli 

1.35. Kwadrat kesc kesikli dcmirbelon siitiin, si.ittinm kcsiginiii l 0/o-ini tucyan 
tegelek kese-kesikli dort po lat sterzenler bilen armirlenen. Betona rugsat 
cdilyan dartgynlylyk 0,6 kN/s1n2, po lat ster2.enc rt1gsat edilyan dartgynlylyk 
12 kN/sm2 bolsa, siltilnin taraplary we sterzeniii diametri na9e bolmaly? 
Poladyn mamgaklyk n1odulynyi1 betonynmamgaklyk modulyna gat~ygy 
I 0-a den. Sutunin goter)'an Yi.lki 1 ooo kN-a den. 
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1.36. Gaty pUrs binneiize~ kesikli po­
lat sterzen lcriii kon1egi bilen berkidi­

i.::.:'-:-o~/~' '4..<l' .:<.:· len (surata seret).[cr] =16 kN/sm2-a 

llO •m 

den diyip kabul edip, stcr:lenlerin 
kese-kcs iginiii mcyd anlaryny 
kesgitle111eli. 

1.36-n.i.v surat 

1.37. Gaty Ac; ballca, A nok:atda 
diwara ~amirli berkidilen we suratda 
gorkezili~i yaly, bim1eflze$ kesikli we 
binnenze$ inaterialdan bo Ian iki sim 

..L..~A;.......-~~.::.s ___ ~i;- bilen saklanyar. C nolcatda goylan . ~ 

1.37-nji surat 

P~:'Ml kN 

1.38-nji s11rat 

ytiktin tasiril1den si1nlerde dore)1an 
P giiy9lcri kesgitletneli 

• 

J. 
I 

1.38. Bir nok.atda birn1eii.ze$ 
materialdan il9 sterzen ~arnirli 
berkidilen (surata seret). Kcse­
lcesiklerinin n1eydanlary: biri11ji 
sterzenif1k:i 2 sm2, ikinji sterzeninki 
3 s1n2 we tis;unjinmki 4 sm2 bolsa, 
sterienlcrdaki dartgynlylyklaty kesgit­
Jcmeli. 
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J.39-n.iy surat 

1.40-n.iy s11rat 

l 

I 
I 

\ 
--+- ;1-.l 

1.41-n.ii surat 

1.39. Birmeiize~ kese-kesikli po lat 
sterienler ulgamynytl. C nokadynytl. 
a~ak sily$mesini kesgitlemeli ( surata 
seret). Ol9eg a-1 m, A 5 s1n2

. 

.40. Gaty konstruksrya(gurnaw) ~irli 
diregin we ik:i ster2:enii1 komegi bilen 
binYatda berkidilen(surata seret). Birirtji 
ster:len-polat ([ crr] = 16 kN/sm2

), ikinji 
sterzen-c;;oYt.111 ([ cr] = 10 kN/sm2

) . 
~ 

Olaryll kesc kesiginili 1neydanlary 
A =50 sm2 -a A =30 sm2-a den. P 

y ' p • • 
Y'tiklin iii uJy bahasyny kesgitlemeli. 

1.41. lli gaty piirs suratda gorkc~i 
yaly U9 ster7.en bilen birikdirilen. <;etki 
sterzenlerin 1nateriallary - polat, 
yokarky boleginiii kcse kesiginin 
1neydany 16 sm2

, a~aky boleginillki 
bolsa 1 O sm2, ortaky sterzen-mis, 
kese kesiginin meydany 20 sm2-a 
den. Ortaky sterzenin yokarky ilsti 
bilen yokarky piirsiln arasynda 
a= 1,25 • I 0-4 sm/kN ( l kN yukde 
pruZinili y<)kmcsi) 9cyelik koeffisi)'enti 
bolan pruzin goylan. Berlen yuk 
bo':YlLn9a pursleri birikdiryan 
sterzenlerdaki dartgynlylyklary 
kcsgitlemeli. 
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J.42-nji s11rat 

...___ ___ , .. .,~ ---

1.43-nji surat 

... 

1 .. <m 

. 

I 
l 

I . 

I 
A .. , , , , i ., /r/ /7 

1.44-nji s11rat 

20 

"' 1.42. Kwadrat plita bir111c1lze~ 
n1aterially, bir1ne11ze$ kese kesikli 
we birmef1.ze$ uzynlykly 
simmetnya boyuns;a yerl~en dort 
stittinde saklanyar (surata seret). 
Stittinlerdaki gtiy9lerii1 ululygyny 
l(esgitle1neli. 

t .43. Suratda gorkezili$i yaly, 
polat bolt inis tw·banyi1 is;inden 
ge9irilen. Boltuii hyrynyil adiini 

1 
3 min. Gayl(any 

4 
aylaw 

s;ekdireni.iide bo ltda we turbada 
nahili daitgynlylyklar doreyar? 

1.44. Suratda gorkezilen sterzeniii 
yo kars y gaty berk idilen. , 
Y Uklenma yenli sterzenm a$aky 
gyrasy bile11 diregi11 arasyndaky 

bo9luk ~ =0,05 min. Sterzenm 
yokarky bOlegiI1m n1ateria ly -
n1is, onuii kese kcsiginm n1Cydany 
150 s1n2

, a9aky bolegi polat, 
kese-l(esiginiii n1eydany 50 s1n2. 
Ster.Zen P=200 }(N guys; bilen 
ytiklenende, onuii yokarky we 
a9aky btileklerindiil(i dartgyn­
lylyklary l(esgitle1neli. 

1 

,_ 

I 

' 

~ --to!'~ --· -··- -
1.45-nji s11rat 

1.45. Gaty balka ( st1rata seret) 
kese kesiginin meydanlary 
400 sm2 bolan ily siltilnin 
ilstilnde yerle9yar. Balka bilen 
ortaky stittinin arasyndaky 
bo9luk !::.. = 1,5 mm-e den. 
SlitOniii materialy - beton, 
111ayy~gaklyk mo d u ly 
E=1400kN/sm2

• Silttinlerde 
doreyan dartgynlylyklary 
kesgitle1neli. 

1.46. Sterten we ony gur~ap alan turba bir wagtda P gilyy bilen dartytyar. 
Sterzen we turba dlirli-dilrli materiallardan we olaryii uzynlyklary 6-e den, 
kcse kesikleriniii meydany bolsa, degi$lilikde, A, we A

2
den. Mamgaklyk 

, 
1nodullary EI we E2 Yiiklenmeden so ii bu dartgynlylyklaryi1 gatna§ygy m 

bolar yaly, ster:lende we turbada nahili deslapky drutgynlylyklary cr 
1

1 we 
a 

2
1 oyandyrmaly. 

s 
i' .... 

B ' 
A m 

1.47-nji surt1t 

J) 
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1.47. A duwun wertikal 
boytln9a ~ = 0,05 sm 
sily~yan bolsa, i.i9 
s terzenl i duwne goylan 
guyjun t1lu lygyny we 
ug runy tapma ly. 
E == 2 ·103 kN/sm2- a de ii 
d iyip kabul etmeli. 
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1.48-nji surat 

3 

a 

« ..... <::: < <l < ' ' '""'.,_l_ 
1.49-njy surat 

1.48. Gaty pi.irsi il<; direg sak layar 
(surata seret). <;::ctki dircglcr-polatdan, 
kcsc kesiginiii 1neydany bun1c1\zc~ \Ve 

20 mn12-a den, ortal<y direg 9oyundan 
we kese keseginiii 111eydany 501run2-a 
den. Pi.irs bilen 9etki diregleriii 
arasynda 9eyelik koeffisiyenti 
a=5 · l 0·4sm/kN bo la11 birn1eiize~ , 
pruiin yerle~dirilen Y ill< goyubnazdru1 
on ortaky direg bilen pi.irsi.i11. 
arasyndaky bo~lul< /),,. =0,05 inn1-e 
de.ii. Direglerdak.i dartgyi1lylyl<lary kes­
gitlaneli. 

1.49. Polat stcrzen (surata serct) iki 
tek.izligm arasynda t

1 
=+5°S tempera­

turada berkidilen; yokarl<y bolegin 
kese l<esiginin n1eydany A 1 = 5 sm2 

a~al<y boleginii\ki bolsa A
2
=10sin2

• 

Te1nperatura t
2 
= + 25"S yokarlananda 

sterzenin yokarky \Ve a~aky 
bolel<lerinde doreyan dartg)'lllylyklary 
kcsgitlcmeli. 

1.50. Uzy1tlygy e =2m po lat sterieniii il<i tarapy diwara berkidilen. Sterienit1 
l1aysy hem bo lsa bir tarapy diwaryii ii;inde ~ =0,05 1nm bo~lukda ornuny 
erkin ii)'tgedip bilyar. Temperatui"a 40"S yokarlananda sterzende doreyan 
dartg)'l11ylygy kesgitlemeli. 

A a 

'I • I ~0 •m...-1 
I 

1.50-nji surat 

' 

1.51. Dartyjy mufta A we B polat 
sterzende <J 1=='1,5 kN/s1112 bolan 
sil:Ynme dartgynlylygy doredyar. Eger 
sterzenill dartg)'l11ylygy <J 

2
=8kN/sn12 

bo lar yaly ten1peratura /)..t=-10°S 
ilytgedilende, 1nuftan)lft l<o1negi bilen 
sterzeniii uzynlygyny naye il:Ytgetn1eli? 

22 

1.52. Her haysynyn kese kesiklerinin meydany 37 ,5 s1n2 we uzynlyklary 

50 sn1 bolan in\var we mis turbajyklar 0°S ternperaturada bir-birine seplenip 
goylan. Soii bolsaolar+ 36,4° i;enli gyzdyrylyarwe olaryll umumyuz)'l11yklary 
ti)'tgemez yaly P gi.iy9 bilen gysylyar. Bt1 gi.iyjilii ulttlygy nai;e bolyar we 
yokarlandyrylan temperaturada turbajyklaryn her ha}'synyn uzynlyklarynaya 
den? Tnwar liyin a.;=0 we E =2·104 kN/sm2

• 

1.53. Uzynlygy i = 12m, galyiilygy 8=40 sm bolan kopriniil dernirbeton 
plitasy direge f)..=0,3 sm bo~luk bilen goylan. Demirbetonyii t1zynlygyna 
ginelmek koeffisiyenti et= l 0·5-e den, mayy~gaklyk moduly bolsa, 
E=2 · J 03kN/sm2 . Ten1peratt1ra L\t=30°S yokarlananda plitadaky 
dartgynlylygy kesgitlen1eli. 

P -

. t: -- ... 11.il 

°' 

1· 

.'-...· 

1?::; 
I 

!\ 

1.54-nji st1rat 

d · 1 SID polot I 

ml! 

•l= I nn pel.11 . f 
2 1 Stn - -! - - -

1.55-nji surat 

1.53-nji s11rat 

1.54. Gaty plitanyi1 tisti bilen 45 kN Yiik 
meydany 15 sm2 po lat silindre we meydany 
20 sn12 ii;:i bo~ mis silindre gei;:irilyar (surata 
serct ). Gliyy iki silindriii hem oklary boJ'un.9a 

' tasi.r edyar. Yuk goylandan son temperatura 
' 30°S yokarlanyar. Yuki.in temperatura 

i.i:Ytgemezden onki \!Ve ilytganinden soilky 
ya)fra~yny tapmaly. 

1.55. Suratda gorkezil~i yaly, iki gaty guy-ma 
polat boltlar bilcn berkidilcn. Uzynlygy 
20,02 sm we kesekcsiginm meydany 6 sm2 

'.!;..-P bo Ian mis stcrzeni guJ'manyn arasynda 
yerle~dirmck il9in, ~onun yaly-da guJ'many 
si.iy~rmek il9inP gi.iyjilii ululygynytaprnaly. P 
gi.iy9 ayrylan-dan son guJ'manyil arasyndaky 
uzynlygy taprnaly. 

23 



1.56. 16-njy belgili polat iki tawraly balka iki di:regiii ustiinde yerle~dirilen 
we Q= 10 kN yuk bilen direglcrii'i ortasynda ytil<lcncn (surata 
seret). Balkanyii direginde gorizontal on1u11y i.iytgetmesine si.i1ii.iline gilyji 
pasgel beryar. Ball<a bilen diregiii iisti.iniii siirtiilme koeffisiyenti f ==0,3-e 
den. Balkada dartgynlylygyii artmagyna 9cnli ill uly tcn1peraturanyii 
tapawudyny l<esgitle-1neli we te1nperatura dai1gyntylygyny kesgitlemeli. 

Q 

1.56-njy surat 

1.57. To1nus wagtynda relsde gysylina boln1az yaly relslerin sepinde zerur 
bolan bo~lugyii ululygyny kesgitletneli. Rclsler + 10°S te1nperaturada 
yerlc~dirilip go.Yul.Yar; To1nusdaky iii uJyten1peratura +600S; relslerm uzyi1lygy 
8 m-e deii. Relsler bo~luksyz yerle~dirilip goylanda dartgynlylygyii ululygy 
nahib bolar? 

1.58. Po lat bug ge9iriji turbanyii + l 5°S te1nperaturada uzyi1lygy 30 in de11. 
Bu turbadan + l 80°S temperatura 9enli gyzdyrylan bug go)'berilyar. Eger 
turbanyii giiieln1egii1e hie; hili pasgelc;ilik bolmasa, turbanyi1 uzynlygy i1ai;:a 
den bolar? 

Eger turba uzalmayan bolsa, turbadaky da:rtgynlylyk na9a den bolai·? 

1.59. t 1=135°S-a c;enli gyzdyrylan nlis halka, t
2
-20°S tc1nperaturasy bolan 

polat wala geydirilen. a) halka 20°S sowadylanda, 11alkada doreyan 
dartgynlylygy kesgitlemeli; b )waly we halkany 0°S 9enli sowatsaii, 
halkadaky dartgynlylyk nac;e yokarlanar? 
9) halkadaky dartgynlylyl< nola den bolar yaly hall<any we waly haysy 
temperatura c;enli gyzdyrmaly? E = l O"kN/sm2, a = l,6· l0-5,a = 1,25· l 0-5• 

m m p 
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1.60-njysurat 

3 

1.60. Gaty pi.irs kese kesigi 20 sm2 

bolan birme11ze~ meydanly i.i9 polat 
sterze11den asylan. Ortal<y sterzen 
taslama ol9eginden <5 = 0,5 1111n gysga 
yerine yetirilen (surata seret). 
Konstruksiya yygnalandan son 
sterzenlerdal<i dartgynlylyklary 
kesgitlemeli 

1.3 Hususy agramy basaba almak 

1.61. He1~lik kese l<esikli, beyil<ligi 8 m bolan si.itiiniii hususy agramyndan 
iii a~aky kesigindiil<i gysma dartgynlylygyny kesgitlemeli. Ortilniii bir kub 
metriniii agran1y 20kNa den. 
1.62. Beyil<ligi 10 m bolan l<wadrat d~ si.iti.in 500 kN giiy9 bilen yuklenen 
bolsa, hususy agramyny hasaba alyp, kese kesiginill ol9egini kesgitlemeli. 
Ori.imiii gysylma rugsat cdilyiin dartgynlylygy 0, I kN/s1n2-a, udel agratny 
bolsa 2-a den. Ster:leniI1 uzyiuygyna da1igynlylygyii ya,Yray~ynyii epyuryny 
gunroly. 

,)I, 
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1.63-nji surat 
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1.63. Suratda atty gatly jayyii on 
yuzuniii bolegi '"'e kcrpic; 
diwaryi1yn l<esigi getirilen ( surata 
seret). Oc;ckden we jayyii 
i.isti.inden diwara q=60 kN/1n yuk 
tasir edyiir, jayyii gatynyii 
arasyndaky orti.igiii agramy 
q

2
=40 kN/1n we a§aky gatyn 

polunyi\ agramy q
3
=30 k.N/m Bu 

yukler diwaryn okunyii boyuna 
goylan. Diwaryii materialynyil 
gowri.im agraniy 20 kN/m3-a deii . 
Rugsat edilyan dartgynlylyk 
[ <J ]=0,06 kN/1n2 bolsa, diwarla­
ryii in ki9i galyiilygyny we 
bin)'adyii dil§eginiii gun1UI1a rugsat 
edilyan dartgyillylyk 0,05 kN/sn12 

bolsa, binyadyii inini kesgitlemeli. 



r 

1.64. Uzynlygy 120 m bolan polat stcrzeniii hususy agramyndan doly 
uzalrnasyny kesgitlemeli. 

-· c\, 

1. 65-nji surat 
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1. 66-njy surat 

• 

1.65 . Suratda ~ekillendirilen 
sterzenin hususy agramyndan 
day an<; nokatlaryndaky 
gaYtargylary kesgitlemeli. Sterzen 
yokarky we a~aky oolcklcriniii udcJ 
agramyy we rnaw~gaklyk moduJy 
E bolan birmenze~ n1aterialdan 
yasalan. 

1.66. Suratda gorkezilen ol9egli 
demirbeton siiti.in diiie hususy 
agramy bilcn yiiklenen. 
Demirbetonyii gowriim agra1ny 
25 kN/1n3 bolsa, siiti.i11iii 
betondaky we arrnaturadaky 
dartgyn-lylyklaryny kesgitlen1eli. 
Polat ar1naturanyil we betonyii 
modullarynyii gatna~ygyny 15-e 
den di)'ip kabul etineli. Ann.1.turanyn 
diametri 25 mm. 

1.67. Urnumy uzynlygy t 1200 m, 125xl25 mn1 kwadrat kesikli, i<;ki 
d~iginiii diametri d'-50 mm ho Ian kop basgan<;akly buraw ~tangasy gowri.im 
agramy y= 18· l 0·6 kN/m2 bolan suwuk toy11n ergini bilen doldurylan we 
skwaZina (gu)ia) c;i.imdiirilen. $tanga skwa2inadan yokary gotcriJcnde onun 
a~aky holegine P=60 kN dartyan yuk tasir edyar. Stangadaky iii uly 
dartgynlylygywe onun absolYut durkunyiiYtgetmesini kesgitlemeli. 

26 

1.68. Ahsolyut gatyAB pi.irs q=5kN/m 
bolan hususy agramy bilc11 yuklenen. 

~-J....,;i' ~~~-ri±M~-n~Trf!."R:~nR Berk.id iji A<; we AD sterzenlerii'i 
1. je1nlenen agra1ny iii az bolar yaly h 

h 

h - - t 

I . 68-nji surat 

/ 

• • 

L 

1.69-njy s11rat 

.. ' 

1. 70-nji surat 

uzynlygy kesgitle1neli. Srterzenler 
polatdan y=78,5 kN/1113, su}'nma rugsat 
edilyan dartgynlylyk [ CJ ]

5
= 16 kN/sm2

, 

gysyln1a [o] ,=8kN/s1n3• Sterze11lerin 
kesikleri den 6erklik ~ertit1de saylanylyar. 
e=4m kabul edip, berkidiji sterzenleriii iii 
az agran1yny hasaplamaly . 

1.69. Suratdagorkezili~iyaly, uzynlygyt 
kesc kesigll.1iii meydany A we udel agrruny 
y bo Ian n1aterialdan yasalan sterzeniii 
yokarsywe a~agy herkidilen. Sterzenin 
hususy agramyndan yokarky we a~aky 
kesiklerindaki dartgynlylyl(laryny 
kesgitlemeli we sterze11iii uzynlygyna 
dartgynlylygyn yayray~ynyil epyuryny 
9yzmaly. 

1. 70. Hususy agramynyn tasirinden l<onus 
~ekilli sterzeniii uzalmasyny kesgitlemeli 
(surata scret). Sterzenin uzynlygy t, 
esasynyii diametri d \Ve materialyny:tl 
gowrlin1 agramyy den. 

1. 71. Hususy agramy hilen yuklenen po lat sterzen yokarsyndan wertikal 
asylan. Eger da1tgynlylyl< 3 kN/snr-dan yol(ary ho 1masa we poladyn udel 
agran1y7,85 bolsa, stetlenin rugsat ed ilyaniii uly uzynlygyna9aden holar? 
Sterzeniii uzy11lygyna drutgynlylygyn ya)'ray~ynyii epyuryny gurmaly. 

27 



llbap 
Cyzyk \Ve tekiz dartgynlylyk yagdayy 

2.1. Dian1etri 6 sm bolan stcrzen 250 kN giiy9 bilcn dartylyar. Sterzenin 
okuna 30° burs; bo:Yuns;a yapgytlanan kesigin norn1al we galta~ma 
dartgynlylyklaryny kesgitlemeli. Haysy kesik boyuns;a galta~ma 
dartgynlylygyii iii uly bolyandygyny kesgitlemcli we on11n ululygyny 
hasaplamaly. 

2.2. Diametri 7,5 sm bolan sterzen 350 kN guys; bilen darty!yar. Kese 
kesikdaki do ly dartgynlylygy kesgitlemeli. Sterzenm okuna 15° burs; bo:Ytms;a 
:Yapgytlanan kesigiii dolywe galta~ma dartgyn!ylygyny kesgitlemeli. 

2.3. Tcgelck kesikli ster:Zcn 150 kN gi.iy9 bi!en dartylyar. Ts!endik kcsikdc 
galt~ma dartgynlylyk 6 kN/sm2-dan uly bolnladyk yagda)fynda sterze11iil 
diametrini kesgitlemeli. 

2.4. Da1tylan sterzenin haysy hen1 bolsa bir yapgytlanan 1neydan9asynda 
normal da1igynlylyk 7 kN/sm2-a, galta~llla dartgynlylyk bo lsa 5 kN/sn12-a 
dell. ill uly normal we galta~llla da1igynlylyklary kcsgitlc1neli. 

2.5. Dartylan sterzenmkesc-kesigindc norn1aldartgynJylyk 5 k:N/sm2-aden. 
Haysy hem bolsa bir yapgytlanan kesikde galta~ma dartgynlylyk 

' 1,6 kN/sm2-a den. Yapgytlanan kesigiii yagda:Yyny we kesik boyun9a tasir 
edyan normal dartgynlylygy kesgitlemeli. 

-

2. 6-njy s11rat 

28 

2.6. Polat kubik iki absol:Yut gaty 
diwaryii aralygynda yerlc~dirilcn 
(surata seret) we erki11 
gapdalyndaky gr-any a 

1
= 16 kN/sm2 

dartgynly!yk doredyan gysy!ma 

sczewar bolyar. Eger JL =0,3 bolsa, 
kubigin gapdal granyndaky basy~y 
kesgitlemeli. 

p 

I' 

p 

s ... 
~ Sill 

2. 7-nji s11rat 

2.8-nji s11rat 

A -3a' I 
I - . , 

2.9-njy surat 

p 

P:20 · 

2. 7. Eger iki sany ozara 
perpendilculyar yerle~e11 ab we cd 
meydan9adan tasir edyan normal 
dartgyn lyly klaryii ulu lygy 
cra= 16 kN/sm2 we crp = 16 kN/ 
sn12 bolsa, 5x2 sn1 goniiburs;ly 
kesikli sterzenin dartyltna giiyjilniii 
ululygyny kesgitlemeli. Ster:Zeniii oky 
bilen ab we cd meydans;a norrnalyil 
emele getiren burs;unyii ululygyny 
hasaplamaly. 

2.8. Gaty iki oolek gur§aw sekiz bolt 
bilcn gayYmlanan boltlardan ybarat. 

Puassonyii lcoeffisiyentiµ =0,4 bolru1 
plastmassadan yasalan prizn1a 
gur~awyi1 is;indc gysylyar (surata 
seret). Gur~a,:vyii oky boyun9a 
plastmassa prizma P= 1 OOkN guys: 
bilcn gysylyar. Boltlara talap edilyan 
dia1netri kesgitlemeli. 

Bolt i.i<;: in [ <J
8

] = 10 kN/sm2 

di)lip lcabul etmeli. 

2.9. Suratda gorlcezili~i ya!y, sii:Yn­
diliilyan nusga tenzometr oturdylan. 
Tcnzometriii bazasy S=20 mm, 
ulald~ koeffisiye11ti l<= 1000, berlen 
:Yi.iklemnedc tenzometrm gorkezmesi 
_6=6,5 mm. Eger E =2,1·104 kN/sm2 
bolsa, nusganyii inaterialy i.i«;in 
Puassonyiikoeffisi~ntini kesgitlemeli. 
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2. I 0-njy surat 
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2.11-nji surat 

2.10. Eger ikiozaraperpcndikulyargranlara 

cr a = 12 kN/sm2 \ve CTp = 6 kN/sm2; 

r =3 kN/sm2 tasir edyan bolsalar, suratda 

gorkezilen e1en1ent il9in ba§ dartgynlylygy 

we ba~ meydan9anyn yerlc~i~ini 

kesgit1erneli. 

2.11. Tekiz dartgynlylyk yagdayyna 

sczewar bolru1 elcmentii1 nokadyndaky ba~ 

dartgynlylyklar a-
1 

= 12 kN / srn 2 -a, 

a 2 = IOkN Ism 2 -a den (surata 

seret). Wertikal ok bilen 60° bur<;: e1nele 

getiryan yapgyt tekizlikdaki 

dartgynlylyklaryny we iii uly galta~ma 

dartgynlylygyny kesgitlemeli. 

2.12. Suratda gorkezili~i yaly, silindrik }'uka diwarly gabyii (gysylan howa 
tiyin ballon) ilsttine iki datcyik yelimlenen. Eger clektriktenzon1ctriki ertjamyii 
komegi bilen kesgitlenen datcyigii'i bazasynyii ugrundaky durkuny uytgetme 
degi~lilikde s, = 330· l 0-6 we s

2 
'::;: 84· 10-6 bolsalar, ballondaky howanyii 

bas~ 1y kesgit1emeli. Ballonyil materialytic;;in E =2 ·I 04 kN/sm2, =0,25. 

6=20 

__,~~~._ t-- ---~ • }! 
Q 2 

a) 

2.12-nji s11rat 
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2.13. Bir ugra dartya11 dartgynlylykdan cry =14kN/sm2 olc;egi b=40 sin 
ho Ian al}'u1nin kwadrat list ilb=0,8 lllm uzalyar. Eger liste ~ol bir ululykda 
\Ve ugry boyw19a cry pcrpcndikulyar go~n1ai;:a dartyan crx dartgynlylyk tasir 
cdyan bolsa., iki ugra uz.almany kesgitlen1Cli. Puassonyiikoeffisiye11ti µ=0,3. 
l ~ger go~mac;a dartgynlylyk gysyan boJsa, durkunyuy-tgetme nal1ili bolar? 

~· p 

' ' 

p 

2.14-nji Sttrat 

2.14 Tekiz trapesiya gornii~li nusga 
presiii yassygynyii aralygynda P guyi;: 
bilen gysylyar. Normal da.rtgynlylyk cr 

y 

gorizontal tekizlik bo:Yuni;:a. endigan 
ya}'ran diyip ha.sap edip, nusga11yii 
yapgytlanan granyndaky K nokadyt1 'txy 

we crz dartgynlylygynyta.pmaly. 
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Jllbap 

Siiy~me we towlanma 

3. 1. Siiy~me (kesilme, yenjilme, O\vran1na) 

3.1. Galyiilygy 5 mm bolan iki listi galyiilygy 12 mm bolan ii9tinji liste 
birikdirmek ti9in, diametri 20 rnm den ber9inlemiiniii gerek bolan sanyny 
kesgitlemeli (st1rata seret). Birik:dirmii tasir edyan giiy9 180 kN-a deii. 
Rugsat edilyiin dartgynlylyklar: 
[ -r ]= l 0 kN/sm2

; [ cr.] = 28 kN/s1n2 
y 

3. 1-nji surat 

3.2. 12 x 150 mm2 kese kesikli list galynlygy 6 mm bolan urna bilen ortiilen 
(surata seret). Birikdirmcde diametri 20 mm bolan ber9in ulanylan. 
Sti:Yndtiryiin gily9 120 kN. Kcsilmede we yenjilmedc ber9iniii, ~ont1ii 
yaly-da listiii we urnanyii howply kesiginde iizillme dartgynlylyklaryny 
kcsgitlemeli. 

+ + I I 

+ !: + 
J> .. l r----- p 

3.2-nji surat 

3.3. Iki listin sepinde diametri 26 mm bolan ber9in ulanylan. Birikdirme 
suratda gorkezili~i yaly yerine yetirilen. Rugsat edilyan da1igynlylyklar: 
[ 't] = I 0 kN/sm2

; [cry-] = 28 kN/sm2, [ c;
3

] = 16 kN/sm2. Sepe rugsat edilyan 
iii uly sii.:Ynme giiY.jtini kesgitlen1eli. 
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3.3-nji s11rat 

3.4. Polat zolagy ~ekilli liste birikdirmel( il9in (surata seret) zerur ber9in 
sanyi1y we ber9iniii kese kesiginiii diarnetrini kesgitlemeli. Bers:in de~igi bilen 
gow~adylan kesigi hasaba alyp, po lat zolagyf1 berkligini barlamaly. Berlen: 
P=30 kN, b=5 sin, t=5mm, polat zolagyii n1atcrialyna rugsat edilyiin 
da1igynlylyk [ cr] = 16 kN/sm2

, ber9iniii materialy ii9in [ t] = 10 kN/s1n2 

(kcsmcdc), [ cr] . . =26 kN/s1n2 (yenjih11ede). 
ye11J. 

p " ~ 
8 
~ 

It 

p 
8 

- -·A 
I 
I "'l 
' 

·$$40 
I 
I b I 

p 

I ~ 

3.4-11;ii s11rat 
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3. 5-nji surat 

p 

p 
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3.5. Olyegi 100 x 8 mm iki 
po lat listi galyiilygy 8 mm bolan 
urnanyn komegi bilen 
birik.dirmek us: in iki setir Ii 
ber9inleme tikinine nac;:e bers:in 
gerck bolar. Umanyii talap 
edyiin uzynlygyny kesgitlemeli. 
Berlen:P=8Cl<N, [cr]=26kN/sm2, 
['t] =10 kN/s11r. 



3.6. D.irunetri 150 sm boJan silindr gazanyii i<;ki basy~y 4 atm-e deii. Gazanyt1 
boy tikini bir setir bers;in bilen listleri bir-biriniii tistiine goylup yerine yetirilen 
(surata seret). Listleriii galyiilygy l 0 1nm, ber<;iniii dia1netri 20 mm, 
beri;inlen1aniii adimi 75 mm. Sepdaki galta§ma, yem§erme we sti:Ynme 
dartgynlylyklary kesgitlemcli. Eger rugsat edilyiin dartgynlyJyklar [ cr ]== l O 
kN/sm

2
, [ t ]=7,2 kN/sm2

, [ cr ]fc•aj. = 16 kN/sm2 bolsalar, gazandaky afuys;ak: 
rugsat edilyan basy~ kesgitlemeli. 

p 

p 

I 
I 

3. 7-nji surflt 

3.8-nji surat 

3. 6-njy surat 

3.7. Diametri d = 3,5 mn1, materialy 
d:Yuralyuminiden bolan )ligrin1i bers;iniii 
birle§diryan o ls;egleri 30 x 28 we 
33 x 30 deiibolan turbalara (surata seret) 
tasir edyan syndyrma gti:Y.ji.inin ululyg)'lly 
kesgitlemeli. Tt1rbanyii berklik i;agi 
crb=40 kN/sm2

, ben;:inin berklik s:agi: 
kesilmede-rb =22 kN/sm2

, yenjilmede 
cr, .. =52 kN/sm2• 

yCOJ. 

3.8. Fcrmany.ii diregi (surata seret) 
52,5 kN guys: bilen yuklenen. <; dtiwlinde 
her haysy tic; ber<;inin kornegi bilen 
galynlygy l 0 mm bolan ~ekilli liste 
berkidilen. Direglerin kesigi- burc;luk 
75 x 75 x 8 1nm. Beri;inlerin dia1netri 
20 mm. Bcr<;inlcrdaki galta§tna we 
yenjilmc dartgynlylyklary kesgitlemcli. 
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,.9. Suratda gorkezil~i yaly, gazany.tl gapagy diwar bilen beri;inlenilip, 
hur9lugyii ko1negi bilen birle~dirilen Gazanyii diametri l 00 mm; gazandaky 
hasy~ 1 O atn1-e de11. Gazanyii diwarynyii we bun;lugyii tekjesiniii galyiilygy 
IO 1ru11. Eger bcr<;inlerm diametri 20 mm bolsa, gazanyii diwaryny bur9luk 
bilcn birikdtjan beri;inleriii sa11)'11y kesgitlemeli. Rugsat ed.ilyan dartgynlylylc: 
kesilmede 7 kN/sm2

, yenjiln1edc 16 kN/sm2. 

D 
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3.10-1ljy s11rat 

p 

a) 
b) 

3.9-njy surat 

3.10. Si.itiinitl. bolegi bolup hyzmat 
edyiin33-nji belgili ~\velleriiidiwaryna 
dian1etri 20 mm bolan bii~ beryinitl. 
komegi bilen lconsoly yerine yettjiin 
bur9luk 160 x 160 x 12 berkidilen 
(surata seret). Bers:inlerdiiki galta~1na 
we yenjil1ne dartgynlylyklary 
kesgitle1neli. 

3.11. Diametri 40 mm bolan mis sterzen oran kis:i bo~luk bilen da~ky 
diatnetri 60 lllln bolan po lat turbada goylan. Stedeniii ilci gyrasy dian1etri 
20 n11n bolru1 turbanyii we sterzeniii iyiI1den geyyiin gaty ~pilk:alaryii kotnegi 
bilen birikd irilen. Eger konstruksi)'anyii gyzgynlygy 40"S yokarlanY'an bolsa, 
§pilk.anyii galta~111a dartgynlylygy11y lccsgitle1neli. $pilkanyii durkuny 
ii)ftgetmegini 11asaba ahnaly dal. 
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3.12. Suratda gorkezilen boltun birikdirmedaki diametri11i kesgitlemeli. 
Sii:Yndiirme giiys: P 200 kN, galynlyk t = 2 sm. Boltun materialy tic;: in 
rugsat edilyan dartgynlylyklar: kesilmede 8 kN/sm2, yenjilmede 
20 kN/sm2• 

t -
2 

p{ t · 

I 

2 

I 
I 

I 

I 

' ,.._....__.._,._.I 1. 
t 

3. I 3-nji surat 

p 

t---..- p 

3.12-nji surat 

3.13. Boltuii c;:igninin ~agyndaky 
ycnjilme dartgynlylyk 4 kN/sm2 

(surata seret), diametri 10 sm 
bolan bo lt11ii gysylma 
dartgynlylygy 10 kN/sm2-a deii. 
Boltyil c;:igniniii diametri nac;:a deii? 
Eger galyiilyk t=5 sm bolsa 
c;:igniniO galta~ma dartgynlylygyny 
kesgitlerneli. 

p ~ c: ¥20 i:Ji----.- p 

--I 100 l e -.., too -

3.14. Eger agajyii siiynma 
rugsat cdilyan dartgynlylygy 
[cr]=5,6 kN/sm2-a den bolsa, 
kesigi 2 x 4 sm2 (surata seret) 
bolan tekiz agac;: nusga nac;:e 
dartuw gliY.jiini go.Ymak bolar? ~u 
dartuw gtiyjiinde nt1sganyii 
kellcsindaki owranma 
dartgynlylygy nac;:a den bolar? 

3. I 4-nji surat 
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3.15-nji surat 

a 

3.16-njy surat 

p 

• 

3 .15. Suratda gorl<ezili§i yaly, 
fermanyil e§egarka ayagynyn direg 
duwni ini b=6 sm c;:ykyndynyil komegi 
bilen dartuwa birle§dirilen. Eger 
suyumin ugruna 30° burc;: bilen 
yapgytlanan yenjilma rugsat edilyan 
dartgynlylyk 0,5 kN/sm2, siiyun1iii 
ugruna O\¥ran1na dartgynlylyk 
0,08 kN/sm2

, e§egarka germewin 
ayagyny gysyan giiyc;: P = 20 kN 
bolsa, c;:ykyndynyfi beyikligini we 
dartuwyii ahyrynyii uzynlygyny 
kesgitle1neli. n-t c;:yzyl< boyunc;:a guyc;: 
tasir etmeyar di}'ip hasap etmeli. 

3.16. Arassa sliy§ma sezewar bolyan 
elementin galta§1na dartgynlylygy 
't =5kN/sm2 den, suratda gorkczili§i 
yaly siiy§n1e tekizligine a =30° burc; 
bo)func;:a ya1Jgytlanan n1eydanc;ada 
dartgynlylyk tcgelegini gurup, nonnal, 
galta§1na we doly dartgynlylyklary 
kesgitlemeli. 

3.17. Gapyrgalarynyil olc;:egi 20 sm bolan polat kubun dort granlary 
't"= l Ok.N/sm2 galta~ma dartgynlylyklar bilen ,Yiiklenen. Absol)fut we otnositel 
suy§melerit1 ululygyny tap1naly. Suy~mede mayy§gaklyk inoduly 
G = 8-103 kN/s1n2• 

3.18. Tekiz polat nusga yuklcnma c;:enli nusganyi.1 okuna a =30° bury 
boyunc;:a yapgytlanan c;:yzyk s:yzylan. Eger nusga = 12 kN/s1n2 dartgynlylyga 
s:e11li sii)'ndurilse, burc; i1ac;:e ululykda liJtgar? E = 2· 104 kN/sm2, µ= 0,25. 
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3.19-njy surat 

...... 

p 3.19. Suratda gorkez ili~ i yaly 
80 x 80x8 mm olyegli burylukdan ybarat 
bolan ster2en maiilay tikin bilen diivvnilli 
$ekil listine berkidilen. Ste.rZene P=62 kN 
giiyy tasir edyar. Eger -r =8 kN/sm2 bolsa, 
burylugyii her gapdalyndaky gerek bo Ian 
keb§irlemc tikininin uzynlygyny 
kesgitlemeli. 

t L __ p 

3.20. Eger listm sil}'nme dartgynlylygy 
14kN/sm2

, keb§irlemanm kesilma rugsat 
edilyan dartgytlylygy 8kN/sm2 bolsa, 
suratda gorkezili§i yaly, listi birle§dirmek 
ilyin zer11r bolan in ki yi uzynlygy 
kesgitlemeli. 

I 

3.20-nji surat 

3.21. Materialyii peydalanyly§ynyii koeffisiyentini kopeltmek ilyin 
kcb§irlemc tikinleri yapt,ryt cdilen ( surata serct ). Galyiilygy t= IO mm po lat 
listler birikdirilende siiyuduryan giiY.jiin ululygy P= 100 kN den. Materialyn 
peydalanyl~yny I 00% hasap edip, listin zenrr bolan inini kesgitle1neli. Gy-ya 
keh$irleme tikin sil"Yndi.iryangilY.ji.m ugruna 45° bury boyunya yerle§dirilen. 
Eger keb§irleme tikininc rugsat edilyan dartgynlylyklar [ cr ] kcb = l O kN/sm2, 
[ T ]ke~.=8 kN/sm2 bo lsalar, aYI"atynlykda no1mal we galta§ma da1tgynlylyklar 
boyunya tikinin berkligini barlamaly. 

p 

p 

• I I b 

3.21-nji s11rat 
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t 
p 

3.22. Meydany A= 55,9 sm2 bolan §\Veller, §ekilli liste iki manlay we bir 
dilik tikinlerii'i birikdirmedaki berkJigini barlamaly. Sweller p = 800 kN 
gUyy bilen dartylyar. Esasy materiala rugsat edilyan da1tgynlylyk 
[ 0 ]s = 16 MP a, tikinii'i n1aterialy Uym kesilma rugsat edilyan dartgynlylyk 
[ 't ] ti t<. = 8 MP a. 

3.2 Tegelek kesikli sterzenlerin towlanmasy 

3.23. Eger rugsat edilyan dartgynlylyk [-r] = 7 kN/s1n2 bolsa, 15 kN·m 
aylaw momcnti ge9tjan bitewi tegelck kesikli walyn diatnetrini kesgitlemeli. 

3.24. 300 ayl./1ni11. we 450 a.g. geyirilyfu1 bitewi kesik.li walyii diametrirli 
kesgitlemeli. Walyn 2 m uzynlygynda towlanma buryy 1°- dan yokary 
bohnaly dal, ill uly galta§ma dartgynlylyk 4 l<N/s1n2; G = 8· 103 k.N/sm2• 

3.25. Eger G =2. 7 ·I OJ l<N/s1n2
, G =8· l 03 kN/sm2 y =26kN/m3 

a p ' a ' 
'Y P =78,5kN/m3 bolsa, birmenze~ towlanma rnomentinde we otnositel 
towlanma buryunda taslanan po lat we alywnin ergininden "Yasalan bnmeiize§ 
uzynlyl<da bitewi \vallruyii agramlaryny de.iie~dirmeli. 

3.26. Po lat bitewi walyn gerel< bolan dia111etrini kesgitlemck liym rugsat 
edilyan galta~ma dartgynlylyk 8 kN/sm2

, 1 m uzynlykda rugsat edilyan 
towlann1a buryy 1°-a den. Towlamna 1no1nentnliiiha"Ysyululygynda diametri 
kesgitlemek tiynl yaklen1nek n1ilinkin, rugsat edilyan dartgyillylyk boyunyamy 
.Ya-da diiie rugsat edilyan towlanma buryy boyun9a? 

3.27. Uzynlygy 6 m we diametri 10 sm bitewi wal 4° b~ boyunya towlanan. 
Eger G = 8· 1 ol l<N/sm2 bolsa, m uly galta§Ina dartgynlylyk naya den? 

3.28. Walyi1 diametrini l<esgitlemegin yakynla$dyrylan formulasy 

N 
d = 2,53 40- gomU~e eye. Bu yerde d- \valyn diametri, N - walyil. 

n 

ge9iryan lruwwaty a.g. , n-walyn minutdaky aylaw sany. Bu formula 
si.iy~mede rugsat edilyan dartgynlylygyii haysy uluJygyna layYk getirilip 
yykarylan? 
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3.29. WalyilAA we BB kesiklerinde M
1
=130 kNsm, M,=300 kNsn1aylaw 

momentlerden iii uly galta~ma dartgynlylyklary kesgitl~meli . AA kesikde 
walyii diametri 5 sm, BB kesikde bolsa 7,5 sm-e den. 

A B 

I I 
M 3 M 1 M2 ' I I I 

J 
I 

' I 
J I 
I I 

B 
.•\. 

3.29-njy Stlrat 

3.30. Uzynlygy 200 mm-e, diamctri 20 mrn-c den bolan polat nusga 
towlanma synag edilyar. Synagyii netijesi tablisada getirilen: 

Towlanma 
moment~ 0,02 0,04 0,06 0,08 0, I 0,12 0,14 0, J 6 0, 18 kNm 

Towlaruna 
burc;y, kopel-

6,1 12,5 18,9 25,2 31,4 37,8 44,3 50,5 56,9 dilen 2000 
(radianda) 
Towlanma 
moment~ 0,2 0,22 0,24 0,26 0,28 0,3 0,32 0,34 

kNm 
Towlaruna 

burc;y, kopel-
63 69,5 75,8 82,1 88,5 95,4 110 148 dilen 2000 

(radianda) 
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fowlanma bur<;:una baglylykda galta~tna dartgynlylygynyil diagramJnasyny 
gu1maly we towlarunada mayy~gaklyk modulyny kesgitlemeli. Seredilyan 
yagday i.i9i11 proporsionallyk s:aginiii ululygyny tapmaly. 

3.31. Materialy yu~ak polatdan bolan sterzen 60 kN guys: bile11 
S0Yndiirile11de 0, 113 mm uzalyar. Sterieniil diametri 25 mrn-c, uzynlygy 
lxllsa 20 s1n-e den Bu sterzen 20kN ·sm towlruuna n10n1ent bilen yukleneI1de, 
15 Sin uzynlykda 0,55° burs: bilen towla11yar. E, G we µ ulu lyl<laryny 
kesgitle1ncli. 

3.32. Bug turbinanyil kuwwaty l<esgitlenende aylanyan walyil towlanina 
burs:y ols:enen we 6 In uzynly1<da 1,2°-a deii bolyar. Waly:U da~ky we i9ki 
dia1netrleri degi~lilikde 25 sm-c we 17 s1n-c den. Walyii aylaw tizligi 
250 ayl./min; G = 8· 103 kN/sm2

. Walyil ges;iryan kuwwatyny we onda 
doreyan galt~ma dartgynlylygyny kesgitle1neli. 

3.33. Walyii ges:iryan kuwwatyny kesgitle1nel( iiiyin onuii da§ky emele 
getirijisine 45° burs: boyunya ycrle~en 9yzgyi1y:U ugruna tcnzometriii komegi 
bilen uzalinasy ols;clyar. 6 Js:elen otnositcl uzalma e = 0,000425-e den. 
V\faly:U d<l.$ky diametri 40 sm, is;ki diametri bolsa 24 sm. Ma)l)'$gaklyk 
moduly G = 8· l 03 l(N/srn2. Eger wal 120 ayVmin tizlik bilen aylanan bolsa, 
onuii geyrryan kuwwatyny l<esgitlemeli. In uly galta$ma drutgynlylyk nahili 
ululykda bolar? 

3.34. Ivki diametri da$ky diametrinil160% di.izyan i<;:i bo§ wal, diametri 40 
sin bolan bitewi \Val bilen s:al$yrylyar. lki walyil rugsat edilyan galta~ma 
dartgynlylyklaryi1yil birn1eiize§lik $ertinden is;i bo$ walyii da$ky dirunetrini 
kesgitle1neli. Bitewi we i<;:i bo$ wallaryil agramlaryny deiie§dirmeli. 

3.35. Bitewi tegelek walyii agramyi1y 20o/o azaltn1ak il9in, diametri ivki 
diatnetrinden iki esse kop bolan is;i bo$ wal bilen s:al~yrylyar. Eger bitewi 
walyii galt~ma dartgyillylygy 6 kN/sm2 deii bolsa, is;i bo$ walyii 
dattgyiilylygy nas:e bolar? 

3.36. Birn1efu:e~ agramly we birmeilze§ towlann1a moinentini ges;iryan iki 
walyii biri bitewi, beylekisiniii bolsa ivi bo$. Eger is;i bo$ waly:U is:ki dian1etri 
drujky dia1netriniii 0,6 bolegini di.izyan bolsa, l1aysy walda ill uly galta$n1a 
dartgynlylyk: bolar we niis;c esse uly bolru·? 

3.37. Uzynlygy 1,8 tn bolan is:i bo$ po lat wal 6 kNm towlru1tna moment 
bilen yuklencn. Eger galta§ma dartgynlylyk 7 kN/srn1, towlanma buryy 2° 
bolsa, walyii da~kywe is;ki diametrlerini kesgitlemcli. 
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3.38. Abssissasyminl1tdakyaylaw sany, ordinatasy-zerur diamerti bolan 
bitewi polat walyii egrisini gurmaly. 6 kN/sm2 rugsat edilyan galt~ma 
dartgynlylygynda walyii geyiryan h1wwaty 50 a.g. Aylaw sanyny 
16 ... l 6000 ayl./min 9aginde ilYtgetmeli. 

3.39. Orta dia1netri d
0
rt = 12,5 sm bolan )Iuka diwarly turba M,=625 kN sm 

towlanma moment goylan. Galta§ma dartgynlylyk 7 kN/sm2 gcymeyan 
yagdayda turbanyn diwarynyn galyi\lygy nahili bolar? Eger 
G = 8· 103 kN/sm2 bolsa turbanyii lm uzynlygyndaky to\vlanma buryuny 

tapmaly. 3.40. Suratda gorkezili§i yaly, polat 
turba yol belgisini dilanck ucin siitiin 
bolup hyzmat edyar. Y ol belgisine 

1
• §enialyii m uly basy§y 2 kN/sm2-a 

_.,..._r:;:t:;:===flLZ~~Ll den di-yip hasap etmeli. Belginiii ~aky 
_a.;.a '" 1 • ! JI!! - I gysgxjynda turbanyi'i towlanma burcy l 

3.40-njy surat • 

6°-dan kop bolmalydiil. Towlanmadan 
turbanyii kesigindaki iii uly galta§n1a 
dartgynlylyk 3,5 kN/sm2 yokary 
bolmaly dal. Eger tt1rbanyi'i galyiilygyt 
= 3 mm bolsa, onuii orta diametrini 
kesgitlemeli. $emalyii basy§y diiie 
§trihlenen meydana tasir edyar diyip 
hasaplamaly. 

3.41. Turba §ekilli walyii orta diametri 10 sm-e, galyiilygy 3 mm-eden. 
Towlanma burcy 3,7 m lt.zynlykda 1°-a deii. Waly.ii geyiryi.in kuwwaty 
50.a.g. bolsa, onun aylaw tizligini kesgitlen1eli. 

, 

a1 "'3.42. Suratda gorkezili§i yaly, tege-.....,...._, 

1~---=-·~~-r, cc.----'2~a~~-1 

3.42-nji surat 

' 

lek kesikli sterfeniii ahyrlary gaty 
berkidilen. Aralyk kesikde sterzene 
12 kN m moment goylan. Eger 
sterzeniii diametri 8 sm bolsa, in uly 
gal ta§ ma dartgynlylygyny 
kcsgitlerneli. 
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l .43. Da§ky dirunetri 7,5 sm bolan mis turba §Ol bir diametrli po lat turbanyii 
1c;inde yerle§dirilen. Turbalaryi'i galyi11ygy 3 n11n-e den. Turbalaryii ahyrlary 
hiri-biri bilen gaty berkidilen we l kN m n1oment goylan. Turbalardaky iii 
uly galta~n1a dartgynlylyklary, turbalary:i1 aralarynda to~lann1~ moment~ 
yayray§yny we 3 m uzynlykda tovv lanma bur<;uny l<esg1tlemeh. G = 4· 1 O­
k N/s1n2, G = 8· 101 kN/sm2. 

J .44. Bir bofegi bitewi, beylekisi bolsa i<;i bo~ bolan po lat sterl:en towlanma 
1noment bilen yuklenen (surata seret). Sterzeniii sag we 9ep boleklerindalci 
in uly galta§ma dartgynlylygy \Ve ortasyndaky kesigii\ towlamna bur9uny 
kesgitlemeli. 
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3.44-nji sttrat 
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3.45. Diametri 2 r bolan tegelek l<esikli piirstiii materialynyil 

GP = G( 1 + 
3
1
:) kanun bo:Ytn1ya uyrgeyan tnayY~gaklyl< moduly bar. Piirs 

M mo1nent bilen towlananda dartgynlylygyi1 paylai1y§ynyi'i aiilat1nasyny 
we epyuryny kesgitle1neli. 

c 
,, 

• 

I 

' 

3.46-njy s11rat 

8 

3.46. Diametri D bolai1 bitewi walyi1 bir 
tarapy gaty berkidilen. Walyii beyleki 
tarapyna keseLigine goYJan gaty AB pilrs 
berkidilen. Bu ptirs bin11eiize~A<; we BD 
stcrl:enler bilen birlc§dirilcn ( surata scrct). 
Ster2enler L\t0 S-a yenli sowadylYa.r. Eger 
sterzenlerdaki nonnal dartgynlylyklar 
waldaky iii uly galta~1na dartgynlylyga 
den bolsa, sterzeniii kese kesiginin 
meydanyny kesgitle1neli. 
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3.47. Diametri 50 1n111 bolan po lat walyil list yUztine oka 45° burc; boY'unc;a 
bir-birine perpcndikulyar iki datc;ik yelimlenen. Datc;iklcriii gorkezyan 
otnositeJ durk iiyrgemelerinm alarnatlary dtirli-dilrli, absol:Yt1t ululyklary 
birmcnze~ we 6 ,5 . 10-4 -eden. Wala goylan towlanrna 1nomentiii ululygyny 
we ugruny kesgitlemeli. 

I 

\ 

3.47-nji surat 

3.3 Hyr ~ekilli pruzinler 

3.48. Diametri 18 1nm bolan tegelek kesikli silindrik hyr ~ekilli pn1zin 
P=0,5 kN gi.iyc; bilco yuklenen. Pruziniii sarymyoyii orta diametri 
D= I 25 mm-e den. Ma)iy~gaklyk moduly G = 8· 103 kN/s1n2 . Pruziniii 
materialyndaky in uly galta~ma dartgynlylygyny kesgitlemeli. Eger pruziniii 
c;okmesi 6 mm-e den bo1sa, sarymynyii sanynyii nac;e bolyandygy11y 
kesgitlerneli. 

3.49. Silindrik hyr ~ekilli pruzin 6 mm-lik simden yasalan we orta radi11sy 
7 ,5 sn1 bolan 20 sarymdan ybarat. Eger pruzindaki galta~ma dartgynlylyk 
9 kN/sm2 bolsa, ok boY'unc;a tasir eeyan dar·tma gilYji.ini tapmaly. Pruzinm 
uzalmasyny we durkl1ny uyrgetmesinin ill uly udel i~ini kesgitlemeli. 
G = 8· 103 kN/sn12• 

3.50. 6 kN yUkden 2 sm c;oryan hyr ~ekilli pruzin yasarnak gerek bol:Yar. 
Eger rugsat cdilyan galta~ma dartgynlylyk 7 ,5 kN/sm~-a, pruzini yasamak 
iic;in silindriii toweregindaki emele getirijiniil diametri 20 sm-e den bolsa, 
prU.Ziniii siminm diarnetrini kcsgitlcmeli. Eger G = 8· 103 kN/sm2 bolsa, nac;e 
mtlkdarda sarym gerek bolar? 
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3.51-nji surat 

3.51. Diametri d=2,2 sm we orta radiusy 
R =12 sn1 bolan silindrik po lat pruzininA we B 
taraplary berkidilen we <; nokatda P=l ,6 kN 
gliyc; bilcn yuklcncn (surata scrct). Sarymla.rytl 
sany m=lO, n=6. Berkitmedaki gayrargylary, 
pruzinin in uly dartgynlylygyny we<; nokadyii 
ornuny Uy-tgetmesini kesgitlemeli . 

3.52. Orta radiusy R:....12 sm we siminm radiusy r= I sn1 bolan silindr gomu~li 
po lat pruiin P=0,3 kN giiy9 bilcn dartylyar. Saryn1laryil sany ~=25. In ~ly 
galtrujma dartgynlylygy, uzalmany we durkuny liYf getmaruii potens1al 
energiyasyny kesgitlcmeli. 

p 

~~r'-.1 

·-
" " . " . 

;...,_-...:•·-

3. 53-nji surat 

3.53. Jki pruziniii biri beylekisinin ic;inde goylan. 
Plita P= 1,2 kN giiyc; goY'ulmazdan, oniirti ikinji 
prll.Zin birinjiden o=2 sm gysga (surata seret). 
PnlZinill iii uly galta~ma dartgynlylygyny t max we 
plitanyil omunyuy-tgetmegini tapmaly. 

3.54. Gaty AD ryc;ag birmenze~ sarym sa11ly we Q = 4 kN giiyc; bilen 
yuklenen i.ic; pruzinden asylan. Eger dartgynlylyk hemmesinde bir~enz~~ 
't= 50 kN/sm2 balsa, herpn1Zinin siminindiametrini hasaplamaly. Pn12mlenn 
saryinynyiiorta diamctriD

1
=6 sm, D

2
=8 sm, 0

3
=10 sm. 
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_ 3.55-nji surat 
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3.54-nji surat 

3.55. Klapanyii ~arigi P=O, 15 kN gtiy9 bilen 
pruzini gysyar. Eger sary1nyii dia1netri D=20 
mm, i.$leyan saryinyii sany n=6 bolsa, simiii 
kesigini saylamaly. P1uzit1 bronzadan ydsalan 
bolsa, pruZini nas:e gysn1aly, rugsat edilyan 
dartgynlylyk [t]=40 kN/sm2, G = 4,2· 101 

kN/s1n2. 

• 
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IVbap 

Tekiz kesikleriii geometriki hasiyetleri 

4.1. Taraplarynyii ol9egleri b x h = 12 x 20 sm bolan goniiburylugyil 
esasyndan ge9yan oka gora inersiya momentini we onun taraplaryndan 
gci;:yan oklara gora merkezden da~la~an inersiya momentini hasaplamaly. 
4.2. y

1 
oka gora parallclogramyii (st1rata seret) inersiya momentini 

kesgitlemeLi. 

IF9 sm 

b• Wsm 

4.2-nji surat 

lo 

n 

_o 

_L _.-----Y_. • l 

- I -'· 

h 

B 

l • 

4.3-nji surat 

z I 

h 

•I .. 1 

4.4-nji surat 

4.3. AB<; ii9bur9lugyilAdepesinden 
gC9yan, esasyna parallel y

1 
oka gora 

inersiya momentini hasaplan1aly. 

4.4. Katetlerine parallel (surataseret) 
merkezi oklara Oy we Oz goraAB<; 
uyburs;lugyii rnerkezden da~la~yan 
we oka gora inersiya momentlerini 
kesgitlerneli, ~onun yaly-da 
ii9bur9lugyii AB esasyndan ge9yan 
oka gora inersiya momentini 
hasaplamaly. 

47 



1· 

I 

' I 
• I 

I 
I 
I 

• • 

4. 5-nji surat 

12(1 

4. 6-njy surat 

• 
• 

· ~f 

" -

4.5. Esasyna parallel merkezi oka 
gora den gapdally trapesiyanyii 
(surata seret) inersiya inomentini 
hasapla1naly. 

4.6. Suratda §CkillendirilcnkesigiI1 
bitarap oku11a gora inersiya 
inomentini kesgitlen1eli. Ol9egler 
Illln-de gorkezile11. 

4. 7. Dia1netri 20 sin bolan bir de§igi, dia111etri 10 sm bolan (b surat) iki 
de§ik bilen 9aly§san, suratda §ekillendirilen turba lcesikli balkanyil meydany 
we inersiya mon1enti nahili u)i'tgeyar? 

z z 

-l't . _ .200 _. --M-._Y 300 150 

I 

240 100 

a) 

4. 7-nji surat 
b) 
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I di ' 

4.8-nji surat 

4.8. Ba$ merkezi inersiya 
okuna gora yarymtegclegin 
(surata seret) inersiya 
momentini taprnaly. 

i.-2r W..6~·t--- Y 4.9. Shemada $ekillendi1ilen 
4~::a..:::LU.CLL.~~~~ kopri si.itilnm kesiginm ba$ 

4. 9-njy surat 

•• 

"' 

4. I 0-njy surat 
b/2 

4.IJ-1iji surat 
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inersiya momentlerini 
kesgitlemel i. 

4.10. Suratda§ekillendirilcn 
tawr gornil§li kesigin 
meydanyny6 Oy merkezi 
okuna gora inersiya 
1nomentini tapmaly. 

4.11. Suratda gorkezilen 
galyii diwarly burs;lugyn 
profiliniii ba§ inersiya 
momcntini tapmaly. Seyle-de 
bur9lugyn polkalaryna 
parallel merkezi oklara gora 
1nerkeuten da$1~:Yan inersiya 
momentini taprnaly. 



4.12. Sozulan profillerdcn, yagny 18-nji belgil i §wellerden \Ve 

90x56x6 1nm-e den bolan bur9lukdan di.izi.ilen (surata seret) l<esigiii ba§ 
inersiya okunyi1 yagda:Yyny we ba§ inersiya 1110111entlerm ululygyny 
kesgitlerneli. , 

b 

d 

4.13-nji surat 

b 

4.12-nji surat 

• 

y 
- l 
~ · 

4.13. Tegelekden segment l<esilip 
alnyp e1nele getirilen kesigiii y 
okl1na gora inersiya 111omentini 
l<csgitlerneli . 

4.14. Dia1netri d bolan togalak 
aga9dan kesilip alnan gonubur9l)1 

~9i~4--I- --+h ---. ..... \ pi.irsiiii kesigini egiln'le berkliginiii 
nul<day nazarynda11 iii 011ay1y 
ol9egini tapnialy. 

4.14-nji surat 
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Ja 

2 a 

4.15-nji surat 

4.16-njy surat 

i ------ t 

I 
I 

h 

,\ f-----i~---+'-­
• 

•I • L I 

I • /.,.. 

!! ••• 

4.1 7-nji surat 

z 
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4.15. Ba§ merkezi okun ugruny we 
ba§ n1crkezi inersiya 1nomcntlerini 
kesgitlerneli ( strrata seret). 

4.16. <p bury bo:Yunc;a owrillen 

ok uc;in gonuburc;lugyn 01erkezden 
da~ la~yan iners iya momentini 
tapmaly ( surata seret). 

4.17. U9bur9Jugyt1 medianasy bilen 
gabat gel.yan BM oka gora 
us:burc;:Jugyil inersiya momentini 
kesgitlemeli ( smata seret). 
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h 

4.18-nji ,\'ltrat 

4.19-tzjy surat 

b 

4.20-nji surat 

' 

• 

u 

y 
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4.18. n-n diagonal bilen gabat 
gelyan oka gora gonuburvlugyn 
mcydanynyil incrsiya mo1nentiI1i 
kesgitlen1eli ( sw·ata seret ). 

4.19. Gapyrga gornli§inde 
goylan kwadrat l<esigin uly 
bo lrnadyk u ululyk bilc11 yokarky 
we a§al<y burvlaryi1y kesmek 
yoly bilcn kiryeltseii, gar§ylyk 
momenti ilkiba§da gorizontal 
diago11ala gora kopclyar. Iii uly 
gar§ylyk mo111enti boltnak uvm 
kesigit1 burryuny nayeriik: kes1nek 
gerek? Maksi1nal gar§ylyk 
momcnti kesilmedik kwadratdan 
naye % yokarlanyar? 

4.20. Taraplary a bolan ro1nb 
gornli§li k.esigiil (surata seret) b 
we h oli;egleriniii haysy 
gatna§yklarynda gorizontal 
merkezi oka gora iii uly inersiya 
momenti we iii uly gar§ylyl< 
mo1nenti bolar? 

Vbap 

Tekiz egilme 

5.1. Kese giiy~Jerin we egme momentlerin epyurlaryny gurmak 

';.I . Bir tarapy gaty bcrkidilen we suratda gorkezili§i yaly yuklcnen 
balkalaryn, kcse giiYjilniii we egme momentinm ep)furlaryny gunnaly. Eger 

kN bl k .. .... v P = 20 kN q=20 - M = 40 kN m \.Vet= 2 m o sa, esc guyJun we 
' m ' o 

cgme rnomentin in uly absolyut bahalaryny hasaplan1aly. 

l'k--- t --

•) , 
/. 

, ( 

• 

p 

h ) t 

l 

qt· t¥t • -
• 4 

__ ,,Lt __ 

j) '--- -.....--

...._tn p 

5.1-nji s11rat 

5.2. Suratda gorkez~i yaly, yuk I en en ik i dayanc; nokatly balkalaryil kese 
giiyjunin we egmc n101nentiniil ep}'urlaryny gurmaly. Eger P = 60 kN, 
q = 20 kN/1n, Mo= 60 kN 1n, t= 3 m bolsa, Qmux we M n1'L' tapmaly. 

, p 

•) f h) 1--- -'t'-----i 

f) t di t 

5.2-nji s11rat 
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5.3. Suratda ~ekillendirilc11 balk_alaryil Qwe M cp)'urlaryny gurmaly. 

•) ,..... 

• • • 

• • 

•) I ) 

• 

M,.•q•' 
~~·q•' 

t) 

ti 
• 

• I 

2 

6) •I 
• • 

5.3-1~;; surat 
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5.4. P giiyjtin ha ysy bahasynda st1ratda ~ekillendirilen balkalaryn dayany 
nokadyndaky kesiklerde egme moment nola den? Gtiyjim ~u bahasynda Q 
we M epyurlaryny gurmaly. 

q 

2a ;) 

a) p b) 

2:i 2a a 

p 
~ ) cl) 

p 

5.4-nji s11rat 

5.5. Suratda gorkezilen shernalar boyunya kese gi.iyjilii we egme momentiii 
epyurlaryny gurn1aly we Q-nyii hen1 M-m bahalaryny hasaplanmly. 

q 

•) i---__,,,t __ -..,j 

• 

I) 

q 

i 10 tN Ol<Nle 

d) 
..... 

~m 

5. 5-nji s11rat 
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5.6. q ( x) = e~ q (ex - x 
2

) deiileme boyuns;a u,Ytgeyan yaYi-an giiy9 bilen 

yul~lenen prolyoty f bolan iki dayan9 nokatly balkanyii Q we M 
epyurlaryny gur.~naly ~em Q-nyii we M-m iii uly bahalaryny tapmaly. 
5. ~· Suratda gorkezden shen1alar boyun9a §arnirli balkalaryii Q we M 
epyurlaryny gunnaly we Qma' 11cm M lll<IX hasaplamaly. Suratdaky ols;egler 
1netrde berle11. 

23 t N ~kN 
ll k Ni. 

al 
"" 

L3. l. 
l m 1m ·r 1. 2rn T 

~ I 

10 kN l lll N 
20 I.Ni m - . 

21• l...N/n1 1t) _Nim 

J..:i. 
2m :.m • Im 

b) 

_a.. 
' " 1- I 4m I Jm 2m ·1 ... 

5. 7-n,ii surat 

5.~. Suratlarda ~ekillendirilen dowOk ol<ly ster2enlerin N, Q we M 
epyurlaryny gurmaly, ols;egler inetrdc berlen. 

5.8-nji s11rat 

56 

5.9. AB<;DE balka A we D nokatlarda ~arnirli bcrkidilen. AB = 0,6 m; 
BC = 0,6 rn; CD = 1,8 m; DE= Im. Bnokatda. balka P=25 kN bir yerc 
jc1nlenen gi.iy9 bilen yuklcnen. <; nokatda egme n1oment no la den bolar 
yaly, E nokatda bir yere jenllenen nabili gi.i}'y goyulmalydygyny kesgitlemeli. 
Q we M epyurlaryny gurmaly: 

l) E nokatda yUklenmani hasaba alyp; 
2) E nokatda yiiklenn1ani hasaba alniazdan. 

5.1 O. Direg aralygy e we her haysynyn uzynlygy a den bolan iki konsol 
balka hemme uzyillygyna endigan ya)'ran giiy9 bilen yuklenen. Balkanyii 
prolyotynyii ortasynda egme moment no la den bolanda we prolyotdaky iii 

R 
uly egme moment dayanc;; nokatdaky egme momente den bolanda, -a 
gat~ygy kesgitlemeli. 

5.11. Kopri kranyii balkasy boyunc;;a her okdan P basy~y ge9rryan iki okly 
arabajyk siiy~yar. Egme momentin in illy bahasyny almak tic;;in arabajygy 
prolyotda nabili ycrle~irmeli? 

x 

p p 
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<t=20 k.N/rn 

b 

2 2m 

5.12-nji surat 

5.13. Absol)fut gaty AB balkanyii ortasyna P=300 kN yukY'tiklenen we her 
haysynyii kesi.klerinin meydany A=30 s1n2 bolan polat diregler bilen <; we 
D nok:atlarda yere berkidilen. Direglerdaki giiyyler nola den. <;\Ve D 
kesiklerde balkanyii egme momenti no la den bola11 §ertinden diregler:iJ.1 
sowatma temperaturasyny kesgitlemeli. Balkanyii Q we M epY'urlaryny 
gur1naly (a = 1,25 · l 0·5 , E = 2· 104k:N/sm2). p p 

JOOkN 
h=Jm 

D 

2n1 2nt 

5.13-nji surat 

5.14. Suratda A we <; nokatlarda §arnirli berkidilen ball(anyii epy-ury , 

§ekiJlendirlen. Yuklenmani, Q epyuryny §Ckillcndirmel( we direglerdaki 
ga}'targylary tapmak talap edilyar. 

58 

1,2m 

2,5 kNn1 

2,5 kNm 
---~--+~~"4 P=..il,6 kN 1,2 m 0,6 1n 

5.14-nj i surat 

5.15. Balkalaryn yuklenmesiniii shema~~y~killendi~meli we ~ratda_~7tiril~~ 
kcsc giiyji.in hem-de egme momenttn epyury ~oyunc;a goylan guyylerm 
ululygyny kesgitlemeli. Uzynlyk metrde gorkezilen, Q-k:N, M - k:Nm 
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5.15-nji surat 
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30 

5.16 •. I~,d~Y<tn9 nokatly balkanyil direg aralygynyil yarysyna hemi~ebk 
depginli yayran d~ky mon1cnt yuklcnen ( surata seret ). Q we M epyurlaryny 
gurrmly. 

m 

5.16-njy .<turat 

5. 2. Egilmede normal dartgynlyJyk 

h 

b 

5.17-nji surat 

..15.17. Di.reg aralygy f =4 m bolan ~amirli 

berkidilen deiiol9egli yayran .Ylik q=4 kN/1n we 
prolyotyil ortasynda goylan bir yere jemlene11 
giiyiy P= 2 kN bile11 Yoklenen aga9 balka11yil 
howply kesiginde iii uly normal dartgynlylygy 
kcsgitle1neli. Balkany:tlkesigi goni.iburiyluk olyegi 
bx11 12x20sm2. 

60 

5.18. 20x30 sm o l9egli gontibur9ly kese kesik.li aga<; balkanyil bir tarapy 
diwara pugta berkidiJen, beyleki tarapynda P=5 kN gi.iy<; we balkanyil 
uzynlygyna q = 6 kN/m J'a'Yran giiyiy yuklenen. Q we M ep)'urlaryny gurrmly 
we howply kesigin 9etki we ~aky gyrasyndan s;=4 sm uzaklykdaky 
nokadynda normal dartgynJylyklary hasaplamaly. 

I 

J' 

I 

1 
l -4m 

I J 

I )) 

5.19-njy s11rat 

h 

5.18-nji surat 

v5.19. Suratda gorkezilen prolyoty6 m, 
P=60 kN gtiy<; bilen yoklenen iki 
tavvraly balkanyn DOST boyun9a 
kesigini say]amaly. 

5.20. Diwaryii hemi~elik beyikligini saklayan iki sa11y 20 a belgili sozulyp 
yasalan iki tawraly balka setir boyun<;a yerl~irilen. Olar bir sany iki tawraly 
balka bilen iyal~yrylyar. T-laysy belgili iki tawraly balkany9al~yp bolar? 
5.21. Uzynlygy 12 m, da~ky diametri 25 sm we diwarynyii galy:tllygy 1 sm 
bolan 90,Yun turba iki dayan9 nokatlaryn Usti.inde yerle~dirilen we suvv bilen 
doldu1ylan. Eger 9oynt1n t1del agramy 7,8 bolsa, turbadaky in uly normal 
dartgynlylyk nahili bol)'ar? 

" 5.22. St1ratda gorkezilen balka il9in kese gtiyjiln we egme momentin 
ep)'urlaryny gurmaly. Eger [CJ ] = 11 kN/sm2 bo1sa, tegelek kcsikli balkany:tl 
diametrini tapnialy . 

R.\. 

. .\ 

IU'I 
q = 2-

m 

<: • 

P =l 6kN RB 

D 
2,S Rl 1.25 ID 1.25 Jn 

5.22-nji su rat 
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5.23. Bnmenze~ uzynlygy, meydanywe inaterialy bolan iki balkanyil birinir'i 
l(ese kesigi kwadrat, beylek:isiniiiki bolsa tegelek. Tegelek kesikli balka u9in 
balkanyii direg aralygynyii ortasynda goylan howpsuz gi.i.Y.jin ululygy 
I 0 kN-a deii. Direg aralygynyi\ ortasynda goylan 11owpsuz gii:Y.jllil. ululygy 
k:wadrat l(esik:li balka u9in nahili bolar? 
5.24. Iki i~9i uzynlgy 12 n1, kwadrat kese kesigi 3x3 sni bolan polat 
sterzcni ( y =7 8,5kN/m2) goterip, bir yerden ba~ga yerc eltincli. Eger i~9iler 
sterieniii ujundan tutup goterseJer, ill uly no1mal dartgynJylyk naya den bolar? 
Eger lier i~9i ster:leniii ujundan birmeiizc~ a uzaklykda gotcrseler, m uly 
nor1nal drutgynlylyk 14 kN/sm2-dan kop bolinaz yaly a araJygy 
kesgitlemeli. 

< 
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!\Ii I 
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t _"'4', 

5.25-nji surat 
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1!'11 
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5.26-njy surat 
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1.-•1 ,m 

' 

5.25. Tawr balka dircg aralygyii 
ortasynda bir yere jemlenen gliy9 bilen 
yuklenen (surata seret). Balk:anytl 
1naterialynyii proporsionallyk 9agi 
silyn1nede - 3 kN/s1n~ we gysyh11ada 
- 6 kN/sn12

. Balkanytl ortasyndaky 
kesikde iii uly siiYlline we gysylina 
dartgynlylyklary kesgitlemeli we 
proporsionallyk s;agine gora atiyatylyk 
koeffisiyenti tap1naly. 

5.26. Eger siiynmede rugsat edilyan 
dartgynlylyk: 1,2 kN/sm2-a, gysyhnada 
bolsa 5 kN/s1n2-a deii bo Isa, suratda 
kese kesigi $ekil1endirilen 9oyun 
balkanyi1 yuk goterijiligini kesgitleineli. 

5.27. Eger kwadrat kesik:li balkany oky boyun9a 45° -a O\:Vilrsen, onun yul< 
goterjiligi nal1ili U}'tgar? 
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5.28. ~tanganyii de$iginin i9inden ge9irilen §arnirli bolta, B nokatda (sw·ata 
scrct) dircnyan, goniibt1r9ly kese kesikli 20 x 60 mm $tanga, togtadyjy 
enjamyil po lat ry<;agybolup h)'Zlllat edyar. De~igii\. merkezi ~tanganyii okunda 
yerle§yar, onun diametri d=30 mm Boltuii de~iginiiikesigi gow~ad}'andygyny 
hasaba alyp we rugsat edityan dartgynlylyk [CY] = 14 kN/sm2 bolsa, ryt;:agyil 
soiiuna goylan howpsuz giiy9leri tapmaly. Suratdaky olyegler mm-de berlen 

5.28-nji surat 

5.29. Suratda ~ekillendirilen direg diwarynyii kwadrat kesigini we tagta 
orti.iginiii galyiilygyny saylap alrnaly. Her 2 m-den goylan siitiin kese goy~ 
purse dire Jen we soyeg bilen saklanyar, her siitiiniA we B nokatlarda ~m1rli 
diregi bolan balkahok1niinde seredip bol:Yar. Siltimler tagtaortiigiii ilsti bilen 
g~ireyan topragyil baswy bilen yuklenen. s utiinde doreyan boy giiy9 hasaba 
alynmayar. lni b=20 srn bolan tagta ortiigini dircgde kesilen ~arnirli dayan<; 
nokatlary bolan balka di.Yip hasap etmeli Gum uwmeginm bey-ikligi 1,5 m 
Topragyii baSY$Y 9yzyk kanuny boyun<;:a 0-dan qmax = 13 .kN/m3-a 9enli 
aJ:tYar. Egilmede rugsat ediJyan dartgynlylyk [CY ]= 1 .kN/sm.2. 

II I 
I ~k 

5.29-njy surat 
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,, 
5.30-njy surat 

I ' 
: I I 
l I • 

5.31-nji surat 

,. 5.30. Eger balkanyii olcy toweregill 
dugasy boyun9a egilyiin bolsa, 
11e~eljk h beyil<likli (kesigill ini 
uy-tgeyar) gonubtrr9ly kesigi bolan 
balka 11aysy §ekilde bo lnialy? 

5.31. Ryryag (surata seret) P= 801<N 
giiy9 bile11 yuklenen. AB ya-da \:D 
kesiklerin hayS)'SY ,,howply" 
bolyar? Howply kesikde 
dartgynlylyk niii;:ii den? 

5.32. Konsol egilmede den 
gar§y]ykly balka gornil§inde 
taslanyar. Konsolyii kese k.esigi, 
beyikligi 11emi§elil< h den bolan 

- - -~h t----r---~-- -
' r. 

goni.ibur9luk. Kesigin ininiii 
u:Ytge1nek kanunyny b = b(x) 
a11yklamaly. Ko11solyn her 

5.32-nji surat 

r r 
• 

I • 

I 

5.33-nji s11rat 

• 

kesiginde maksilnal dartgynlylyk 

[a]- rugsat edilyiine deii . 

5.33. <;oyun balka (E=l ,2· 104kN/ 
s1n2

) synag edilende, st1ratda 
gorkczilen shema boyun9a I we 2 
tenzo1netriii gorkezijilcri, oli;:enilen 

,--..r basgans;aklar boyuns;a P = 50 l<N 
giiys; bilen yuklenende tenzo1netr­
leriii gorkezijileriniii orta artn1a-
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sy ~ n1= -15 mm-c, ~ 11i= 51mn-c 
den. Eger kesigin beyikligi 
h=24 sm, a=0,6m, tenzometriii 
bazasy f=20 mm, ulaltma 
koeffisiyenti K- 1000 bolsa, ba~ 
merkezi oka gorii kesigiii inersiya 
momentinin ululygyny l<esgitlemeli. 

- - - ~ ---. -

Ci.34. Suratda §ekillendirili§i yaly, balkanyii bitarap okunda kesekesigine 
~5" bur9 boyun9a tenzometr yerle§dirilen. Balka Yilldenenden son B bazasy 
holan tenzometr ~B uzaltna gorl<ezyar. Abzalyii gork:ezen bahasynda 
1no1nentm ululygyny nahili l<esgitlap bolyar? Balkanyii kese-kesigin:iii ini b 
\VC beyikligi 11, ma)'y~gaklyk moduly E we Puassonyii koeffisiyenti µ-e 
1 lei\ bo lan materialdan yeril1e yetirilen. 

Temometr 
.,. l\I 

t 

5.34-nji s11rat 

5.35. Eredilip galyba guylan poladyn galyp bilen bilelikdaki agrainy 430 kN 
(surata seret). Galybyii sapfasynyii bo)rnundaky dartgynlylygy tapmaly. 

!~~ 

' ... - - • -----i- -

• 

30t\ 
I "' - ~ -
I 
• 

5.35-nji surat 
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5.36-njy surat 

q=6kN/1u 

5.36. Diwarynyil galyillygy b = 54 srn 
bo Ian gapy ye re iki bir1nenze§ tawra 
bilen basyrylan. Balkanyil hasaplam 
tizynlygy t =4 m. Balka dti§yan yi.ik 
diregde a=60° bur9 boyunya 
yapgytlanan parabola bo,Yun9a 
r;iik:Jenen diwaryii bO leginin agramyna 
den (surataseret). Balkanyil materialy 
ti9in egilmede rugs at ed ilyan 
dartgynlylygy [ O" ]= 15kN/sm2 deii 
diyip kabul edip onuii kesigini 
saylamaly. Diwaryii materialynyii 
gowrti1n agramy y =16kN/sm3. 
Para ho lanyil deiilernesi. 

4h 
Y = - x(f - x) 

f, 2 . 

5.37. Uzynlygyf =3,2 m, ini b==J 2 sm, 
galyiilygy b=0,6 sm ( surata serct) po lat 

- ==:iii _.,. x. list kesigi bxh= l 2x 18 sm aga9 piirse 
berkidilen. Ptirs iki diregde erkin 
goylan, po ladyii we agajyn 
ma)ly§gaklyk mod11llarynyii ga~ygy 

l -J,2 Ill 

5.37-nji surat 

t 

t====~======· ::::::: ; 
' 

5.38-nji surat 

n = EP:Ea 20: 1-e deii. Polat listde we 
aga9 piirsde iii uly dartgynlylyklary 
kesgitlemeli. 

5 .38. Suratda gorkezili§i yaly, 
goniibun;ly kese kesikli balka bir yere 
jemlenen giiy9 bilen yukJenen. 
Balkanyil ini hcmi§clik b dell, beyikligi 
bolsa 9yzyk kanuny bo,Yun9a h -den 
b2 =3h-a 9enli ii,Ytgeyar. Eg~ede 
balkanyii m ulynonnaI dartgynlylygyny 
kesgitlemeli. 
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5.39. Uzynlygy- ! weagramyG=q­
e bolan bir jynsly goni balka gaty 
tekizlikde yatyr. Balkanyil ujunda 
M= qf 2/8 moment goylanda, onuii 
yokary goterilyan bolcginin 
uzynlygyny kesgitlemeli. 

..... 

I· 

5.39-nji surat 

' ' 2 2 

5.40-njy surat 

5.40. Uzynlygy f =l1n, be.Yil<ligi 
h=5 sm, esasynyii ini b=h bolan 
ii9burs: lcesikli yo.Yun balkanyii n1gsat 
edilyan Yill<i.ini tapmaly ( surata scrct). 
<;oynuii si.iynn1a berklik 9agi 

crf, = 200 MPa, gysylJna berklik 

yagi cr g = 1 OOOMPa berklik 
b ' 

atiya9lygy 11=3-c dcii. 

5.3. Egilmede galta§ma dartgynlylyk 

5.41. Uzynlygy 2 rn, ini 7,5 sm we beyikligi 15 sm bolan gonubur9ly kese 
kesikli balkanyii gyralaty §amirli berkidilen. <;ep diregden 7 5sm uzaklykda 
yerle§en we kese kesiginill bitarap okundan 5 sm yokarda duryan nokadyii 
normal we galta~tn'l dartgyrilylyklaryny kesgitlemeli. Balka dircg aralygynyii 
ortasynda goylan bir yere je11tlenen 4 kN giiyr;: bilen yiiklenen. 

I' " a 

r - -
s... f 

~ 

~ -

t I 
I 

· 5.42-nji surat 

I 

h 4 
5.42. Taraplary b = 3 gatt1a§ykda bolan 

aga9 kopri pursi.in goni.ibur9ly kese­
kesiginiii olc;:egini saylamaly ( surata seret). 
Piirse rugsat edilyan dartgy11lylyklar: 
egilmede SiiYmne we gysylma [ cr ]= lkN/s1n2, 
egilmede owrann1a [1] = 0,25 kN/sm2. 
Pi.irsi.in direg aralygy f = 2rn, relsiii okunyii 
arasyndaky uzaklyk a= l ,6 in . Relsi11 
usttindcn hereket ectyan duzumin tigrinm 
brusa geiyiryan basy~y P=9,8 kN. 
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5.43. Diregde erkin :Yatan direg aralygy 4 m-e den 18-nji belgili iki tawraly 
balkanyt'i iii uly galta~ma dartgynlylygyny kesgitlemeli. Balka 14 kN/sm2 iii 
uly normal dartgynlylyk doredyan direg aralygyii hemme yerine goylan 
endigan ya)lran giiyy bilen yuklenen. 

5.44. Eger kese gii:Yv Q=60 kN-e deii bo Isa, da~ky diametri D=20sm we 
ivki diametri d= 18 sm bo Ian tegelek turbanyt'i egilmede in uly galta~ma 
dartgynlylygyt'i ulu.lygyny kesgitlemeli 
5.45. Diametri d==25 sm bolan togalak agaydan, iki kant kesilip alnan kcsc 
kopri pfuslerine parowozyi'i tigrinden P=60 kN yok tiisir edyar (surata seret). 
Eger egilmede rugsat edilyan dartgynlylyk [cr]= lkN/s1n2 we cgilmede 
owranma dartgynlylyk [ -r] =-0.2 kN/sm2 bolsa, pilrslerm berkligini barlarnaly. 

- ---

• .I' 

1,6 

20 

\ " • ... 

• 

5.45-nji surat 

.. 8 • N .., 

5.46. Q=300 kN bolan kesc 
gilyjiiii las irinden doreyan iki 
tawraly balkanyii diwaryndaky iii 
uly we in kivi galta§ma 
dartgynlylyklaryii ululygyny 
tapnnly. Diwaryt'i kabul edyan kese 
giiyjilni tapmaly. Balkanyii 
suratdaky kese kesiginin olyegleri 
mm-de gorkezilen. 

5.46-njy s11rat 
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5.47-nji s11rat 

5.47. Il(i diregde erkin yatan turba 
kesikli yoyun balka, diregden a=0,7 m 
aralykda goylan iki den sinunetriyaly 
yerle~en P=60 kN giiyy bilen yuI<lenen. 

lt Eger kesigill olyegleri b=24 sm we 
d=20 sm, direg aralygy t 3 m ( st1rata 
seret) bolsa, balkanyii howply 
kesigindaki iii uly nonnal we galta~ma 
dartgynlylyklaryt'i ululyklaryny tapmaly. 

Ci.48. Ululygy Q=60 kN bolan wertikal kese gtiY.jiln tiisirinden gonubur9ly 
lurba gomii~li balkanyii diwarynda yiize ryykyan iii uly galta~ma 
dartgynlylygyt'i ululygyny kesgitlemeli. Kesigm haysy diwarynda galta~ma 
dartgynlylygy uly bolyar? Kesigin beyikligi we ini bo:Yunva galta~ma 
dartgynlylygyt'i :Ya:Yray~yii ep)luryny gunTialy. 

J611 

80 180 

5.49-njy surat 

360 
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5.49. Direg aralygy t = 3 sm 
bolan den tekjeli iki tawra iki 
diregde erkin goylan we prolyo­
tyii 011asynda bir yere jemlenen 
P gilyry bilen :Ytiklenen. Normal 
dartgynlylyk boyunrya berklik 
~ertinden ball<anyii yuk goteriji­
liginikesgitlemeli. In uly galt~ma 
dartgynlylygy hasaplamaly we 
diwaryii beyikligine we tekjanm 
inine galta~ma dartgynlylygyi1 
ya)lray~ynyt'i epyuryny gunnaly. 
Rugsat edilyan dartgynlylyklary 
[ cr]=l6 kN/sm2, [-r] =10 kN/sm2 
deii diy-ip kabul etn1eli. 



• 

5.50-nji surat 

lUI) 
Jfl 

~· f 

b•IO -
IM --
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5.51-nji surat 

t1. ___ 1 --·-~'fl - -

5.52-nji surat 

5.50. Egilma i~leyan balkanyii kesc 
kesiginde galt~madrutgynlylygyii 't,> 

epYrn-yny gunnaly. Balkanyii kesigi -
romb. 

5.51. Keb~irlenen iki tawraly balkanyii 
tikininiii galyiilygyny kesgitlemeli. 
Balkanyii kesigindaki kese gily9 
Q=300 kN. Keb~irleme tikinine rugsat 
edilyan dartgynlylyk [ 't] == 50 Mpa. 
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5.52. BeYikJigi h we ini b=: l bo Ian 
gonubur9ly balka iki diregde 
goylan we balkanyn direg 
aralygynyii ortasynda bir yere 
jemlenen P yi.ik bilen Yilklencn 
( surata seret). B alkanyii 9ep direg 
nokadyndan x okuna 45° burr; 
boyuni;a ge9iriJen a-b kesikdaki 
normal we galta~1na dartgyn­
lylyklaryii epyurlaryny gwmaly. 

~.c;J. O)ftgcyan galyiilygy h bolan pGrsGii kcsc kesiginde galt~ma 
1l.111 gyn lylygynyii ya)frayy$ kru1unyny kesgitlemeli 

5.53-nji surat 

'\.54. Rezinden ed ilcn gonubur9ly kesikli pUrsilii usti.ine suYnrn.e:Yan yw~a 
lent a yelmenen. Eger synagda lentanyii ilzilhne gilYji P-e den bol~a, telG~ 
kcsik 9akla1nasy esasynda pilrsi egyan momentil.1 ululygyny kes~1tlemeli. 
l.cntanyii galyiilygyny h be)Tiklige gora ujypsyz di)fip hasap etmeli. 

- -.l\1 l\ I 

b 

5. 54-nji surat 

5.55. Direg aralygy t ==4m bolan iki konsolly balka suratda gorkezili~i yaly 
yiil<lenen. Konsolyii uzynlygy a=0,5 m. Eger <; ~o_katd_~ galta~ma 

dartgynlylyk i;
9
-1 l<N/sm2 bolsa, balkanyi'lhowp~y kes1~mde ~-~l~norma~ 

we galta~1na dartgynlylyklaryil lllu lyl<laryny kesgitlemeli. Kes1gm o lyegler1 
111111-de gorkezilen. 

5.56. Den)'an1y i.i9bur9lul< ~ckili bolan balkanyilkes!giniii beYikJigine ~~~ 
dartgynlylygyrl wertikal dilzUjisiniii :YaY'fa~ynyii epyuryny gunnaly. Kese guy9 
Oz okuii bo:Yy boyun9a ugrukdyrylan. 
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Vlbap 

Egilmede durkuny ilytgetmegi kesgitlemek we statiki 
kesgitlenmeyan ulga1nlaryn hasaby 

6. t. Analitik usuJ boyun~a durkuny iljtgetn1ani kesgitlemek 

6.1. Uzynlygy t =Im, kese kesigi 5x60 mm bola11 goniiburc;ly po lat c;yzgyc;, 
momenti M 0=1 kN sm bolan iki jilbut giiyc; bilen egilyar ( st1rata seret ). 
<;;yzgyjyn haysy egri bo}'unc;a egrelyaniniii deiilemesini yazmaly we kesigm 
iii uly owrulme burc;t1ny we c;yzgyjyii in uly ornuny iiYtgetmesini tapmaly. 

( ' 

, . 
• 

/ ~r. 

. .\ f n 

5.54-nji s11rat 

6.2. Uzynlygy t=lm we kese kesigi 2x2 sm2 bolan bir tarapy berkidilen 
balkanyii ujunda momenti M

0
=O,1 kNm bola11 jtibilt giiyc; bilen egilyar. 

Eger balkanyii ahyryndaky kesikde owrtilme burc; 0=0,0875 rad. bolsa, 
materialyii ma}'y$gak:Jyk modulyny we baJkanyii okunyii egrilik: radiusyny 
tapmaly. 

.f 6.3. Direg aralygy 2 m bo Jan iki dayanc; nokatly balk a tegelegin dugasy 
bo:Yunc;a egrelyar. Direg aralygynyfi ortasynda onun ornuny ii:Ytgetmesi 
0,5 sm den. E=2, 1 · l 04 kN/sm2 we1=230 sn14 hahalarynda cgme momentiii 
ululygyny we balkanyii egrelen ok:unyil egrehnesiniii radiusyny kesgitle1neli. 

6.4. TogtaYjy gtiyjilii T=240 kN tasirinden kopri siituninin kerpic; oru1niniii 
materialynyii mamgaklyk modulyny kesgitlemek iic;in onuii yokarky kesiginin 
gorizontal omuny iiYtgetmesi o lc;elyar we bu tdulyk 8, 7 5 mm-e deii holyar. 
Eger binyadyii eriiegit1den siitiinm bey-ikligi h= 12 m bo Isa, materialyn 
ma)ly~gaklyk rnodulyny kesgitlemeli. 0 lc;egleri suratda gorkezilen. 

6.5. Ma)ly~gak c;yzygyii differensiaJ deiiJemesi.tii integrirlemek yoly bilen 
suratdaky yaly yuklenen, bir tarapy berkidilen balkanyii erkin kesiginin burc; 
we 9yzyk ornunyu:Ytgetmelerini tapmaly. 
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6.5-nji surat 

.e 
6.6. Balkanyn ujundaky rugsat edilyan ornuny iiYtgetmc [J] = 

450 
-den 

kop bolmadyk yagdayYl1da, uzyn]ygy t 2m, bir tarapy tx:~dilen we hernm: 
uzynlygyna endigan yaylran giiy9 q= 10 kN/m ~den yuklener~ balk~~ 
ikitawraly kesigini saylamaly. Eger [ cr ]= 14 l<N/sin-bolsa, balkanyn berkhgm1 
saylanan iki tawra kanagatlandyryanny? 

~ ''\ t 

• • • . ., -
-

R 
\. 

,, '1 ., -- .. I l 

6. 7. Di.reg aralygy t =4 m, kese 
kesigi 18x20 sm bo Ian goni.ibur9ly 
aga9 balkanyii sony iki diregde 
goylan we suratda gorkezili~i yaly 
depgini q= 10 kN/rn bo lan endigan 
yayran gi.iy9 bilen yiiklenen. 
Balkanyn direg aralygynyfi 

6. 6-njy surat ortasyndaky cgrelrnani we 
direglerdaki kesik:leriii owrtilme 
burc;laryny tapmaly. 

v 6.8. Sag diregi M moment bilen yuklenen balk.anyil ill ul~ ~vgrelmesin~ 
l<esgitle1neli we balkanyii direg aralygynyfi ortasyndaky kes1gin egrelrnes1 
bilen deiie~dirn1eli . 

e 
I 

6.8-nji surat 
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6.~. Balkanyii bir metrinin agran1y q, egilma gatylygy EI we uzynJygy 2t-i..: 
d~n bolsa, <; nokatdaomunyil:Yfgetme no laden bolmakilc;in hususyagran1y 
bilen yuldcnenAB balkanyii <; nokadynanahili giiyc; p goymaly? 

1'. 

6. 9-njy surat 

y 
x ,._.-...._.p 

6. 2. Energetiki usullar bilen sterienli ulgamlaryii durkuny 
iiytgetmegini kesgitlemek 

6.10. ~uratda §ek:illendirilen balkanyii cgilmede durkunyii U:ftgedihneginii\ 
potens1al energiyasynyii aiilatmasyny peydalanyp, erkin tarapytidaky 
egrelmesini kesgitlemeli. 

.. \ 
( ' 

' lc ' X, 
• 

6.10-njy s11rat 

6.11. Dia~etri d . ,1.~ sm bolan tcgelck kesikli w~l, Meg =6 kNm hemi§clik 
mo~ent b1len egilyarwe M1=8 kNm moment b1Jcn towlanyar. Walyii J 
metrmde dtrrkuny il:ftgetmaniii toplan potensial energiyasyny kesgitlemeli. 
Walyii materialynyii ma)fy§galdyk modl1l1ary E-2, I· 104kN/sm2, 
G =8,5· I 03kN/sin2 . . 

74 

l1 , l 2. Gonuburc;ly kese kesikli balka l1emi§elik egine inoment bilen yuklenen; 
11111 ly 11011nal dartgynlylygy cr deii, nor1nal n1ayy§gaklyk moduly E, kese 
1 l·siginiii 111eydany A, uzynlygy e bolan balkanyn topla11 potensial 
~·1 11.:rgiyasyny hasaplatnaly. 

<1. l 3. Suratda ~ekillendirilen balkanyn <; kesigini.tl egrelmesini we owri.ilme 
l111rc;uny Mal(Swell-Morun usuly bilen kesgitle1neli. 

p 

£ 

6.14-nji s11rat 

l l b 
I'- -

_..\. B 

~ 

D 
'/ /; ., ,. 

6.15-nji s11rat 

q 

...,,.l\·I 

a 

6.13-nji surat 

p 
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6.14. Suratda gorkezili~i yaly, 
yiil<lenen polat balkanyii 
l<onsolynyii ahyryndaky 
l<esikde MaksweJI-Moruii 
usuly bilen egrelmesini we 
owruln1e burs:uny kesgitlerneli . 
P=20 kN, q=30 kN/m, 
f =4 m, a- Jn1, 1=3500 s1n4 • 

6.15. Suratda §ckillendirilcn 
AB<;D s:arc;uwanyn sag 
konsolynyii ahyrynda goylan P 
yuk.tin tasirinden c;ep 
konsoJynyii ahyrynda :Yerle§en 
A nokadyii egreln1esini 
Mal(S\¥ell-Moruii usuly bile11 
kesgitle1neli. 



6.16. Suwy akdyrmak iis;in niyetlenen gorizontal yerle~en po lat turba I 
=2,4 m uzynlykda diwardan s;ykyp duryar. Turbanyii i9ki dia111etr1111 
da~kysyna bolan gatna~ygy d :D=0,85. Poladyii gowrii1n agra111 

YP = 78,5kN/m3 -a, suwullky bolsa Y. = 10kN/m3 -a den. Turban\ 
materialynyii may-y~gaklyk moduly E =sl, 96· l 04kN/sm2• Turbanyii erk 111 
t~rapyna ~u~sat edilyan egrelme [t] = 0,003 €. Turbanyn is-;ki \Ve da~k, 
diametrlenn1 kesgitlcmcli. 

..; 6.J 7. B:rk!ik we gatylyk ~ertlerinden aga9 ortgi.ili balkany hasaplan1al) 
Balkanyn d1reg aralygy e -3 ,6 m Balkalnyn arasyndaky uzyn]yk a= 1,2 111 
ortiiginiil bir inedordul metrinin yuk1enmesi p=4kN/m2• Balka rugsat edilyi111 

dartgynlylyk [cr] = l kN/sm2
, rugsat edilyan egrelme[f] = 1 

I 

mamgaklyk modt1ly E = 1, 1 ·103kN/sm2-a den. 35o 
~-~8. , Uzynlygy f, we hemi~elik bcy-ikligi (h=const) hem ii}'tgcyan ini bolan 
iki dayan9 nok:atlybalka P gi.iy9 bilen yiiklencn (st1rata scret). MamgakJyk 
mo duly Eden bolsa, e max we fmax tapmaly. 

' ·· 

• 

~ ft 

\ 

fmax 

6.18-nji s11rat 

6.1~. l!zynlygy e we hemi~elik ini bolan goniibur9Jy kesikli, hemmc 
~e~1kler1~~c ~en ~~~ylyk gorketjan bir tarapy berkidilen balka endigan 
yay:ran yuk b1len yuklenen (surata serct). Kesigm bey-ikliginin i.i:Yfgeyan 
kanunynywe balkanyii in uly egrelmesini kesgitlemeli. 

~· • 

h 

x 

..__ ___ ...:...( - - - -' 

6.19-njy surat 
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l 

b 

'l 

f9-
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~ 
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' , 
l =11100 mn1 

6.20-nji surat 

11n n 

6.20. Suratda ~ekillendirilcn 
gonUbur9ly kesikli balkanyii iii uly 
egrelmesini kesgitle1neli. Piirsilil 

v 

materialy sosna, sosnanyn 
mayy~gaklyk n1oduly E= 103 kN/ 
sm2• Kesigminib=60mm. 

6.21. U9bur9lugyii l<anuny 
boyun9a u)ftgeyan yuk bile11 
yuklenen, bir tarapy berkidilen AB 
ball<anyn A nokadyny:ii 
egrelmesinifi we owriilme 
bur9unyii ululygyny kesgitlemeli 

6.21-nji surat (surata seret). 

h.22. 20 a belgili ilci tawra kesil<li, direg aral~gy 6 1n-.e den ~alkanyii bir 

1,1rapynyii diregi ~arillrli gozganmayan, _heylek1vt~~~py d1an1etr:, 10 sm b~lan 
.,1lindrik hyr ~el<illi pruzi.11 bilen saldanyar. Pruzlillll sarymynyn sany n:-10: 
., 11niniii diametri 2 sm. Ball<a we pruzin polatdan yasalan, mater1alyn 

111a yy~gal<lyk modullary E =2 · 104kN/sm2-a w~ _G =8· 103kN/sm2-a de?. 
llall<anyii ortasynda goylan wertikal gUyjun tasrrmden toplanar1 potens1al 
energiyany kesgitle1neli. 

2 
2m lm 

H 

2. m 

I 

6.21-nji surat 

p 
I 

v 6.23. Suratda gorkezili~i yaly, 
dowGk oky bolan balka P 1= 10 kN 
we P =20 kN giiy9ler bilen 

2 . 

77 

yuklenen. Kesigiii inersiya momentJ. 
3000 sm4-e den we balkanyn 
hemme uzynlygyna hemi~elik. 

Mayy~gal<lyk moduly 
E =2· 104kN/sm2-a den. P 

1 
giiyjun 

ugry boyun9a A kesigiii omuny 
U:Ytgetmesini we B kesigiii owriilme 
bur9uny kesgitlemeli. 



6.24. lki dayan9 nokatd.:1 yatan balka, sagat dilinin ugry bo)fun9a aylanya11 
iki jilbiit gilyi;ler bilen egiJ:.Yar. Eger ep1ne nokat i;ep (firegden e /3 aralykda 
yerle~en balsa, bu momentleriii gat~ygyny taprnaly. 

' 6.25. Yok.ary granlary 8t 0 S 
•) 

e 

., F== = =====i 

gyzdyrylanda birmeiize~ balkalarda 
doreyan dartgynlylyklary we iii uly 
egrelmeleri deiie~dirmeli. Balkanyl1 
galynlygyna temperatura 9yzyk 
kanuny bo)fun9a tiYfgeyar (surata 
serct). Materialyii uzynlygyna 
ginelmek koeffisiyenti a, 
ma}'y~gaklyk moduly E. 

6.25-nji surat 

6.2~ •. ~uratda gorkezilen endigan ya:Yran yuk bilen yuklenen balkanyii B 
kes1gmtii owrulrne bur9uny kesgitlemeli. vVere~aginiii usulyny ulanmaly. 

q 

B 

6.26-njy surat 

6.27. S~Jratda gorkezilen AB balkanyii q we P giiy9lerinin tasirinden 9ep 
konsolynahyryndakykesigiiiowriilmebur9unytapmaly.Wer~aginiiiusulyny 
ulanmaly. Balkanyii gatylygy EI =4· 107kN/stn2• 

q=5 kNl1n 

• • B 
I nt .io1 

6.27-nji s11rat 

78 

11 .28. Were~aginiii usulynyulanyp, balkanyii B nokadynyiicgrelmesini we 
1I11 cgdakiA nokady.ny owrti lme bur9ui1y kesgitle1neli. 

h 

b 

qa 

D 

I 

6.28-nji s11rat 

6.29-njJ' s11rat 

( 
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\ B 
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2( 

6.31-nji surat 
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v 6.29. Suratda ~ekillendirilen 
9ar9uwanyii Were~aginin 
dtizgiinini ulanyp, erkin 
tarapyndaky wcrtikal ornuny 
iiYtgetmesini kesgitlemeli. 

6.30. Suratda gorkezilen 
end igan ya)fran yuk bilen 
yiiklenen 9ar9uwanyii B 
dircgindak.i gorizontal omuny 
ii )'t.getn1esini kesgit len1eli. 
$onuii yaly-da Were~aginm 
usulyny ulanyp, <; kesigin 
wertikal 0111uny iiyrgetrncsini, D 
kesigiii owrtilme bur9uny 
kesgitlemeli. 

6.31. Suratda §ekillendirilen 
po lat balkanyi1 P gil)'.jun goylan 
ycrinde, AB we BG bo lckleriii 
inersiya n1onientlerinin l1we12 

haysy gatna§ygynda iii uly 
omunyuyrgetmesi bolar? Eger 
P=6,25 kN , t=0 ,24 m, 
I = 16 sm4 bolsa bu ornuny 

I 
iiyrgetmani tapmaly. 



6.32. Direg aralygy t-1 ,25 m bolan tagta pol metal balkanyn i.isttinck 
goylan ~e P=8,5kN/m~ yuk bilen yilkJenen (poluii agramy + peydaly yuk) 
Eger egilmede rugsat eddY.in dartgyi1lylyk [ cr] = 1,2 kN/sm2 we rugsat e<lilY.111 
egrelme [ f]-11250==0,5 sn1 bolsa, tagtanyil zerur galyillygyny tapmaly. 

h 

• 
-.. 

6.33-nji s11rat 

• (' 

,, 

.\ 

6.34-nji surat 

• 

v6.33. Were§aginiii diizgiinin1 
uJanyp, P giiyjun goyla11 
nokadyndaky tirsekli walyn 
egrelmesini kesgitlemeli. WaJyn 
kesigi hemme bolekleri11d~ 
hemi§elik. 
6.34. Suratda gorkezilen rigeldt· 
endigan ya)fran yuk bilen yiiklenen 
si1nmetriyaly 9ar9uwanyn [) 
§arniriniii gorizontal orn11ny 
ti)ftgetmesini Were§aginiii usuly 
bilen kesgitlemcJi. Rigcliii WL' 

yar9uwanyii ayaklarynyii kesc 
kesikleri birmeilze$. 

6.35. Cyzgyda getirilen balkalaryil shemalary ti9in 0 . Moru:il. usuly bilen A 
nokadynyn egrelmesini we B kesigiii owrillme bur9uny kesgitlemeli 
E = 2·104kN/sm2• 

II \ 

H 

lm ~ 

6.35-nji surat 
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ltl~ .\ 

11 \6. Shem.alarda gorkezilen bir tarapy berkidilen we di.irli gUyyler bilen 
1lklene11 hemi$elik kesil(li AB<; ball<anyii <; kesiginm Simpson-
1 arnouhowyfl usulynyulanyp egrelmesini we owiiilme buryuny kesgitlemeli. 

ll t• rlen: P=20 kN; M
0
=40 kNm; q=20 kN/m.; b=3m, a=21n; 

f 2· l 04kN/sn12
; 1=4800 sn14

; f=a+b=Sm. 

Al\, 
.. M, M, 

'"-t:l- :\' 
.\ ( 

;,II 

h b 

,, ~~ ~ r~·~~-
6.36-njy surat 

(1.37. Suratda gorkezilen shemalar bo)'unya yuklenen he1ni~elik kesikli 
polat i;aryuwanyn erkin kesigindaki we1iikal f, goriz.ontal !). ?mun~ 
Oy-tgetmeleritli we owri.iline buryuny 0 n1atrisa usuly bilen kesg1tlemeli 
( E = 2 ·l 04kN/sm2

.). 

- .. 

M=qa2 

.......... 

a) 

q 

l' 

h 

6.38-nji s11rat 

a p 

p 

' b 
" 

b) 

6.37-njy surat 
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6.38. Matrisa usulyi1y ulanyp, 
suratda gorkezilen balkanyn <; 
nokadyndal<y egrelmesini we 
owrfilme buryu11y kesgitlemeli. 



6.39. 16-ajy belgili Pr. 106 tipli iki ~ellerden (bir ~wellerin inersi)'a mon1e11l 1 
1=51 ,98 sm4

) ybarat bolan dyural balka, suratda gorkezili~i yaly, Yl-ik bilc11 
Ytiklenen. Matrisa usulyny ulanyp, balkanyii ortasyndaky cgrclmli111 
kesgitlemeli. E = 7,5· 103kN/sm2. Balk.any11 ortasyndaky egrelmc-;1 
fJ200-den yokary geymedik yagdayYI1da, balkanyii kesiginin inersiyil 
momenti nahili bolmaly? 

t14 
P=4kN 

1=Jk.°\'/Jll 
f 14 

6.39-njy surat 

6.40. Uzynlygyt, depgini 2 q bolan endigan )'ayran Yi.ik bilen yep direginden 

p 

8 

( , 
• 

I 
6.42-nji surat 

. . ~ 
ti .43. Suratda gorkezilcnAB<; balk.anyn kese gii)ji.inifl we egme momentmm. 
, pyurlaryny gunnaly. 

q=201~~/111 

ortasyna 9enli yuklenen ik.i dayan9 nokatly balkanyii ortasyndaky egrelrnani 6. 43-nji surat 
kesgitlerneli. 

/ lq 

A • ' ('. 
B 

fr\ 
02 ... ' f/2 ~· 'I:;: 

6.40-njy surat 

6.41. Uzynlygy t den bolan hemi~elik kesikli yonekey balkanyii ~t°S bilen 
a~gy gyzdyrylanda, direg aralygynyn ortasyndaky egrelmani \.Ve dircgdaki 
owriilme buryuny kesgitlemeli. Balkanyi'i kesiginill bey-ikligine temperatura 
yyzyk kanuny bo.Yt1nya iiyrgeyar di)'ip hasaplamaly. Materialyn tcmperatura 
ginelmek koe:ffisiyenti a den. 

6.3. Statiki kesgitlenmeyan ulgamlaryn hasaby 

6.42. A<;B balk.anyil B gyrasy gatywe Agyrasy gozganyan ~arnirli direg 
bilen berkidilen. Balkanyil ortasyna P=40 kN gtiy9 goylan, kese giiyjiinin 
we egme momcntinili ep:Yurlaryny gtrrmaly. 

82 

(1.44. ll<i direg aralyl<ly kesiln1edik balk.a suratda g~rkez~i yaly Yii~~~~~-
1 lall<anyil dayany nokatlaryndalcy gayrargylary kesg1tle~eli we kese gtIYJUO, 

Cbrmc moinentm ep)rurlaryny l<esgitlen:ieli Goni.iburylugyn_~ ~2 gatna$ygynda 
halkanyn kesigini saylamaly. Egtlmede rugsat ed1Jyan dartgynlylyk 
I , I l<N/sm2 diytp kabul etmcli. 

\. 

15 Ill 

l\I=-IOliNm ..--... 

1.,5m 

B 

6.44-nji surat 

l 1n 

6.45. Suratda gorkeztlen shema bo:Yuns;a ball<anyii ~~yan9 ~okatl~ryndaky 
ga}'targylary we m uly hctn m kiyi egme momentlenru kesg1~l~n:1eb .. Rugsat 
edilyan dartgynlylyl< 16 kN/s1n2 bolanda, iki tawranyii belg1s1m saylatnaly. 

83 



60kN 60kN 
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Jn1 Jn1 \ Jin I Jn1 \ 
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6.45-nji surat 
6.46. Shemada gorkezilen yaryu\.valaryil kese gi.iyjliniii we egme momentinu) 
ep)furlaryny gunnaly. 

6.47. St1ratda gorkezilen Yilklenme boyuniya iki tarapy gaty berkidilen ik1 
tawraly balkanyii kesigini saylamaly. a=l ,5 in, b=31n, P=60 kN. 
[ u] = 16 kN/sm2 den diyip kabul etmeli. 

,. 

It 

6.47-nji surat 

v 6.48. Islendik usu! bilen balkanyii statik kesgitlenmeyandigini ayyp 
gorkezmeli, dayany nokatlaryndaky gayrargylary kesgitlemeli, Q we M 
epyurlaryny gtmnaly. 

'1 

[ 

"':::: . I 

6.48-nji surat 
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I n 

311\ 

6.49-njy surat 

6.49. Suratda shemasy gorkezilen 
iyariyuwanyii gliyiy usulynyulanyp, statik: 
kesgitlcnmeyandigini ayyp gorkezmeli 
we dayaniy nokatlaryndaky 
gayrargylary kesgitlemeli. Normal we 
kese gliyc;leriniii we egrne momentiniii 
ep)furlaryny gtmnaly. 

6.50. Suratda 9ekillendirilen c;an;~uwanyii normal we kese gi:iyc;Ieriniil hem 
cg1ne momentinin epyurlaryny gt1rmaly. 

P= :'Ok': 

.\ :z1<:1 B El c;· 
21n 61n 

EI 
q=50kN/1n 2n 

D 2:t1:' 
2m 

E - -

6.50-nji surat 

6.51. Iki direg aralykly balka sag direg aralygynyfi ortasynda bir yere 
jemlencn gi\yc; bilen yuklenen. Gtiy9 usulynyulanyp, balkanyn kcse gUyjiinm 
we egrne momentinii"1 epyurlaryny gurmaly. 

p 

B 

l 
' -

e ., .. t 

6.51-nji surat 

85 
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6.52. Matrisa usulyny ulanyp, suratda ~elcllendirile11 balkanyii kese gi.i}:ji.inil1 
we egme mo1nentiniil ep}'urlaryny gu111ialy. 

P,=4/3qa 

I . .\ B ' 
I .l 2a .:wj 

.A la 

/ 'I 

~ ' An 

c;· 

-

P,=2/Jqa 

D 

6. 52-nji surat 

f 2 

J, 
• 

f 

6. 53-nji s11rat 

6.54-n_ii surat 

6.53. Uzynlygy t= l m bolan 
biimeilze§ materialdan )lasalan iki 
balka wertik.al sterzen bi len 
011asynda bitikdirilen (surata 
seret). We11ikal ste!'Zene di.i~yan 
gliyj i tapmaly ( durkuny 
i.i)ftget1negini hasaba almazdan). 
Balkalaryii inersiya mon1entleri: 
yokarky 1

1
= 12560 sm4; a~aky 

1
2
=54400 sm4• 

6.54. Uzynlygy t 1 we t
2 
bolan iki 

atanaklayyn yatan balkalar P 
gi.i YY bilen yuk lenen ( surata 
seret). Balkalaryn arasy11da 

••'"••Vf' I guyJun yayray~yny tapmaly. 
Balkalaryii incrsiya mo1nentleri, 
degi~lilil(de, 1

1
-e we 1

2
-a den. 

Ball(alaryn n1at eriallary 
bii1neilz~. 

v6.55. r!(iAB we CD balkalaryn birlc~en yerinc P gi.iyy goylan. Eger direg 
aralyklarynyfi we gatylyklaryi1yiigat~ygybelli boJsa: t :t - 3:2;£1 :EI =4:5, 
P gtiyjtin balkalaryii arasyndaky paylanyly§yny tap1naly~ ' 

2 
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6.55-nji s11rat 

6.56. lki dayan9 nokatda goylan 24-nji belgili iki tawraly po lat balkanyii 

ortasynda gatylygy c = 1 O kN/sm bolan pn1zin goylan (surata seret). 

Durkt1ny ii)ftget1negi dene§dir1nek usuly bilen ortaky diregin ga)ftargysyny 
kesgitle1neli. 

,..4m 
, _ 

6.56-njy surat 

6.57. Po lat balka11yil ok11na parallel edilip dat9ik yelimlenen ( surata seret). 
Eger clcktrotcnzometrik ol<;eyjilerin gorkczmesi bo}'un9a dat9igiii bazasynyii 

ugruna alnan durkttny LiYtgetme & A = -1 . I 0-4 bolsa, p giiY.jilil ululygyny 

kesgitlemeli. 

p ( 

/ 
/ 

~ .L lL .. 
J j 

-

6.57-nji s11rat 
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6. 58-nji surat 

6.58. Berlen 9ar9uwa ii9in statik 
kesgitlenmeyandigini ayyp gorl<em1eli 
(surata seret) we i9ki giiys;lcriniii 
cpyurlaryny gurrnaly. 

6.59. Direg aralary f bolan iki direg aralykly AB<; balka, dcpgini q bolan 

endiga~ yay-ran yuk, bilen yuklenen. Ortaky dayan<; nokadyn gaJ'targysy 
qt-eden. A we<; dayan<; nokadyii arasyndal<y wertikal aralygyii ululygyny 
tapmaly. 

6. 60-njy surat 

6.60. Uzynlygy 4 m bolan balkanyii 
bir tarapy berkidilen we depgini 4 
kN/m bolan endigan yay-ra11 giiy<; 
bilen yuklenen; balkanyfi berkidilen 
A nokadynda112,5 m aralykda direg 
bilengoldaw berlcnde, berkidilcn A 
nokatda egi11e moment nola den 
bolyar. Goldaw beriji direge du~an 
basy~y tapmaly we balkanyii kese 

.. , . .. . "" guyJunm we egmc 1no1nentiniii 
epyurlaryny gunnaly. 
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Vllbap 
Cyl~yrymly gar~ylyk 

7 .l. Gyya cgilme 

7.1. ~arnirli direg bilen berkidilen gontibur9ly bxh= J 5x20 sm kese kesikli 
agar; balka ttzynlygy e =3m bolan direg aralygynyn ortasynda bir yere 
jcmlenen gi.iy<; bilen yi.iklcnen ( surata seret). Gilyjiin tiisir tekizligi balkanyii 
okundan ges;yan wertikal tekizlik bilen cp= 15° burs; boyunya yapgytlanan. 
Balkanyn kese kesiginde bitarap okunyn yagdayyny we gysylma 
dartgynlylygyny kcsgitlemeli. Balkanyn ortasyndaky k.esigin doly egrelmanifi 
ululygyny we ug1uny kcsgitlenJeli. 

• 

i.--ir---- 2 m ----t 

I 
C.:>- -, 

10 

7.2-nji surat 

- . 

\ 

\ 

, 

1.n1. 
' / 

p 

7.3-nji s11rat 

89 

7.2. Uzynlygyt-2m, kesekcsigi 
l 2x20 sm bolan goniibt1r9ly aga9 
balkanyn bir tarapy gaty 
berkidilen, beyleki tarapy bolsa, 
2,4 kN yuk bilen yukle11en. Guy<; 
balkanyii kese kesiginin 
tekizliginden tasir edyar we onun 
tiisir 9yzygy kesigin agyrlyk 
merkezinden geyyiir ( surata 
scret). Berkid i len kes igin 
gapdallary boyun9a normal 
dartgynlylygy6 epyuryny gun113ly 
we balkanyii erkin tarapynda 
doly egrelmani kesgitlemeli. 

7.3. Jki tarapy ~arnirli berkidilen 
~weller endiga11 yayran wertikal 
tasir edyiin q=5 kN/m gtiy<; bilen 
ytiklenen. Swellerin diwary 
wertikal bilen cx.=30° bur<; emele 
getrryar. Swelleriii d ireg aralygy 
t =4m. Eger rugsat edilyiin 
dartgynlylyk [cr]= l6 kN/sm2 

bolsa, ~wellcrin bclgisini 
saylamaly. 
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7. 4-nji s11rat ,. 
• 

b• 

• 

h_ .... 

p 

7.5-nji surat 

p 

7. 6-njy surat 
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v 7.4. Goniiburs;ly l(esikli brus M, 
we M egine mon1cntlerden gyya y 

egilnlii sezcwar bolyar.Brusun iii 

h 
az agrarnynda k == b oiiayly 

gatn~ygyny kcsgitle111eli. 

7.5. Erkin tarapyndan bir yere 
jcmJenen P yukuf1 tasirinden 
gonuburs;ly kesikli konsol balka 
gyya egilmii sezewar bolyar. 
Rugsat edilyiin egreln1anifi berlen 
bahasynda brusun inkis;i agramy 
bolar yaly kesigiii taraplarynyii 
oi'iayly gatna~yklarynytapmaly. P 
gli)'.jiiii tiisir edyan ugrywertikal 
ok bilen a burs;y etnele gctiryar. 

7.6. Iki tarapy ~arnir bilen 
bcrkidilcn iki tawraly balkanyii 
uzynlygy t=4m boJan direg 
aralygyr1yfi ortasyna wertil(al 
ugrukdyrylan P= I 0 k:N guys; 
goylan. Ikitawrany:i1 diwarynyr1 
tekizligi we1tikal tekizlik bilen 
a=20° burcy e1ncle getiryar 
(surata scret). Rugsat edilyan 
dartgynlylyk [ cr] == 16 kN/sm2 

bolanda kesgitlene11 sort bo:Yuns;a 
ball(anyr1 kesigini sayla111aly. 

7. 7. Uzynlygy 1.6 m, olcyegi 80 x 80 x ?mm bolan ugolok bir tarapy gat~ 
l>crkidilen balka gornil~inde ~leyar; kesigiii egilme merkezinden ges;yan b~ 
ycre je1nlenen P= 1 kN guy9 balkanyi'i erkin tarapynda goylan. S alkanyn 
howply kesiginde bitarap okun yagdaY'Yny we A,B we<; nokatlarda normal 
1 lartgynlylyklary kesgitlemeli. U gologyii iii uly egrelrnesinifl. tduJ)'gyny we 
ugruny kesgitlen"Jeli. .. , .. 
7.8. Jayyi'i iis;eginin gapyrgasynyi'i (p=3,2 kN/m2 wertikal yuki goteryan 
bolsa) kesiginiii olyeglerini ikigornil§de saylarnaJy: gontiburyluk [ cr] =1,25 
kN/sn12 (agai;:) we ikitawra ([ cr]==16 kN/srn2) Gapyrganyn direg aralygy 
r =4m; gapyrgalaryi'i ozara aralygy a= l ,25 m den. 

I 

-- - -- - - - --. - - - -...... -
7. 8-nji surat 

• • 7 .2. Egilma nin siiynme we gysma bilen bileJikdaki tas1r1 

hn 

7.9-njy s11rat 

7.9. BeYikJigi 5 m, kesc-kesigi lxl m2 
bo Lan kerpiy siitiin oz·uniii hu~usy 
agramy we ~ernalyn kese endi~an 
ya)'ran 0,8 kN/Jn2 bolan baS~~y bil~n 
yuklenen (surata seret). Si.ltilflID .~~~~~ 
orUminiii udel agramy 1,6. Sutuntn 
csasyndaky in u ly we iii lcic;i ~sylma 
dartgynlylyklaryny kesgitler0eJ1. 

91 



- ~ -" . 

7. 10. Kesilen kesigi suratda she1natiki gorkezilen da~dan edilen s6yeg diwary 
•• • 

yeriii gu1n i.iy~1negini sak.layar. Ori.in1m udel agran1y 1,8-c den. Y erin basy~y 
q gorizontal ugrukdyrylan we diwaryii beyik ligine i.ic;burc;lugyii k.anuny 
bo}'u11r;a yayrayar; diwaryii esasyndaky iii uly basy~ 1,5 kN/m2 den. 
Diwaryi'i esasyndaky iii uly we m kic;i gysylma dartgynlylyklaryn ululygyny 
kesgitle1neli. 
7.11. Goni.iburr;ly 15.x20 smkese kesikli agac; direg ha~ inersiya oklaryii 
her haysyndan 3 sm uzaklyl<da ycrle~en N nokatda 90 kN den gysyan boy 
guY.ji bilen yiiklenen. Bitarap okuii ,Yagda,Yyny kesgitlemeli we goniihurc;lugyi'i 
taraplary boyunc;a i1ormal dartgynJylygyii ya}'ray~ynyi'i epyuryny gurmaly. 

p 

~· 
.io sin 

'----·.\_'-_-4-_B:==~-/ 
• 

7.12-nji surflt 

% 

7.13-nji surat 

• 

7.12. Gysylan brusun nor1nal drutgyn­
ly l y gy A nokatda 0,2 kN/s1n2-a 
(sii.Ynme), B nokatda bolsa nola den 
(surata seret). <; nokatda dartgyi1lylyl( 
nac;a den? 

7.13. Kwadrat kesikli (axa) konsol 
sterzeniii oku11a a bt1rc; boyunr;a 
yapgytlanan P guyr; erkin tarapyndan 
yi.iklenen. S terzeniii berk id ile11 
kcsigindc in uly dartgynlylygy 
kesgitlemeli we a burr;ul'i haysy 
bahasynda drutgyillylyk m uly baha den 
bolyar. 
7.14. Diwara berkidilen iki ~weUeriii 
crkin tarapynda Q==40 kN holan yuki 
galdyryan blok oturdyla11 (surata 
seret). Zynjyryii dartuwy - P g1iyc; 
gorizontal ugrukdyrylan. Enjan1yi1 
esasy olc;egleri c;yzgyda berlen. 
[cr]=8 kN/srn~ rugsat edilyan 
dartgynlylygyndan a~a bolmadyk 
yagdayyndal<y ~welleri11 belgisini 
kesgitle1neli. 
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7.14-nji s11ra t 

7.15. zx we zy tekizlikJerde egme n1omentin epY'urlary berlen ( surata seret ). 
Eger kcse kcsigi a) gornil~de ya-dab) gomii~de bolsa, balkanyii uzynlygyna 
iii uly dartgynlyJygyi'i ii)rtgcyi~ kanunyny kesgitlemeli. 
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7. J 5-nji SllTflt 
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7.16. Suratda gorkezil~i yaly uzynlygy £, kcsigi hxb bolan iki diregdc 
goylan gonubur9ly ball<a H gi.iyy bilen )iil<lenen. Nonnal dartgynlylygyil no la 
den bolyai1 geo1netrik nokatlai·yny gozlap tapmaly. 

II 

• 

h -.. ... .... 

I 
~ 

( 0 mm 

7.17-nji surat 

' I ' 
B 

L .JF.· 
• '~ -. .. t I ;-

H 

l _J - -

7. 16-t~iY s urat 

7 .17. Kese kesigi 10 x 5 1run bola11 po lat 
zo lak P gi.iy9Jer bilcn si.i"Yndi.irilyar ( s11rata 
scrct). Emma hakykatdan gysya11 
enjamlardal<y uly si.irtulme bolyandygy 
iiym, gi.iy9lerm ha)'sy he1n bo lsa biri O, I mm 
ekssentrisitet boyun9a tasir edyar. 
Ekssentrisitet boyun9a goylan giiyjliii 
dartgy11lylygy na9e goteri1n 
galdyrylyandygy11y kesgitlen1eli. 

7.3. Towlanma bilen egibnaniii bilelikdaki tasiri 

7.18. Tegelek kese kesikli bitewi po lat wal 11ovV}Jly kesil<de 12,5 kNm egn1e 
we 12,5 kN1n tovvlanma momentler bilcn yul<lene11. Rugsat edilyan 
dartgynlylygy [ cr]=8 kN/sm2 hasap edip 111 we IV berl<W< nazaryyetleri 
boyun9a berklik ~ertinden walyi1 dia1netriili kesgitle1neli. 

94 

7.19. Uzynlygy40 sm we diametri4 sm, birmenze~ ikigiiy9 P=lk~bile~ 
.Yliklenen, tegelekAB po lat sterzenin i11 ttly hasap ~r!~?'1J'ro:1Y kes~le~el~ 
( surata seret ). Eger yUkleriii haysy hem bol~a brrmt a~s~n, ~terzendak1 
hasap dartgynJylyk na9a den bolar? IV berklik nazaryyetllli peydalanmaly. 

40 

I 
B 

• 

. .\ I 

~-100 - .. 1 .. 100 

p p 

7.19-njy surat 

7 .20. Po lat tirsck Ii A B<;D sterzen, suratda gorkezili~i yaly berkidilen. AB 
oo legin kese kcsigi tegelek, dia1netri 125 mtn-e den. M nokatda 9yzgynyil 
tekizligine perpendikuJYar 20kN giiy9 goylan. Gal~ma darlgynlylygy hasaba 
almazdan mn kcsigm in howply nokadynda baey daitgynlylygy we I~, TIJ w~ 
IV bcrklik nazary}'etlcri boyun9a hasaplama dartgynlylyklary kesgitlemclt. 

Ill 

c; ..a--• 

7.20-nji surat 
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7.21. Dia1netrleri D 1=20 sin we D
2 
=50 sm bolan iki tigir, suratda gorkez~i 

yaly wala oturdylan, tigirlere P 
1 
we P

2 
wertikal gi.iy9ler ti:isir edyi:irler. 

Pl=5 kN WC [cr ]=10 kN/s1n2
' a= 120 SlTI ~ertlerde III bcrklik nazarwcti 

boyun9a walyi1 dia1netrini }(esgitlen1eli. Pod~ipniklerdi:iki si.htiihnani hasaba 
almalydal. 

J> 
1 

7. 21-nji surat 

7.22. Waldan-1 , §kiwlerden-2 we 3, pod§ipnik.lerdc11-4 we 5 ybarat 
hereketi ge9irijinin walynyii dian1et1ini kesgitlemeli. $kiwleriI1 diametrleri 
D1=800 rrun, D2=400 nun. <;el<iniii §ahalaryndaky giiy9ler suratda 
gorl<ezilen. Walyii n'lllteria ly tis; in cgihnede iugsat edilyan no1mal dartf,rynJylyk: 

[ cr J =9 kN/s1112-a deii. Hasap ii9in iii uly galta§n1a da1tgynlylyg)'ll berklik 
nazarwetini peydalann1aly. $kiwleriI'iagran1yi1y hasaba almaly di:il. 

200 1(1(1 

D.1 
B I • D • 

2 

7.21-nji s11rat 
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7.23-nji s11rat 

7.23. ludiuslary r
1
=6 sm we r2 = 12 sm 

bolan aytan:Yan po lat wala iki d~li tigirler 
oturdylan. Towerekleyin tiisir edyi:in 
gi.iyylcr wertikal oklara a. 1=45°wc 
a,~ ::::::30° btlf9 bilen yapgytlanan ( surata 
scret). Walyn rninutdaky aylaw sany 
I 000 ayl/min den. Ge9iryi:in kuwwaty 
500 a.g .. IV berkliknazaryyeti boyun9a 
walyn diametrini kesgitlemeli. a-10 sm, 

b=l5 sm, e =50 sm, [cr] =12 kN/sm2
. 

7.24. Den bcrklik ~ertindcn Ill berklik nazaryyctini peydalanyp, Mtegme 

e M = _1_ M towlanniamomentlerikabul edyiin tegelek we kwadrat 
W I } f v • • 

kesikli bn1slaryn agramyny dene~d1rmeli. 

-
''• 

p 

J .. 1110 

7.25-nji surat 

7.24-nji surat 
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7.25. Burum tigriniii walynyil 
talap edyi:in diametrini 
kesgitlemeli (surata seret). 
Walyn ge9iryan kuwwaty 
N= 12 kwt; aylaw sany 
n=80 ayl/min; wala rugsat 
edilyan dartgynlylyk 

[cr ]=4 kN/sm2
• Hasapda IV 

' . . berkl ik nazaryyet1n1 
peydalanmaly. 



Vlllbap 

G)1sylan ste..Zenlerin dur11uklylygy 

8:1. Eyleriii formulasyny ulanyp iki tawra kesikli (22-nji bclgili) gysylan 
d1regiii kritiki gu)'.juni 'vve la·itil(i da11gynlylygyny kesgitlc111eli. Diregiii iki 
tarapy hen1 $arnirli berkidilen. Siltilniii uzynlygy f =5111. Materialy 

proporsionallyk s:agi [cr] pc. ==20kN/s1n2 bolan polat. 

8.2. Uzy11lygy 7 m, gonilbur9ly kesc kesikli 12x20 sm1 agas: diregi.J.1 kritild 
gi.iyjuniii we kritiki dartgynlylygyi1yil ululygy11y kesgitlemeli. May~gakly]( 
1noduly E =0,9· l 03kN/sn12 deii. In ki9i gatylyl(daky tekizlikde diregiii ilG 
tarapy l1em bcrlcidilcn, ona pcr1>endik:u lyar tekizlikde- iki tarapy sa1nirli 
bcrkidilen (surata seret). ~ 

-

I 
• 

t--- 12sm 

.. 

8.2-n_ii surat 

8.3. Eger diregleriii biri tegelcl(, beyle1Gsi turba go111~li, kesc }(esiklcriniii 
meydan~ den ululykda bolsa, Eyleriii fo1mulasyny peydala11yp, binnefu:e$ 
~ertlerde 1$leyan direglerifi kritiki gliy9leriniii gatna~ygyny tapmaly. Turba 

gornil$li kesigin diametrleriniii gatna$ygy d d : d; = 1,25 -eden. 

98 

8.4. Eger ahyrlary birn1enze$ $ertlerde berkidilen we birrneilze$ )'t.iklenen 

bir ululykly tneydanda kwadrat we tegelek kcse kesikli sterzenlerm 

haysysyi1yn 9eyeligi uly bolar? 

8.5. Uzynlygy e =3,2 in, 24 a belgili iki tawradan yerine yetirilen stiti\nin 

durnuklylyga rugsat cdyan yuktini [P] kesgitle111eli. Materialy- polat 3, onun 

proporsionallyk 9agi cr r., =20 kN/sm2
, mayy$gaklyk moduly 

E = 2. to 4 kN/sm 2 • Si.ittinin iki tarapy he1n $arnirli berkidilen. Mesele 

s;oztilende Eyleriii tonnulasynyulru11naly. Durnuklylygaatiy.a91yk koeffisiyenti 

1\1 =2,8-e den. 

8.6. [PJ) = 300 kN giiy9 bilen f,l)'sylyan, uzynlygy t =3,2 m bolan i9i bo~ 

tegelek 9oyun si.itlinin kesigini saylan1aly. Stittinm a$aky tarapy gaty 

berkidilen, yokarsynda bolsa hi9 hili berkitn1e yok. Stittinili materialyii9in 

E = 1,15. Jo~ k N/sm2
, proporsionallyk iyagi (cr] P = 17 ,2 kN/sm2

• 

Durnuklylyga atiya9lyk kocffisiycnti nd=3 den. l9ki diametrm da~ky 

diamettine bolan gatn~ygy a. =d;:dd=0,85. 

8. 7. UzynJygy e =2, 7 m, dia1netri d=200 mm bolan ik:i tarapy $arnirli 

bcrkidilcn tegelek kesikliaga9 direge nai;c ululykdagiiyy goy-up boljakdygyt1y 

kesgitle1neli. Ma)'y~gaklyk modt1ly E = l,l · 103 kN/sm2
, proporsionallyk 

9agi [cr] 
1
) 2, 1 kN/sn12 gysyln1ada boy suyumlerinin ugruna rugsat edilyan 

dartgynlylyk [cr) = 0,6 kN / sm2
• 

8.8. Yuk goterijiligi P=SO kN bolan dornkratyii. hyrynyil durnuklylyk 
' hasabynclan diametrini kesgitlerneli. Yi.ikilii m t1lyyokary goterijiliginiii be)'ikJigi 

P =900 mm; durnuklylyga iitiya9lyk koeffisi)'enti l\i =4,0. Hyryil matcrialy 

polat 30; ma)'y~gaklyk rnoduly E = 2,1·I0 4 kN/sm2
. 
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p 

~:4-l8 s1n 

-..+18sm~ 

8.9-njy surat 

p 

1 

l s 900mm 

• . 

8. 8-nji surat 

8.9. BeYi.kligi 6 1n kwadrat kesekesikJi 

agai; di.regin kritiki we rugsat cdilyan 

giiyjiini, ~onuii yaly-da esasy rugsat 

edilyan dartgynlylygy azaldyan 

koe:ffisiyenti tapmaly. Diregii'l iki tarapy 

hem §an1irli berkidilen. Kwadratyii 

taraplary ·a= l 8 sm. Atiyac;lyk 

koeffisiyenti nd =3. Gysyhna rugsat 

edilyan dartgynlylyk [cr] = 1 k.N/sm2• 

100 

8.10. Esasy rugsat edilyan dartgynlylygy [cr] = l,lkN/sm2 bolan AB 
kro~te)fnin agac;dan soyeginiD. dian1etrini kesgitlemeli. Soyegin iki tarapyi1y 
hem ~arnirli berkidilen di)fip hasap etmeli. <;D balka tasir edyan endigan 
yayran gi.iyc; q=60 k.N/111-e de11. 

z 

A j D ' T I 

I I 

I I 
I 

I l~~ UI 

r 

' 1 1& -I - j _ I 
B' 

t 
l ~ "' 

8.10-njy surat 

z 

j .Mll 

8.11. Uzynlygy £ =5 m bolan 
siitiin 22 a belgili iki §Welleri 
birikdiryan plankadan ybarat. 
$wclleriii matcrialy polat 3, 

. ' -i 

B4··-
0 

8.11-nji surat 

onuii uc;in [crJ = 16 kN/sm2. 

Suti.iniii iki tarapy ~arnirli 
berkidilen. Si.itiine iii t1lyrugsat 
edilyan giiyji kcsgitlemeli. 

l Y, = I "i §ertden ~wellerlcrin 

aralygyny kcsgitlen1eli. 

8.12. Eger: a) gowriim agramy y = 80 · lo~ k.N/srn3 we ma:Yy§gaklyk moduly 
E=2 ·104 kN / sin 2 boJan polatdan, b)y=26·10-{) kN/sm3 \Ve 
E = 0,7 ·1 0~kN /s1n 2 d11raldan, i;) y= 6· I O~kN/s1n3 we E= L·IOJ kN/sm2 

agac;dan yasalan tegelek kese kesiginiii diametri 10 sm, bir tarapy berkidilen, 
bcyleki tarapy berkitmeden erkin bolan ster:Zeniiihususy agra1nyndan y-itir.Yan 
kritiki uzynlygyny kesgitlemeli. 
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s.13. Suratda ~ekillcndirilen fennanyii gysylanA<; elen1e11tinii\ (surata seret) 
)(esigini saylrunaly. Ele1nentm kcsigi sw·atda g6rkczil4;i )ialy, iki burc;Iukdan 

ybarat we bir stcrzen yaly i~leyar. Materialy po lat 3, (cr] = 16 kN/sm2• 

ster.lenm iki tarapy he1n ~ar11irli berkidilen. Kesigin kabul edilen olc;egleri 
boyunc;a sterzeniil dun1uklylyga atiyac;lyk koeffisiyentini kesgitle1neli. 

. I r p · 

If 

I 
/'. t 

I 
:--. 

JO I 

8.13-nji s11rat 

• 
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IXbap 
Dinamiki \Ve dowamly yiiklenmeler. 

9.1. Jncrsiya giiy~lerini hasaba almak 

9.1. 50 kN agramy bolan }'i.iki den tizlenme bilen galdyryan uzynlygy 60 m 
urcranyii diametrini kesgitlcmeli. Birinji Hy scku11tda yuk 9 m beyikligc 
galdyrylyar. Urganyn materialynyii udel agramy 70 kN/m3, rugsat edilyan 

dartgynlylyk [cr] = 6 kN/sm2
• ff asaby urganyn agramyny hasaba alman 

hem-de hasaba alyp gec;irmeli. 

-~ [.. " 
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I 
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9.2-nji s11rat 
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9.3-nji su r at 

lB 
1 
1 
1 
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9.2. Uzynlygy e = 1,8 m bolan 
c;o}'unAB sterzen, 00 wertikal okuii 
da~ynda hcmi~elik bun; tizligi bilen 
aylanyar (surata seret). Eger 9oyutu1 
gowrtim agramy y=74 kN/m3

, 

siiJ'n1na 1ugsat edilyan daitgynlylyk 

(cr] =4 kN/sm2 bolsa, sterlenin an­

ryc;ak min.utdaky aylaw sanyny kes­

gitlemeli. Eger E = I, 6 . l O 4 kN/sm2, 

aylaw sany I 000 ayVmin bolsa, 
sterzeniii uzahnasyny kesgitlemeli. 

9.3. Goterijin.m gar$ylyk agramy 
42 kN den (surata seret). Goterijini 
galdyryan togtadylanda a~ak 
goyberilyan gar$ylyk agra1nyn 

tizlenmesi 1 5 m/s2 -a deii. Eger 
' 

boltunmaterialyiic;in [cr] 3,2kN/sm2 

we [-r] =2 kN/sm2 bolsa, A we B 

gar~ylyk agra111ynyn boltunyii 
diamctrini kesgitlemeli. Bo ltlaryii 
sany A-iki, B-bir. 



p 

9.4-nji surat 

• 

9.5-nji surat 

9.6-njy surat 
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9.4. Tizlenn1esi a=6 i111s2 bolan 
beton ball(a kran bilen yokary 
goterilyar (surata seret). Eger 
balkanyn kesc kcsigi- taraplary 
b=20 sin bolankwadrat, betonyi'i 
udel agra1ny y =24 kN/1n3 bolan 
balkanyn dartgynlylygyny 
kesgitlemeli. Po lat urganyii kese 
kesiginili 1neydany A-1,27 sm2, 

a,=45° e = l 1n f =4111 bolsa 
' I ' '2 ' 

urgandaky dartgynlylygy 
kesgitlemeli. 

9.5. Massasynyii inersiya radiusy 
i=600llllnwemassasy1n 200kg 
(surata scret) bolan mahowik 
ro=75,4 rad/s bur9 tizligi bilen 
aylru1yar. Denol9egli hayalla11yan 
togta1nada inaho\vil< 20 aylaw­
dan son duryar. Mal1owik oturdylan 
walyii dirunetri d=50 1nm bolsa, 
walyii iii uly galta~1na dartgynly­
lygyny l(esgitlen1eli. 

9 .6. ~atuny egyan inersiya gii:Y.jiln 
depgi.nliligi qin wc gysYrin gily<;: 
p90°=0,65 p ma.' bolsa, $atu11daky 
iii uly dartgynlyly!,ry kesgitlen1eli. 
Kriwo$ipiii radiusy r=75 1nm, 
$atunyr1 uzynlygy ,f, =250 1run, 
aylavv yYgylygy n=2800 ayl/11ll.n, 
kese-kesigirrin olyegleri suratda 
gorkezilen. ~atunyr'i mate1ialy­
polat 45 r 2, rugsat cdilyan 
dartgyn ly ly k 
[cr]=0,25,crb 850MPa, P

01
ax 30kN. 
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9. 7-nji s11.rat 
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9.7. Regulyator (sazlayjy) 00 okun 
da$yndan he~elik burr; tizligi bilen 
aylanyar (surata seret). Regulyatoryii 
anryyak aylaw sanyny tapmaly we eger 

[ cr] = 18 k.N/stn2 bolsa, $01 ayla w sanda 

B~ polat sterzeniii erkin tarapynyr'i 
egrchnesini kesgitlemeli. AB sterzen 
absolyut gaty diy-ip hasap etmeli. B~ 
ster:lcniii inersiya gil:Y.jiini hasaba almaly 
dal. 

9.8. Tegelek kese kesikli ( d= 18 mm) 
dowuk brus AB okt1ii da$yndan 
endigan aylanyar. Eger y =78 kN/m3, 
[ cr] = 1 O kN/sm2 bolsa, iii uly rugsat 
edilyan bur9 tizliginikesgitlemeli. 

9.8-nji surat 
9.9. Nusgany urga synag cdyanAB kopyor okun da$ynda aylanyan ~D 
tnayatnikden ybarat. Synagdan oii mayatnik suratda gorkezili$i yaly 
yagdayda saklanyar wc agrrun gu)jilniii tasitinden a$ak ga91naga mejbur 
edilyar. Mayatnigit'i inersiyagilyji.indenAB ol(da dorcyan egilmedcn iii uly 
normal dartgynlylygy kesgitlemeli. Berlen: P=0,25 kN, r=0,75m , 
f=0,25 m, d=2 sm, a=O. 

.\ II 
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9. 9-njy·surat 
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9.2. Urguda dartgynlylyk we durkuny ii:ftgetme 

9.10. Diametri 25 1nm we uzynlygy 1,5 m po lat sterzen duydansyz goylan 
herrU9elik gilyy P=25 kN bilen dartylyar. Sterzendaki iii uly dartgynlylygy 
we durkuny li}'tgetmani kesgitlemeli. 

9.11. Statiki goylanP giiyy bilen vvertikal sterzen 2 mm gysylyar. Eger p 
:Yilk Imm beyiklikden gayyan bolsa, sterzeniii in uly gysgalmasyny 
kesgitlemeli. 

9.12. Uzynlygy 5 m bolan tegclek kesikli po lat sterzen yokarsyndanasylan 
we a9aky tarapynda halka s;ykyntgysy bar. 8 kN agramy bo Ian :Ylik 16 min 

be)fiklikden sterzeniii bo,Yuna ga9yar we bu yuki 9ykyntgy saklayar. Rugsal 
edilyan dartgynlylyk 16 kN/sm2 bolsa, sterzenin diametrini kesgitlemeli. 
Urguda dartgynlylygy hasaplamagyii takyk we a9akdaky takmynan 

mi formulasyny crd = crst V dst peydalanmaly: 

9.13. Po lat trosuii (urganyi\) bir tarapynda agra1ny P=50 kN bolan yuk 
bcrkidilen, beyleki tarapyny lebyodkanyii barabanyna oralan yuk 
v = 1,6 mis hemi9elik tizlik bile11 a~ak goyberilyar. Lebyodka birdenka 
togtadylat1da, yuk §ol bada saklanyar. Saklanan pursatda trosuii yuk bi1en 
lebyodkanyii arasyndaky uzynlygy .f =240 m den. Trosyii kese kesiginin 
meydany A= l 0 sm2. Trosun agramyny hasaba aJyp we hasaba almazdan, in 
uly dartgynlylyklaryny kesgitlemeli. 

N 14 

'1-.-- ----!.!l 6!_!!tnL___ --I 
l 150 kN 

9.14-nji surat 

I 
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9.14. Uzynlygy e== l ,6 m bolan 
ikitawraly konsol balkanyi1 erkin 
tarapyna ba~langy9 tizliksiz. 
agramy 1,5 kN bolan yiik 
duydansyz goyutyar ( surata seret ). 
Balkanyn yUktin a~agyndaky 
egrelmesini we berkidilen 
tarapynyii no1mal dartg)nlylygyny 
kesgitlemeli. 

9.15. Aylaw tizligi n= 150 ayl/min, dian1etri D=600 1run we galyi'llygy 
t=40 mtn bola11 po lat bitewi disk dia1netri d= 100 min bolan polat walda 
oturdylan. Eger wal diskden £=2,5 m uzaklykdaky k.esikde birdenka 
togtadylsa, towlanmadan walyii kese kesigindak.i iii uly galta91na 
dartgynlylygyny kesgitlemeli. Walyii massasyny hasaba almaly dal. 

9. t 6. Ahyrlary ~arnirli berkidilen ball<a11yii direg aralygynyfi ortasynda 
45 l<N goylan, yuk balk.ada 2 sm egrelrne doredyar. $u balka 5 kN yuk 
ga9yan bolsa, 2 sn1-den uly bolmadyk egrelme doredyiin yuklin iii uly tizligi 
na9e bolar? 

9.17. Uzyt1]ygy 3 in bolan 16-njy belgili ilG.tawraly balkanyii bir tat·apy gaty 
§amirli d iregde berkid ilen. Beytel<i tarapy sinliii dian1etri 20 ffil11, sarymyil 
orta diametri 10 sm we sarymynyii sany 10-a den bolan hyr ~ekilli pniZinde 
oturdylan. Ball<a11yn [ cr] = 16 kN/sm2, pruziniii [ 't] =20 l<N/s1n2 rugs at 
edilyan dartgynlylyklary bolanda, agramy 2 kN yuk nahili be)'il<lil<den 
ga9anda balkanyn we pruzini11 dartgynlylyk.lary rugsat edilyan 
dartgynlylyklardan yokary bolmaz? 

Nl6 

I 

I 
I 
I 
l 

9.17-nji surat 

I 
, 

9.18. Hemme kesiklerinde den gar~ylyk gorkezyiin konsolyi1 erkin tarapyna 
h 20 sin bolan beyiklikden P=0,2 kN yul< ga9yar. Ball<anyii massasyny 
hasaba alyp, konsolyi1 a11yryndaky egrelmesini we iii uly dartgynlylygyny 
hasap lrumly. 
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9.18-nji s11rat 

9.19. Eger sterzenin kese kesiginiii meydanyny iki gezek azaltsaii, h 
beyiklikden ga((yan yuk ste.rZeni boyt1rga sezewar edyan bolsa, sterzendc 
doreyan dartgynlylyk n~e goterim kopeler? 

9.3. YrgyJdydan dartgynJylykwe durkuny ilytgetme 

9.20. UzynJygy 80 sm we diametri 5 srn, 100 kN boyuna gysyan giiy<; 
bilen yuklenen tegelek kesikli polat diregiii boy ht1susy yrgyldysynyn 
pcriodyny t0 we )lygy1ygyny ro" kcsgitlemeli. Meseliini dire gm massasyny 
hasaba alrnan we hasaba alyp s;ozmeli. 

J . 

P/2 

9.21-nji surat 
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9.21. Her haysy iki aga9 AB we 
B<; piirsdcn ycrine yetirilen 
k\.vadrat 1 OxlO sm2 kese kesikli 
biri-biri vve diwar bilen ~arnirli 
birle~dirilen (surata seret) ikiAB<; 
kron~teyne agrarny P=l 00 kN 
ho lan elektrodwigatel bcrkidilen. 
Hususy wertikal yrgyldynyn 
pcriodyny we yrgyldynyn 
yygylygyny kesgitlemeli. 
E= l 03 kN/s1n2• 

9.22. Kro~teyne berkidilen elektrodwigatel ( OOki mesela seret) 1300 ayVmin )'ygyl~~a 
aylaeyar. B~ sterZ:cnm okw1a perpendikulyartekizlikde aylanyan d"~ga~elm ~le~~~ 
doly cliil deiiagranua~magynetijesinde 1,6 kN deii merkezcle? d~la~y~ ~:1~~a ~y9~~1~ 
doreyar. Ulgamyii diiie \vertik.al mejburyyrgyldysyna seredip, kro~tcynm purslcnndak:i 
yrgyldynyii osme koeffisiyentini, dinan1il<i koeffisiyentini we iii uly nonnal dartgynlylygynyii 
ululygyny hasaplamaly. Gar~lykg\iy9Jeri hasaba almaly dal. 

• 

9.23-nji surat 

9.23.Mas&tsy m lkN bolan clektrodwigatel 
dort silindrik hyr ~killi pruzinde oturdylan. 
Pruzinin hasiyetna1nalary: d= 12 mm, 
D= I01nm,saryn1yiisanyn 7 (surataseret). 
Elcktrodwigatcliii aylaw yygylygy 
n 240ayllmin. Rotoryrldeiiagnunl~adyk 
n1assasy 111

0
= 10 kg, n1assanyii ekssentrisiteti 

r=(),02 tn den. Ulgamyrezonansa barlan1aly, 
in uly galta~ma dai.tgynlylygy we pruzinm 
y<)kmesini kesgitlemeli. 

9.24. Uzynlygy .e =61n, inersiya momenti l,=945 srn4 iki ikitawraly balkad~ 
oturdylan iki 1na~ynlar ulgrunynyii {surata scrct) hususy yrgyldysynyn 
}'ygyl)rgyny kesgitle1neJi. Ma~ynlaryii massasy: 1n1=500kg,~=1500 kg. 

tp p 
2 

A B 

r\ l ,,,. ~ . ,, , '/ ±·-I -
Zm 2m 2m 

9.24-nji surat 

9.25. Uzynlygyt = 1,5 in, diametri d=5 srn bolan wala inersi~a rno~e~t~ 
I = 0.3 lkN·sm.s2 bolan 1nahov.rik oturdylan. Walyil aylaw tizl1g1 
950 ay'I/nli.n-a den. Waly rezonansa barla1naly. Walyii agramyny we 
1nahowigm agrrunynyii doredyi:i.n egreh11esini hasaba ahnaly dill. 
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9.26. Wagonyn ressory sarymyn orta radiusy R- 60 mm, p1uziniii simini11 
radiusy r=15 mm, sarymynyii sany n=8 den bolan sekiz sany silindr 
gorni.i$li spiral pruzinden duryar; simin materialynyn si.i~mede 1na,Yy$gaklyk 
1noduly G =9,5· 103kN/sm2

, wagonyn gabynyn agramy Q=50 kN, peydaly 
yuk S=3,5 kN. Relslerm sepgitleriniii arasyP =8 m. Wagonyii rczonans 
hadysasynyii boljak herekctinm kritiki tizligini kesgitlemeli. 

9.27. Agra1ny Q = 25 kN bolan we n=540 ay1/1nin aylaw edyan dwigatel, 
t1zynlygy e =3,5 m deii boJan iki dayanc;: nokatly balkanyn ortasyi1da 
bcrkidilen. Dwigate1P1=Psinwt den bolan "vertikaJ periodiki giiyc;: dorcdyar. 
Bu yerde P=8 kN. Eger balkanyii kesigi 27-nji belgili iki tawra bolsa, 
howply kesikdaki in uly dinamiki dartgynlylygy we mejbury yrgyldynyil 
amplitudasynytapmaly. [cr ]=13 kN/sm2den. 

h 

" 
b 

p 

£ 

9.28-nji s11rat 

9.29-njy surat 

9.28. Titremani olc;:eyan gural ('vibrometr) 
polat zolakdan we zolagyn boyuna siiy$yiin 
P=0,001 kN yukdcn ybarat. Zolagyii bir 
tarapy abzalyi1 c;:ar9t1wasy11a berkidilen. 
Y rgyldyny .Yazrnak Uc;:in wibrometr titreyan 
konstruksi:Ya berkidiJyiir, Yfil< bolsa zolak yuk 
bilen konstruksi:Ya bilen bilelikde giiyc;:li titrap 
b~lar yaly f. aralykda berkidilyiir. Eger 
t-20sm bolsa, konstn1ksi)fanyi1 )fygylygyny 
kesgitlemeli. Zolagyil Kese kesi!,rit1m olycgleri: 
b=5 srn, h=0,3 srn, E = 2,2 · l 0 4 kN/snr-a 
den. 

9.29. Por9enli dwigateliil $atunynyil kese 
kesigi iki tawra we onun olc;:egleri: h=50 
mm, b=30mm, t=5 mmbolup, inersi)fat,riiYjiin 
tasirinden yrann1a tekizliginde kese yrgyldy 
yagdayynda bolyar. Satunyn hususy 
yrgyldysynyii }'ygylygyny we periodyny, 
$Onun yaly-da dwigatelin kritiki aylaw sanyny 
kesgitlemeli. 
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I 
• 

9.4. Do,vamly yuklcnmeler 

100 80 

9.30-njy s11rat 

' 
r 
~ 

D cl - ,__. 

9.31-nji surat 

ll[ 
' (.1 

' ~ 

9.30. Aylanya11 tegelek basganc;:akly 
wal he111i$elik moment M bilen egilyar. 
U glerodly polatdan yasalan walyii 
berlclik c;:agi crb =45lcN/sm2 we 

egilmede c;:ydanuylyk c;:agi a e 1 =22 

kN/s1n2 (sin1n1etriya sikli). \¥alyi1 
diametrleri D= 100 mm we d=80 
mm; galtelin radius yr= 10 mn1 ( surata 
serct). 
Mo1nentm in uly rugsat edilyan 
u lulygyny l<esgitlemeli. Sa:YYii 
berl<liginiii atiyac;:lyk koeffisiyenti onuii 
9yda1nlylyk c;:agine bolan gatn~ygy 
k.=2. 
9.31. M=0,64 kN·1nmoment bilen 
yul<lenen basganc;:akly wal (surata 
scrct) hemi~clik burc;: tizligi bilen 
aylanyar. Walyn ol9egleri: D=50 illln; 
d=40 min; r=2 rrun; n1aterialy­
legirlenen polat; b =75kN/sm2; cra 
=42kN/sm2 · cr = 32,5l<N/sn12 

' -I 

walyii iisti }'ylmanan ($1ifowka). 
Akyjylyk na we dowulme nd c;:agi 
boyunc;:a atzyac;:lyk koeffisiyentlerini 
kesgitle1neli. 

9.32. Oy-tgeyan egilme bilen towlann1a sezewar bolyan diametler~ d~~ 
1n1n we 0=50 1nm basganc;:akly "valyil berklige atiya9lyk koefiis1yentm1 
kesgitlen1eli. Galtelii1 radiusy r=2 llln, 11ormal dartgynlylyk crnlllx =5l~/sm2, 
cr . =-5kN/sm2 c;:enli u}'tgeyiir, galta$n1a dartgynlylyk - 'tmax =4kN/sm2

, 

't 
1111

"=2kN/sm2 walyii n1aterialy uglerodly po lat crb =50kN/sm2, cr_, = 221<N/ 
Smmu2 't = 12kN/sn12 cr = 30kN/sm2, = 18kN/sm2, 'V 

0 
= 0,05 'l'i =O. 

-I ' a a 
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9.33-nji surat 

9.33. Polat 45-den yasalan awtomobil 
dwigatelinin ~atunynyil statiki we sik I 
berkliginin atiya9lyk koeffisiyenti111 
kesgitlemeli. Satun-por~cn toparyny11 
inersiya giiyji P we gazyil bas~ giiyji P,. 
gazyil basy$y Pz = 0,55 kN/sm2 biJe11 
:Yill<lenen (surata seret). Silindrm diametn 
D=78 mm, por~en toparynyil tnassas) 
1np-o,005 kN, ~tunyn yokarky boJeginin 
massasy m. =0,002 kN. Kriwo$ipin 

y.~ 

radiusy r=40 mm, A. = E_ = 0,28 . 
es 

aylaw )lygylygy nmax = 6000 ayl/111u1. 
~atunyn m kiyi kesigi suratda gorkezilen. 
Satunyii ba~jagazyndan stcrzeninc 
ge9yan yeriniii konsentrasiYa. koeffisiyenti 
Ka=l ,27, mas§tab faktory (h = 23 1nn1 

u9in) , ca =0,88, ustiiniii hilinin 

koeffisiycnti (ycl goybcrip tamizlernek) 
f3 =1,3. cr 

9.34. Walyii kesigi ~ponka (pahna) dilkaw bilen gow$adylan we howply 
kesiginde pu]$irleY.ji sikl boyun9a i.i}'tgeyan m ulytowlaruna moment M

1
=64 

kN sin we sirnn1etri)fa sikli bo}'un9a ti}'tgeyan egn1e moment M =80 kN sn1 
e 

tasir edyar. Walyii diametri d 50 mm, walyii materialy-polat, onun mehaniki 
hasi)fctnamalaiy: cr_1 = 28 kN/sm 2

, cra = 35 kN/sm2 • Howplykesiki.ii;in 
berklige atiya9lyk koeffisiyentini kesgitJen1eli. 
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Jogaplar, 2orkezmelc1; ~ozuwler 

I bap. Stiynme we gysylma 

1.1. P =256 kN. Berl<lik.$ertinden P = [cr]· A= l · 256= 256kN. 

1.2. d=213 1nm. <;atyny dartyan gily9 
, 

3'14 . 2•5• 49 06kN P = cr·A =10· = , . 
9 4 

Berklik $ertmde11 epenegit1 meydany: 

A = ~ = 
49

•
06 

= 350 45sm2 

e crc 0,14 ' 

ya-da Ac=: (d2 -d~), 011da 

2 - 41\., d2 - 4 . 350,45 2 52 = 452 68 d - + ,- +, ' ' 
7t 'i 3,14 

d = 21,28 srn ~ 213mm. 

1.3. 0 = lo kN/sm 2 . Zolagyi1 gow~dylan l(esiginiil ineydany 

A = 20 · 1 - 3 · 1 · 2 = 14 sn1 2 ' 

orta dartgynlylygyii ululygy 
p 140 2 

cr = - = = 10 kN/sm . 
A 14 

Q 60 - 2 
1.4. a 46 sm. Berl(Jik ~ertmden A= [cr] = 0,09 - 666,7sm 

lki tawranyii diwara galta~yan rncydany A= b ·a, · 
kesgitlenen sortda1130 a belgili il<i ta\.vra uc;ffi, 

666,7 
011da b·a=666, 7 , a = 

14
,
5 

= 46 sin. 

J .5. d =0,71 mn1. Mcsclanin ~crti boytm9a !if P = 
p 

113 
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P. b) 

9.33-nji surat 

9.33. Po lat 45-den yasalan awtomoh1I 
dwigatelinin ~atunynyil statiki we s11\I 
berkliginin atiyavlyk koeffisiyenti111 
kcsgitlemeli. $atun-por~cn toparyny11 
inersiya giiyji P we gazyil bas~ gtiyji P 
gazyil basy~y P~ = 0,55 kN/sm2 bilL·11 
)lliklenen (surata seret). Silindrin diamet11 
D=78 mm, por~en toparynyil massas} 
mP =0,005 kN, ~tunyi'i yokarky b0legini11 
massasy my.~ =0,002 kN. Kriwo~ip111 

radiusy r ==40 mm, A.=~= 0,28. 
es 

aylaw :Yygylygy nmax= 6000 ayl/min. 
~tunyi'i m kivi kesigi sl1ratda gorkezilen 
$att1nyii ba~jagazyndan stcrzeninc 
ge9yru1 yerinin konsentrasi:Ya koeffis.tyenti 
Kcr = 1,27, mas~tab taktory (h = 23 mn1 

ii9in), ccr =0,88, ilstiiniii hilinin 

kocffisiyenti (Ye! goyberip tamizlemek) 
Pcr=l,3. 

9.34. Walyn kesigi ~ponka (pahna) dilkaw bilen gow~adylan we howply 
kesiginde pul~irleyji sikl boyunva ii)itgeyan in ulytowlanma mome11t Ml=64 
kN sin we simn1etriya sikli ooyun9a ii)itgeyan egn1e 1noment Me =80 kN sm 
tasir edyar. WaJyi'i diametri d 50 mm, walyii matcrialy-polat, onuii mchaniki 
hasi}'ctnamalary: cr_1 =28kN/sm2

, cra =35k.N/sm2
• Howplykesikiivin 

berklige atiyavlyk koeffisiyentini kesgitlemeli. 

112 

Jogaplar, gorkezmeler, ~oztiwler 

I hap. Siiynme we gysylma 

t. t. p =256 kN. Berl<lik~ertinden P =[cr]· A= l · 256= 256kN. 

1.2. d=213 inm. <;atyny dartyan gi.iy9 

' 3•14 . 2·5- 49 06kN l' = a·A =10· = , . 
9 4 

Berklik ~ertinde11 epenegill. meydany: 

A = ~ = 49•06 
= 350,45sm2 

c 014 
CTe ' 

ya-da 
n: 2 d2) A =-(d -

c 4 9 ' 
onda 

i 4Ae d2 - 4. 350,45 + 2 52 = 452 68 
d = + ~- ' ' ' 

7t 3,14 

d=21,28 sm~213rmn 

1 3 _ 10 1 NI 2 Zolagyii gow~adylan kesiginiii mcydany ., • c; - c Sl11 . 

2 A = 20 . 1 - 3 · 1·2 = 14 sn1 ' 

orta dartgynlylygyii ululygy 
p 140 2 

cr = - = = l 0 kN/sm . 
A 14 

Q 60 - 6 2 . d A - _ = - 66 , 7s1n 
1.4. a 46 sm. Berklil( ~crtm en - [cr] 0,09 

Iki tawranyil diwara galta~yan meydany A = b ·a, b= 14,5 sm­

kesgitlencn sortdan 30 a belgili iki tawra U9in, 

666 7 
a = 666,7 = 46 sin. 

onda b·a- ) ' ' 14,5 

1.5.d =0,7lmm.Mesclanm ~e1iiboyunya t::..e" =!::..f ,n; 
p 
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onda dP = Em · d -E m 
p 

104 

2 
· I O~ · 0,1=0,07lsm = 0,7 11nm. 

1.6. cra = -0,06 kN/sm
2

, crb =-0, 1 kN/sm2, cri,: = -0,085 kN/s111' 
cre =-0,02kN/sm2

;_ <:>.- =_-0,065kN/sm2
; crd = -0,03 kN/sm2, Kcsmck 

usulyny ulanyp, 1lk1 ?rr:gl_erdaki iyki gily9leri, son bo Isa degi~ li 
dartgynlylyklaryny kesg1tleyaris. 

ad kesik 

9kN 

.. d .. 
N a Nd 

• 

Jn• 21n 

1) L Ma = Nd · 3+9·1 = 0, 

Nd= -3kN; 

3 
<>d =- =-003kN/sm 2

· 
100 ' , 

• 

2) L Md =-Na · 3 -9 · 2 = D, 

N =-6kN 
a ' 

6 
cr,, = - = -0,06kN/sm 2 

100 

be kesik 

J ~~ 

• 
• 

' 
., 

·"'· 
•• Im ~-.. .. ' .. 

I • 

l) I M b = 0, 

Ne · 3 + 9 · I - 3 · I = 0, 

6 
N~ =- =-2kN, 

3 

' 

d 

• .. 
"' . 

2 ? cr = - - = -0 02kN/sm- · 
e 100 ' ' 

2) IMO =0, 

N" · 3 + 9 · 2 + 3 · 4 = 0, 

-30 
N b= - - - =-lOkN 

3 ' 

Nb 10 kN 
crb =-100 =-lOO =-O,lsm2 
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if kesik 
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• • 

• • 
lo " 

t ' 
'· :.:, 

-'-"I.;.'• ·- 1 1 -

1 

1.6-njy s urat 

l 

1) LM\' , 
' N ·3+9·1-3·1+3·45=0 

f ' ' 

N =-
19

•
5

=-65kN 
f 3 ' , 

<rr = -
6

•
5 

= -0,065kN/sm 2 

100 

2) LMr = 0, 

N · 3+9·2+3·4-3·15=0 
~ ' 

N = -
25

•
5 

= -8 5 kN 
~ 3 ' , 

-8,5 2 
<>i;: = - = -0,085kN/sm . 

100 

1.7. cr AA = 4 l<N/sm2
, crn<; = 0, <>i;o = -2 kN/sm 2 , !;;,._f, = O. 

lll IJ II 
4~ k:S 10 kN 

111-L_ 11 I I 
~lmT~tn• • J .. lm __.-4 

1. 7-nji surat 

D<; bolegin I-I kesiginde N
1 

boy guyji doreyar. I-I kesiginiii oolunip 

alynYcin sag boleginiii deiiagramlylygyna seredyaris: L X = - N 1 - 20 = 0, 

bu yerden NI = -20 kN (gysyhna). B<; bolegin rT- [I kesigindaki N2 boy 

guyji deiiagra1nlylygyn denlemcsindcn tapyarys: 

IX= -N 2 -20 + 20 = O, bu yerdenN2=0. $onunyaly-daBAbolegm 

III-III kesiginde L X = -N 3 - 20 + 20 + 40 = 0, N3=40 kN (siiYrune). 

Sterieniii hem11Je boleklc1inin l<cse kesiginde i1on1ial dartgynlylyk doredyar. 
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Dr b··1 . d N i 20 k , v o egrn e: cr~:o = A =-IO = -2 N/sm· (gysyhna). 

N, 0 
<;B boleginde: crCB = • = -- = 0 

A 10 

BAooleginde: crBA = N3 =-
40 

=4kN/srn2 (si.iynme) 
A 10 

SterZ.enilldolyuzalmasy,onunheroo~ginillaYratYnlykdakyuzaln'laS)'nyiialgcbn11k 
jeminedeii. 

•v N l 200 20 • 200 
D<; bolegmgysylmasy: ~e oc;, = = - = -0 02 sm. 

EA 2 · l 0 4 
· l 0 ' 

<;B boleginde i9ki gUy9 N2 noJa den, ~onun ti9in hem ~-!,s =O 

N 100 40 · l 00 
BA bolegindakiuzalma: ~e aA = 3 = 

4 
= 0,02 sm. 

EA 2·10 · 10 
Sterzenin dolyuzalmasy 

~-l=~-1 +~-' = - 0 02+0 02=0 
DC,: 'HA ' ' • 

1.8. n J 0 bolt. Silindriii kcse kesiginiii meydany 

A = n:D2 = 3,14.352 =96l,6sm2. 
s 4 4 

Gapaga tasir edyan gtiyy P = As · q = 961,6 . O, I = 96, t 6kN . 
Boltlaryii kese kesiginin meydany 

A= nA" = n · n:d~ = n · 3•14 · J,S
2 

= 2 54n 
" 4 4 ' 

n-berkitmcdaki boltlaryi\ sany 

p 
Boltlaryii berklik ~erti cr = A < [cr b], onda 

p 96,16 
n= [ 1= =9,5::::::10bolt 2,54 () 2,54 . 4 . 
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/ ,9. e = l,88 ID. Uzynlygy e deii germewajyn bolegine seredyaris. Bu 
111ynlyga bir direg di.i~yar. Sercdilyru1 bolege suwun gidrostatiki basy~y 

3.3 3.3 
P - r·e= ·10€ =45f 

2 2 

y - 10kN/m3-suwungowrumagrruny. 

I >irege rugsat edilyan guys; 

nd 2 3, 14 · 15 2 
[P) = [cr)A = [cr] · 

4 
= 0,2 · 

4 
=35,33kN, 

3 
l'OSU = = 0 6 

5 ' 

I Mc = [ P ]4 cos a - P · 1 = 0 

4[P]cosa = 45f 

I'= 4[P ]cosa = 4 · 35,33 · 0,6 = l ,88n
1

• 

45 45 
1.1 O. ~=0,6nim. A we B diregleriii i9l<i guy9lerini tapn1ak 09in hy)laly 

pikirde o lruy kesyaris we l<csilen ye1ine lmzirliks;e bize ni:ibelli gi.iy9leri 
' ' goyyarys. 

L MA = N 8 · 3 + P · l = 0, bu yerden NH=-40kN, 

L M tt = N j\ • 3 + P · l = 0, onda NA =-80 kN. 

01iaky steclendaki is;ki gi.iy9den N =P= 120 kN yilktin asylan nokadynyii 
a~ak 01nuny ilYtgetmesi 

D. = D.e ,., + ~e d . .,, tr ' 

Gyraky diregleriii gysyhnasy. 

/) NAeA -80.100 -4 
10

-2 
~.c A = = - 4 = · SIU, 

EPAP 2·10 ·10 
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An _NB.en_ -40·100 --4· l0_2 L.l-c. R - - - sm 
Ea A a 1 03 

• J 00 ' 

Direglerdaki .1f A = Llf 8 we bu durkunyii:Ytgenneler P guyjiin goylan 
no kadyny a~ siiy§ucyarlcr, §Onun uc;it1 hem 

~ = 2 .10-2 +4· 10-2 =6·10-2 sm = 0,6n11n. 

1.11. P=33,3kN. AB dartyjynyii uzynlygy e AB = .J 152 + 102 = l 8,03m, 

sin a= IO = 0,554 cosa = 15 = 0,832 
' 18,03 ' 18,03 

L M 0 = N As • I Ocos a - P · 5 = 0 , 
P = NAB · 10 · cosa. 

5 
N =[cr] · A =4 · 5=20 kN 

AB AB ' 

20. 10. 0,832 
onda P = 

5 
=33,3 kN. 

1.12.P= 12 kN, 88=4,17 min. (:yzgydan .e 0~, = .J100 2 + 75 2 = 125 sin 

{ 

75 sn1 / II 

l ll --... ___ 
()~ 

' 
f( --- '13 
j I 

Bl , .\Cuc 
' r 

rlO.Osn! f 50 Sill 

I 
l 

1.12-nji s11rat 
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. e 75 3 .1A(:D-dens1n a= DA = = - = 0,6 
f D<; 125 5 

L: MA = P · 2,5 - Noc · l,Osin a= O 

Noc; · 1 · sin a 
P= (1) 

2,5 

Berl<lik §ertinden 

nd2 
314·22 

N0 ,. =(0]·A =(cr]· =16·' =5024kN. 
' D<; 4 4 ' 

50 24 · l · 0 6 
Onda ( 1) anlatmadan P == ' ' = 12 k N 

2,5 
c;yzgydan 

8 s = 2,58c; = 2,5 . .1.fl D<;: = 2 5 . Noc; . f D<;: = 2,5 . 50~24 · 125 --
sin a ' EA ·sin a 2 · l O · 3,14 · 0,6 

= 0,417sm = 4,17m1n. 

1.13. x=0,08l 1n, P=414 kN, crAD=2,347 kN/s1n2, cr
0

a =l,01 k'N/sm2. 
Birinji steri.enm uzynlygy 

e 1 = .J12 + 32 
= ./13 = 3,6m. 

sin a= 
3 

= 0,833; cos a= 
2 

= O 555 
3,6 3,6 ' 

d2 314·252 

A _1t -' ' 2 
1 - == 4,9sm 

4 4 

Ulgamyii deiiagran1lylygynyn denlemesi 

I MB = N 1 ( 2 + 1,5) sin a - p . x = o 

IMA =N 2 3,5- P(3,5 -x)=O 

l: Yi = N 1 sina+N2 - P == O. 
Bu yerden 3,5 N

1
sina.=P·x, (1) 
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3,5 N
2 

=P (3,5-x), (2) 

0,833 N
1
+N

2
=P. (3) 

Gor~iimiz yalyii.9 denlemanm dart nabellesi bar. Ulgamyii durkunyii)'tgedc11 
yagda.Yyna seredyaris. 

(' 
.,.,......._~~-------- +-----.... B 

1.13-nji surat 

6-~C 
B 2 

MeseJanm ~e11inden oR = 2 8 A, 
/),_ f I 

9yzgydan 8 A = - . , 
s1na. 

/::,. e,, = 
2

1::..f 1 
- durkuny ii)'tgetrnaniii bilelikdaki de1\lemesi. - . 

Slll a. 

N 1 e2 2-N
1
e

1 
Gukun kanunyny ulanyp alarys. E A = E A . , bt1 yerden 

2 2 I I Sill (X. 

N2==35,4 N
1 

(4) 
(4) anlatmany(3) denlernagoyup alarys 0,833 N

1
+35,4 N

1 
=P, 

p 
N 1 = 36 23 , ( 1) at'llatma goy-up alarys. 

' 
p 

3,5 · 36 23 · 0,83 3 = Px, bu yerdcn x=O, 081 m, 9yzgydan 
' 
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onda 

0,1- b A _ /),_e 2 - b A 
-- -

1,5 - 0,081 3,5 

/::,..(1 1 /::,. f 1 
0,1- /::,.f.2- N e 

0,83 _ 0,833 ~ 3,5 0,1- _ -=-1 ~l-
1,419 3,5 E1A 1 sin a. 

N n N ie 
1 419 - 2-t 2 - I 

. ' E2A2 E1A1 ·0,833 

"onky aiilat1nany ( 4) bilen bilelikde i~liip alarys N
2 
=404 kN 

( 2) denle1neden 3,5 · 404 = P · 3, 419, bu yerden P=4 l 4 kN 

v _ _ Px _ 414·0,08 l =ll 5kN d 
( 1) denlemeden Ni - 3,5 . sin a - 3,5. 0,833 ' 'on a 

sterzenlerdaki dartgynlylykJar: 

N I - 11,5 - 2 347 2 n1 = --- - , kN/sm 
A 1 4,9 

N, 404 
0

.
1 cr,=--"- = = l, kN/sm2. 

• A2 400 

l .14. Yiikiln iii onaysyz yagdayY Aya-da B dircgleriii ilstiinde goylan 

yagdayda bolyar. 

p 2 "' 
p 

J.14-n.ii surat 
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I 

l:MA=R8 ·10 - P ·10 - P ·8 = 0 

R 
_ 18P _ 18 · 150 

B - - = 270kN 
I 0 10 

R 
Berk:lik ~ertinden (j = B < [cr] gerek bolan ol-;:egleri kesgitleyaris: 

A 

Ra 270 
A= - = = 2700sm 2 r.- r--

(cr] 0,1 , a = v A = \i 2700 = 52sm . 

Kwadrat kcsigin ol9egleri 52 x 52 sm. 

kN 
1.15. cr1 = cr3 = 0, 0"2 = 6-2 /1 = 0 /1 = 1 946 mm sm w ert ' !,'Or , 

A diiwiiniii deiiagramlylygyna seredyaris. Dilwne tasir edyan guy~leri 
n-n oka proyektirlap alarys N =P=60 kN N =O N =O 

2 ' I ' 3 ' 

1.15-nji surat 

N ? 60 kN 
Onda cr = cr = O cr 2 = __!'_ = - = 6-

1 3 ' A? 10 sm 2 

6 = tie 2 

gor sin a. , 

-
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A 

I' 

~ .. : 

ryzgydan L\ = 0 
y \\'~11 ' 

----- -

fl, = ,,)32 + 22 = 3,6tn; 0 _ N 2 f 2 _ 60 ·360 -lO 8 .10_2 . !1 t - - - sm, 2 EA 2 · l 04 
· l 0 ' 2 

. 2 1 o,8 . i 0-2 

sin a = = 0,555, onda /j.gor = = 0,1946sm, 
3.6 0,555 

6- = l ,946 inm. 
j!Of 

1.16. E=l , 15· 104kN/sin2. Gukuii kanuny boyun9a po lat we mis sime 
lasir cdyan gUy<;:ler: 

11.fEPAr , A = nd2 - 3,14·0,162 = 0,002sm2 
Polat simc P = f P 

4 4 
Mis si1ne 

Meselaniii ~c1iinc gora, P P, . 

onda 

Em= /1fE"A" e, = 0,15·2·10
4 

·0,002·300 =l ,l 5 ·l04k.N/sin2 
11£ 1A mf. 0,039·0,008·180 

1.17. f 
1 
= 25,0135 sm, f '1=25,0l06 sin, E = 1,88· 104kN/s1n2. 

I 00 kN gily9dcn uzaltna 11f = f 
1
-f =25,027-25=0,027s1n ya-da 

!1f Pf 
, = EA (l) 

P1f 
50 l<N gi.iy9den uzalma 11f 1 = EA (2) 

(1) a1\lat1nany (2) aiilatma gatna~dyryp, olaryil 

/j. f. 1 = ~/j.f = 
50 

· 0,027 = 0,0135sm - bu uzalma bolsa sterl:ene 
p 100 

50 kN gily<;:den bolyar, £
1
= 25,0135 sm. 
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(1) aiilatmadan 

p.e 100·25·4 
0

4 I 2 

E = = = 1,88 · 1 kN sm sterzendak· A·!if 3,14·2,52 ·0,027 I 

dartgynlylyk 
cr = 8kN/sm2 bolanda, uzalmany kesgitleyiiris. 

!if = cre = 3 · 25 = 00106sm 
I E 1,88 ' ' 

.e: =e, +!if~ =25+0,0106 =25,0106sm. 

1.18. E= 2,l · 104kN/sm2
, µ = 0,2425. 5 sm uzynlykda ster.Zeniii ll2alm 

0,004 sm bolsa, Gukuii kanunynyulanyp, ste.rZeniii materiaJyn}ii ma~gaJc~ 
modulyny kesgitleyaris. 

Pe 
E = !_, bu yerde £

1 
=5 sm, 

A·lif 
nd 

2 
3, 14 · 3 ,2 2 

A= - -- 80 
4 4 = ' 4s111 i 

135·5 4kN/ 2 onda E = -- = 2, l · 10 sm . 
0,004 · 8,04 

tie 0,004 · 
Otnositel boydurkunyii)ftgetmc 8 = T = -

5 
= 0,0008, otnositeJ 

I 

I fld 0,00062 
kesedurkunyii)ftgetme E = d = 

3
,
2 

= 0,000194 , kese 

durkunyii)ftgetmMill koeffisiycnti 

= s'. = 0,000194 = 0 2425_ 
µ c 0,0008 ' 

1.19. fl V=3 sm3
• Sterzenin otnositel gowriimini i.i:Yfgetn1esi 

/1V 1-2µ 
8 = = -- · (J, 

V E 
p 

cr = - , V = Af. 
A 

onda stetlenin gowriiminiii a11magy 
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1- 2µ Ar t -2~t ~ _ 1-2µPe = 1-2-0,25_ 200· 600=3sm3. 
\V=V E cr= - E .A - E 2·104 

1.20. 2·104 kN/sm2 . 

)ayYil 11akyky absolyut uzaln1asy 

(').f = /1 = 
2

•
5 

= 0,005sm · 
K 500 

~ayYii otnositel uzalmasy 

f=!lt = 0,005=5· 10-4 . 
, s l 0 

SayYil normal dartgynlylygy 

p 100 2 
cr = _ = = JOkN/s1n · 

A JO 
Dartgynlylyk i.ivin Gukun kant1nyndan 

- cr - 1 O = 2 · 104 kN/sm 2 
• 

E -e -5· 10-4 

. ' 1.21. E=l ,78· I03kN/sin2
. P-11£ gysmad1agra1n1nanygurya1ys. 

p 

-'O --·-- - - - - ----:; 

30 

20 

10 

0 1 2 3 .. ... 5 5 Al x 10-J 

1.21-nji s11rat 
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Meselanili ~e1iine gora, o=0,4kN/s1n~ bolanda, otnositcl durkw1y 

.. , t..e 4,5· l0-3 0 225 10-3 uytget1ne c = - = = , · , 
f 20 

(J 04 1 ? onda E = - = - ' = 1,78 · IO· kN/s1n- . 
t 0 225 -10-3 , 

1.22. CC1=== 10 Sin, o=lOO kN/srn2, P=0,157 kN. 
Sin1iii absol}'ut uzalmasy 

At= cl= 0,005·200 = lsn1. 
Ot1da simin ortasyndaky C nokatdan ryep ya-da sag boleginiii uzynlygy 

Af 
f 1 = 100+ -- =100+ 0,5=100,5sm 

2 
ACC1 iiryburrylukdan 

----

CC1=== .e;-(~}
2 

= floo,5 2 -1002 =10sm. 

Simdaki dartgynlylyk cr = Ee= 2· 104·0,005 =1 OOkN/sm2. 

C nokat P we simiii iki dartylrna gilyylerinm Uisi:rinden denagramlylyk 
yagdayynda sal<lanya:r. Dartylma gtiyji 

N = cr ·A = 100 },l~,l2 = 0 785kN 
4 ' 

p 10 
Guy9 u9bur9lugynYI1 we (: 1AG u9bur9lugyii1ne~liginden 

2
N = l00,

5 

20N 20 · 0,785 _ 
bu yerde11 P = = = 0,1'.)7kN . 

, 100,5 100,5 

1.23. E= I ,9· l 04kN/s1n2
, µ === 0,28. Yuklerunanm 01ta 6s1nesi AP= l OkN, 

nusganyii boyY boyunc;:a yerl~dirilcn tenzo1nctrii1 gorkezijisiniii orta osmesi 
b.nA = (10+9,5+ 10,5)/3=10nnn, 
l<ese tenzometr u9in Anfi.=(3,5+2,5+4,5) /3=3,5 111ffi. 

Abso1yut uzalma: ASA == l 0/950=l,05·10-2 1nln 
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- -

~S = 
3·~ = 2,9·10-3 mm, bu yerden 

B 1190 

- AP·SA - 10· 2 =19·104 kN/sn1 2 
E- - - " ' 

AASA 1·0,105·10--

Puassonyi'\ koeffisiyenti 

- CB - ASa/SB = ASB = 0,29 · l o-J = 0,28. 
µ-C A ASA/SA ASA 0,105·10-2 

1.24. d= 15 mm. Karterden silindri yo lup ayY!jak bo lyan gtiyjill ululygy 

nD2 

P =p--
4 

Eger ~pilkalara yokarky gi.iy9 endigan ya)'ran bolsa, rugsat edilyan gily9 

p = n nd 2 • [cr]. 
4 

, d d = D . / = l O · = I ,86sm , r P J 1 . 
Bt1 yer en · V n[cr] 8·6 

kabul edyaris d= 15 mm 

J 25 a= re· P = J2v[cr}tf. · , , 
4 

' max 

1.26. p = ; - a Dartgynlylyklaryii dore1neyandigi stedenlerin 

gyzd)"lyhnadan erk in uzalyandygyny gorke.zYar. 

o., h~t 
Ae 1 = a 1 ·f 16t = . n. 

Slilp 

0.1 hAt 
~e = o. · f ~At= ..:.... -

2 
1 

- s1na 
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1.26-njy surat 

Bu yerde: 

h e,., == - . s1na 
a

1 
-s terzenin materialynyn 

tenweratura koeffisiye11ti olyeg­

lcrin il:Ytge1nezlik yorelgcsinc 
esaslanyp, 9yzgydan 

/:i == /:if I = /:if l 
cosp cosa ' (2) 

Soiiky aiilatinany ( 1) formula goYllp alarys: 

a 1h/:it _ a 1h/:it 

sinp cosp sina cosa 

ya-da 2sin'3cosJ) = 2sincx.cosa, sin2J3 = sin2cx. 

sin2P - si112a = 0 ~ 2sin p - a . cos P + a == o 
2 2 . 

Bu yerden, P- a= n· 180° (n = 0,1 ,2,3 ... ) 

1t P +a = 
2

+ n ·180° (11 = 0,1,2,3, ... ). 

re 
<;yzgyda a we P burylar 

2 
-den kiyi ( di:Ymek n=O) we meseliinii1 ~erti 

bo)'t1nya a:;e l3 , onda J3 +a= ; ya-da P = ; - a. 

11: 
1.27. a= 

4 
· llki bilen P giiyjiln sterzenlerdc ill uly gliyjilni dorcdyaii <p 

buryy tapyarys. 
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,.. x 

1.27-nji s1-1rat 

L:X = Pcos<p - NABsina - NA<,: 
sina =O; 
L:Y = Ps inq> - N ABcosa -N.l\C 
coscx. =O. 
Bt1yerden 

N == P . cos<p + sin<p 
AB 

2 
. s1na coscp' 

N . = P. coscp+sin<p 
A<,: 2 sina + sina · 

Gor~ilmiz yaly, NAB> NA\' we NAB ill uly bahasy a = cp bolanda bo lyar. 

t.28. cr = ( ~ - I )E Gur~aw bilen tigrm towcrcklerinin uzynlyklarynyii 

tapawudy 
!:it= 2n:(R-r) (I) 

$eyle-de Gukun kanunyna esaslanyp abso l)'t1t uzahna 

!:if _ N f _ N · 2n: r 
- EA - - EA (2) 

( J) we (2) at1latn1alaryi1 sag taraplaryny de11lap alarys. 

2n(R - r) = N
2

nr ~ N == ( R - l)EA 
EA r 

Gur~awdakydattgynlylyk cr == ( : - 1)E . 

1.29. !:it =2 1,6. l 0-3 sn1. 

/ A 

% 
-j. 

I / 

~ 
·~ 8 

b, - --
t 

1.29-njy surat 
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~ABO oo ~<;DO alarys 

b = _l_b_ => fl = i e 
1 e+t 0 2 · 0 0 

b z b b = bz _ 2bz 
<;yzgydan - = ~, z P .e 

z {:(1 0 

U}'tgeyan kesik.li sterzenifi uzalniasy 

Af- 'JNdz_ P fdz _ p'·J" fdz _ Pe 1 3
_ 12·40 

1 3 1 
£. (l-

3 u - - - - J i - - -- - n - - - n = 2 1, 1 v sm 
0 EA E A E 0•5, 2b&z 2E0b 2·0,7·lcr ·2·0,8 ' . 

ln3 = 1,0986, 

1.30. K=3,78 ,A=2,7 s1n2
. Gukuiikanunyny ulanyp birdenka yul<lenmedak.i 

dartgynlylygy kesgitleyatis. 

crd =Es=2· 104 
· 

1 
=l l,llkN /s1n 2 

1800 

PKd PKd 15 · 2 ~ 
cr = cr · K d = - - =>A= ·- - = = 2 7s111-

A cr d 11,11 ' 

Ati"Yac;Iyk koeffisiyenti 

K= crb = 42 =3,78. 
crd 11,11 

dcp 

1.31-nji s11rat 

1.31. P=0,406 kN; o=3,52 mn1. 
Lentanyii elementinfil 
dei\agrm1llylyk ~e1iinden: 
N-(N+dN)+Nfdcp=O 
dN/N=fdcp; N=Ct1<i> cp =O, 
N=N

2
, N

1
=N

2
ff(j> 

L:M=M+(N - N )R = 0 
2 I ' 

M=+(N 
1
-N 

2
)R = N

2
R( 1-lra) 

onda N
2
=M/R(tf8-l); 
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a a M p = N - = . -_,,.., ·--
MK= M2a-PL=O, 2 L L R(efa - I) . 

Lentanyii uzynlygyi1yii uytgetmesi: 

L o = ~e · -- = 3,52mm 

1.32. 

a 

a 

p 

h = a 
2 

• I 

• 

1.32-nji s11rat 

Kesigili. gowriimi 

2 
P /h? a v -+ 4 

V=A·f= (] 2 (J . h 

Statikanyii denlemesinden 

p 
N 1 =N 2 = --

2cosa 

Kesigin zerur meydany. 

Stcrzcnin gowriiminden h boyunc;a osme alyp we a1nan ai'ilatmany no la 
denlap alarys. 
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h 
== 0 ' 

V' = P . 
2[cr) 

Bu yerden a n 
h = - y' a-da a == -

2 4· 
1.33. o-Yt>k == 5kN/s1112, cra~ ==-IOkN/sm2, 

/ ~-" ' / _, L' _ 

.\ 

-
n n 

• 

I 
( • 

,P 

I l 
B 

~ 

1.33-nji surat 

Denagrrunlylygyii deiilemesi 
IY == RA +R

8
-P=O (1) 

Durkuny U)ftgetxnanill deruemesi 

tie = M Ru +!if P = 0 (2) 

!11! = p. 40 = 450. 40 = ~00 
p E·lO E·lO E 

Onda 
1800 4,5R

8 -- - = 0 R =400kN 
E E ' H ' 

R =P-R =450-400= 50kN A B 

J. 

I- 1 kesikde N =-R =-400kN 
a~ B ' 

Na~ 400 2 cr . = - = - - = -1 OkN Ism 
a~ 40 40 ' 

II- II kesikde N ==R =50kN 
yok A ' 

Nyok 50 
cr = = - =5kN/sm2 • yok 10 10 

1.3~. 0-01 =4,6kN/sm2 ; crP =9,29l<N/s1112 • 

Denagranllylygyii deiilemesinden N +N P ( l) 
m p 

132 

Ourkuny ii)ftgetmaniii deiilen1esinden Em =tP (2) 

Nm - N" ~ N = ElllAm N 
ya-da E A - E A m E A P 

mm pp PP 

( 3) aiilatmany ( 1) denlema go}'up ala1ys 

p 
NP= E A ; 

1 + m m 

EPAP 

Bu yerde E
111
=104 kN/sn12

, 

E =2· 104 kN/sm2• 
p 

A = n:d ~ =3,1 4·0,~= 0,196sm2, 
Ill 4 4 

(3) 

A = nd; ·9= 3,14·0,252 ·9=0,44sm2, 
p 4 4 

onda 
5 

N = - =4,09kN 
p 104

• 0196 
l+ ' 

2·104 ·0,44 

(1) Denlen1eden N =P- N =5-4,09=0,9 l kN 
m P 

SimJerdaki dartgynlylyk1ar: 

N"' 0,91 kN/ 2 cr = = = 4,64 sm , 
m A 0196 

m ' 

N r 4 ,09 I 2 cr = - = = 9,29kN sin . 
p AP 0,44 

1.35. a-=39 sin, d=22 mm. 

Nb - Na . 
--- - ' 
EbA b 1 OEb · 0,0 lAb 

l lN =P, N = R = lOOO =91kN, N=909kN. 
a a ] ] 11 b 
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A Nb 909 2 b = [cr]b = 0,6 = 15 I 6sm ' a JA- /~15-16 39 = b = \ = SJTI. 

Scrtegora: 

f A a 15,16 , Aa=0,01·1516= 15,16sm2, Aa = =-- =3,79s1n-
4 4 

A! = nd
2 

~ d = 4 ·A; = 
4 7t 

I<abu1edyaris:d-22rrun.. 

---
4. 3,79 
~ - = 2,2s1n = 22mm 
3,14 

1.36 A= 4,3 sn12• ~ 

Deiiagramlylygyii deiile111esi: 

I).LY Nl+N2+N3-P=O; LMA= N2· 1,5+N3·3-P·l. l25=0. 
Durkuny il)ftgetmanin de111.en1esi: 

l:!.A 1 A2<;1oo~B1 B2C1 

/:!,, f I - /:!,,f 3 _ /:!,, f 2 - /:!,, f 3 • 

3 15 , l:!.e 1 =2tif 2 -tie3 ,(3) , 

1.36-njy surat 

(1), (2) we (3) anlat1nalary bilelikde i§lap alarys: N
1
=6,97 kN, 

N2=50 kN, N
3
=30,3 kN. 

A _ N 1 _ 69,7 _ 2 N
2 

50 
2 

1 - [cr] -16- -4,3sm ,A2 = [cr] =l6=3,125sm , 
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A 3 = [ J = 
30

•
3 

= l,89sm 2 kabul edyaris A=4,3 sm2. 
· cr 16 ' 

1.37. 

d . h h 
Cyzgy an sin a = ~ , sin f3 = b . 

Dcnagramlylygyil denlemesi 
LMA==N 1·asina.+ N 2·2asinf3- P·2a=O . (I) 

Durkunyi.i)ftgetmanin bilelikdaki dciilemesi 

!:!. el l:!.e2 2Ao . R A O . <;yzgydan - . - = . ~ u-t 1s1n.., = u -t 2s1na (2) 
as1na 2as1np 

onda 

N - 2N1Y2 bu y'erden -
2 b2 

811 anlatnmny ( 1) den]cma go yup, 

4N 92 h 2 h 
N 1 sina.+ ~ - ·sinf3 = 2P~N1 - + 4N, 9

7 
• = 2P 

b y b- b 
N 1hb3+4N 19

1h=2P ·9b3 alarys. 

N 
_ 2P 9b3 

Buy'erden 1 - - · ---

11 b3 + 493 

N 4 P b_:...9_3 
_ 

onda 2 = · h · b3 + 
49

3 

1.38. cr, ==2 l ,05kN/sm2
, cr

2
=4,3kN/sm2, cr3=14,4kN/sm2. 

<;yzbrydan 
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. c?c5 . rr6 
s1na = -- s1na = YY 

8 ' 8 ' y ){ 

Deilagrrunlylygyil detllemesi 
1) :EXi=-N

1
cosa- N

2
+N

3
cosa=O 

0,86 N
2
+N

2
=0,86 N 

2) :EY.=N
1
sina+N sina-P=O 

I 3 

0,5 (N
1
+N

3
) =P . 

e 
<;yzgydan f 1 = f 3 = 2 

• 
cos a 

I 
9 I 

I 
I 

3, 
(l) 

(2) 

" 
1- - - -(I. - c;, 
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' 

N I N 3 = 2 N 2 0 86 ~ N 2 = N 1 - 0,506N 3 

2. 0,86 4 . 0,86 3 ' 

(1 ) deiilcmc boY'un9a N,=0,73 N3 

N p 50 = 57 7kN 
(2) defilemc boyunc;:a 3 = 0,866 = 0,866 ' 

N 
1
=0, 73 ·N

3
=0, 73- 57 ,7=42, lkN, 

N
2 

N,- 0,506N
3
=42, 1--0,506·57,7=12,9kN, 

Degi~lilikde, stcrzeniii dartgynlylyklary 

N I 42,1 '.! 
cr1 = A = 

2 
=21,05kN/sm (si.i}'nme) 

I 

- N 2 - 12,9 - 4 3kN I z <J, - - - sm 
£ A~ 3 ' 

_N3 _57,7_144kN / z 
<J3 - - - sm 

A 4 ' 
3 

. ~- - 4~ i - ,\ 
~ 3 

c 
P=lOO kN 
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(siiYrune) 

(gysylma) 

Statikanyi1 deruemelerini 
diizya1is. 
A dilwiln tic;: in 
:EX=-N1cos45°+N

2
cos45°=0, 

N1=N2; 
:EY N 

1
sin45°+N

2
sin45°-N3 =O, 

2N1sin45°=N3~N3= .J2N , 
C duwiin u9in 

:EX=-N sin45°+N sin45°=0 
4 5 ' 



N4=Ns; 
:EY=N3+2N cos45°- =O 

4 p , 

N 3+J2N
4
=P 

DurkunyiIYtgetmaniii bilelikdaki deiile1nesi 

Ll =D. +A_ e . f1 - f1{J 4 
<,: A Ll r '' (: -

" cos45°' 

onda 

Bu yerden N
4
=44,7 kN 

onda 

2N4 = 2N1 + N3 

N3 = f2N1 

N3 + ,f2N4 =P 

L\ _ '1f4 _ N4aJ2 2N4a 2 -44,7-100 
<; - cos45° - EA 45a = EA- = -- 4 - = 0,894s1n 

1.40. [P] = 1250kN 
. cos 2 · l 0 . 5 

Denagramlylygyii deiilemesi 
:EMA =N 1·2+N

2
·4- P-2:::0 

N I+2N2=P 
Durkuny ii)ftgetn1iinin deftle1nesi 
BB1=L\e1 , <;<;1:::f1e2 
LlABB

1 
cx:i LlA<;<;

1 

N 2 . 100 N I . 200 
Onda = 2 - => N - 2N (3) 

1,2 · 104 
. 50 2 · 104 • 30 2 - [ 

(3) ai'ilatmany ( 1) deiilema goyup alarys: 
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N
1
=0,2 P, N

2
=0,4 P 

Stcrzenlerdaki dartgynlyJyklar 

CJ = NI = 
0
•
2 

= 0 00667P, CJ = 0,4 = 0 008P 1 
A 30 ' 2 50 ' ' I 

1.40-njy surat 

CJ2 > CJ1, ~onuft i.i9in hem 90Yt.tn stcrzenin berklige 9ydamlylygyndan 
n1gsat edilyan gi.iyji kcsgitlcyaris. 

CJ =0008[P]=[CJ] =>[P]= [CJ]y = lO =1250kN 2 ' ~ 0,008 0,008 

1.41. CJ: =-0,9kN/sm 2
, CJ

1
=10,26kN/sm2

, CJ
2
=1,44kN/sm2

• 

/' . . . . " - ;' ,_ . . 
-; ,>/ • ~--, , - -

N;t N, 
• • II '" 
;< 

~ 1 ' '- I 
• 
IN, N: 

!i 
R 

l 

' 
- - . - - . 

""' ,I ,,. ~ -- . • - , , 

~ :I 
' 'r 

1.41-nji surat 

, , ,,. ,,~ 
<::-- ~ ~ ~ 

d N, II 

' v 

~~ I 

. , 

Denagramlylygyil deiilemesi 
1- 1 kesik 

l)N: +N2 +N~=P, N:=N~ 
TI-IT-kesik 

2) N:1 + N2 +N;1 = 0,N~1 =N~1 

Durk:uny ti)ftgctmanin dcnlemesi 

3) D.P.~ = D.f? + aN2 ='1f 1 - -
D.f 2 = N 12f 

4) L\t • = ~e :r +D.R.~ E2A2 

139 



(l) denlen1e boyun9a 

2N I N I P-N 2 i + 2= P =>N =-- . 
1 2 ' 

(2) denle1ne bo:Yuns:a 

2N ll N 0 II N 2 1+ 2 = =>N =- -· 
1 2 ' 

(3) deiileme bo:Yun9a 

A 0 - N. A n N N2 2e -4 N 40 3 25 u,c. 1 -a 2 +ur 2 =a 2 +--=1,25·10 + - 2 =-'-N
2

. 

E2A2 I 04 
• 20 104 

' 

(4) denleme boyuns;a 

~f. = _ N :
1 
20 + _ N ~ 20 _ 3,25 

I 2 · 104 
• 20 2 · l 04 

• 16 - J 04 N 2 ' 

NII N: P-N2 N .., 
1 + 

16 
= 3,25N2 => - - * = 3,25N

2 
=> N

1 
= 28,8kN 

' 2 2·1.6 , 

N 1 = P - N 2 = 234 - 28,8 = I 02 6
kN 

l 2 2 ' ' 

N 1

11 =-~=- 28•8 =-144kN 
2 2 ' . 

Deg4;li dartgynlylyk1ar: 

N II 
11 l - 14,4 2 cr 1 = 1 = = -0 9 kN Ism 

A1 16 ' ' 

I N: 102,6 2 
cr1 = = - = 10,26kN / sin 

A 10 . ' 1 

N2 28,8 2 <J2 = = = 1,44kN I sn1 A 2 20 . .. 

1.42. N
1
=0,4 P, N

2
=0,25 P, N,=0,1 P. , 

Meselaniii statik.i tarapy 

l )LY=N +2N +N -P=O· 
I 2 3 ' 
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Al, M , i1t1 

Onda 

- --- -- ---

1.41-nji s11rat 

N 1 + 2N2 +N 3 -P 

lON 1 -JON3 =3P 

NI + NJ -2N'.! = 0 

2) LMv= N
3
·50+Pl5-N150=0. 

Meseliiniil geometriki tarapy 

M , +~e3 e M2 = ~2M2 =~€ 1 +~ :i. 
2 

2N
2
=N

1
+N

3
• 

(1) 

(2) 

(3) 

( 1) we (3) dcnlemclerdcn 4N
2
=P:::>N

2
=0,25P 

(I) denlemeden N
1
+0,5P+N

3 
P=>N

3
=0,5P- N 1 

(2) denle1neden I ON- I 0(0,5P-N
1
)=3P:::>N

1
=0,4P 

N3=0,5P-N I =0,5P--0,4P=O, 1 P. 

1.43. cr =12,74kN/sm2
, cr =-3,636kN/sm2

• 
p In 

A = nd~ = 3,14·2
2 

314 2 = , sm , 
Jl 4 4 

N. 
7. 

N. - -
N. 

2 A =7t(d2 - d2 )= 3
'
14

(452 -252 )= llsm2 

m 4 3 2 4 ' ' 

1.43-nji s11rat Meselaniii statiki tarapyna seredyaris. 

N =N 
Ill p 

onda-cr A =-cr A (1) 
rn m p p 

MeselanID geometrik:i tarapy 

J 
"=" _c · l:lf = - · 0 3 = 0 075sm 
c. v c. ' 4 ' ' ' p m 

onda e = l:lf = 0,075 = 0 001 
e 75 ' ' 
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cr 
e = __i:_ 

P E , 
p 



crr AP crP 
E +A · E = 0,00l=>cr11 = 12,74kN/ stn

2 
, cr =-6,6361(N/sm2. 

p m m m 

- f . 
J •m 

A 

f\ 1 i:\ 

Meselanin statil( tarapy. 
LY=RA +R

8
- P=O (1) 

Meselanm geo1netrik tarapy 
I 

Ae p - At Rfi = A (2) 
I I 

<;' - -
rp 

Point 

P · IOO _Rs·IOO _ R~J20=A 
E y . A y Ey . Ay Ea . Aa II II 

1-1 •m 

Bu yerden Rn=38,5kN (1) denlemeden 
RA = P-RD +200-38,5+ 161,5 kN 
AC bolekde N .=R = 1 ,61 5 l(N 

y A ' 

1.44-nji surat BC bolekde N =R
0

==--38 5 
a ' 

Bu ooleklerdaki dartgynlylykl¥ 

Ny 161,5 ~ 
cr s- = A . - = 1,076kN I stn ~ 

y 150 ' 

N. 38,5 2 cr. = = - = -0 77kN / sin 
" A 50 ' · a 

1.45. cr
1 
= --0,8kN/sm2

, cr
2 
=--0,2kN/s1n2. 

Statik.anyii dcilagrainlylygynyn deiilen1Csi 
I Y=2N

1
+N

2
- P=O; (1) 

Durkuny u)'tgetmaniii deiilemesi 
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A/1-A/
2
=/l (2) 

, d N1350 - N2350_ = 015 => N -N = 240 
ya- a 1400·400 1400·400 ' 1 ~ (

3) 

(3) aruatinany (1) de11lema goyup alarys: 
2N

1 
+(N

1
- 240)=720=> N

1 
=320kN, N

2 
=80kN. 

Siiti.inlerdiik:i drui gynlylyklar: 

0'1 =-NI = - 320 =-08kN/sm 2· 
A 400 ' ' 

-N - 80 
cr.., = 2 = = --0 2kN Ism 2 

- A 400 ' 

PAI 
a .., = - -

- A
1
E

1 
+ A

2
E

2 
mA 1 + A

2 
• 

P guYjtiii tasirinden stel'Zende we turbada dorcyii.n dartgynlylyklary cr
1 
we 

cr
2 

bilen belleyii.ris. Statikanyn deruemesini yazyarys 

EX=N
1
+N

2
- P= O:::>A

1
cr

1
+A2cr2=P. (1) 

D1u·kuny ii)'tgetn'liiniii deiilemesi 

cr1 cr2 - = -
El E2 

(2) 

Alnan denlemeleri bilelikde i~Iap taparys: 

PE I PE2 
cr1 = we cr.., = 

A1E 1 + A 2E 2 - A1E1 + A 2E 2 

P gi.iyc; bilcn :YUklenmedik yagda)'ynda sterzen we turba uc;in statika bize 
a~akdaky deiilemani becyar. 

A 1cr: + A2cr~ = 0 , (3) 

B~ga tarapdan meselaniii ~ertine gora 
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I cr1 + cr1 _ 
I -lTI. (4) 

cr2 +cr2 
' Y okardaky derllemeleri bilelikde i~lap taparys: 

, PA2 £ 1 -n1E 2 
0'1 = 

A 1E1 +A 2E 2 1nA1 +A 2 ' 

1.47. P=24,8kN, <p=l2,4°. 

.6 (. 
• 

p 

1.47-n.ii s11.rat 

e, =-l2/cos30°' t3 =-t2/cos60°. 
Statikanyii denlemcsinden 

0,86(N3 -0,5N1 = -Psi11cp, 

N
2 

+0,866\f
1 
+0,5N

3 
= Pcosq> (l). 

Durkuny u)'tgetmfuliii de:iilemesiinden 
!ll

2 
= !l = 0,05sn1 

!ll
1 
= !l~cos30°, !ll

3 
= !lt

2
cos60 ~ 

Gukuii kanunyulanyp, soilky anlattnadan 

N = !lf 1EA1 N = !lP 2EA 2 N = !lf3EA3 

I f' 2 
f_ '

3 e' I 2 3 

Bu yerden N
1
=14,8 kN, N

2
=10 kN, N~=2,5 kN. 

Bu bahalary (1) dcnlc1nelere goyup alarys: 

0,866·2,5-0,5·14,8 = - Psin cp 

10+0,866· 14,8 + 0,5 · 2,5 = Pcos<p 

Bu yerden <p= 12,4°, P=24,8kN. 
1.48. CJ = - 5kN/s1n2

, CJ = - 3kN/s1n2
• 

Meselanili statiki tarapynd~ N1 N 3, 2N 1+N~=P 
Mesetani:ii geon1etriki tarapy 
!lll = !ll3, !l + !lt2 = !lpr + !lll' !lpr = N ·a . 
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Soilky deiilemelerdaki durkuny O)'tgetmeleri Gukuii kanuny boYiln~ a:iiladyp 
alarys: 

!l N1f2_!l N,f1 
+ E A - pr+ EA , t, =100 sm, l2 =99,95 srn. 

2 2 I I 

(P-2N ,)e2 =!l N1f1 N =lOOkN. !l+ pr+ => l 
E2A 2 E1A 1 

Onda N
2
=P-2N

1
=350- 2· 100= 150kN. 

<;etki we ortaky direlgelcrdaki dartgynlylyk.lar 

CJ = (J' = - NI = - ~00 = -5kN I SJTI 
2 

1 
P A 20 

I 

N 2 150 2 
cr2 =CJ~=- A =-

50
=-3kN/sm 

2 

1.49. cr>' = -6,66kN/sm2
, cr .. = -3,33kN/srn2

. 

Statik:anyi1 de:iilen1esindenRA ~ 
Meselaniii geo1netrik tarapyndan !ll = !ll 

! 'RH 

R 8 a R 9 a 
Y'a-da a!l12a = + - =>Ra = 33,33kN R =33 33 kN EA EA ' A , • 

I 2 

N. =-Ra= -33,33k:N, NY= -RA- -33,33kN. 

Na -33,33 333kN/ 2 
Onda cr a = - A = 10 = - ' sm ' 

2 

N. A0°s 

\ 

t 

1.50-nji surat 
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1.50. CJ =-9,50kN/sm2. 
Statikanyil denlemesi 
RA=~ (I) 



DuJkuny u)ltgetmaniil bileljkdak:i dcnlemesi 

t:,.f t - 1::,. e Rs = t:,. (2) 

R A f -5 R A . 200 
, all , e - = /::,. => 1,25 . to . 40. 200 - - = o 005 

EA 2 . J 0 4 • A ' . 

BuyerdenRA=9,5A, RA ~=9,5AkN, N=-RA=-9,5A. 

cr = N = - 9•5A = -9 5kN/ sm 2 

A A ' 
1.51. /::,.= +0,056 s111 (iki sterzeniiiki). 

1::,.e = Nf = cr1 e 
EA E 

Temperatura dartgynlylygy crl=±Ea/::,.t, ilt=-10°S tempcratura 
stcdenlerde sii:Ynme dartgynlylyklaryny doredyar, onda 
cr Ea/::,.t=2"104·125·10-5·10=2 5kN/sm2 

t ' ' ' 
cr; =cr1 +cr, =2,5+1,5=4kN / sm 2

, 

cr1 e 4·140 
Onda t:,. 1 = 2 = 

4 
= 0,028sm . 

E 2 ·10 
Umumy1izahna 

/::,.=t:,.
1 
+t:,.

2 
=0,028+0,028=0,056 sm. 

1.52. P=l50 kN, t =50,01 sm, 
Ill 

l=49,99sm. v 
----- - - -- --- - J 

,.,. •f 

- - -·- - -- - - .. ... - e=e.+e (I) N.=N · 
l I JU I m' 

s
1
=( a +a .)t, 

Ill I 

1.50-nji surat 

Bt1 yerden N =N.=150kN:::>P= l50kN. 
Ill I 

Misiii we inwaryil erkin durkunyii:Yfgetmesi 
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t:,. f = N m 50 = 150 · 50 = O 02stn 
m E A 104 

• 37 5 ' ' 
Ill 01 > 

A O _N ,50_ 150 ·50 -001 
Ll{ · - - - SJTI 

I EA. 2 ·104 ·375 ' 
I I > 

Onda e =50+(~e -~ e.)=50+(0,02-0,01)=50,01 sm, 
Ul m I 

f,=50-(~em -/::,. f i)=50-0,01 =49,99 sm. 
1.53. cr = --O,lkN/sn12

• 

Plitada doreyan boy gu}'.ji direglerdaki gaYtargylara den we bu gil}'.ji durkuny 

Nf 
u:Yf getn1aniii de1'1lemesinde11 tapyarys. /l f 1-MN =~ ya-da a~tf - EA = fl 

B , d N EA( ailte - fl ·1· v b. . . d;.:1,~ . , N -400kN u ycr en = .f. - p itanyn rr n11n a..ru guys:;, = . 

Plitanyil kesigindak:i dartgynlylyk 

cr = N = - 400 = -0 lkN Ism 2 

A 100-40 ' 
1.54.Temperatura H:Yfgeyans::a P =27 kN, P =18 kN. 

I' m 
Temperatura u}'tgande P = 1,26 kN, P =32,4 kN. 

P m 
Statikanyil deiilemesi N )+Nm =P (1 ). 
Durkuny il:Yfget1nanm cleiilen1esi s =s (2). 

P m 
( 1) we (2) denlemani bilelil<de i~lap, N =27 kN, N = 18 kN. 

p m 
Diregler t:,.t = 30°S gyzdyrylanda, 

N I N J ( 1) I N t N (2) p = '" S m - S m = SP + c p . 

Bu deiilemeleri il;;lap alarys. 

N ~ =N:0 =14,4kN 

Onda PP = N P -N ~ =27-14,4 = 12,6kN, 

pm = N m + N:ll = 18+14,4 = 32,4kN. 
1.55. P=3l,4kN, l=20,0llsm. 
Statikanyil deiilemesindcn P=2Nb 
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' 
----

I 

Ab= rtd2 =3,14·12 -0,785sm2, 
4 4 

.6f=(f. -f ) =20 02-20=0 02sm, 
' 2 I ' ' 

onda 

Nbf 1 =0,02 =>Nb= 0,02·Eb·Ah_0,02 · 2·10
4

·0,785=l 5 ?kN, 
EbAb e1 20 ' 

P=2Nb=2· 15,7=31 ,4kN. 
p gily<; a:Yrylanda.n son' boltlardaky dartuw gtiy<;lerinili bjr bolegini mis 

stel'Zen kabul edyar. 
Statikanyil denlemesinden2Nb Nm=31,4 kN. 
Durk:uny ii)ftgetmanm denJe1nesi em =&b 

Nm - Nb N - EroAm N 
- => - b 

E mAm EhAb m EbAb ' 

.6 = .6e~ - L\e~,, 

onda 

!J.=Nb·e 1 _N"'·e~ = 15,7·20,02 -~,4 ·20,02=0009Ssm 
EbA0 EmAm 2·104 ·0,785 104 ·6 ' ' 

e =e2 -.6= 20,02-0,0095=20,011 sm. 

1.56 . .6t = ±2,97°S, 
cr = ±0,743 kN/sm2 

Q 
R =RB= Q = JOO = 50kN 

A 2 2 

1. 56-njy surat F =f·R =O 3·50= l 5kN 
s A ' ' 

F F 
cr = .6taE = -1.. => .6t = - s 

A aEA 
16-njybelgili iki tawra ii<;in A-20,2 sm2 

Onda ~t = + 
15 = + 2,97°S 

- 20,2 · 1,25.10-5 .2·104 

148 

bu yerden cr =a·.6t·E= ±1,25· 1o-5·12· 104·2,97= ±0,743k:N/sm2 

1.57 . .6
1
= 5mm, cr

1
= 12,5kN/s1n2 . 

Zerur bolan bo~lu&ryii ululygy (.6t=50°S) 
.6 =a.6tt= 1 25· l o-5·50·800=0 5sm 

l ' ' 

Bo~luk. boln1adyk yagda)fynda relsde doreyan gysma dartgynlylyk 
cr = -a.6tE = -1 25· 10-5·50·2· I 04= -12 5kN/stn2 

t ) , 

t .58. e
1
=30,062n\ cr= 4 I ,25kN/sn12. 

Polat turbanyi1 te1nperaturanyn yokarlamnagy scbiipli erkin uzynlygyna 
gillelrnegi 
.6f = a.6tf= I 25· l0-5

· l 65 ·3000 = 6 2sn1 
l ' ' ' 

onda e 1 = e + .6e, = 30 + 0,062 = 30,062tn. 
Meseliiniii ikinji ~erti a~akdaky fo11nula bilen tapyl:Yar. 
CJ= -a.6tE = -1,25· l0-5

• 165·2· 104 = --41,25kN/s1n2
• 

t 

1.59. a) cr =18,4.kN/s1n2, b) cr
1
=O,7kN/sm2, <;) t2=545°S. 

a) Hall(adaky dartgynlylyk 
cr=E·E=a (t - t

0
)E = l ,6· l0-5(135- 20)·10 4=18.4kN/s1n2 . 

m 1 m 
b) Waly we hall(any bir wagtda 0°S-a i;enli sowadylanda halkada doreyan 
go~ma<;a drutgynlylyk 
cr =(a -a )t E =(l,6·10-5- l,25·10-5)·20°·104=0,7kN/sm2. 

I m p 0 m 
Halkadaky doly dartgynlylyk cr=cr+cr

1
=19, 1 kN/s1n2

• 

<;) Halkadaky dartgynlylyk nola den bolmak ii<;in a~akdaky ~crt ycrine 
yetirilmeli 

cr =(a -a )E t bu y'erden lz = ( cr
2 )E = 5450S. 

2 Ill p m 2' a - a m p m 

1.60. CJ =-1 43k.N/sm2 CJ =715kN/sin2 cr =--4 29lcN/sm2
. 

/, 

1 2 3 

Im 
NL N. N, 

• 

o -A( 2 
At1 

At, 
& 11e, 

a B a <; a D 

1. 60-njy surat 
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Statikanyii dcruemesi L.M = N a - N 2a + 3N = 0 ( 1) 
A 1 2 3 

Durkuny u)ltgetmanin dei'ilcmesi 

Af 1 = <5 - Af 2 we Af 1 Af 3 - = ~ 3N 1 = N 3 (2) 
a 2a a 3a 

2 Ni l OO - = 0,05- N2 lOO ~ N + 0,5N = 100 (3) 
2 · 104 

· 20 2 · 104 · 20 I 
2 

( 1 ), (2) we (3) deiilemeleri bilelikde i~lap alarys: 
N1=28,5 kN, N2=143 kN, N

3
=85,5 kN. 

Degi~li dartgynlylyklary 

-N 285 
cr = 1 =- ' =-143kN/sm 2

• 
I A 20 , , 

N 1 143 , 
cr = - - = = 715kN Ism-· 2 

A 20 ' ' 

_ N3 85,5 2 cr3 - - = - - = -4 29kN Ism 
A 20 ' 

1.61. cr = O,Ol6kN/sm2. 
cr = yf = 20·8 = 160kN/m2=0,0 l6k.N/sm2

• 

1.62. 79x79 sm2. 

p 

• 
T, 
' • 

t I 
• 

, , , , , /',, 

•• 

\ 
0, t 

A = p = SOO = 6250sn1' 
[cr] -ye O,l -20·10-6 · 103 

p 
cr =- + yx 

A 

axa = 79x79 sm2 

p 500 2 
x = 0 ~ cr =-= = - = 0 08kN Ism 

A 6250 ' 1. 62-nji surat 

x = e ~ cr max = 0,08 + 20 · 10-6 · 103 = O,lkN Ism 2 

1.63. b
1
=1 1,5sm, b2=21sm, b

3
=32 sm, b4=44,5 sm, b

5
=54 sm, b

6
=76 sn1, 

b
7
=125sm. 
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Hasap yokarky diwardan ba~lanyar. 

b1 = [ ] q, = l l,5s111 , 
cr-y· 4 

b 
qi +q2 +ybl .4 21 

2 = [ ] = Sill, 
(J -y·4 

b 
- qi +2q2 +ybl · 4+yb2 .4 -32 

3 - [ ] - sm, 
(J -y·4 

b 
qi + 3q2 + yb, . 4 + yb2 . 4 + yb3 . 4 44 

4 = [ ] = ,5s1n , 
(J -y·4 

b 
_ q , + 4q2 +ybl ·4+yb2 ·4+yb3 ·4+yb4 ·4 _59 

5 - [ ] - sm, cr-y·4 

b 
- q, +5q2 +yb, ·4 +yb2 ·4 ~yb3 ·4+yb4 ·4 + yb5 .4 -76 

6 - [ ) - sm, cr-y·4 

b - qi + 5q2 + q3 + 'Y. 4(b, + b1 + b3 + b4 + bs + b6) -125 
1 - [ cr ]- 'Y . 4 - , sm . 

1.64. Af = 2,81111n 

Af= yf2 = 78·10-6 ·1202 ·104 028sm=28mm 
2E 2·2·104 

' ' 

1 + b2 + 2 b. A1 
a2 a A 2 

1 
b A 1 , + . l.65. 

a A 2 

Statikai1yii dei'ilemesinde11 
RA + RB=yA1a+y~b (1) 

Sterzcnin dt1rkuny iiYf:gcttneginiii dci'ilemesi 
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!!,.f RA = !::. { Q (2) 

RA ga.Ytargydan stcrzcnin uzalrnasy 

!).€ R = R A a 1 + ~ . At 
" EA 1 a A2 

Ster2eniiihususy agramyndan gysgalmasy 

ya
2 

( b)
2 

b A, /).£ Q = -- 1 + - + 2- . ~ 
2E a a A 2 • 

Sollky anlatmalary (2) denlema go)fup alarys: 

b A ,,a2 l+ . l _ ...:.._I _ 

a A., 2E 
• 

l+(b)2 + 2 b. A, 
a a A2 

Bu yerden 

( 1) denlemeden R
8 

= y A
1
a +y A

2
b -RA . 

1.66. crb = -0,0187kN/sm2
, cra =-0,28kN/sm2

. 

Siitiinin ~aky kesigi Uyin statikanyn denle1nesi 

Na+ Nb= (yaAa + ybAJf ; yone Na craAa, Nb=crhAb, 
~=25x25 = 625sm2 n = 15 onda craAa+ crbAb=(yaAa+ yb~)f 

~ = 25x25 = 625sm2 n = 15 onda craAa + crb~ = (yaAa + yb~)f (1) 

Durkuny iiYtgetmanm bilelikdaki deiilemesi 

cr cr E ' d a - b ----"- ,.. - ~ a - n"" 
ea = ed ' ya- a - - _,, '-'a - '-' b . - '-' b 

E. Eb Eb 
(2) 

( I) we (2) denlemeleri bilelikde i$1ap alarys: 
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crb = (ya Aa +ybAb) = 08,5·10- 6 ·19,6+ 25· 10- 6 
· 625 ).103 

= 

nAa +Ab 15·19,6+625 

= 0,0187kN /sm2 

a;,= 15·0,0187 = 0,28kN/sm2 

1.67. crrnax =8,87kN/stn2
, !1l= 28,03 sm. 

Stanganyt1 yokarky kesigindaki dartgynlylylc 

p 
cr = --+yf 

A~ 

To}'un ergini hasaba alyp, ~tanganyii gowrli111 agramyny lcesgitleyaris: 

A~y~ +A,y, 136,6·78,5·10-6+ 19,6·18·10-6 6 2 
y= A~ +At - - 156_2 = 70,3 ·10 kN / sm 

50 
onda cr max = + 70,3 · I 0-6 

· 0,12 · 106 
= 8,87kN I sm 2 

. 
136,2 

Gukuii kanuny esasynda absolyut durlruny ii.Ytgctme 

!::.€= Pf + 1~= 50 · 0,12 ·10-6 + 70,3· 10-6 · (OJ2·10-6
)_ 

EA 2E 2·104 ·1366 2·2 ·104 -28,03sm 
~ ~ ~ ' 

1.68. a =35°20', G=0,19 kN. 
PUrsliD denagramlylygynyii $ertinden 

N - qe N - qf N - qf 
AD - 2 ' uu - 2 sin a ' A<; - 2tga · 

Berkl ik $ertinden sterzenlerin kese kesigi1un ineydanlaryny 
kcsgitleyruis: 

A AD =N AO = qf 
[cr ]; 2[cr ls ' 

A - NRI) - qe 
BD - [ cr ls - 2[ cr ls · sin a ' 

153 



onda stcrzenleriii agramlarynyiijemi 

G 
_ _ ygf 2 1 [crJs 
- G Ao + G no + G AC - [ ] tga + - . - - + 

2 cr s sin a cos a [cr]g 

Soiiky anlatmanyii a gora birinji ontin1ini no la deiilap, iii kiyi agra1nyil 
$ertini tapyarys. 

3sin2a-l =O=:>a=35°20' 
Bu bahany umumy agramynyii aruatmasyna goYllp alarys G=O, 19 kN. 

yf yf 
1.69. cry =1, (Ja = 2 . 

jl.12. 

' 

1.69-njy s11rat 

RA yf,A yf 
cry = A = 2A = 2 J~ 

• 

Statikanyii deiilemesi 

RA+RB- Q = O (J) 
Durkuny tiytgetrnaniii denlcmcsi 

!if 0 - tie Rs = 0 (2) 

Gukun kanunynyi1lanyp 

yf'.A·f. _ Ruf=:> R = yfA 
2EA EA B 2 

A$akdaky denlemelerden dartgynlylygyii epYliryny gur)rarys: 

R 
A\: bolek tiyin cr = AA -yx, 

R 
B\: bolek iiyin cr = - 0 + yx 

A 

yf 2 
1.70. !if=~ 

6E 
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d 

' 

e dx 

• 

1. 70-nji sura t 

S V 'V Q nd
2 e terzcnm agrru11y = - · - · y 

4 3 
Sterzenm a$aky tarapynda x aralykdaky 
kcse kesikdak:i dartuw gtiyji ~aky 
bolegini1l agramyna den 

Qx 3 nd 2 x3 

f3 - = 4 . 3f 2 . y 

dx uzyn.lykdaky elemente prizma 
gomli$inde seredip, elementiii 

3 

uzahliasyny alarys: !idx = _:0 _ dx 
3E 

e f.2 
\VC sterzenin doly uzahnasy tie= _1_ f xdx = Y , 

3E 
0 

6E · 

I ~u uzahna prizn1atik sterzeniil uzahnasynyii tiyden birine den. 

1.71. l = 382 in. 

JkNI-

A 
• 

I 
( • 

I 
' 

8 

J. 71-nji s11rat 

Berl<lik deiilemesinden 

e = [crj = 
3 

= 382·102 s1n 
y 78,5·10-6 

ya-da e = 382m. 
Dartgynlylygyi'i epYllry 
cr=yx 
X = 0 =:> 0'

8 
= Q 

X =t =:> crA = y i = 78,5· lo-<'·382· 102= 

=3.kN/sn12 
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II bap 

<;yzyk we tekiz dartgynlylyk yagdayy 

2.1. era =6,63kN/sm, 'ta =3,38kN/sm2, Tmax =4,42kN/sm2. 

Sterzenili kese kesigindaki normal dartgynlylyk: 

_ 4P _ 4·250 2 cro - 2 - ,, =8,84kN/ sm . 
7td 3,14. 6-

, 
Y apgyt kesikdiiki normal we galt~ma dartgynlylyklar: 
cra =cr

0
·cos2a = 8,84· cos230° =6,63kN/sm2

, 

() 0 • 2 8,84 . 6 0 2 'th = - sin a= - sin 0° = 3o3kN / sm 
~ 2 2 ' . 

Jn uly gait~ dartgynlylyk sterzenin okt1na 45° boyunc;a yap!:,>ytlanan 
kesikde bolyar. 

't = cr 0 8•
84 

= 4 42kN I 2 
u 2 2 ' sm 

2.2. cr
0
=8,15kN/sm, Pa =5, I 3kN/sn12

, Tn =2,075kN/sm1. 

Kese kesikdaki dartgynlyJyk: 

4P 4 · 350 2 cro = ,, - -
2 

=8,15kN / sm . 
nd- 3,14 · 7 ,5 

' Y apgyt kesikdaki dartgynlylyklar: 
cr =cr ·cos2a = 8 15·cos2 l 5° =8 15·0 7592=4 7 kN/sm2 

(l. 0 , ' ' ' ' 

(J " . 2 8,15 . ') 
'tn = sin a= - sin 30° = 2 075kN Ism ~ 

2 2 ' . 

Doly dartgynlylyk: 

Pa =fcr~ +'t! = J4,72 + 2,0752 = 5,13kN / sm2
. 

2.3. d=4 sm 
a =45° den bolanda, 't =6kN/sm2 den 

Jlla.'( ' 
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11nda 

d = / 4 p = 4 . 15 0 = 4sm 
Vcr

0
1t 12·3,14 · 

2.4. cr = 10,6kN/sm, 't =5,0 l kN/sm1
. 111ax ma.x 

't 5 
lga = a = - = 0 714 

7 ' ' (J (1. 

a,~35°30'. 

(J C( 

onda ()max = 2 
cos a 

--
7
---

7 
2 

=10,6kN / sin2 

cos2 35°30' 0,8 14 

\Ve 'tmax = crmax sin2a = l0,6 sin71°= 5,3 · 0,9455 = 5,0ll~ / sm2 
2 2 

2.5. a
1
=19°55', a

2 
=70°5', cr 0.

1 
= 4,42kN I sm2

, cr cx
2 

= 0,58kN I sm2
. 

. 
2 

2'ta 2·1.6 
Sill <X = = = 0,64 

(J 5 ' 
0 

<.t = 19°551 a =70°5' 
I '?- ' 

crn
1 

= cr
0

cos a 1 =5·cosl9°55'=5·0,942 =4,42kN/ sin2
, 

cru
2 

= crn cos2 a ? = 5 · cos70°5'= 5 · 0,342 = 0,58kN / s1n 2
. 

a .. 
I 

p p 

2.5-nji surat 

2.6. q
2 

4,8kN/sm'.! . 
1 

L)urkuny U}'tgctmaniii. dciilemesi s 2 = E ( cr 2 - µcr 1 ) = 0 , 

13u yerden q
2 
= cr

2 
= µcr

1 
= - 0,3· 16 =-4,8kN/sm2

• 
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2.7. P =80kN, a = 60°, f3 =30°. 
cr = cr ·cos2a cr = cr ·cos2

A = cr ·sin2a. 
(t 0 ' l3 0 ,., 0 

JemJap alya1ys: cro. + cr~ =cr
0 
=8 kN/srn2

• 

Dartyjy gtiyy 
P = cr ·A= 8·2·5 = 80 kN/s1n2. 

0 

i cr(t 6 3 600 tg a = = - = ~ a = we f3 = 300. 
"C (t 2 

2.8. d
1
=13,33 mm 

s =s = O; cr = cr - sirnmetriya ~ertinden, 
x y x y 

Onda s. =Ey =2-[cr. -µ(crz +cry)]=O, 
E 

O'x(J-µ)=cr2~0'x =µcr/( l-J.L), 

cr = - p = 1 OO = -0 028kN Ism 2 

z a2 602 ' ' 

cr = -0,4 · 0•028 = -0 0185kN I sm2 

" (1-0,4) ' . 

Bo !tiara tasir ectyan gUy9 
Q=a·f(cr)=60·100·0,0185= 111 kN. 

x 
Bir bolta dti$yan gUy9 Qb =Q/8 = 13,9 kN. 
Berklik ~ertinden boltuii kesiginiil diametri 

d == 4Qb = f4·13,9 = l,33srn. 
n[crs] ~3~14·10 

2.9. µ = 2,272. 
(J +90• a. 

2.9-njy s11rat 

Kesc kcsigindaki dartgynlylyk 

p 20 2 
cr = cr = - = - = 1 OkN Ism 

x I A 2 ' 

a= 30° bl1r9 boyuns;a yapgytlanan 
elen"lentin granla1yndaky dartgynlylyklar 
cr = cr cos2a = 7 5kN/sm2· 

a I ' ' 
CJ a 900 = cr1sin2a = 2,5kN/sm2

• 
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I cnzo1nctriil bazasynyii ugruna 9yzyl< durkunyU)ftgctmanikesgitlemek u9in 
.1~akdaky anlatn1any dtizyatis. 

1: = _l (cr - µcr • )· E = /1 = 
6

•
5 = 3 25 · 10-4 

" E (l a+90 ' a SK 20 . 1 000 ' . 

cr
0

-Eso. _ 7,5-2,1·104 ·3,25·10-4 =0
272 ( >nda µ = 2 5 ' 

cr a +90< ' 

2.10. crm,IX = 13,24kN/s1n2, crmin =4,76 kN/s1n2, a 1 = 67,5°, a 2 = -22,5°. 
I~~ dartgynlylyl<lar 

cr max = CJ a + cr p + l ~(cr ('/. - <>p )2 + 4t2 . 
min 2 2 

13u y· erden cr =13,24 kN/s1n2, CJ . =4,76 kN/sm2
. 

1t1ax nl111 

Ba~ nleydans;anyii ugiy 

2t 2·3 
tg2a = - - - = - = -1 

o -cr 12-6 
a X. 

2.11. cr =11,5l<N/s1n2
, 't =0,5.J3kN/sm 2 ,'t~, 

1
=lkN/s1n2

• a u ~m~ 

rekiz dartgynlylyk yagday u9in 
cr =cr ·cos2a + cr ·sin2a = 12·cos230°+10sin230° = 11 5 kN/sm2 

u I 2 ' ' 

cr -CJ 12-10 ;- 2 
-c = 1 2 sin 2a = ·sin 60° = 0,5, 3kN I sn1 

n 2 2 

cr, -cr., · 90° lkN / 2 
"t a(max) = - - Slll = sm . 

2 
2.12. cr

1 
=8,08 kN/stn2, cr

2 
=4,04 kN/s1n2

, p =0,808 kN/srtr. 
Belleyaris: cr

0 
- towerekley-in dartgynlylyl<, crm-meridional dartgynlylyk 

l lc1nn1e gUyc;:leri cr
0 

ugruna proyektirlap alarys: 

1l 

2 D D 
2cr 0 f S = 2 J pf- cos<pd<p => cr 0 = _P_ 

0 2 20 
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' : 

D 

d<j>: 

2.12-nji s11rat 

D ' D 1t - p 
crm ugruna proyektirlap alarys: cr m n0 8 = p 4 ~ cr m = ~4-8 

pD pD 
onda cr, =cre = 28, <:>2 =crm = 48, crJ = O. 

cr
1 
we cr

2 
Gukun bayla~dyrylan kanunyesasynda tapyarys 

1 1 
s 1 = E ( cr 1 - µcr 2 ), c: 2 = E ( cr 2 - µcr 1 ) • 

Bu aiilatmalardan: crL = E(s, +µs 2 ) = 8 08kN Ism 2 

? ' I-µ - , 

Onda 

2.13. Mcscliinill ~ertine gora crx=cry-crwe Si.iYrune iki tarapa hem 
birmenze~ bolyar 

~b = ~b = sb = ~ (cr - µcr ) = crb (1 - µ) 
x y E x y E (1) 
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cry cr·b 
MaY')'~gaklyk moduly E = - = (2) 

s ~b 

( 2) aiilat1na11y ( l) anlatma go yup alarys: 
/\b = ~b = ~b(l-~t) = 0,56 mm. 

' y 
lkinjiyagdayda cr gysyan dartgynlylyk bolanyil<;in, dille alamaty 

" ii,Ytgeyar \Ve ( 1) aiilatmany ulanyp alarys. 
Ab, = ~b(l + µ) = 1,04 mn1 (siiyrunc), 
t\b =- ~b(l + µ)=-l,041nm(gysylma). 

x 

2.14. 
p 

•zy = - tga; 
A 

-P 2 
cr, = tg a. . A 
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Ifibap 

Stiy~me we towlanma 

3.1. Dort beryin. 
Kesme $ertinden beryinlerin sany 

4P 4·180 
n ~ 2 = 

2 
-- = 2,86 ~ 3 

n:d ·['t]·m 3,14·2 ·10·2 
' Y em§erme $ertinden 

n > - p = 
180 = 3 2 ~ 4 

-d·o[cr]y 2·1·28 ' , 

n = 4 kabul edyaris. 

3.2. 'tk =9,55kN/sm2
, crY =25N/sm2

, cru=9,09kN/sm2 • 

4P 4 ·120 ,, 
'tk =--2 = 

2 
=9,55kN/s111-, 

n · n:d · m 2 · 3 14 · 2 · 2 
' 

bt1 yerde n=2-beryinlerin sany, n1=2-kesme sany 

p 120 2 
cr. = -- = = 25kN/sm 

y n·o·d 2·12·2 ' 
' 

Listiii dartgynlylygy 

p 120 2 

cr, =lb·8-2d·o) = (15-4)·1,2 =9,09kN/sm . 

Urnanyil dartgynlylygy 

p 120 2 

cru =(b---2d~)-·2·~= (15-2·2)·2·0,6 =9,09kN/sm 

3.3. P=250 kN. 

n·n:d
2 ·m[•]k 3·314·2 62 ·2·10 

Pk< - = ' ' - =318,4kN 
4 4 

P. < 8d[ a .]·n = 2· 2,6·28·3 = 436,8kN, y y 
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1' 1 < (b-d) 8 [CJ ]
5 
= (13-2,6)·2· l 6 = 364,8kN, 

1\1 < (b-n·d) 8 [ cr]s = ( 13-2·2,6)·2·] 6 = 249,6l(N. 
\.4. n=4, d= 1 sn1. 

d=2t=l s111 kabul edyaris. 
l(csma berklik $e1tinden 

> 4P 4 · 30 > 3 8 II _ '[]- 2 -, n:d ~ • 3 14 · I · 10 ' 
k ' 

' Y en~e1ma berklik $ertinden 

11 > p - 30 > 2,3 
- dt[cr]r l · 0,5 · 26 ' 

11 =4 ber9in kabul cdyaris. 
I .olagyii gow$ak kesiginde list iii Gzli Ima berkligini barlayarys, 

p 30 2 
cr . = = - = 15 < 16kN Ism 

uz (b-d)·t (5-1)·0,5 • 

J.5.d =1,6 sm, n =4 (birtarapynda), t=22s1n. Kesma weye~enna berklik 
~crtindcn ber9inleri.Il sanyny tapyarys ( d =2t kabul edyaris ). 

4P 4· 30 
n = = =38~4 
k [-r]k ·nd2 10·3,14·1,62 ' 

p = 80 = 2,4 
nycm = d·o[cr]Y 1,6·0,8·26 

n - 4 ber9ii1 kabul edyaris. 

J.6. 'tk=7,l 7kN/sm2
, cr. = l l,25N/sn12, cr =4,09kN/sm2• y s 

P = q~Da = 4 · l 50. 7•5 = 2250l<g = 22 5kN 
2 2 ' . 

Gazandan iki ber9inlemaniii adiinine den bolan ele1nc11ti kesip alyarys 
(surata seret). Dartgynlylyklary kesgitleyruis: 

r = 
4 
p = 

4 
· 
22

'
5 

= 7 1 7 kN Ism 2 

k n:d 2 314·2 2 
' ' 

' 
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cr = ! = 
2~'5 =J1 25kN /sm 2 

s· dt 2 · 1 ' ' 

cr = p = 
22

•
5 

- = 4 09kN/sm 2 

s (a-d)t (7,5-2)·1 ' · 

Kesil.ma hasap dartgynlylyk rugsat edilyiin dartgynlylyga iii go la) 1 

~onun tiyin hem rugsat edilyan bas~y galta~n1a dartgynlylygyn usti.intk 11 

kesgitleyaris. 't basy~a goni proporsional, onda rugsat edilyan bas~ 

. [ ] 7 2 
(q]= q 't k = 4· ' = 4,02atm . 

"Ck 7,17 

3.7. P=30,8 kN. 

Turbanyii berklik ~ertinden syndyrn1a gii:Yjun ulu lygyny kesgitleyaris. 

P. = [cr l · [; (n2 
- d

2 
)- db · t · n J = 40[ 

3'~ 4 
(32 

- 2,82 
)- 0,35 · 0,1 · 4] = 30,8J..f\ 

Beryinlemaniii berklik ~ertlerinden syndyrma gii:Yjilli ululygyny 
kesgitleyaris: 

p = ~~ [1:] · n = 
3
,l

4 
· 
0

•
352 

· 22 · 20 = 42 25kN. 
k 4 k 4 ' 

P ,= dt[cr] ,·n=0,35·0, 1 ·52,20=36,4kN. y y 
Kabul edyaris P =30,8 kN. 

~ 

3.8. 't =5,57kN/sm2
, cr,=10,93kN/sm2• 

y 

Galt~111a da1tgynlylyk 

't= 4P = 4·52,5 :c 557k.N/sm 2 

nd 2 
· n 3 14 · 2 2 

• 3 ' 
' 

Normal dartgynlylyk 

(J. = _ P - = -
52

•
5 

= 10,93kN I sn1 2 

Y dt · n 2 · 0,8 · 3 

3.9 . n 36 berc;in. 
Kesilma berklik ~ertinden 

4P 4· 785 
n - nd 2. [-..]k - ---2- = 35,6 ~ 36sany, • 3,14. 2 . 7 
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l~u yerde P = q nD
2 

= 10 · 0, 785 · l 04 = 785kN 
4 

Y enjilmc ~ertinden 

785 
--- = 24,5 ~ 25sany 
2·1·16 

l<abul edyaris n=36 berc;in. 

J.10. 't =7,64kN/sm\ cr. =17, 14kN/sm2. 
y 

4P 
't = 2 = 7,64k.N/sm 2

, 
nd · n 

p 2 
cr-y = = l 7,14kN Ism 

d . t min • n . 

3.1 1. 'tk =2,29kN/sm2 . 

A =~(D2 -d 2 )= 
3
•14162 -42 ) = 15 7sm 2 

p 4 4 ~ ' ' 

A = nd2 - 3,14 .42=12 56sm2 
m 4 4 ' 

't = 4P = 4·14,35 = 2 29kN /sm 2 

2 2 ' ' nd ·n1 3 14·2 ·2 
' 

111 =2 - kesme meydanynyii sany. 

3.12. d=5 sm. 
Kesilme ~ertinden 

165 
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d- p -11
-

- ~ n[ -r] · n -
' Y enjilme §ertinden 

4 
· 
200 

= 3,99sm 
314·8·2 
' 

p 200 
d = -r[ cr] = 2 . 20 = 5sm . 

Kabul edyaris d=5 sm . 

3.13. d1=18,7 sin, 't =5 kN/sm2• 

Bolty brysyan giiY.jun uJulygy 

P = a ·A =10· 3.I 4 ·l~ = 785kN 
g b 4 

' Y en~nne dartgynlylykdan 

4P 
v 0 cr =~-1 . 1t di - d- ' 

, _ 4P+nd
2

cry _ ~14. 785 + 3,14·102 .4 
Bu yerden d1 - . - - · = l 8,7sm. 

7t0y 3,14·4 
• 

Galta~ma dartgynlylyk 
p 

't= -
785 

- = 5kN I s1n 2 

314·10·5 ndt 
' 

3.14. P=44,8 kN, a =0,56 kN/s1n2. 

Oruji @yy 

P=[ cr]·A = 5,6·2·4 = 44,8kN/s1n2• 

Nusganyii kellesinde doreyiin owranma dartgynlylygy 

cr == -~ == 
44

'
8 

= 0,56kN I sn1 2 

A tlwr 2 · l 0 · 4 

3.15. h =6 sm, f =36 Sill. 
' Y enjilmii berklik ~ertindcn 
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Pcosa 20 · 0,866 > 
5 77 

~ 
6 t > [ ] ;::: _ , sm = sm 

bcr Y 6·5 

Owranma berklik ~erlinden 

e > N cos a > 20 · 0,866 = 36sm 
. - b[t] - 6 ·0,08 

3.16. a =4,33kN/sm2
, 

o; 

-r =2,5kN/sm2
, 

a 
p =5kN/sm2. 

ft 

<;yzgydan 
't =2,5kN/sm2, cr =4,33kN/sm2. 

a a 

2 2 2 2 . f4.3Y -
Pa. = ~cra. +'ta = \ 4,33 +2,5 = 

=5kN/sm2 

3.16-njy s urat 

3.17. t1S = 0,25 mm, y = 0,00125. 
Sily~mede Gukuit kanunynyulanyp alarys: 

'! l 0 
y = - = = 0 00 I 25 

G 8· 103 
' 

Absolyut sily§mc t1S = y·S = 0,00125·200 = 0,25n1m. 

3.18. y = 0,00065rad. 
Sli~me burc;t1n iiYtgemeginin ululygy 

y == cr (1 + µ)sin2a = 
12 

(1+0,25) ·sin 60° = 0,00065rad. 
E 2 · 104 

3.19. el= 9,88sm, e~ =3 ,92sn1. 
Tikiniii u1numy uzynlygy 
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p 62 
e = f! I + f! 2 = [ ] = = 13,8SlTI 

0,7t 1',. 0, 7. 0,8. 8 

Ba§ga tarapdan 

!:..L == zo - 2,27 0 3 6 
I! h 8 

_ 
2 27 

= ' 9 ' f .. 
1
=0,396f

1
, z

0 
=2,27sm - tablisadan 

I - 2 o ' 

al)raiys 
onda .e 

1 
+ 0,3961!

1 
= 13,8~f1 = 9,88s1n, 

e1 = 0,396·9,88 = 3,92s1n. 
~ 

3.20. X =7,5 SITI. 

Listc rugsat edilyan guy~ 
p:::; [cr] ·At= 14·10·1 = 140kN. 
Keb§irleme tilcinili un1U111yuzynlygy 

p 140 
.e = 2x + 10 = ( ] = = 25sm 

07·1· 't' 07·8 ' ' ' 
Bu yerden x =7 ,5 sin . 

3.21. b = 7,2 sm, cr .k=7 ,7kN/sm2
, 't .k=7, 7kN/s1n2. 

~ 11 

Zolagyii zerur bo lan inini suYni1ia berklik. ~ertinden tapyarys: 

p 100 . 
b> [ ]= ~b>7,14~7,2sm· 

tcr 1·14 

GYY'a tikinin uzynlygy 

fk = b - 1 == 
7 

'
2 

- I == 9 2sm. 
11 sin 45° 0, 707 ' 

Tikinii'l berkligini barlayarys 

10 
crtik = · 0,707 = 0,77 < JOkN I s1n2

, 
9,2·1 

10 1 

'tiik= ·0,707=0,77<8kN/sm-. 
9,2 · l 

3.22.Berklik ~erti kanagatlandyryly.rr. ~welleriil tiztil.ma berkligini barlayarys. 

168 

p 800 
crs=-= = 14,3<16kN/sm2 

. A 55,9 ' 

·riki.n.ili kesihna berkligini barlayarys. 

p ? 

Tk == ==6,45<8kN/sm-. 
1,4. 60 + 2. 20 

3.23. d = l 0,3 sm 
Walyii diainetrini towlanma berklik 9ertinden tapyarys: 

M 1 15·102 

d = 3 ( ] = 3 == J 0,3sn1. 
0,2 "C 0,2. 7 

3.24. d= 11,2 sm. 

3.25. 

N 450 
M

1 
=716-=716· =l075kgm=l0,75kNm 

n 300 ' 

Berklik §Crtinden 

d=3 10,75·10
2 

0 2 .4 
= 1 J,2sm. 

' 
Gatylyk §ertinden 

d =.i M,f ==4 10,7;· 102·2· 102 = ll,54sm. 
G · O,l ·(cp) 8 · 10 ·0,1·0,01744 

d= I 1,2 sm kabul edyaris. 

Q = l ,75Q. 
P a 

l 1 
q>P =<pa ~ = Q = ·y A l Q = y Al G I G T ' p p p p' a a " a' 

p p a a 
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2,7· 10
3 

. 78,5 = 1,75. 
8·103 26 

3.26. Eger Mt> 23,6 kN1n-rugsat edilyan dartgynlylyk bo;funya, 
Mt< 23,6 kNrn - rugsat edilyan towlanma buryy boyuni;:a. 

M d ( ) [-r]· l ·2 
't = 1 

• - < 't => M 1 = - bcrklik ~ertindcn 
I 2 d 

cpGI . 
M 1 = f - gatylyk ~ertmden 

cpGI = [-r]l · 2 => d = l l,46sm. 
f, d 

[-r] · nd 4 
· 2 3 M

1 
~ = 8 · 0,196 · d = 2,6kN1n. 

32· d 

3.27. 't = 4,66kN/s1n2
. 

_ cpnGd _ 4·3,14·8· 103 
• l 0 _ 4 66

kN I 2 
't _ - - , SIU 

180 ·£·2 180· 600 ·2 
3.28. -r = 6kN/sm2

. 

M N 
't = 1 => M = 71620- . 

W I ll ' 
p 

n:d3 n 3 N N w = = - . 2 5 . 40. - = 119 ,3- . 
P 16 16 ' n n ' 

71620 N 
i: = - - ---'n=- = 600kg Ism 2 = 6kN I sin 2 

119,3 N 
11 

3.29. i:A =5,3kN/sm2, -r8 =2,05k:N/sm2
. 

170 

• 

J ,3 ~ ( 1,3 I I • . 

I/ / "' I' .1' 
1,7 1 ,7 

, , 

3.29-njy s11rat 

MB8=1,7 kN m MAA=l ,3 kN ITI 

16MAA 
'tAA = 

d3 

2 16MBB I 2 = 5,3kN Ism , -r 88 = 1 = 2,05kN sm . 
nd· 1t A B 

i: = M t - 16Mt - _ 16_ M, = 0,637M, 
I W 7td3 3,14· 8 p 

"t, - >0.6:1? M l .. 
" - -- --
Ml 
2• 
i• 
;i4 

>:• 
2 • 
18 

•• •• 
12 

•• 
• 
• • 
z 

• .. •• .so 

3.30-njy surat 

<p 1 e = - = - ·(I'\ = 0 OS rad Ism · 
e 20 "' ' ' 

- 't - dcp G - - - tga . y = -p . 
y ' dx 

3.31. E = 2, 16· 104 kN/sm2
; G = 8, 16· 103 kN/sm2

; µ = 0,32. 
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E= 4Pf = 4 ·60 ·20 =216·104kN/sm2· 
2 2 ' ' nd ·!!:..I! 3,14 · 2,5 · 0,0113 

G = 32Mlf ·180 = 32·20 ·10 ·180 = 8,16 _103k.N /snl2· 
nd 4 ·<pn 3,14·2,54 ·0,55·3,14 ' 

= E - 1 = 2,16·104 - ·1= 032 
µ 20 2·8 16·103 , 

' 

3.32. N = 2940 a.g., -r = 3,49kN/sm2
. 

Mn M £ ·1 80 G·Ir·n·<p. 
N = i . <p = t (grad) . M = 

7, 162 ' G · I 11 • n ' 1 e . 180 ' 

8· 105 ·3142 ·25
4 

1-(_!2)

4 

' 25 G·l ·n ·cp·n 
N = p - -------=-----=~-- = 2940n 

716.2 ·£ ·180 71620-600·180·32 , 

· 12.250 
' 

N 2940 
M

1 
=716,2-=716,2· -r 8422kg·sm 

n 250 ' 

M 1 8422· 16 2 2 
-r = -- = 349kg /s111 = 3,49kN Ism 

w p 3 14 . 25 3 1 -(Q)4 

' 25 

3.33. N =12500 a.g., 't = 6,8lcN/sm2
• 

1 = 2i>G = 2· 10"·4 25·8· l 03 = 6 8kN/sm2 

·~ ' ' 

(
24)

4 

680 . 3 14 . 403 
. 1- -

' 40 'tmax • WP . n 
N = - --- ---==-----=--- = 12500a · g. 

71620 71620 . 16 

· 120 

3.34 ~ =42 sm; Qt/Qh = 1,41. 

172 

[ ] [ ] 
16M I 16M l 

1 
b = 1 11 ~ -;d!-- = nd! (1 ci'}· 

Bu yerden d
11 
=42 sm iyi bo~ walyii da~ky diametri. 

Q" = A b • e · y = nd 
2 

• 4 = _ 40 
2 

= l, 41 
Q h Ah -f,·y 4nd~ V - a2 ) 42

2 (1 0,6
2

) · 

3.35. -r~ax = 5,8kN Ism 
2

• 

Q b d 2 
Qh = 0,8Qh ~ = 1,25 = ' ( ')' 

Q d- 1-a-
h b 

d = dh \~1- a 2 ) ·1,25 = 0,968d 11 , 

nd3 

M 1 =(1] - , 
16 

11 _Mt = [-r]·n·(0,96&ih)
3 

·16 = [-i:]·(0,968)
3 

= 6(0,968)
3 

= 5,8k.N/sm2 
'tmz.x - w; rcd3(1-a-1).16 Ti-7}" 1-0,54 

• 

3.36. Bitcwi kesikde l , 7 gezek kop . 

d 2 
Q I· ! =QbU - =l~d=0,8dh ~dh = J,25d, 

l<l I d ~ (1 - (l 2 ) 

Mt Mt -r- - - --
h - w b o 2d3 ' 

Jl , 

M
1 

M 1 _ Mt 

rh = 0,2d~(l -a4 ) = o,2(1 ,25d)3 0- o,64
)- 0,2· l,7d

3
' 

-rb M 1 ·0,2 · 1,7d
3 

_
17 

k 
- -

1 
- , geze . 

-rh o,2d · M. 

3.37. 0=9,04 sm, d=7,24 sm. 
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! 

-

nD
3 

( ) WP = 1- a 4
, 

16 
I =-2:._ (l- a.4)=> Ir _ D 

p 32 w 2 

Berklik ~ertinden 

M 
WP = [t j . 
Gatylyk ~ertinden 

I = Mlf · 180 
r G<p. n , 

Ir 180e[•] D 
onda - -

WP Gcpn 2 ' 

• 

2 . 180 . f [ "C] 
bu yerden D = = 9,04sm 

Gcpn 

B~ga tarapdan 

W = M, = nD3 (1-a.4} 
p [·] 16 • 

bu yerden a =0,8. 
Onda d = aD = 0,8·9,04 ~ 7,24s1n. 

d - 31,2 
3.38. - Vu 
Berklik ~ertinden 

16 · M 1 N 

[ ]
- , M 1 = 71620 , 

n,. n 
d = 

p 

onda 
d =

3 
16·71620 · N =

3
/rl6 ·71620.SO = 31,2 

nn['t] \ 3,14 · n · 600 Vn · 

174 

d,sm 

lS,O 

l~P 

ll,0 

•~ .o 

11.0 

10,0 

, ,0 

so 
· .o 

6.0 

s.o 
~.o 

3,11 

?.O 

1.0 

o 10 m 30 Mi so oo 'D so oo loo 110 l!o J..38 1.io l so 1$) n,avl.ln1in. 
• 

3.38-nji surat 

3.39. <p = 0,016rad, t=0,318 sm. 
Yuka diwarly stet"Zcnlerdc galta~rna dartgynlylyk, diwaryil galyiilygyndaky 
orta bahasyna deft diyip kabul edyaris: 

M 1d or1 
t = 

2lp 

d 2 nd 3 

I = JP2 dA = nd . t . ore = ort • t 
p orl 4 4 , 

A 

2M 1 [] 
onda t = ' < t 

nd ~rl . t 
2M

1 
2 · 625 l 

0318 bu y' erden t = d2 [ ] - 2 = - = ' sm 
7t ,.. n·125 ·8 n 

ort • ' 

Towlanma bur9uny adaty fo1muladan tap)'arys: 

M le _ 4M 1P = 4 · 625 · 100 = O,OJ 6rad. 
q>= GIP Grcd~,1 ·t 8103 ·3,14·12,53 ·0,318 

3.40. d
0

r1 = 16,2sm. 
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21 d2 

W = -...!:.. = 7t ort t 
p d 2 ' 

ort 

p = qA = 2· 1o-4· 12000 = 2,4kN; 
M = p·f = 2,4· 180 = 432l(N·sm, 
onda berklik $ertinden, 

d = 2M1 = - 2·432 - =16,2s1n. 
ort n·t[r] 3,14·0,3·3,5 

Bu dian-ietr gatylyk $ertinden, 

d1 = 3 ~l80·M 1 e =
3 

4·1_80 ·432·225_ = 5,38m 
Ort .y- 7t2 Gt[cp] 3,142; ·8·103 · 0,3·6 ' 

d = 16,2 sm kabul edy' aris. 
Ort 

3.41. n = 404ayl/min. 
Gatylyk $ertinden walyi1 aylaw tizligini tapyarys: 

71620·N·4-180·£ 71620·50·4·180·370 , . 
n = - = = 404ayl/m1n 

Gtn2d3 [(n] 8·103 ·03-3142 ·103 ·1 
Ort 't' ' ' 

3.42. 't = 7,95kN/s1n2
. • 

M · ~ 1 "' _ a_ .- I • . __.;2::,..:a:,__ _ _..,~ 

- ~· -

3.42-nji surat 

176 

B 

Statiki tarapyndan 
LM = M + M - M = 0 ( l) x A H C' 
Geo01etriki tarapyndan esasytdgam ii9in 

cpM» + <pM :::: 0, (2) 

_ Ms__-l~_ Ma _ 0. 
cpMB - GI GI - ' 

p p 

M 
M 0 = - = 4kN · m = 400kN · sm. 

3 
Kcsmek usulynyt1lanyp alatys: 
M~.0 = M

0 
=400kN ·sm, MA<,:= - M + M 8 = 1200-400=-800kN·sm; 

IM 800 2 
'trnax = = 

3 
= 7,95kN /sm 

WP 0,2 . 8 

3.43. 't = 2,5kN/sn12, 't = l ,15kN/srn2
, M = 0,718kNm, 

p m p 

M
01 

= 0,282kN1n, <p = l ,353°. 

Statikanyii deiilemesi: M +M =M p Ill 
(I) 

Durkuny ii}'tgetmanili deiilen1esi: El =9 
1)1 p 

(2) 
Gukun kant1ny esasynda: 

Mm = _M_P => M - G ill~ . M 
G I"' G IP p G Im m 

mp pp mp 

(3) 

M 
(3) we ( l ) aiilatmalardan Mm = G 

1 
r = 0,282kN · m onda 

I + P P 

Gm I; 

M = M - M = 0 718kNm 
P m ' 

177 

7,5 
a,,= -- . 

d ' p 
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dm - 7,5 
a m= . 

d lll ' 

M ., M 11 ., 

t = 111 = I 15kN I stn ~ tP = = 2,5l<N Ism-
m w 111 ' w11 ' ' p p 

<p = Mfe - 7 I,8 · 300=00236rad=00236·1 80 =1353° 
GPIP 8103 ·114 ' ' 3,14 , 

3.44. 't' = 3,071~/s1n2, t, = 3,07kN/sn12
• <p = 0,33°. 

Statikanyn adaty de11.lemesinden 
MA+ MB= M. (1) ..... 
Dw·kuny ii)'tgetmaniii deitlemesinden 
<pB = <pM + <pMB = Q, 
I =O l '"l64 =6553s1n4 

pl ' ' 

I =0 1·164 1-(
12

'
8

)
4 

=3866sn1
4

. 
pi ' 16 

M = 40kNJD 

• -"' 

. .\ 

3.44-nji surat 

178 

B 

B 

<p A = M . 120 - NIB . 120 - MB . 120 = 0 . 
Glp1 GIP1 GIP2 ' 

MR= 13,84kNm, MA =25,16kNm; 

MA d i 2516 ') 
t . = · - = · 8 = 3 07kN Ism-; 

~ l 2 6553 , 
pl 

MR di 1484 ') 
t = -- · - = · 8 = 3 07kN Ism - · 

s I 2 3866 ' ' 
p2 

MA ·120 2516·120 
<p,. = GI -- = 0 0058rad = 0 33° 

y 8 · 103 · 6553 ' ' 
pl 

3.45. t = M 1 (i + 3p)p 
l,7nr4 r · 

Y P = Y ~ - bu yerde, y P-p da$lykdaky 

siiy:;;me bur9y, 
y- da$kY gatlakdaky siiy$n1e bur9y, 

( 
3p yp) onda 't = G y = G 1 + - · -' P rP r r . 

3.45-nji surat Statikanyii denlcmcsinden 

r r r 

M, = f'trp·dA = Jtr ·p(2npdp)=2n Jtrp
2
dp, 

A 0 0 

tP - 11y6 bahasyny goyup we integrirlap alarys: 

Mt = 2nyG 
1

r{1+ 3p)p3dp=J,7nA.Gr-1' 
r i~ r r 

Gy _ M 1 

ya-da r 1,7nr4 ' 
onda t= Mt (i+ 3p)p 

l,7rrr4 r 

179 
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nD 3 

3.46. A = . 
32a 

N = Eal\tA, N80 NA<". 
M N ·a + N ·a=N·2a 

BD A~ ' 

M 2a · Eat:\tA · 16 
1 = - · -r = cr = Eat:\t 

WP nD
3 

' ' 

nD 3 

onda A= . 
32a 

3.47. M
1 
= 2,45 kNm. 

cr1 = -cr2 = -r, 

s=_!_(cr1 - µcr2 )=2- (1 + µ) 
E E 

E =2G(l + µ), 

onda 
't 

s = => -r = 2Ge 2G . 

16M t = 2G 
3 s , 

rrd 

M = Gend
3 

_ 8·103 ·6,5·10-4 · 3,14 · 5
3 

= 2 55kNm 
. t 8 8 ' 

1 
= E · s = 2 · l 0

4 
• 6,5 · 10-4 = l Ol<N Ism 2 

1 + ~l 1+0,3 

3.48. 't = 2,93kN/sm2
, n = 7 saryin. 

n1ax 

PruZuliil ill ul y dart gynlylygy 

1 =R_ + M. = SpD
3 

(1+ d )=2,93kN/s1n2 

max A WP nd 20 · 

PruZiniii 9okn1esi 

180 

'A= 8pD
3
n 

Gd4 
' 

'AGd4 

Buy' erden n = 1 = 6,46 ~ 7sary1n. 
8pD 

3.49. P=0,0489 kN, 'A =25,46sm, a = 23· 1 o-4kN/sm2 
• 

Pruiiniil berklilk ~ertinden 

P = - n:d
3 
(i:] = 0 0489kN 

sn(1 + 2~) ' 

Pruzinin su)ln1nesi 

A= SpD
3

n = 25 46sm 
Gd 4 

' 

Durkuny i.i)ftgemaniii iii uly udel potensial energiyasy 

3.50. d=3,5 l sn1, n=5 sarym. 
Berkligm deiilemesini Yaz}'arys: 

_4_P l 2(D0 +d) <[] 
1 + - 't 

nd- d · 

Bu deruemani ozgerdip, ~akdaky aruatmany alarys. 

d2 = 8pDo + 3p 
n[ t ]d n[-r] 

San bahaJaryny goyup alarys: 

d2 = 40,64 +0764. 
d ' 

Bu denlemani se9n1ek yoly bilen 9ozmek an1atly bolyar . 
Eger: d=4 sn1 16> 10,92 

d=3,6 sm 12,96>12,05 

181 



d=3,5 Slll 

d=3,5l sin 
d=3,5J SITI 

Sarymyrl sany 

12,25<12,37 
12,32"' 12,34 
kabul edyaris. 

n = A.Gd 4 = 2 . 8 · l 03 . 3,51 ~ = 4 92 ;:::: 5sa m 
8PD~ 8·6·21,75 2 

' ry 

3.51. RA= 0,6lcN, R = I kN, t =6,45kN/s1n2 , A. = 3,265sn1. -~ fil~ c 
Statikanyrl deiile1ncsi: 
RA+ RB- P = 0 (1). 
Durkuny iiYfgetn1iinit1 deiilen1esi 
A.,= A.2 (2) 

n 
Bu yerden RA = - Ru. 

m 

Onda RA= 0,6kN, R
8 

= I k:N. 
Pruzindfil<i iii uly dartgynlylyk 

'tmax = 8R 0 Dl( = 8·l·24·1,12 = 6 451(N Ism i. 
nd 3 3 1 4 · 2 2 3 

' 
' ' 

4 D +2 

Buyerde k= ~ - =1,12 , 
4 -3 

d 

<; nokadyii omuny ii)'tgetmesi 

A.= 8RAD
3
m _ 8 · 0,6·24

3
·10 = 3 265stn 

GD4 8·103 ·2 24 ' 
' 

3.52. 't = 2,38l(N/sm2, A. =6,5sm, U=9, 7 joul. 
max 

In uly galta:;;ma dartgynlylyk 

-r = 2PR (i + r ) = 2 · 0,3 · 12 (i + 1 ) = 2 38kN 1sin2 
max m 3 2R 314·13 2 ·12 ' . 

' 
182 

Pruiiniii uzalrnasy 

4PR 3 4·03·123 ·25 
A. = ~ - ' 

3 4 
- = 6,5s1n. 

Gr 8 · I 0 · 1 
Potensial energiyany a~akdakyformula boyunc;a kesgitleyaris. 

nR 3nP 2 3,14 · (12·10-2 J · 25 · 3002 
· 2 . u = - - = - 4 = 9,7J01ll. 

GIP 80·109 ·3,14(1·10-2
) 

3.53. t 1 = 5,8kN/srn2, t A= I l ,6kN/sn12, A.= 6sm. ma" 11la.X.! 

Birinji pruzini () ululyga c;:cnli gysyan gi.i:Yji tapyarys. 

8Gd 4 

P 0 = 
3 

1 = 0,534kN < P = 1,2kN. 
801 n 1 

~onuii ilc;:in hem P= I ,2 kN !:,Tfiyjiln tasirinden iki pruzin yiiklencn; ~onuii 
)'aly-da 

A. , = 0 + '"2. 
Plita ilc;:it1 deiiagra1nlylygyi1 denlemesi 
P +P =P= I 2 (I) · 

I 2 ' ' 

8P1 D~n 1 __ s:+ 8P2 D 2n 2 
Gd4 u Gd4 (2); 

J 2 

( 1) we (2) anlat1nalary bilelikde i~lap alarys P,=0,8 kN, 
Pn1zinlcrdaki galta~ma dartgynlylyklar 

= 8P1D 1k 1 = 8·0,8·20·1,14 = 5 Sk.N/ sm 2 
't max 3 3 ' nd · 3 14 · 2 · 

I ' 

4. 20 + 2 
2 k , = - 20 - = 1,14 = k 2. 

4. - 3 ' 
2 

-r = 8P2D 2k 2 = 8 ·0,4·10·1,14 =I l 6kN / sm 2 

ornx 2 7td ~ 3' 14 . J 3 ' 

183 



Plitanyn on1unyu:Ytgetmesi birinji pniZiniii 9olunesine den 

'A = 8P1D:n 1 = 8 · 0,8 · 20
3 

• 15 ;::;::: 6sin 
I Gd4 8·103 ·24 

I 

3.54. d
1
=1,02 sm, d

2
=0,907 s111, d3=0.944 sn1. 

Mesele iki gezck statiki lcesgitlenn1eyan statilcanyii def1le111esi 
L:MA =Q,a + Q

2
2a + Q33a = P·3a, 

Q, + 2Q
2 

+ 3Q
3 

= 3P = 12kN. (1) 
Omuny ii)'tgctnliinm derucmesi, 9yzgydan 

'Ai : "-2 : A.3 = 1 : 2 : 3 

, 8Q1D;11. 8Q 2D;n . 8Q1 D;n _ 1, 2 . 3 ya-da 4 • 4 • - • • · Gd 1 Gd2 Gd .1 

2701 6402 125Q3 
Bu yerden d4 - 2d4 - 3d~- ' (2) 

l 2 3 

Pruzinleriii denberklik ~ertinden 

301 402 5Q3 
Bu yerden · d3 = - d3- = dJ (3) 

I 2 1t 3 

(1), (2), (3) aiilatmalary C?lap alarys 
Q,= l ,9Q2=2, l Q3, 
Q

1
=3,45kN. 

d 
/&Q 1D 1 ~'8 ·3 ,45·6 

Onda , = 3 /-~ [ ]- = 3 - = 1.02sm 
~ 1t't 3,14·50 ' 

8 25 
d

2 
= - d

1 
= 0,907sn1 d3 = - d1 = 0,944s1n 9 , 27 . 

3.55. d=3 mm, /.,,= 17 1nm. 
PruZiniD strninin diametri 

184 

~PD I 8 . 0,15 . 2 
d1 =~ n[t] =~-3,14 . 40 = 0,267s111:::::31n1n. 

PruZi.rli gys1nasynyii ululygy 

8PD1n 1 8 . 0 15 . 2· . 6 
A = = - 2.._ = 1 7sm 

Gd4 4,2·103 ·0,34 
' 
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IV hap 

Tekiz kesiklerin geometriki hasiyetleri 

4.1. IY =32000sm4, Iyz =14400sn1 4
• 

I I I 

Parallel oklara gora inersiy-a morrentlcri6 fo1mulasyny peydalan)larys. 

I =I +(-h)2. A= bh3 + bh3 - bh 3 - 12. 203 = 32000sm4 
Yi y 2 12 4 3 3 • 

I - A(~)( b) - b2h2 - 202·122 = 14400sm4 
y,z, - 2 2 - 4 4 

4.2. l y, = 4860sm 4 . 

MBC=~DEF 

onda J = bh 3 + ( -h )2 . A = bh 3 - 20 . 9 3 = 4860sm 4 
Yi )2 2 3 3 

z 
bz = b-, 

h 

R 

4.2-nji surat 

z 
dA = b ·dz = b- dz 

• h ' 

h h bh3 
I = fz 2 dA = f z 2 b · ~dz = . Onda Y1 h 4 ' 

0 0 

186 

E 

4.4. 

1l 

b 

y '.1 '· • 

b 

1 = bh
3 

-(2h)
2 

·(b) ·h = bh
3 

y 4 3 2 36 . 

bh3 

l - -­
AC - 12 

• • l 

AO 1 kcsim AB<; ti9bur9lugyii 
1nedianasy. z1 ol<AB01 G9bur9lugyii 
sinunetriyaoky bolanyiis;in, 

lcz,y,>, =O, $onunyaly-da I<z,y,Ji =O, 

onda 1, Y = I<z Y ) + l<, Y > = 0 . 
•I I I I 1 I I 2 

Parallel oklaryn baglany~ygyndan 

4.4-nji surat l =1 +A(-h)
2

(- b)= o z,y, zy 6 6 

' hb bh bh - b2h2 

Bu yerden lzy =-A 
36 

= - 2 · 
36 

= 
72 

, 

) AC.: = Iz +A(h2)2 = bh3 +-b_h ._h_2 = bh3 
36 2 9 12 

b 

D I 

h 

4. 5-nji surat 

13bh3 

4.5. l y = 108· 

4 
Adaty usul bilen z~ = - h, 

9 

h 
a =-

2 18 . 

bh
3 

bh ( -hJ
2 

bh
3 

( h )
2 

- 13bl1
3 

Onda I Y = 2 72 + 2 9 + 12 + bh 18 - 108 · 
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4 """f4 
I = 0 5 · nr - ' "_ ::::: 0,39r4 
zl' ' 4 8 • 

4.6. 1 = 3 l 67sin4• 
y 

IY = 1~1111 - 1~ = 3167sm4
• 

ab 3 nb4 

4.9. Iy = + , 
12 64 

4.7. Meydan 38,6% kopelyar, inersiyamomenti4,3% azalyar. 

J~ = 46150sm
4

, 1~0 = 44187,5sm
4

, A 0 = 406sm2 , A 00 =563sm2 . 
I ab( 2 2b 2 ) rrb

4 
(b2 4 2 ) ,.= a + + + a . 

12 64 

4.10. IY, = 458sm4
• 

z = 5 · 4 · 7 ,5 + 5 · 8 · 2,5 = 4 16sm 
I' 5 ·4+8 ·5 ' ' 

I = 
4

. 
53 

+ 20 · 3 34 2 + 8 . 
53 

+ 40(1 66)2 

Y, 12 ' 12 ' . 

Bu yerden IY. = 458s1n4
• 

A00 563 
- = = 1,386 ~ 38,6%kopeJYar 

A0 406 

100 
y 44187 ,5 - 0 9 0 ' 

- - - ' 57 ~ 4,3 Yo azalya1· 
1° 46150 . 

y 

4r 
4 8 z - . 

• • ~ - 37t' I = ~(1- 64 
) ~ 0 l lr4 

· I = I = _!.I = nr
4 

y 8 97t 2 ' ' "' Yt 2 8 

40 
A = 0 5nr2 , , 

by= 2rsin<p, y
1 

= rcoscp, dy
1 
= - rsin<pd<p. 

It 

Onda 
0 sin 3 <p 2 2 

Sv = - 2r3 Jsin cpcos dcp = 2r3 I 0 = r3 

· ' It 3 3 , 
1S 

y 

2 

2 3 
r 4r 

z = - 3 - - · 
9 0 5nr2 , 3n 

Parallel oklara gora inersiya momentlerm tormulasyny peydalanyp alarys: 

TY = ly, - A. z~ = rr;4 nr" . 16r2 = rrr4 (1 - 6~ ) ::::: 0,1 lr-+. 
4 9rr2 9 9rr -

25 
1~""4. 16 

4.10-njy surat 

7b 4 
4 

I min = ; l z y = -0,022b . 
192 ' • 

4.11. 
5b4 

T = . 
max 64 ' 

rrr4 
Bu yerde Ty, = 

8 
- yarym toweregii'i oka gora inersiya momenti 

Beyleki ha~ oka gora inersiya momenti, 
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Iz Y 
tg2a = - 'I 

I - T 
z~ >'.; 

= +oo => a = +45° 
' 

I - IL' + I Y, 1 ~( y ') 
max(min) -

2 
± 

2 
J z . - Iy ~ 4I-

~ ~ ' ·i;Y.:; ' 

Bt1 yerden I =O 077b4 I _ =O 03764 

rnax ' ' nt1n ' · 

I = Imax - lmin sin 2A - 0,077b
4 

-0,037b
4 

. ( ) 4 
z,y, 

2 
I-' - Sin - 90° = -0 02b 2 ' . 

• 

I 
I , t . 

' 

• 

l ., -l ,. 

4.12-nji surat 

- - .._11 

4.12. z = -0 94sm 
~ ' ' 

Y~ = -1,77srn, a = -6°30'. 
1 _ = l398sm4 I . = 154sin4 

1nax. ' nl1n ' 

Hasap U-;in zer11r bcrlcnlc11 
go~ma-;anyn tablisasyndan 
go9iirip alyarys. 
Sweller ii9in: A,=20,7 srn '. 

' 

IL = l 090 sn14 
, l Y =86 sm4 

z
0 
=1,94 sm, h =18 sn1. 

Bur9luk U9in: Ah=8,54 sm2, lz =70 6 srn4 I =21 2 81114 ] =79 J sm4 
·1 ' ' Y2 ' ' ''1 ' , 

I =12 2 s1n4 

U1 ' ' 

tgp = 0,384, z~ = l,28sm, y0=2,95 sm. 

190 

SwelleriJ.1 merkezi okuna gora kesigiJ.1 agyrlyk n1erkezini kesgitleyaris: 

A $ . 0 + Ah . Z1 
z = =-0 94sm . 

9 A~+ Ab ' , 

As· O+ A 0 • y1 y"= ' =-l,77sm 
A~ +A11 

B~ incrsiya okw1 yagdayYily kesgit]eyaris: 

Jz. = l ,,
1 
+A~· Y~ + 12 2 +Ab· Y~, = 1382sm

4
, 

I = I +A ·z2 +I +A ·z2 =170sm
4 

) < Y1 $ Y Y2 b YI ' 

. 212 Y 
tg2a = • ' = -0,23 1 :::::> a = -6°30' 

Iy - 1,, 
' . 

Ba$ inersiya mo1nentlerini kesgitleyaris. 

= 776 +622, 

Barlagy: lmax+lmin= l 2 + I).; 1382+170=1398+154 ' . 
1552=1552 

lz.,+ l y
9 

• 

l u v = ·s1n2P+ lz Y ·cos2a= ' 2 y ~ 

1382-170 . = 
2 

· sin(-13°)+ 140 · cos(-13°) = o. 

' Yokardaky hasaplar dogry yerine yetirile11. 

191 
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1 _ £ ·( _ sin4<p) 
4.13. y - 32 <p 4 . 

y 4 128 

Onda 

4.13-nji surat 

b = dcoscp, h = dsincp. 

T = d
4 
sin3 <.pcos<p + d4

(2cp- sin2<p) = 

y 16 64 

= d
4 

[<p- (0,5sin2cp- 2sin3 cpcoscp)]= 
32 

= d
4 

[<p-.!. (sin2cp- 4cos<psin3 <p )l = 
32 2 J 

= ~: [ <p- ~ (sin2<p- 2 · 2sincpcos2 cpsin2 cp)] 

= d_
4 ((p-sin4<p} 

32 4 

4.14. wy = b (d 2 
- b2

} b = d r-= o,577d; h = ctJJ2 = o,& 16d. 
6 "3 3 

bh 2 b{d2 -b 2
) w = . d2 - h 2 + b2 ......... h2 - d2 b2 w = ~~ --~ 

y 6 ' - _.,, - - ' y 6 ' 

W' = y 
b(ct2 - b2 ) I _ d2 - 3b2 

6 6 ' 

b 
d d.fi. 

bu yerden = c:
3 

, onda h = r; . 
, i ·v 3 

192 

4.15. a =25°, I =l,73sm4
, 1 . =0,43s1114

• 111a.x min 

Merkezi inersiya mo1nentlerini integ1irlap tapyarys. 

2 
<;yzgydan by = 

3 
(3a - y) , 

2 
dA = 

3 
(3a - y )dy , 

3a 2 
12 = Jy2 ·- (3a-y)dy = 4,5a4 

3 ' 0 

1 = l -A·(3~)
2 

= 45a4 _ 3a·2a(3a)
2 

_ 3a
4 

z~ z 3 ' 2 3 2 ' 

1 = I . -A·(2a)
2 

= 3a·(2a)
3 

_3a ·2a(2a)
2 

_ 2a
4 

y. } 3 12 2 3 3 ' 

1 = I -A·(3a)(2a ) =(3a)
2

·(2a)
2 

_3a·2a . 2a 2 = -~. 
z<y< 

7
·Y 3 3 24 2 3 2 

Ba~ okun ugruny kesgitleyaris: 

a4 
2 -

21 2 
tga = '-• Y< - 2 3 2 = l, . 

. rz. - I Ye a 4 - a 4 

2 3 

Bu yerden a= 25°. 
Ba~ inersiya inomentleri: 

Bu y'erdenl = l ,73sm4,l . =0,43s1n4
• 

111ax m1n 
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' 

y 

4.16-njy surat 

.. 

~--r.k U::::::J!U 
L b 

• I 

4.17-nji surat 

I = 2 x 

• 

h 
• s1na 

I bh 
3 ( 2 2) . 4.16. zy = h - b sin a cos a, 

12 

I = bh3 I = b3h 
z, ] 2 ' Y1 12 ' J z,y, = 0. 

a= 90°-<p 

I -I 
I z, YI • 
zy= 

2 
s1n2a+Iz,y

1
cos2a= 

b3h bh3 

- 1'2 12 sin2a = 
2 

= hb (h2 -b2 ~inacosa. 
12 

4.17. Ix = hb3 ·sin2 a 
. 48 . 

BM - mediana 

. K<; 
sin a= b , 

2 

)~ h 
I BL = -­

sina' 

Kr = b sin a 
y 2 ' 

hb 3 

I= -
x t 2 ' 

( 2
b sina)

3 

_ 
2hb3 sin 2 a hb 3 sin 2 a 
---- - ----

12 8 · 2 48 

194 

4.18. 

b . h 
cos a = , s1na = - ,.==.-=-= 

'1b2 + h ~ Jb2 + h 2 
' 

I 2 . 2 
n = 12 cos a+ l y sin a= 

bh3 
2 b3h . 

- - cos a + sin 2 a = 
12 12 

b3h3 
4.18-nji s11rat 

-
6(h 2 +b2 ). 

a W mux = 64.f2 a 3 . \V ;,11"~ 256 
~-19• u = 9fi; /, 729 ' w -

£ 243 

$trihlenen meydanyn gar~ylyk n101nenti: 

W = 2u(2y)2 + ~yfi.)4_ 
z 6 l2y . 

a 
<;yzgydan u = ~2 - y; 

.y 

ozgertn1eden son: 
f 

W 2-v2 2 3 
z = 

3 
ay -y· , 

I 4-Ji 2 W = - ay-3y = 0 z 3 . 

, 4J2 · a Bu yerden: y = _
9 

__ . 

2 

w max = 2J2 a 
z 3 

4-fi 
a 

9 

4-fi 
- a 
9 

3 
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64J2 3 
= - a 

729 ' 
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a3 
wz = 6/i' 

wmax 64/2a3 6/2 256 
Onda: ~ - 729a 3 - 243 

' 

4.20. : = J3, ~ = J2 . 

Rombuiidortdenbirbolegiuyin- 11 = bb
3

, 
z 12 

bh 3 

Onda· I = · 
. z 3 ' 

w =~= bh2 
z h 3 . 

<;yzgydan h2 = a2 - b2 

_ b(a2 -b2
) 

W'.1.- we . 3 
dWz =0 
db ' 

( 2 2) l 2 i.2 
W' = b a -b =a -3v = 0 ~a= bJ3 

z 3 3 

Onda: h = bJ2 - gar~ylyk mornenti in uly. 

-Ja2-b2·h3 
<;yzgydan: b = -Ja 2 -h2 , lz = 

3 

2h 
a= J3' b 2 = a i - hi = 4h ~ - h 2 = h 2 ' 

3 3 

~ = J3 - inersiYa. n1omenti in uly 
b 

196 

dlz =0 
we db . 

Vbap 

Tekiz egilme 

5.1. a) Q=20 kN; M=40lcN·1n; b) Q=O; M=40kN·m; <;) Q=40 kN; 
M=40k.N·rn; d) Q=40 kN; M=20kN·m; g) Q=40; M=20kN·m; 
a) Q=20 kN; M=20kN·m. 

d) Kesmek. usulyny peydalanyp, balkany1'i i9ki guys;leriniii aiilat1nalaryi1y 
yazyarys, hasiyetli kesiklerde ba11asyny kesgitleyiiris we olaryn epyurla.ryny 

' gu1yarys. q.t2 
M =­

o 4 

~~.,...,...,..,....""'i-~ q-r"T".,..,....r-r-r'-r-

~ ' ' ' ·~ ' ' ~ ............................... ___ .._ 
). l ..._ __ 

40 .... 

I 

20 - -

Q(kN) 

l\-1 (kNm) 

10 ,, 

t12 

5.1-nji surat 
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i 

1-1 kesik ii9in 

Eger x1 =0~Q8 =0, M8 =M0 =20kNm, 

Eger x 1 = I' ~ QA = 40 kN, MA = -40 kN m . 
Egme momentiiianlatmasyndan onun paraboJanyii <;yzygy bo)lun9a 

iiy-tgeyandigiru anyklap, egme mon1entiii aralyk bahasyny hasaplayarys. 

e qf 2 
X1=2,Mi =M0 - =IOkNn1 

2 8 
, 

Yokardaky hasaplananlar boyun9a Q we M epyttrlaryny gurya1ys. 
5.2. a) Q=30 k:N; M=45 kN·m; b) Q=30 kN; M=22,5 kN·m; 

9) Q=20 kN; M=60 kN·m; d) Q=40 kN; M=60 k:N·m. 

a)"" M = R f -P · f. = O· R = ! = 30 kN L,. A B 2 ' B 2 

. p p 
Barlagy. ""y = R + R -P = O· - +- - P = O· O=O. 

L,. A B ' 2 2 ' 
Gaytargylar do gry tapylan. Balka iki bo Jekden ybaradat, I bO lck i.i<;in 

f O<x1 ::;-

2 

Q, =RA =30kN, M1 =RA ·x 1; x1=0;MA=O 

e 
II boleki.i9in 0 < X2 < -

2 

198 

Pf 
Mc· =- = 45 k:N · m 

4 

I bolek 

30 

II bolek 
p 

2 

i 
Q (kN) 

30 

30 - 30 

J.\il (kNm) 

45 

5.2-nji surat 
5.3. f) Balka11yii diregindakiga}'targylary kesgitlap alarys: 

5 l 
RA= -qa, R 8 = -qa. 

3 3 
M -iii deiilemesi kwadrat parabola, $Onuii il9in l1em parabolanyii ii9ilnji 
no

1
kadyny tapyarys. Bu nokadyii abssissasyny tapmak il9in M 1-in 

aiilatmasynyii maksimumyny barla}'arys. 

dMI - - -0 ' - RA-~ d -Q1-RA-qX1- buyerdenXmax- -
3

a, 
x, q 
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x max bahasyny Mt goyup alarys. 

max 3 3 2 18 

Egme moment iii epjlt1rynyii bu ordinatasyna kcse giiyjUn ep:YtJrynyn 
no 1 nokady gabat gelyar. 
JI bolek ils;in 

1 
O<x <a Q =-R =--qa M R 

- 2 - ' 2 H 3 ' 2 = B . X 2' 

Eger Xi =O, M
8 
=O, 

qa2 
Eger x

2 
=a, Mc;:=~ a= 

3 
, 

""" 

Q we M epyurlary suratda gorkezile11. 

R 
K { M..-' .... 

I 
• 

la 

Q(q•) 

s -s 

s 
x_ ·-• J 

M(qa•) 

JS ,. __ _ 
II 

5.3-n}i surat 
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.t. 
y 

.t'.i R 

I -J 

Ep:Yurlardan gorUnyar Q we M absol)lut n1aksimal bahalary: 

- ~ M =~ a 2 
Qmax - 3 ga, max 18 q 

qf. 4 4 2 
5.4. a)P = 2 ; b) P = 3qa; s;) P = 

9 
qa; d) P = 3qa. 

Meselaniii §ertine gora Mc;: = P · 3a - q · 2a · 2a = 0 . 

4 
Bu yerden P = 3 qa we Q, M ep)luryny guryarys. 

1 X1 2 
/ q 

~ 
" • B c ' • \ 

A 

p x, 
1 2 

' 
2a a 

~ 

~ Q(qa) 
~ ... ~ 

,.. ,.. 
,.. ~lb. 

TI 

~~ ""' - ,_, 
2/3 ~ ..... 

2/J 

4/3 

~· (qal) 

~- ~ ~ 

~ + lo" 
~ 

... ~ ... 

... - ' ~2/3 

819 

5.4-n.ii surat 
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4 
Eger x 1 = 0 ::::> QA = P = - qa, M =O 

3 A 

2 2 ., 
x, = 2a ::::> Q8 = qa, M =-qa-

3 B 3 

M
1 
maksiinun1yny tapy.arys. 

dM1 4 
dx I = p - qX I = Q ::::> X max = 3 a 

2qa 
II bolek: Q 2 = P-2qa = -

3 
, M 2 ;:::: P(2a + x 2 )-2qa(a + x 2 ) 

' Y okardaky hasaplar boyuns:a Q we M epyurlaryny guryarys. 
S.S. e) Balkanyn yuklenili~i kososimmetriyaly, :;;onun iis;in Af;, boleginin 
hasabyna seredyaris, Bf;, boleginin hasabynyii moment us:in alamaty tersinc 
bol)'ar. 
Berlcn giiyji b-suratdaky yaly ozgerdip hasaby yeniUe~diryaris. 

2x 
qx = qf 

e 
I bo lek: O < x 1 < 

2 

202 

R II w. 

• 
" . ~ 

., "" tTrt-rrth-r+..--.~ • ~ 

~ 
., 00-tmt-OOJ+J:tJ 

\ 

l ~. ~ 

_11.t 

l'l.lttt 

5.5-nji surat 

qe qxi x~ 
M , = 6 · X 1 + 3i-q -2-

qf 
Eger X 1 = O::::> QA =6, MA=O 

e qe qR e l 
XI = 2 ::::> Q <; = 6 + 4-- q 2 = -12 qf 

M - qf f q.€3 q/!2 
\: - 6 . 2 + 24f - 8 = 0 

Kese gilyjilil epyury, epyuryii bazasyny 
kesip ges;yar, ~onun us;in hen1 epyuryii 
s:yzgysynyi1 kesyan yerullii abssissasyny 
kesgitleyfuis, bu l(esikde egme mon1entiii 
ekstre1nal bahasy bolyar. Egme 1nomentm 
1naksimumyny barlayarys: 

dM 1 = Q
1 
= qf + qx~ - qx, = 0 . 

dx, 6 e 
Bu yerden x

1 
= 0,21 l f, ~u abssissada Q1=0 egme moment bolsa, 

M max = - 0,016 qf 2 

q e 
5.6. Q mnx ;:::: ; ; 

1-1 lcesik tis;in 

Q = qoe -xJ4qo(ex -x2\-'x= qoe - 4q(l 
" 3 .e.2 fl 3 f.2 

0 
2 3 

- - -
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' • I •• / .. 
., ' I 

I 
111• Q• ~, ., 

lfJ 

" 

5. 6-njy surat 

X=f~QB =-qof. 
3 

... 
' 

8 

l:J 

0 Q 
qoe 

Eger x = ~ A = 
3 

, 

fl. Q 11 /) 
X=-~ ,=-q { 

4 ..:. 48 ° ' 
4 

f, 
X=2~Q\: = 0 

3f I l 
x =-~ Q 3t =--qoe, 

4 4 48 

Qlt epYl1ry b suratda gorkezilen. 
Mx anlatmasyny yazmak il9in balkany 9ep diregden x, aralykda kesyaris 
we 1-1 kesik ii9in egmc momcntiii dcnlemcsini dtizyaris. 

c x, 4 e 
M = q0 x - J q0 (ex-x 2 \..:1x·(x -x)= q 0 x - q" (2fx3 -x 4 ) 

Xi 3 I e2 Jl I 3 I 3e2 I I 
9 

x1 = f ~MB =0 

.f 19 2 x1 =-~ M = q f 
4 t 256 ° ' 

4 

3 0 M _ 19 e2 x, = 4 .c, ~ 3t 256 qo 
~ 

5.7. a) M=80 kN m; Q=20 kN; b) M=-90 kN m; Q=65 kN; 
d) M=-20 kN m; Q=30 kN; g) M=70 kN m;Q=-66,2 kN. 

b) B nokada gora sag balk.a tasir edyan giiy9lerden moment in deiile111esini 
diiz.Yaris. 

22 
'°'M =P·l+q·--R ·2=0 L...i s 2 c ' 

Re.: = 25 kN 
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~..L...ILLI~~U..LL~-,r. ... , 

R, 

Im 

5. 7-nji SUTllt 

Y okarky balkanyn hasaby 
1-1 kesik ilyi.J.1 0 < x

1 
< l 1n . 

Q1 = -P = lOkN 
M

1
=P x

1
, x1=0~ M0

=0 
xt=lm~M13=10 kNm 
2-2 kesik iiyrn 0 < ~ < 2m. 
Q 2 =R<.: -q1·x2 

2 
X2 

M1 =Rc,:: ·X2-gl 

x 2 = 0 ~ Q, =Re,;= 25kN, 

M =O c 
.is=2m; Q

8
=-15kN, M

8
=10kNm 

M
2 

maksimimyny barlaylarys. 

dM 
2 =Q2= R c;-qx2= 

dx2 

Re;: 
=0~ Xmax = X2 = = 1,25 m 

q 

2 

Onda M = R,...x - q Xmax = 15,625 kN · m n1ax .,.. n1ax 2 

Esasy balkanyn hasaby 

3-3 kesik Uyll 0 < X 2 < 2 01 

2 
X 3 

Q<;; = R<:: + qx2' Ma = -RcX3 -q2 

x 2 =O~QC.. =Re; =25kN,M<;.=O 

x2 = 2m ~QA = Re;+ q · 2 = 25 + 40 = 65 kN 

22 
M = -25·2-20· - =90 kN m 

A 2 
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12 
;s=lm M3 = - 25 ·1-20·- = 35 kN m ' 2 . 

Q we M epY'urlary suratda gorkezilen . 

5.8. a )statikanyii deiilemesindcn R A = RH = ¥- = 40 l(N, 

HA = P = lOkN, q=20 kN/m. 

~ ; 1•!t1L.\ 'ru. 

'41 I .; 

' . ' : 
• -

h -.\n• I ,) ~ 

I 1. lt 
,_, .... ,. 

II . II ' "' IOI.'\ 

I .. .in1 I< I " • 

, ,. - .... ' " 

'" 
\111..\111 1 - - ' t l '• 

--

5.8-nji surat 

A<;::direg QAc; = -HA = - lOkN, M 1 = -HA x1, 

N AC: = -RA = -40 kN 

') 

<;:Drigel Q 2 = RA -qx 2 , M 2 = RA x 2 - q ~i, 

N c;o = -H A =-10 kN 

- .fl ; 

, .. 

•• ' 
' - -

- -

BD direg Q9 u = P = 10 kN, M3 =-P x3 , N 00 =-R 0 = -40 kN 

Q, M, N epyurlary suratda gorkezilen. 
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R, p 

A B ( 

0 Ul(t ...... 
Q <~"' 

12.~ ll.!' 
22.~ 

ll:: 

\I (t. " "" 

A 

20 20 
Q<~!'I} 

5. 9-njy surat 

5.10. 
p 

a =-· 
2 ' 

.fi.e 
a=--

4 

Rn P, 

I) 

Im 

12.~ 

12.!> 

2?.~ 

D ~· 

• 

5.9. P,=22,5 kN.Statikanyii 
denlemesinden 

4 P, 
R =-·P-- . 

A 5 3 

Onda 

M <;: = RA· 1,2- P · 0,6 = 

= (
4

p _ .!1_) · 1 2 - P · 0 6 = 0 
5 3 ' , 

Bu yerden P
1
=22,5 kN 

Q we M epyurlary, E 
nokatdaky giiyjiiii ululygy 
hasaba alnyp we hasaba 
ahnazdan suratda gorkezilen. 

R _ R _ q (f + 2a) 
1) A - B -

2 
, 

e JJ e 2 

a+ a +-

~ 2 2 
"· ~ 

5.10-njy surat 
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e 
Bu yerden a = 

2 

( e )
2 

a+ 

2) M = M ~ a
2 

= q(f +2a)_ i__ 2 
A l) q2 2 2 q 2 

J 2P 
Bu yerden a = 

4 

e s: 
5.ll.X =2 - 4 · 

l:M8 =RAe-P(e- x)- P(e- x- i;;)=O 

x y 
R A= 2P -2P - P ­

e e 

x2 9 
M = RAx = 2Px - 2P - - P - x 

x e e 

dMx = 2P-2P x - P 9 = 0 • 
dx f f. 

f, y 
Bu yerden x = 

2 
-

4 
. 

5.12. 6t = 16°S . 
Meselanm ~rtine gora RA =R

6 
=O, onda \,A sterzene dii§yan gily9 he1nrne 

yuki l<abt1I edyar. 

N <.:o = q · 8 = 20 · 8 = 160 l<N 

Bu gtiyji.in ululygyny ba~ga9a a§aky §ertden tapyp bolyar. 

L\e' = L\e N,o 

' N("D . h 
Y a-da a · R <;o • L\t = EA 

208 

N <;n 
Bu yerden .!\t = -­

a .EA 

5.13. 6t =-20°S. 

A l\ 
.... ·"' 

160 = 16oS 
125 ·10_5 · 2· 104 ·40 
' 

q=20 kN/m 

4 In 41n 2 I 

D 

Q(kN) 

80 

80 
1\1 (kNm) 

5.12-nji surat 

~· D B 
1!'0 kN JOOkN 1!'0 kN . ,_ 201 2m 2m 
Q(kN) 

l !"O - ~ _1!'0 

1!'0- .I 0 

'T 
.._t!'Q 

J\I (kNm) 

~ ,.JOO 

A - lb T 

5.13-nji surat 
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Her direge d~yful gtiyy 

N c;:c;:, = N DO, = 150 kN 

Diregleri sowatmak iiyin zerur te1nperatura 

~t = Nc;:c;:I - 150 = - 200S 
EaA 2 · 104 

· 1,25 · l o-s · 30 

5.14. 

I 

: ,5 kNm 

2,5 k.Nm 

1,2m 1 2 0,6 m P=41 ,6 kN ,m 

5.14-nji surat 

5.15. -;) 
Q (kN) 

JO 

JO 

q 20~ 
m 

P'='l OO k N 

.. "' 
5.15-nji s11rat 
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I< \ 

(11 

f. 

4 

5.16-njy surat 

R =E:: 
A 2 

rn 
R a=-

2 

m 
Q = -R A= - -

2 

fl. f. n1 e mf. ml'. 
Mc; =-RA.~ +m~ =-2·2+ 2 - 4 

e me 
ya-da M\: = RB· 

2 
= 

4 

Q vve M epyurlary suratda gorkezilen 

\ I ., 
I' R, 

5.17. cr = 1,25kN/srn 2
• n1ax 

t . 
. 

\ 
f.12 

( " \fl J 

' ' ' ' 

R = R = p + qf = 9 kN 
A n 2 2 

e 
;\I 11,:-; Ill> 

"'-~ ~ y 
>' ~~ .. I'' ~~ ~ 

~ 

e qe2 

M,..=R, ·-- = 18-8= 10kNm 
y h. 2 8 

Kesigiii gar~ylyk mo1nenti 

Ill W = bh2 _202· 12 = 800sm3 
6 6 

5.17-nji s11rat 

HowpJy kcsigiii gyrakynokadynda iii uJynor1nal dartgynlylyk 
~ 

Mmax lO ·lO- = 1,25 kN/sm 2 
crmax = w = 800 

2 11 
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J 

5.18. cr111"" = +0,93 kN I sm2
, 

A 
•• crc = -0,68 kN I s1n2

. p I 
l= 4m 

1-1 kesik u9in 
Q lkNI 

2 5 

Q1 = P -qx1, M1 = Px1-qi 
I 

)9 

x,=O, Q =P=5 kN 
A ' 

M =O 
A M (kNBt) 

~! .... 211 x, = e, QB = P - q e = 19 kN , 

5.18-nji surat 

dM1 --'- = P-qx 1 = 0, 
dx 1 

5 
X 1 =Xmax = - m 

6 

' 5 52 25 
M max = P · 6 -q· 62·2 = 12kN m 

I-Iowply kesigi we Mn =-28 kN m 

M H 12 ·M 8 h 
+ - = +0,93 kN Ism 2 

2 
(J max=I ·Ymax = , 

z bh ' 

M 12 ·M ( ) 
crc = 

1 
° ·Ye;= bh 3 

8 -Ye; = -0,68 kN / sm
2

• 

z 

( 3 ( 3 

~· 0 

1\1 (kNn1) P 

5.19-njy surat 

5.19. 1 N222. 
Mo1nenti11 epyuryndan 
M =40kN 1n. 

lllaX 

Balkanyn berklik ~ert inden kesigi11 
gar~lyl< momenti 

W - M max - 40 .) 02 - 250 3 . 

z - [cr) - 16 - sm 

Tablisadan I N2 22 kabul edyaris. 
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5.20.I N227 
8239-56 DOST bo)runc;a 20 a bclgili iki iki tawranyii gar~ylyk momenti 
W z-2 203=406 sm3, bu gar~ylyk moment 27a bclgili ikitawra gabat gelyiir. 
Diymek iki 20 belgili iki tawrany bir 27a belgili iki tawra bilen 9al~yryp 

bolyar. 

5.21. crmax = 4 , 12 kN I s1n 2. 

St1w bilcn doldurylan turbanyii I m uzynlygyna getirilen hususy agramy 

q = y 1A 1 + y 
2
A 2 ; y 1, y 2 - 9o)run turbanyi'\ we st1Wl1n udel agramlary, A 1, 

A
2 

- turbanyi1 diwarynyiikese kesiginm \Ve s11w bilen do ldurylan meydanlary. 
Iki diregli balkanyn endigan yayran q yuk den iii uly egme mo1nenti 

qf2 
M m.LX = 8 , 011da 

2 2( 2 0 8 d2 cr _ q e = y1 ·0,785 D 1-a +y 2 • ,7 5· = 4 12 kN 
max 8. w 8. 0 1 d 3 1 - a 4 , sm 2 • 

z ' 

d 
Bt1 yerde d = D - 2 t, a = 

0 
, t - turbanyil diwarynyi'\ galyil lygy. 

5.22. d= l 1,45 sm. ,..,.,,. '• 
Statikanyii denlemesinden 
RA=7,75 kN, RB= l3,25 kN. 
Q we M ep)rurlary suratda gorkezilen 
Howply kesik D kesik, 

M
01

,,, = 16,56 kN m 

Berk1ik ~ertinden 

. ., 

I ~ o:?, d = 3 /~max = 3 16,56·1 = J I 45 sm 
~O,l · [cr] \ 0,1·11 ' 

5.23. P
2
=l1,80kN. 

nd2 
, 2b 

A 1 = A 2 => = b" => d = - 1 , 
4 \11t 

2 13 

J 

l I ,. _.... ,, .. .=. 

"'' ,..., 
I 

5.22-nji surat 

' - -- -. 
I 



M2 = W2 => P2f ·4 = W2 => P2 = b
3 

.4,f;r, = l l 8 
3 ' ' M 1 W1 4·P1e W1 P1 6·b 

Bu ycrden kwadrat kesik.li balkanyii howpsuz yuki 

P2 =P1 ·1,18=11,80kN n1. 

5.24. l) crmax = 28,26 kN /sn11
; 2)a=4,22 n1. 

~ 

M l .. ·vb···· · a M qe- A ese amn lflilJl ~ertm en max = 
8 

; q=y . 

M max cryAf2 6yb2£2 6yR
2 

Onda CT1nax = - 3 - Sb3 - 8b = 
Wz 8·b 

= 6·78,5·10-
6

·12
2

·10
4 

= 2826 kN/sm2 

8·3 ' 

Meseliinill il<lnji ~ertinden M max = q~ 
2 

6M max = [ ] 6qa 
2 

= [ ] 
3 cr=> 3 cr, 

b b ·2 

2b3 [cr] 33 ·14·2 
a = = = 422 sm = 4 22 m 

6yA ~ 6·78,5·10-632 
' · 

5.25. crmax =0,576 l(N/sn12
; crmiu =-1,73kN/sm2

, n2- 3,47. 

Ball(anyii maksimal egme momenti 

M = Pf= 8 . 3'6 = 7 2 kN m 
max 4 4 ' . 

z = 75·2,5+75·7,5 = 5 sm 
\' 15·5+15·5 ' 

214 

53 
. l 5 ( 2) 15

3 
. 5 2 I = + 1 5 · 5 - 2,5 + - -- + 15 · 5 · 7 5 = 

2~ 12 12 ' 

= l 56,25+468,75 + 1406,25 + 4216,5 = 6247,75 sm4
. 

lii uly sli"Ynme dartgynlylyk 

Mmax 7,2 ·102 6 / 2 
<J max = · Y 1 = · 5 - 5,57 kN sin 

, Iz~ 6247,75 

In ulygysylmadartgynlylyk 

Mn1ax 7,2 ·I 02 
2 

<Jmin = ·Y2 = ·(-15)= - 1,73kN/sm 
lz~: 6247,75 

Proporsionallyk yagindiiki 
~< 

' 
atiyaylyk koeffisiyentleri 

. 
s 

3 
=5 2 n1= 

(J Pl' --
crmax 0 576 ' ' 

' 
s 

6 
=3 47 Il 2 = 

(J Pv --
1 73 ' (J min ' 

!«> 

• 

'·l 
z 

"' i, ;\ \ •I 

'"' 

5.25-nji s11rat 

5.26. 

5.26-njy surat 

20 . 30. 15 - 15 . 18 . 12 5 
z = ' =17sm 

y 20-30-15·18 

~ 1.11 Ji l I rtJJ I I l l 11 I 11 l' \ c;· 
~ · l =2,2m ~ 

M = qf 2 - ~ 220~ = 2 42q. 104 
max 

2 2 > 

I = 20. 303 + 20. 30. (- 2)2 - I~ 153 -
z~ 12 12 

-18 ·15 · (-4,5)2 
= 36870 sm4 

215 



Berklik. ~ertinde11 
SilYnme 

Mmax. -[ ] _ [CY]s ·lz~ 1,2·36870 l<N 
I Y1 - CY s => q - 4 = 4 = 1,4 l . 
z~ 10 · 2,42 · y1 2,42·13· 10 sn1 

Gysylrna 

M (CY] ·I 1nax [ ] · s Z ,. _ 5 ·_ 36870 = O 448 kN . ·Y2 =CY g =>q=---~'-
Iz~ 2,42·104 ·y2 2,42 · l 04 

· 17 ' sm 

a4 
12 =I = -

' Z2 12' 

a a 

CY 2 -cr, · 100% = y2 . Yi · 100% =-.J2 2 ·I OOo/o = 29,3% 
CYz Y2 a 

. J2 
5.28. P

1
=1,47 kN, P

2
- 5,88 kN. 

I 2( 2) 2 ·1,5
3 2 z .. = lz+A·y =2 - +2· 15·225 

T 12 ) ) = 31,5 SITI
4

, 

5.28-nji surat 

M 1 Mn 111ax = P1 · l 00, n1ax = Pz · 25, 

cr = M max_. y < (cr ]. 
l z 

~ 

0 d P 
- lz~ ·[cr] _ 31,5·14 - 147 kN 

n a 1- - - , , 
y · 100 3 ·100 

P2= lz9[cr] =31,5·14=5,88kN . 
y·25 3·25 

216 

5.29. Oireg i.iiyin 16 x I 6sn12
, ortiik il<;in t = 6,25sm. 

q 1 = q"'"' · b = 0,001 3 · 20 = 0,026 kN Ism. 
q' 

I • 

-
; \ 

l=2n1 ' 

l\ l 

"'1: ~ ... _'/7) 
...... t ,_ i.- i. ,... 

qtl -
8 

l<A 

...._ -' cl R,, 
I.I 2 .., 

/ '' • I 

'I 
,,. 111 • • 
'-· ~ ~. 

' 
~· 

<)\, 

l ,fl m t)_~ 01 

t. I I I..'.\"'> 
0,)6 
~ 

J I I ' 

'\I y 
~ ,, ~ 

~ .. - 2.02 

0 ~" --

5. 29-njy 1nesele 

Tagtanyn galynlygyny kesgitleyfuis: 

M =qt. e2 - 0,026·2002=130 kN -sm 
max S S 

M 
B klik . d cr - - m~x < [CY] er ~ert1n en max - w - . 

z 
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, W Mmax 130 3 
Buyerden z =~] = 

1 
= 130sm· , 

bt
2 

/ 6Wz 16·130 
W z = 6 ~ t = ~ b · = ~ 

20 
= 6,25 sm . 

u kN 
q = qmax · f= l3 · 2 = 26-

m 

R A = RB= 9,75 kN. 

q, = qd -7 _ kN 
0,5 1,5 q, - 8

'
67 

m ' 

d l<N 
q 2 = q -q, = 17,33 -

' !TI 

q x
2 

=17,34(0,5+x2 ) 

Mx2 =-~ ·17,34(0,5+x 2 )· ~ (x2 + 0,5)2 + R
8

x 2, 

dM2 = 0 ~ x = x = 0 56 m dx 2 max ' , 
2 

Mmax = - ~ · 17,34(0,5 + 0,56)
3 + 9,75 · 0,56 = -3,44 + 5,46 = 2,02kN.1)1 

)~ 

5.30. 

b = B ~ _!_ = M , _ _ bx h .i bxh 3 

x f' p Elz M -Px, l z - 12 = l2f- ' 

1 Px 12e P 12f 
p =13· xh 3E =EB. h3 -7liet~e1ik: 

011da p==hemi~elik diym' ek: b = BX 
' P. . 

218 

5.31. <Yen = 8,04 kN I sm
2. 

M c;o = -P · 95 = - 7600 kN · sm, M AB = - P · 230 =-18400 kN ·sm , 

W f'rl = 
11

'
2 

· 
22

•
52 

= 945 35 s1n3 
'v 6 ' ' 

w _14 ·382- 33693 3 
AB -

6 
- , sm . 

Onda <Yc;o = M c;o = 
7600 

= 8 04 kN I sm 2 

w~'D 945,35 ' ' 

CY = M AB = 18400 = 5 46 kN I sm 2 
AB W 3369 3 ' 

AB ' 

Rys;agyii ,,howply" kesigi <;D kesik. 

b 3q 2 
5.32. x = h z [cr] · x . 

Ba lkanyn erkin tarapyndan x uzaklykdaky kesikde: 

2 2 M 
M = _ qx W = bx h CY = x < [cr] 

x ' x ' x w 2 6 ,.. 

, qx 2 ·6 -[cr]~ b - 3qx2 
Buyerden 2 · bx ·h2 - x - h 2 [cr]· 

5.33. Ix= 6000 sm 4
• 

~n I 4 1,5 2 
cr , .. = Et:: 

1 
= E · = - 1 2 · l 0 · = - 9 kN Ism 

SY• f · k ' 2 · l 000 ' 

~n2 4 0,5 2 
() siiyn1ne = E . £ 2 = E = 1,2 · l 0 . = 3 kN Ism I e. k 2-1000 

M max = P · a = 50 · 60 = 3000 kN · sm , 
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' 
' 
' 

h - yc _Yc 
-

15 5 

h 
Ye;. = 4' y gys = 18 sm, y siiyn1nc = 6 sn1 • 

Gysylma berklik ~ertinden 

1 M1nax 3000. 6 6000 4 
Su:Ynmeden x = · Y s = = sin 

<J siiyn1ne 3 

5.34. 
M = 2 . f bl1 . L\B 

3 1-µ B . 

M 
Balkanyii )fi.il<lcmnesinden Q = e , 

y • ·v 3 Q 3 M 
Zurawskl.llln formulasyndan T = 

2 
· bh = 

2 
· .fbll ( 1) 

Tenzometr 45° boyun9a goylan we bu lcesikde cr 1 = T = -cr3 • 

Guk:uil kanunyna layyklykda 

e=~(cr1 -µcr3 )=~(l+µ), buyerde e=~. 

EL\B 
Onda T= (l+-µ)B (2) 

( 1) we (2) aillatmalary:O sag tarapyi1y deruap alarys: 

M=2.Efbh_L\B 
3 1+µ B . 

5.35. cr = 2, 71 kN Ism 2 
• 

G 430 
Sapfa du~yan gilys; R3 = 

2 
= -

2 
= 215 kN 

Sapfanyn bo:Ynundaky egine moment 

Mmax =Rs ·0,34 = 215 ·0,34 = 73,1 l<N m, 

220 

Sapfanyn boyuundaky dartgynlylyk 

- M mt1x = M max = 73,1 ·102 = 2,71 k.N / sm2 
<Jma>.- W

2 
O,ld~ 0,1 ·303 

5.36.I N!! 14. 

2 
Balka dil~yan yuk G = 3R b h Y , 

dy =~(t -2x) 
dx C2 

' 

dy 4h 0 
Eger x =0 ~ dx = tga =7, a =60 , h =0,43£. 

Balkany basyan diwaryii boleginiii agramy 

G = 
2 

· 0,43 f 2 B y. 
3 

In ulyegme moment balkanyil 01tasynda bol:Yar. 

M _ G(i-2.e)= 5 G C 
max - 2 2 16 . 32 ' 

W _ M "'"" = 5 G C = 4,3 . . e
3
by = 86 sm3, 

z - 2[cr] 2. 32[cr] 48 2·[cr] 

Tablisadan W2 =81,7 sn13 T .N!!l4. 

5.37. <JA =-0,73kN / sm 2
, cr8 =6,68kN/sm 2

. 

Po lat Jisti ekwibalent aga9 bilen 9al~yryarys, ~onun il9in listin inini n 20 
esse ulaldyarys, yagny Bekw=nb=20 b. 
Ekwiwalent kesigin agyrlykmerkezini tapyarys. 

b k . 8 . 8 
+ b . h + (8 + h) 

A fz t +Aaza e w 2 2 
Zr;. = = = 5,88 sm, 

A e +A a bekw · 8 + b h 

221 

- - ----- -- - ----- ------ - ----- ---------



I = bekw ·0
3 

+b ·8·5,582 + bh~ +b· l1·3,722 = 133 10sm4 . 
Zc; 12 ekw 12 

A we B 11okatdakylary dartgynlylyklar. 
M .e2 

CJ = inax ·Z = q , Z =0334kN/sn12 
B I B 81 B , ' 

Zc; Zc; 

- qf2 z - 0 734 kN / 2 list kN 
CJ A - 81 . A - , sm onda CJB = CJB · 11 = 6,68 

~ sm2 · 

h~J80 

~ =6 

5.37-nji surat 

3 p .e 
5.38. CJ max = 4 . b h 2 - balkanyi1 oratasyndaky kesikde . 

I 

x 
p 

bx 
- ,,:-1-, ---I 

(12 

5.38-nji surat 
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2 h i 
C";yzgydan h x = e . x , 

W, = b. h2 = b. 4h~ x 2 

z 6 ' 6 f.2 , 
M = -P (x-!_) 

x 2 . 

Mx 
CJ = -
" w z 

P x e 

6. e2 x 

Bu ai11atmanyil maksimumyny barla:Yarys: 

dcrx =-3Pf
2 

x-2 ·(x- /!, ) 
1 

= O 
dx 2bhf 2 

.e 
Bu yerden x"'"" - -2 . 

3 p f 2 1 f 3 p f 
Onda cr"'n' = 2 b hi . ei . 2 = 4 . b h z . 

I 1 

5.39-njy surat 

5.40. pr.~ = (J wab'1. b
3 

/(3 n e). 

. . - M ma.:£. . < [ ] Berklik ~ert 1: <J max - I Y max - <> . 
z 

• 

5.39. x = 0,5 .e. 
2 

M~"' = M-q~ =0, 

qx2 q f2 
Buyerden 

2 
-

8 
, 

onda x = 0,5 f. 

h 
Hasaby balkanyil sii)'nyan gatlagy ti9in ge9rryaris, Y = 3 . 
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[er] = erwagl / n we M= PR 
4' 

b h 3 

I z = 
36 

hasaba alyp, 

Pr.ee 36 h erwagt 
4 bh3 ·3 = n 

3 
erwagt · b 

Bu yerden Pre = ------
. 3 n e 

• 

5.41. er<:: =0,355kN/sm2
, t <: =0,015kN/sm 2

• 

M 0 12M0 12· 1,5· 102 kN 
er\= ·y<:= 3 ·Yr= 3 ·5=0,355 

2 I z b 11 · 7 ,5 · 15 sm · 

Q. skcs 
't - z 

c - I · b ' z 

Skzes = Akes · y = 7 5 · 2 5 · 6 25 = 117 sm3 , 
.... ) ' ' 

2·117 2 
t c,:: = 

3 
= 0,015kN/sm 

75 ·15 .75 . 
' ' 

(ll tl. 7~ lll 
p 

,\r-----+----- ­,e ID 
t I 

• 

l 

2 

l 

5.41-n,ii surat 
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,, 

5.42. b x h = 2 I x 28 sn12 · 

Q max = P = 98 kN, Mmax = P ·~ = 98·0,2= 19,6 lcN ·In. 
Normal dartgynlylyk boyun9a berklik ~ertinden 

ermax = M~:x < [er) , Wz = 0,7~ h
3 

= 0,125 h3 • 

Onda 
h =3 Mmax =3 19,6·102 =25sm 

0,125·[er) 0,125·1 ' 

b = 0,75·25=18,75 sm. 
Galta~ma dartgynlylyk bo)'unya barlayarys: 

3 Q 3 98 2 [ ] kN 
't = - . - = - . = 0,31 kN I SlTI > 't = 0,25 2 

2 A 2 25 · 1 8, 7 5 sm 

t > (t] , ~onun liyin kesigi galta~ma dartgynlylygyil berl<lik ~e11inden 
saylayarys. 

t=~·~<[t], 
3Q 3 ·98 2 

Buy'erden A= [] = = 588 sm 
2 t 2. 0,25 ' 

A=b ·h=0,75h2 =558=>h= 
588 

=28sm 
0,75 ' 

b = 0,75·h = 21 sm. 
5.43. q=lO kN/1n, t =2,48 kN/sm2 

• max 

e2 
Berklik ~ertinden M max = q

8 
, W z 14 3 sm3, 

M q R2 8W. (er) er = max < (0) => < q ;::: z = 1 Ol<N I m 
W 8. w e2 

' z z . 

Galta~tnadartgynlylyk d=0,51srn, 12 1290 s1n4
, 
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Q = qf =20kN 
2 ' 

't . = Q·Sz = 20·81,~ = 2 48 kN/sm2 
max d·I

2 
0,51·1290 ' 

5.44. 'tmax = 2 kN Ism 2 • 
v 

Zurawsk.iniil formul.asyny ulan:Yarys. 

Q. S~'"' 't = z . 
max b J ' 

z 
Smax sinax z 1 ( 3 3) z = z, = A1 . C1 -A2. Zc2 = 6 D -d ' 

a=0,9, b=2(D-d), 

'! = Q D
3 
-d

3 
= 60·(203 -183 

_
2 

kN 
max 6·2(D-d)·0,104 l-a4J l,2(20-18)·20 4 1-0,94)- sm2 · 

5.45. O'max=0,86kN/sn12, 'tmax=0,18k:N/sm2 . 

C:::yzgydan <p=60° =1,0466rad, Mmax =P·3=12kNm. 

d
4 254 

I2 = - (<p-0,25 sin4 <p) = --(1,0466-0,25·(-0,866))=15454 sm4 

32 32 ' 

- /ct2 d2 - J3 
y - V 4-16 4 

d = 10,83 sm , 

- 12 · 10
2 

- 2 [ ] Onda crmax - · 10,83 - 0,86 kN Ism < cr 
15454 . 

Sz =£(1-cos3<p)= 
253 

(1-0,53)=1139,3sm3 

12 12 ' 

P·S2 60·1139,3 2 () 
't max = = = 0,18 k NI sn1 < 't 

I 2 ·d 15454·25 · 

5.46. 'tmax = 9,8 kN /sm2, 'tmin = 6,98 kN /sm2 , 

Q =288kN, Qdiw =0 96 
Q ' 
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i 

I - "(r2 +A· ·y2 )=9590sm4 
Zc;: - ~ i I 1 ' 

Sze = LAiYc = 376,5 sm3 -yaryin kesigiilstatiki moment~ 

sk =A. y = 267,2 sm2 -polkanyilmerkezi okagorastatilcimomenti. c 

Q·Sz Q·Szc 2 

0 d 't = C = 9,8 l(N/s1n2 'tmin = I - d = 6,98kN Ism 
na tnax l ·d ' z,· 

z~ c 

Q - ,,. . A + 2 (-r -'! ) A . = 288 kN · diw - \.min di\v 
3 

01a~ m111 d1w ' 

Qdiw = 288 = 0,96 
Q 300 . 

5.47. cr =2,54l(N/sm 2
, max 

't = 0,8 kN /sn12
• inax 

Q=P=60kN, M =Pa=60·70=4200l<Nsm, n1a.x 

_ b
4 

7td
4 

_ 24
4 

_3,14·20
4 

-19798 4 I ___ - - sm , 
z 12 64 12 64 

cr _ Mmax · y = 
42

00 ·12=2,54kNsm2
, Ymax=b

2
=12sm. 

max - I max. 19798 
z 

Y arym kesigiil statil<l 1nomenti 

b b nd 2 2d 243 

Sz = b. 2 . 4 - 8 . 37t = 8 
203 

- = 1061,33 sm3 

12 ' 

= Q·S2 = 60·1061,33 =O,SkN/sm2 
'tmax J

2
(b-d) 19798·4 

5.48. 't = 3,3 kN I sm2 bu bo1sa diwardaky dartgynlylykda11 30% 
1nax 

yokary. 

lz 
= 30·20~_24·183 

= 8336 sm4 
12 12 ' 
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, .. 1 

•• 

5.48-nji surat 

z=O, 't=O, z=l2sn\ 

Sdiw = 30 · L · 9 5 = 285 sm3 
z, ' , 

Sdiw =Sdiw +2·9·3·45=528stn3 
Z1 Z ' , 

Qsdiw 
'tuiw = z, = 240· 285=136 kN I sm2 

Zi I . 2·3 8336·6 , z 

Q sdiw 0 
't~i.w = Z2 = 24 . 528 = 2 53 kN Ism 2 

J . 6 8336. 6 ' ' z 

S~'1 =t·z·y<: = 9,5z , 

pol _ Q · S ~ol _ 240 · 9 ,57 
'tmax -

240 · 9, 5 · I 2 kN 
- -----= 3,3 2. 

I z · t 8336 · 1 8336 sm 

5.49. P=605 kN, t =6,95 kN/sm2
• 

n1~t.x 

I.= 
36

·
23 

+36·2·192 ·2+ 
1
•
2

.
363 

=56697,6sm 4 

z 12 12 ' 

S2 =36·2·19+1,2 ·18·9 =1562,4sm3
. 

1) Normal dartgynlylyk boyuniya berklik ~ertinden 

Pf <(cr]~P= 4Wz(cr]= 4·2834,88·16 = 605 kN 
4W2 f 300 · 

2) Galta~ma dartgynlylyk boY'uni;a berklik ~ertinden 

= Q ·Sz < [ 1 _ P 
'tmao - 'tj, Q - -

1 ·D 2 z 

Q·Sz ~ [t]~ p = 212 d['t] = 2·56697,6· 1,2· 10 = 871 k~ 
212 · d S7 1562,4 stn · 

Kabul edyaris: P=605kN. 

228 

_ Q·Sz _ 605·1562,4 = 695 kN/sm2 
Onda 't max - lz . d - 2. 56697,6·1,2 ' 

"~ . ' 
' 

.,~ i 

kl 
QIA . 

b 

5. 50-nji s11rat 

't= 
203 (h-2y)·(h+4y), 
bh· 

Zurawskiniii formulasyndan 

Q ·Skcs 
't = - z 

l z . b z 

yyzgydan alarys: 

kes - ..!_ . b (!1..- ) . !1 + 4 Y = ..!_ . b ( h - 2 )2 . h + 4 Y 
Sz - 2 z 2 y 6 4 11 y 6 , 

I = 2 {~)' = bh'' 
z 12 48 

Onda: 

Q·48.b(h-2y)
2
(b+4y). _ h = 2Q (b-2y)(h+4y), 

bh3 2411 b(h-2y) bh3 

h 
Eger: Y = + 2 ~ 't = 0, 

Q 
Eger: Y = 0 ~ 't = A . 

Galta~1na dartgynlylygyi1 it1 uly bahasyny tapyarys: 

d't = [ 2~ . (h - 2y) (h + 4y )11 = 0 ~ y = 181 ' 
dy bh 'j 
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't = 2Q (h -2. h) (h + 4. h) == 9. Q 
max bh3 8 8 8 A· 

5.51 . h==0,3 sm. 
Polka bilen diwaryii sepgidindaki dartgynlylyk 

't - Q. Sz . I 3 
- I .()' sr =3·20·38,5=2310sm, 

z 

I = 2 3 · 20 · 38 52 + 
2033 

z , 12 + 1
'
743 

==211729sm 4 

12 

't = 300·2310 = 3 27 kN /sm2 

211729. 1 , ' T = t · () · l = 3,27 kN . 

Tikiniii meydany 
T 3,27 2 

A = -[ ] = = 0 654 sin 
't 5 ' ' 

A= 2 · l · 0,7 h, = 0,654, hc=0,47 sm. 

5.52. 
. 

cr1 = 
3P~ (3h -4x ), 
2h 

t 1 = 3Px(x- h) 
h3 2 . 

Diregden x uzaklykdaky balkaoyn 9ep boleginin kese kesigindaki cr we -r 
aiilatmalaty a~akdaky yaly )'azyJyar (b== 1 ) : 

6Pxy 
cr=- 3 ' 

h 

3P h2 -y2 
4 

't= --
h3 

a-b kesik boyun9a dartgynlylyk a~akdaky formula bilen tapylyar: 

(2) 

cr1 = cr (1-cos2a)-tsin2a, 
2 

-r1 = cr sin 2a - -r cos 2a, 
2 

1- cos 2a = 2 cos 2 a. 

bu yerde a= 135° 

h 
cr1 \Ve 't1 meydanc;asy a-b gonude yatyr, onun denle1nesi Y = x-2 (3) 

230 

(1 ), (2) v.re (3) anlat1nalary bilelikde 9ozup alarys: 

cr1 = 3Px (3h-4x) 
2h3 

t 1 == ~Px (x - h) 
h3 2 

(4) 

(4) deiilemeleri ulanyp, a~akdaky epYt1rlary alarys. 

<: a•(:) 
It/~ 

hi~ 

1\/8'-i-.::r-----;,.~ 9/16 

b/8,-1-+--,(\ 

• 

5.53. 

~ ~ 

il 
. I 

- _ \ ---
-' 

I' . 
I .. 

\ 

5. 52-nji surat 

• •• i · 

x 1 
- + -
2e 11~ 

5. 53-nji surat 
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h2 
2 ---y 

4 

.. d6 
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Uzynlygy dx bolan elementar oolegi ooltip aJYarys WC onundenagramlylygyna 
seredyaris. 

h h+dh 

2 2 

IX=-fcrbdy+ f(cr+dcr)dy=Tbdx, 
12M 

cr = bh3 ·Y. 
y y 

12y M (M ) Bu yerde cr + dcr 1 = b h 3 + d h 3 , 

h h+uh 

Onda 12M 
2 12 M (M) 2 

b-h-3 Jydy+ -b hJ + d -hJ Jydy = Tdx' 
y y 

Bu yerden 
M dh 6 h2 

2 1"=3 . - +- --y 
bh 2 dx 6 4 

d(M) ·- -
(iX h3 

' 

h1 =2h
0 
$ertden alarys: 

h=h 0 (l+ ;), M=Px. 

Onda yerine go.Yup ~akdaky aiilatmany alarys: 

1 x 1 
- ·- + 
2 f h~ 

2Ph 
5.54. Muz = 

3 
. 

h2 2 
- -y 
4 

Lentanyn oriin ,Yuka bolandygy ii9in onun kesiginde boy giiyji doreyar. 
Durkunyi.iyigetmiinin epyury yaly normal dartgynlylygyn epyury bolyar. 
Normal dartgynlylygyii dentasiredij isi lentada doreyan giiyje deft Hem1ne 

giiy9ler bir jubiit giiyje ( T · 
2

3h) getirilyar. 

232 

~h 
l T 

5.54-nji surat 

Dcnagranllylyk ~crtinde11 M = T2h I 3, 

...-.-1 

2Ph 
EgerT P den bolsa le11tada ilziilme bozyarwe Muzohne = 

3 

5.55. "tmax =1,12kN/sm2
, cr = 6,98 k.N/sm2

• n1ax 

t 

• • 

" 
,. 80 10 

5.55-nji surat 

16·12·8-8·6·11 
Z = = 7 sm, 

0 16·12-8·6 

I =12163 +12·16·12-
Y 12 

8·63 8·6·42 
12 

s<: = 5· 12 · 6,5 -8 · 3 · 5,5 = 258 s1n3. y 

=3370 sm4 

- Qmax . s~ = 4q . 258 = 1 => = 13,06 kN 
Onda 1"~ - I ·8 3370·4 q sm 

y 3 

smax =12·8·5-6·8·4=288sm3 
y 
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Q smax 
max · y 42,24 · 288 

'tmax - --- - =1 l2kN/sm 2 

I Y • 8 3370 · 4 ' 

Mmax 26,12 ·102 

cr max = - TY • Y max = 
3370 

= 6,98 kN Ism 2 

' "' , 

' 

• 

' 

5.56-njy surat 

• , 

• 
3 Q 

5.56. 'tmax = 
2 

·A . 
v 

Zurawskin.iii formulasy boyunc;a 

Q .so 
't = y 

IY · b, ' 

S~ = A 0 ·Z0 , 

A 0 = ~ b z ( ~ h - z )- ~trihlenen ii9bur9lugyii meydany 

2 
Z0 = - (h + z) 

3 

Onda S~ = bz (2h2 +3hz-9z2
) 1: = Q (2h 2 +3hz-9z2

) 
27 ' 27T y 

d1: h 
- =3h - 18z=0=>z= - · 
dz 6' • 

n·. k h 
iyme t = 'tm.,, 'egcr z = 6 ya-da ilc;bur9lugyii orta 9yzygynda it'i uly 

galta~madartgynlylyk bolyar vagny t . = 
3Q = i. Q 

'J ' max bh 2 A · 

- 4 Q Eger z - 0 => 't = - . -
3 A ' 

2 h 
z = - h ~ 1: = 0 we z = - ~ 1: = 0 · 1: 

3 3 , 
ep:Yu1y suratda gorkezilen. 
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VI bap 

Egilmede durkuny tiytgetmegi kesgtlemek we statiki 
kesgitlenrneyan ulgamlaryn basaby 

6.1. 0 =0,04rad,· y = f = lsm. max max 

EJy11 = Mx = M
0 
egrelen okuii differcnsial denlen1esini integrirlap, bur<; we 

9yzyk 01nunyil)ftgetmeleri.niii bahalaryny alarys. 

Jk1 gezek integrirlap alatys: 

x2 
EJy1= M x + C; EJy = M0 -+Cx+D 

0 2 

Balkany berkit111ek ~ertinden C we D herni~elikleri tapyarys. 

M ot' 
x = O; y = O; x = e; y = 0 we C = -

2 
, D = 0. 

Bu bal1alary goyup alaiys. 

1 Ml'( f,)· M0 ( 2 ) y • Y = El x -2 • Y = 
2
El x - fx (parabolanyil defile1nes1). 

I bh 3 6. 0,53 = 0 0625sm4 Bu denlemelerde = 
12 

-
12 

, 

ln uly owrulmc burc;y (x = 0 ya-da x = lrn) 

- M .e 
x = 0 => e A = 0 = -0,04rad (1ninus alamaty Adiregde kesik sagat 

2El 
dilinm ugruna owrulyar). 

Iii uly progib prolyotyil ortasynda bolyar. 

R f M"e2 x = 
2 

=> = - EI = - lsm (progibin ugry y okuii ugruna gap1na-

gar~y). 

6.2. E = 2· 104km/sm2
, p = 26,75m. 
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' Efy 11 = M =M 
XI t,l ' t/ x 

'i A 
M; 

B ~ 
EJy'=Mx+C· 

0 ' l( 
, ? 

~ ' 

J 

x-
EJy = M - +Cx+ D 

0 2 ' -
6.2-nji surat x = O· C = O· D = O· x = I!. 

' ' ' c., 
EIS =M t· 

max o ' 

E= M 0 e _ 10·100·12 4 2 - 4 - = 2 · 1 0 kN Ism 
I01nax 2 · 0,075 • 

EI 2·10~ ·24 

Egrelmaniii radiusyP == M- = - == 2675s1n = 26 75m 
0 12 ·10 , 

6.3. p = IOOm, M =23kN·sm, 

E 1_,, ·v d iil . Mo 2 greuuarun e emes1 y = - - x + Cx + D . 
2ET 

Bu yerde D = 0 C == - M 0 f, 
' 2ET 

Onda Mx 2 Me 
y=- - --- x 

2EI 2EI . 

f. Mf 2 8El · Eger X = :=:> Y = - --+ :=:> M = Y max - 23kN 2 max 8EI e1 - ·sn1 

Egilmiinin esasy de6.lemesinden: 

EI 103 
• 230 4 P = M - = = 10 s111 = l OOm . 

0 23 

6.4. E =8,08· l 02kN/sm2• 

Konsol balkanyii T giiy'<;den in uly egrelmesi 

_ Te
3 

Tf3 240·12 3 ·106 

Ymax - 3EI =:>E= 3Iymax - 3·0,875 ·19553·104 ==8,08·102kN/sm.2 
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6.4-nji surat 

y 
2 

x, 
I 

q 

(" ' ~ I 6 
a fr 

A 

x , 

6.5-nji surat 

Buyerde 

600 ·1503 3,14·1504 

I = + -
12 64 

= 19553 ·104 s1n 4 

8 
_ 13Pa 

2 
f == _ 41Pa.

3 
• 

b) - 2EI ' 3£1 ' 

3 7 4 e - qa f - - qa . 
v) - 6EI' - 24EI ' 

e- 49qa
3 

d) - 3£1 ' 
f = _ 59qa

4 

El 

~ 
~ 
[t' 

't) Balkanyil birinji bolegi u9in: 

Ely~ = 0, Ely: == C, , 

Ely
1 
= C1x1 

+ D,. 

Balkanyii ikinji oolegi U9in: 

(x -a)2 

Elyu = - q -'--2 __ 
2 

EIY1 __ q(x2-a)3 +C Ely=-q(x2-a)4 + C2x+ D 2. 
- 6 2

' 24 

Eger x
1 

= ~ = a, 

8 0 = Y~ = Y~ we Ye= Y1 = Y2· 
Onda yol(ardaky deiilemelerden alarys: 
C = C = C D = D =D. 

l 2 ' l 2 
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C we D herrll9elikleri balkany berkitmek §ertinden alarys: 

Eger x
1
= 0, 

qa3 7 4 
e A = 6EI we y A = - 24El qa 

6.6. IN22, cr =8,62kN/sm2• 
max 

7 4 
D =- 24 qa ' 

qf4 - e => J = 459qf3 = 2250s1n 4 

Y max = 8EJ 450 8E 0 

8239-56 DOST bo.Yun"a T = 2250sm4, W = 232sm3. ")' z , 

22-nji belgili iki tawra gabat getyar. 
In uly normal dartgynlylyk: 

crmax = Mmax = qf
2 

= 8,62kN I sm2 < 14kN I sm2 
W2 2W

2 

6.7. f = -l,39sm; eA =-0,0097rad; eB = O,Ol25rad. 

q =
2

Q =10kN/ m · RA =qf ·R
8 

=2qe 
R ' 8' 8 . 

Differensial deiilemeleri di.izYaris we olary integrirleyaris: 

;. x2 
Eiy11 = R x -q~ 2 B 2 

2 

Deiilemelere giryan dort he~elikleri kesgitlen1ek u9in a1?akdaky ~ertleri 
ulanyarys: 
a) x1 = O; y

1 
= O; b) ~ = O; y

2 
= O; 
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d) we ; \ = Y1 = Y2: ~ , 
Bu ~ertleri differens1al deiilemelere goyup, C" C2, D,, D2 bahalaryny 

f 5Qf
3 

. ' 
t , e x = - bolanda f = - = -1,39s1n , bu ycrde apyarys w 2 3 84 EI 

Q = q€ = 20kN. 
2 

X = 0, X =f baha)ary berip e A WC 0B tapyarys: 

2 9Qe2 e __ ?QR = - 0,0097rad, 0
13 

= == 0,0125rad 
A - 192EI 192EI 

M.t' 2 

= 0 0641 MR2 y e = 0,0625 . 
6.8. Y max ' El ' 

2 
EJ 

e we y denlemelcr a~akdaky yaly aiiladylyar: 

Me2 x x 3 e = Mi 1- 3x z 
y x = 6EI P - f ' x 6El €2 ' 

e = 0 den bolanda egrebnaniii lll uly bahasy bolyar: 
x 

3x2 R 
1- p2 == 0 => x = .J3 . 

i Mf 2 
- R Me = 00641-

0nda Y ma,x - 9.fj El ' EI 

Balkanyn ortasyndaky egrelme: 

= Mei = 0 0625Mf2 
y !. l 5El ' El . 

2 

3 
6.9. p = 5qf . 

B<; 00 lek u9in differensial denle1ne diitjaris we ony integrirleyaris: 
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n x
2 

1 x 2 x 3 

Ely =-Px-q- Ely =-P - -q-+C 
2 ' 2 6 ' 

Px 3 x 4 

Ely= -q - +Cx+D 
6 24 . 

C we D he~elikleri ~akdaky ~ertlerden tapyarys: 

P(2 Sf) (0 Sf )4 

x = 0,Sl, y = 0, Ely= - ' - q ' + 0 SCf + D = 0 
6 24 ' , 

x = 2,Sl, y = 0, ETy = - P(2,se) -q (2,se)4 + o see+ D = o 
6 24 ' . 

Bilelikde ~lap alarys: 

31 13 s 3 
C = -PR2 + - qf.3

, D = - -Pf 3 +-q£ 4
. 

24 16 8 8 

He~clik D, koordinatlar okunyn ba~langyjyn(laky cgrehne, ~cite gora 
D=O 

s 3 3 4 3 
Onda - Pe =-qe ~ P = -qe 

8 8 5 . 

6.10.f =Pa2(t+a) 
" 3EI . 

Pa Pa 
R =-- M =--x -r..A - Px 

A .e , x, e ' , JV• X2 - - 2. 

Da~kygtiyjuni~iA=ARA +Ap = Ar =iPfc;;, (ARA =0). 
D~ky gti}jiill cyi balkanyii durkuny i.iytgctmesinin do ly po tcnsial energiylasyna 
ge<;:yar we A = u , onda 

240 

' 

Pa 2 (e +a) 
B 'd f = --'--u yer en ~ 3EI . 

6.11. U = 2, ?kN ·sn1. 

I = nd
4 

-
3•14 ·1

24 
= 1017sm4 I = 21 = 2034 s1n4 . 

, 64 64 ' p , 

Onda 

M2 £2 M 2 f 2 8002 ·102 6002 ·102 

u = _ k + ' = -- + - = 2,?kN · sm 
2GI 2EI 2. 8 .. 5. 2034 2. 2,1·104 

• l 017 
p z ' 

2 AP U - cr . 
6.12. -

6
E 

Balkada toplanan potensial energiya 

M2 P bh2 bh 3 

U- b ' d M - W · W - - ·I - -- 2El ' u yer c - cr z' z - 6 ' z 12 
z 

613 e = M (e+3a) f~ =Ma (2C+3a). 
• • 9 3Ee ' y 6EI 

Maks well-Mor boyun'Ya balkanyn islendik kesigindaki ornunyuytgetme 
a~akdaky fom1ulalar bilen kesgitlenilyar: 

1 ' I ' 
9 = - fM M0 dx y = . -- fMx M~dx 

El x x ' El 
0 0 

M 0 -birlik yagdaydaky egtne moment (birlik giiy<;dcn ya-da birlik 
x 

1non1entdcn yuklenn1c ). 
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It .)( "r r I ) 
• M 

' ~· 

I 1 •• 

' 1 ....... ,f.. 
___ _ ...., __ ...,., ~-llf'' 

•• ._ _ _. ... , 1 •• 

' • I 

p'. , 
1 JI 

6.13-nji s11rat 

M 
Balkanyn hakyky yuklenmesinden M x, = ex 1' M Xi = M. 

l 
Birlik momentin yuklenmesinden M~ = f x 1, M~ = 1. 

Onda gozlenyan owrillme bur<;: 

1 ' M 1 a 
9 =- f-x · - x dx + JM·ldx 
~ Er R 1 e 1 1 2 

0 0 

M 
= (e + 3a). 

3EI 

Balkanyii egrelmesini tapmak ii<;in birlik gi.iy9 bilen balkany <;:: kesikde 
Yilldeyaris we cgme momcntiJ.1 aiilatrnasyny ytjarys: 

Mo = J. ax o -
I f, I ' M2 - l · X2 . 

Onda idelyan egrehne: 

1 t M l·a a 

f 9 =- J-x,· x 1dx 1 +JM·l·x 2dx 2 El 0 f. e 
0 

Ma 
= e(2e + 3a). 

6E1 

242 

I' 

<; 

Onda 

x 

" 

.~. 

ll , ' • I 

... 
( • ..: l 

I , 
• -

' 
J • 

J 
( 

,u 
J A 

'"'"' 
.~, 

'' ' I l 

J(' • :1 I ff , J 

'j , x, 
-

6.14-nji surat 

a f 

6.14. y = -0,667sn1, 
9= 0,0062rad. 

R = qe -P~ 
B 2 f. 

Berlen gily<;den 

M = -Px1, x, 

( ) 

2 qe a x 2 M = --P- x -q-
x2 2 f 2 2 . 

R
o a 

Birlil< gily<;den a = f_, 

J Mx, · M~dx + J Mx
2 

• M~dx -
0 0 

1 "f ( ) ( )d ' q ex Pax qx 
2 

- - Px · - x x + - -
EI 

0 0 2 f 2 

= Pa 
2 
(a+ f.) - qaf.

3 
= -0,667sm, 

3El 24El 

1 a f qfx Pax qx2 x 
9= - J(-Px)·l ·dx+ - - -dx= 

EI
0 0 

2 f 2 R 

l a qe3 

=- - P - (3a+U)+ =0,006'.J:ad 
El 6 24 
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A 

x, _ H 
-~. 

n 
~ ' ... 

I'" ' 

A 
8 

• "C. x, 

/) 

' 
,,, 

6.15-nji surat 

( 

x. 

• 

x, • 

Pabc; 
6.15. fA = - El . 

Egrelmani kesgitlenilyan kesigc 
birlil< gtiyc; goyyaiys: 

p we p o = 1 gtiyc;lerdcn 
c;arc;uwanyn tic; bo legi i.ic;: in egmc 
momcntiiiaiilatmalarynydiiz)'aris: 
M =-Px M = OM =-Pb 

I I' 2 ' 3 ' 

M~ ==0, M~ == -x 2 , Mj = a 
bo Jany ti<;: in dine iic;i.inji bole gin 
integralyny hasaplamak galyar. 
6.16. D = 5,33 sn1, d = 4,53 sm. 

qe4 
Gatylyk ~erti [f] = SEI 

z 

I z = n~ 
4 

(1 - a 4
) • Turbanyn yuktiniii depgini 

nD
2

( 4 \_ n(aD)
2 

q = 
4 

1 - U JY Po l + 
4 

y s • 

Onda 
l-a2 P +a2ysJ2e - 5 33 

D - 1 { ) - , sm 
- 0,003E\1- a 4 

' 

we D = da = 5,33·0,85 = 4,53sm. 

6.17. b = 8, I sin, h = 24sm. 

. 5q.t' 4 
Gatylyk ~ert1 [f ]= 

384
EI . 

r ] M ma.x qf 2 

Berklil< ~erti Lcr = w = 8W ' 
2 z 

I · 2 W = z _ 
/. h . 

244 

q.t'2h 
Onda lz = 16(;] . 

Bu ululygy gatylYk ~ett~ , 
·~1e goyup alarys: 

5.e2 [cr] ~ 
h = [] = 24sm 

24E f · 

Agac; ortgtinin kesigillhl . . . . 
lntn1 berkhk ~ertinden tapY<trys· q.t'2 bh < . 

W2 = 8[cr]= 6 · 

3 f.2 
B . d b =~ 

u yer en 4L 2 [ -- ,...._ 8 1 
11 er] "' , sm . 

6.18. 
we 3 P.t' 3 

f =- - ·--
tnax 8 Eh 3b . 

~onuil tic;inhem 
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9 = 9 = _9 = ( 1) = 2c[cr] = _ t [cr] 
max A B Y x=O Eh Eh 

f =() l =- .e2[cr] 
max Y x=2 4Eh ' 

[cr]-yii yokarda tapylan bahasyny goyup alarys: 

we 
3 Pe3 

f =-- ·- -
max 8 Eh3b • 

qf 3 - qf 4 
6.19. Ely=- (xlnx-x-xln f+R), f max - -

2
El . 

2 0 

Den gar~ylykly balkanyii islendik kesiginde 

6M 
O' max = x = const 

bh 2 
' x 

x 
h = h ·-

x e . 
Onda balkanyii erkin tarapyndan x wet uzaklykdaky kesil<lerde cr x = cre 

qx 2 ·6 _ qf 2 ·6 • 
we 2bh 2 - 2bh2 • 

x 

Onda EI YH = - q£3 1 
0 2 x' 

f 3 
EI 

0
y 1 = - q In x + C . 

2 

£3 
Eger x = f --+ y 1 = 0 => C = q ln .e . 

2 

q£3 q.f3 
Onda El

0
y1 = - In x + In .e. 

2 2 

246 

Ikinji gczck intcgrirlap alarys: 

e3 e3 

Ely = - q x In x + q x ln e + D 
2 2 , 

x= t 
' 

qf 4 
y = O:::::> D =-

2 

qf 3 
Onda Ely=- (xlnx-x-xlne+e), 

2 

- f =-qe4 
X - 0, ma.x 2El . 

0 

6.20. f = - l,2sm. 
max 

lslendik kesikdc Mx =-x2
, bx =9+0,05x, 

Ix= 0,5(9 + 0,05x)3 

n 2x 2 

Onda y = - E(9 + 0,05x )3 • 

2 u 
? ax -

Belley'aris· a = - · b = 9 r = 0 05 onda Y -. E' ,y ' (b + c;x)3 
• 

Bir gezek intcgrirlap alarys: 

I a 2b b2 

y =-- ln(b + 9x) + ----
9 3 b + 9X 2(b + 9x) 2 + C 

' 

x = t ' y1 = 0. 

a 2£ b2 

Ond C=-- ln(b +9e)+ ----
a CJ b + 9.e 2(b + c;.f)2 

Ikinji gczck intcgrir~ip alarys: 

a 3b 
y = -- x+-

93 y 

b2 
ln(b+c,;x)-x+---

29(b + c;x) 
+ Cx + O 

x= t y=O 
' ' 
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3b b 2 

e+- ln(b + ye) -e+ -
y 2y(b + 29) 

a, b, c, C we D bal1alaryny goyup we x = o baha berip alarys: 

3b ln b+ b 
y 29 

,,. 
/""' ,, 

I p!- 1 '\ ,,,. ... 
( 

B 

I ,,.r , 
I "' , 

'41'.f 
e 

v I 
I 
I / 

// 
I ; 

1\.1(1) I_...;" 

riff "' " 

6.21-nji si1rat 

6.22. U = 53,40kN·SlTI. 

+ D = 1,2s1n. 

x3 
M - q 

)( - - 0 6£ ' 

M~' = - x, M~ = -1, 

f 3 4 

f - J_ J-qox (- x)dx - qof 
A - EI 6£ - 30ET' 

0 

I 3 nJ e - _1 J- qox (-l)dx - _qo_.r 
A - EI 6e - 24EI • 

0 

1 ( 1 ) P
2
£

2 
P

2
R

3
n U = A = - P f + /.. = 7-

4 
= 53,40kN · sm. 

2 2 96ET 2Gr 

6.23. fA = 4,45s1n, 0A= 0,0133rad. 

611 

M, M• 
' 

6.23-nji surat 

248 

M,• 
~} 

Were~ginin usulyny peydalanyp alarys: 

-'°' ooP . M~ 
L\.ip - L-J • ET 

[ 
l . 20. 2 . 3_. 2 + 20. 2. 2. 2 + .!. . 40. 2. 2]106 

2 3 2 Onda fA = = 4,45sm , 
2·104

• 3000 

[ 20 . 2. 1 + ~ . 40. 2. 1]104 

eA = = 0,0133rad. 
2 · 104 

• 3000 

a t £2 

6.25. a) y = - · - , 
h 2 

at £2 

b) y= - ·- . 
h 8 

M M 0 

Mo run integralyi1y ulanyarys: y = J ~T dx . 
.e x 

Mx l I st h 
Egilme nazary)fetinden EI x = p , yone p = y , s, =at, Y = 2 . 

Onda y = J:t ·Modx. 
f 

Birinji balka iiyin M~ = x, 

at ' at e1 

y 1 = h J xdx = h · 2. 
0 

Ikinji balka ii9in M~ = x , 
2 

. 249 



' ~---
2 

/ 

~ 
• A , 

~ 
~ 

·1 
; 

r llJI"' 

A 

q, 
' 

. 
' , H I 

• • 
( ' 

ro-.. _ M, ., 
q(-

8 - K 
I 1 

M• M• I 

c I ... 

6.26-njy surat 

( ' /j 

,,, I> ' _., 

JO Al, 

"'• 
• 

/II 
~. 

• 
A~ I 

I I 

6.27-nji surat 

1 qf 2 

6 26 e - - . _o__ 

•• 8 -8 El 

Were~giniil formulasy: 

250 

8 = L
COp · M~ 

EI ' 

q.e2 t 1 3qe2 e 
co =- ·---· · - = 

p 8 2 3 8 2 

q.e3 

8 ' 

1\1~ =-1. 

qf2 
Onda eB = --. 

8EI 

e -- 7 6.27. A -
2400 

rad. 

Guy9lerin tasirini go~mal< 
yorelgesini ulanyp, balka tasir 
edyan gliys;lerm egme mome11tiniii 
epyurlaryny ayratyn lyl<da 

' guryarys. 
Berlen guy9lerden gurlan 
epYw'laryii meydanlary: 

co
1 

=_!_·10·1=5kN·m2 

2 ' 

I 2 
ro2 = - · 10 · 4 = 20kN · m , 

2 

1 2 
co3 = - · 10 · 4 = 20kN · 1n 

2 ' 

l 20 J 

ro =- · 10· 2= -kN · m-
4 3 3 ' 

co =~ ·10·4 = ~kN·m2 
s 3 3 . 

Birlik mon1entden epyur gun1p, M~ ordinatalaryny belleyaris. 

Hasaplama ge9iryaris: 

2 1 80 1 35 ') 
EIS = -5·1- 20 · - - 20 · - +-· - = --kN · m-

A 3 3 32 3 ' 

9 
= _ 35 = ___ 3_5_·_10_

4 
_ _ 

A 3EI 32·104 ·2·103 

_ 3 7 . qa 
4 

(:) I 1 qa 
3 

6·28· y B - 48 El ' B = 48 . EI 

I : qa· 
3 qa' • 't . Q). qa' 

p• 

6.28-nji s11rat 

35 7 
2400 rad. - - -

12000 

AB we <;D bo lekle rde egme 
momentin epyuryny yonekey 
epyurlara dargadyarys we olaryii 
meydanlaryny kesgitleyaris: 

qa3 3 3 
ro = co = -

8 
qa , 

1 12 ' 2 

I 3 
W 5 = 2 qa . 

Yokarky meydanlaryil agyrlyk 
merkezine degi~li birlik gily9den 
gurlan cgme momentlcrin 
ordinatalary: 

o 1 o 1 M =--a M =--a 
I 3 ' 2 4 ' 
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M~ = -32a , M~ = -2.a M~ =-2a 
6 ' . 3 . 

B nokatdaky gozlcnyan egrehne: 

ro Mo 
= "°' P c =_!_{ o o o) 37 qa

4 

YR "-' El EI\ro,M, +ro2M2+ . .. +rosMs =-·-=--
48 El 

M ~ epYurJ'ndan alarys: ' 

M~ = -~ M~ =-i 
3 ' ~ 4' 

Mo - _.!_ Mo - _ _!_ 
3 - 3 ' 4- 6' 

Onda gozlenyan owriihne bur<;:y: 

1 ( i ·1 3 e = - ro M o Mo Mo o) qa 
A El ' i + ro2 2 +ro3 3 +ro4M4 = - · . 

48 El 

qf 3 
6.29. y ,. = (4h + e) 

" 8EI . 

Epyurlardan alarys: • 

e2h £3 ro = - q - q o M o 3 
' 2 ' ro, - 6 , .l\11 =-I!, 2 = - 4 f . 

011da 9ar<;:u\vanyii <; lcesiginin wertikal ornuny u)ftget1nesi. 

I r o ) qe2 
y~ = EI \(l)1M1 + w2M~ = 8EI (4h+ e). 

qh3 h2 2 
6.30. 6 8 = (5h + 6a ); y = q a 

24El I' 32El ' 

qh3 
Epyurlardan w1 = --"-----

3 ) 

252 

qh' 
') - h j , 

I 

qh' 
"\ 

2 '1 
h • 

l 

!\it, .... -... M, -
~ -5h 

8 

~I 

6. 30-njy surat 

Onda 
h3 

= q (5h +6a) 
24EI 

Kesgitlemek talap edi!yan beyleki omuny uytgetmeler yokardaky 
yzygiderlilikde hasaplanyly-ar. 

2 Pe3 

6 31 I - 41 Y = - = 0 6mm 
• • 2 - " 9 EI 1 ' • 

Morun usulynyulanyp alarys: 

eR = J 2P X·-J X· dx +
2
j2P X·_!_X· dx 

0 
3 3 e EI, 0 3 3.e Er2 • 

Meseliiniii ~ertine gora eB = 0, bu yerden, 
12 = 411. 
We~ginm usulyny ulanyp 

I 1 2Pe 2 2£ 1 l 2Pf 2 2.e 
YB = . - . . f, . - . - + · - · · 2f · - · - = 

El1 2 3 3 3 El 2 2 3 3 3 

2 Pf 3 

=-· = 0,6mm. 
9 EI , 
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C" 

1 
)P p P 3 x J, J! 

A 

x 

/ 

' " 

x 

\ 

' "''' • 

P'-1 

.,, 
j 

).U=, 
x 

0.5 

6.31-nji surat 
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r-Pb 
Q I 111 111 j I I 11 l j I l 11g = t . • 

f•J,25m 

~ u.w 

, 

• 
,,. .. 
8 

6.32-nji surat 

r h 

lo : • l • 

l'al (>;i_.: ... 2 --- r-. M, , - ~ 

!ca·b-Z• 

•·.vi I' • 
~-

- -,, -_,, 

-- •·1 
r-- - ll 2 

P~I 

al:? 
~ 

J I I 1'12) • 

6.33-nji surat 

a:2 

ll 
h 

h 

.!}!!' 
,.,., 

.I. 
' ' 

-~ 

ll h 

1\1" 
8 M 

l 
.\ I> ,, . 

' 

6.34-nji surat 

( 

b 

p I 

6.32. h = 4sm. 

Berklik $ertinden 

h = 
M 6 

niax = 2 9 sm . 
b[cr] ' 

Gatylyk $ertinden 

5qf 4 • 12 
h = 

3 
384E[f ]b = 4sm ' 

h = 4 sm kabul edyaris. 

f - P(2a + b)
3 

+ Pa
2
h 

6·33• - 48El 2El . 

6.34. 
qa 3h 

/:!,. = • 
B 12El 

0 qa2 h cop Mr; 2 
l:l.9 = - -· ·a·-= -

El 3 8 EI 

qa3h 

12EI 
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6.35. YA 1,2375 sm, 8
8
=0,00769 rad. 

Morun usulyny ulanyarys: 
, 

! 2 2 3 

ElyA = JMP· M 0 d[= Jt8x ·- x ·dx+ 
0 0 5 0 

2 x - 2x 
42x· - x-q- ·-

5 2 5 

= 22. = 99 . 1 0 <> = 99 = 1 2 3 7 5sm 
y A EI 2·104 

• 4000 80 ' , 

2 ( ) 3 ,, x x x - x 
EI9A = ft8x · 1-- dx + 42x ·--q- ·-

0 5 0 5 2 5 
X = 

2 4 3 

= 9x 2 -~x3 + 
14 

x 3 -~ = 615· 
5 5 2 ' 

0 0 

e = 615 = 6 15 · 104 = 61,5 = 000769rad. 
1.-l EI 2 · l 04 

• 400 8000 ' 

181..N 
'\; . R 

'\; Al ' 
'· • • ' , <.' 

l!r A 

~nl 3m ~ 
f 

~ ~ .;. x, v• I x. 
~. 

. .. 
l 

J_ 
• 

IJ \ A ~ 

' ""' "' ~,' [ /\1 ' I - ~ X: 
( ' 

B j \ A ' 

. "' '' x, "'." 
·+- •• 

6.35-fl;ii surat 
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x = 99· , 

6.36. y = 12,3sm, e = 0,034rad. 
~ ~ 

9) y" = a [ 40 · 2 + 4 · 1 0 · 1 + 0 · 0] + 
6EJ 

+ b [2 . ] 60 . 5 + 160 . 2 + 40 . 5 + 2 . 40 . 2] = 
6El 

2 . 106 
. 120 3 . 106 

. 2280 -12 3 
4 + 4 - , sm, 

6 · 2 · 10 · 4800 6 · 2 · I 0 · 4800 

e~ = a [40. 1 + 4. l 0 · 1 + 0 · l] + 
6EI 

+ b [ 2 . 160 . 1 + 160 . 1 + 40 . 1 + 2 . 40 . 1] = 
6El 

6 6 
2 · 10 

4 
· 80 + 3 · 10 

4
· 600 = 0,034rad. 

6 . 2 . 10 . 4800 6 . 2 . 10 . 4800 

II 

-: A " ll ' • , 

' b ' a 
,..... r---. 

M(kNM) 11• -,..... 
r---.-~ 

i,--.. 

"""" 40 
"-

~ 
- I • 

M; 

5-- a,... ' -
I -

L • I , ' 
' I 

I\( 

l-
-

/ i\ , 
' I I 
' 

6.36-njy surat 
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6.37. Ywcrt =l,21sm, Yp =3sm, 0 = 0,0125rad. 

Matrisa dcruemesi 

./() ' • I 

l 
1~, 0 

; • 20 0 2 2 2 
M = . M? = 0 0 2 4 p 40 ' I • 

100 1 1 1 l 

/(J 

' 
/' I 

I 

I 

. " 
' 

• .... 
l , 

.I~ 

J 
I 

6.37-nji surat 
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' 
Y~klyk matrisasy 

2 1 0 0 0 
2 1 0 

1 2 0 0 0 
b1 0 a a 1 6 0 

B= - 0 0 4 0 0 -- -
0 b1r 6E 

16 
6EI 0 0 16 

0 0 0 0 
0 0 

0 0 0 0 4 

2 ] 0 0 0 
Y \VCl't 0 2 2 2 

a I 6 0 0 20 
~ip = Ygor 0 0 2 4 --

6ET 0 0 16 0 40 
e I I l 1 

0 0 0 4 100 

, = a·ll60 =_!_00·1160·10
4 

= l,2 lsm 
Bu yerden y wcrL 6EI 6. 2. I 04 . 8000 ' 

a· 2880 100 · 2880 · 104 
_ 

3 y = -
4 

- sm, 
gor 6EI 6 . 2 . I 0 . 8000 

2 
0= 100·1200·10 =0,0125rad. 

6 . 2. 104 . 8000 

6.38 . 

RA= 2,25qa2
, R

8 
= - l ,25qa2

• 

Matrisa denlemesi 

Yv o 
~ - = = M ·B·M •r e p, 

~ 

0 

--

0 

0 

0 

4 

1160 
a 

2880 ' 
6EJ 

1200 

MP, M ~ , M ~ ep,Yurlaryny peydalanyp, defile1na giryfu1 matrisala1y we 

balkany:O bo leklerinin yu~klyk matrisasyny duzyaris: 

M~, M~ matrisala1ylransponirlap yazyarys. 
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Mo= 0 0,25a 0,5a 

0 0,25 0,5 

0,5a 

0,5 
• 

0,75a 0,5a 0 

0,75 0,5 0 ' 

1 0 0 
a 

b, = b11 = bm =- 0 4 0 
6EI . 

' 

M = p 

l 

1 

1,75 

0,75 

1,25 

1,5 

0,875 

0 

0 0 I 

B = a 
6El 

1 0 0 0 0 0 0 0 0 
040000000 

0 0 1 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 

0 0 0 0 4 0 0 0 0 

0 0 0 0 0 I 0 0 0 

0 0 0 0 0 0 1 0 0 

000100040 

0 0 0 0 0 0 0 0 1 

10000000 

04 0000 00 

00100000 

B= a 0 0 0 1 0 0 0 0 

6£1 0 0 0 0 4 0 0 0 

0 0 000200 

00000040 

00000001 

Matrisa dellle1nesinc goY'up alarys: 
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. 
' 

Ye 
11 = 

ip e 
c 

_ qa 3 0 

6EJ 0 

0 25a 0,5a 

0 25 0,5 

0,5a 

0,5 

1 

I 

I 0 0 0 0 0 

04 0000 

0 0 
0 0 

1, 7 5 0 0 1 0 0 0 0 0 

0,75 0 0 0 l 0 0 0 0 

1,25 0 0 0 0 4 0 0 0 

1,5 0 0 0 0 0 2 0 0 

0,875 0 0 0 0 0 0 4 0 

0 0 0 000001 

43 a4 e = 25 a3 
onda Y c = 

24 
q , c 

12 
q · 

~ I 

43a 
_ qa3 4 

6EI 25 ' 

2 

UJ 41 

I 1
1), 7 ,,., 

Al, 
! 3 4 J d 1 $ 

I 
I 

6.38-nji surat 
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0,75a 

0,75 

0,5a 0 

0,5 0 
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6.39. Yort = 1,28sm, I > 66,5·2 = 133s1n4
• 

Berlen: 
P = 4kN, q = 3kN/m, l=2m, I=51 ,98sm4

. 

E = 75·103kN/sm2 [y] = f 
' ' 200 . 

RA= 2,7kN, ~ = 5,8kN. 
M0 = [O 0,25 0,5 0,25 0, 125 O]; 

M = p 

0 • 
1,35 

2,325 

2,525 

1,36 

0 

I! 2 · f. 1 =f. 3 =-= 05m 
' 2 ' ' 

B= 
0 

0 

2 I 0 0 

1 2 0 0 

0 0 2 0 

0 

0 

0 

0 

2 

i! 2 = Im. 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

- 0,5 0 0 0 8 

6EI 0 0 0 0 

0 0 0 0 

0 0 0 0 
0 1 0 0 

--

210000 

1 4 0 0 0 0 

0 0 0 0 

008000 1 
1- - · 

0 0 0 3 0 0 12EI ' 

0 0 0 0 4 0 
0 0 0 0 0 1 
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0 0 4 0 

0 0 0 1 

= 
106 [o 0,25 

Yort 2·3,75 ·103 · 2·51,98 
0,5 0,25 0,125 o]x 

Onda 

R. 

:I 

2 10000 0 

1 4 0 0 0 0 1,35 

0 0 8 0 0 0 2,325 
x 

0 0 0 3 0 0 2,525 

I 

0 0 0 

0 0 0 

-I> 
' ./ 

0 4 0 1,36 

0 0 I 0 

( 

' l 

Jlr 
- t. 

,. 
1: . ./ 

I 
" l/1',V1111 I 
EB 

' 

, Jr. ; 
• 

' 

I ! .J! 5 1.5!5 
I 

.\f/111) , ,.. I 
I 

tJ.5 
0.15 

6.39-njy ."iurat 

R, 

B11 yerden y = 1,28sm. 

Y 
=[M0 ] [BJ[M ] matrisa denlemesine degi~li niatrisalaryil bahalaryny 

Ort P 

<Yoyu' p we y rt = I!. = Ism kabul edip, matrisa denlemesinden balkanyii 
b 

0 200 
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kesiginiii gerek bolan inersiya mo111cntini tapyarys: I = 66,5sm4 - bir 
§Welleriii inersi}'a momenti. 

6.40. 
sqe4 

y~=384EI. 

Bu de bcrlen yiiki ozgerdip hasaplan1al< C(OZU\.Yi has yefiille§drryar. ~ol 
inaksat bilen berlen yuki b) we c;;) suratlarda gorkezili~i yaly, simmetriya 
we sinunetriya ters bolan }'Uklere dargadyarys. 
Umu1ny egrehne 

l II 
y~=y~+y~: 

• 

, .. n 0 yone y ~ = . 

y~ bahasy bolsa l1e11una1nize nmlim 

onda 
I 5qf4 

y~=yf=384EJ 

,\ 

q 

A 

1; 

~ 
,.; . 

5qf4 v 

3 84 EI -e den, 

" 

•( 

6. 40-njy surat 

6.41. 
allt0 .f al\t0 e 2 

e = f= -
A 2h ' 8h 

264 

II 

d6 
a) 

' aA1 dx 

• 
--'---·-- -t 

Li 1' I j 
2 

2 Ii 

9) 
' : 

' 2 

I 

6.41-nji surat 

h 
h- halkanynbeyil<ligi Llt~ = ; Llt0 ,hx=O- balkanyiiyok.arsylltx=O. 

11 =h - balkanyii a§agy L\t ~ = L\t0 dx uzynlykdaky kesiklerm biti-birine 
x x 

gora owriihne burs;y. 

d A 0 dx 
a)s;yzga laYJ'klyk.da <p = CX.L.lt h · 

Onda 
MM 0 al\t 0 

Moru11. integra]y J dx = JM 0 d<p = - JM 0 dx 
EI h 

0 l 
M0 afilat1nasyny: b) suratdan M = f x. 

_ al\t
0
f 'Jx dx = al\t

0
f 

Onda e A - 11 f, 2h 
() 

Balkanyii ortasyny P0 =1 birlil< giiyc;; bilen yul<leyaris. 
f 

x ai'.lt0 f1 x allt0 f
2 

Onda Mo = 2 we f = - h- . 2 o 2 dx = . 8h 

6.42. Qm:tx= 30l<N, Mmax = 2,75kN/m. 
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Meselanin statiki kesgitlenmeyanligini Mo run usulyny ulanyp ayyarys. A 
diregi RA ga)ftargy bilen 9aly~yarys we berlen we birlik giiy9lerden egme 
momentlerin aruatn1alaryny yazyarys: 

Tbolek Mx, = R A ·x 1 ; M~ =x
1

; 

II bolek Mx2 = RA · x2 - P( x2 - ~); M~ = x 2. 

Morun integralyny hasaplayarys we al.nan nctijaninola derueyaris: 
0.5t ( 

fRA ·x~dx + J[RAx;- P(x 2 -o,se)x 2 ~x =0. 
o o,se 

5£ 
Bu yerden R A = J6 alarys: Q we M ep)lurlaryny adaty usul bilen guryarys. 

A 
~· 

fFJ 111 

.. / > 
A r--:i. -._. 

i 
R, 

~ ••• --1 -

_ ...!J __ 

A 
I 

( . 

·"J 
I ,. I l -I 

1\.f(k/l.'111) 

I 

' ~ < >tk.VJ -
l 

~ 
I I 

6.42-nji surat 
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I 
J 

IJ 

I 

H 

JO 

6.43. R
9 
= l l ,25kN, RA =24, l 5l<N, t =64,46l<Nn1. 

A 

3 111 

A'1jkNn1) 

22.5 

(1), 

QfkNJ 

I 
I 

~l(kN111) 

l.J.6 

<J=20kN 

1111 

f t>, 

./(} 

M"' B Jll<,· 

,,, 

, -
2«1. 75 

17.5 

6.43-nji surat 
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Balkanyil statiki kesgitlenmeyandigiill Were~giniii tlSuly bo,Yunc;a ayYaiys. 
Artykrna9 berkitme hokmiinde sag diregi atyarys: 

ro Mo 
onda f 9 = L ~I c = 0, q gilyc;den AB direg aralygynda we B(: 

konsolda, R
9 

we P0 =1 gtiyc;lerden AB(: balkada egme 1nomentlerin 
ep)furJaryny guryarys. Bu ep)furlarypeydalanyp alarys: 

ro 1 = 60kN · m2
, 

80 2 
ro2 = - kN · m r., = 45kN. m2 ro

4 
= 3R 

3 ' w3 ' ~ ' 

ffis = 2Rc. 

.Bu meydanlaryil degi~li ordinatalary: y
1 
=y

4 
=l ,32m, y

2 
=1,5m, y

3 
=1m, 

y5 =l,33m. 
Were~aginin formulasyna goyup: 

80 4 
45 · 1- 60 · 1 33 - - · 1 5 +SR · - = 0 . 

' 3 ' 9 3 

B11 yerden R
9 
=11,25kN denagramlylygyil deruemesinden RA =24, 1 SkN, 

RR =64,6kN. 
Q we M ep:Yurlary suratda gorkezilen. 
6.44. h = 29sm, b = 14,Ssm. 

Statiki kesgitlenmeyandigini tic; momentin teore1nasyny ulanyp 
ac;yarys. Statiki kesgitlenyan diYip hasap cdip, c;ep direg aralygy il9in egme 
momentiii ep)furlaryny guryarys. <;ep direge 9enli hyyaly Yoklerin 
dentasiredijisiniii aralygy suratda gorkezilen. 

MA e 1 + 2M 0 (e 1 + e 2) +Mc; e 2 = -6(- ~ ro + 1 ro), 

MA =Mc; = 0 , l 1 =3m, f
2 

=2m. 
Bu yerde11 M

8 
=-3kN·m. 

Suratda bu momentdengurlan egme momentm ep)fury gorkezilen. Bu 
ep)fury 9ep yonekey balka u9in gurlan ep:Yur bilen go~up, berlen balka 
ii9in egme momentm ep)furyny alarys. 
Direglerdii.ki ga:Ytargylary kesgitliip, kese gtiY.jiin ep)furyny gurarys ( surata 
seret): 

268 

A 
M=./OkNn1 

l.5m 1.5111 2111 
ln1 

20 M(kN1n) 

2a 

e 
M(kNn1) 

'l -- , ) 3 

18,5 

~-L.-.+-.J..LI--L-L-L.J 
J./,3 1.5 

6.44-nji surat 

Mmax 21,5· 102 1954 5 3 
Berklik ~ertinden Wz = [cr] = l,l = ' sm ; 

bh 2 h. h2 

W = -- = 1954,Sn12 :::::> h = 28,8 ~ 29sm. 
z 6 6. 2 

6.45. 18, 75kN, 82,SkN, l 8,75kN, 56,25kNm-67,5kNm, 30-njy belgili 
iki tawra. 
Meselani gliy9 usuly bilen 9ozyaris. Esasyulgan1 il9in guy9 usulynyii kanoniki 
deiile1nesi: 
X10LJ + i:11p =0, 

EIL1 = -2·_!_·180· 3· 
2 

·15-2·180·3·2,25=-2970; 
lp; 2 3 ' 
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I 2 
EI8 = -2 · - · 6 · 3 · - · 3 = 36· 

11 2 3 ' 

36X
1 

- 2910 = o => x
1 

= &2,5kN = RB. 
A we<; di.reglerdak:i ga)ftargylar we M, Q epyurlary adaty usul bilen yerine 
yetirilen. Egme momentin epYliryndan 
M =67 5kN·m. 

1nax ' 
Onda berklik ~ertinden · 

W 
Mmux 67,5·102 

422 > = = sm ' - [cr] 16 

8239-56 DOST la)lyklykda 30-njy belgili iki tawrany saylayarys. 

A B 
lifJkN WkN 

60kN 

.lfJk.\lm 
.\', IS!J 

© / oVil 

.\J1m1 I 

e 
.J 

.\'" I J ,5 

.\11t .\im 

J6.::J ' 

/.V.7J .v. 75 Jl.!.J 

-
Jl.!J l.!J 

1.v. 7 

6.45-nji surat 
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6.46. R = 19,3kN, M = 9,3kN·m. 
A max 

Esasy ulgam ( surata seret) iic;:in kanoniki deiileme: 
X 1811 + 6ip = 0, 

8 = ...!_(.!_. 2 . 2. 2 . 2 + 2 . 4 . 2) = 
56 

11 EI 2 3 3EI' 

6 = ...!_ (- .!. . 40 . 2 . i . 2 - 40 . 4 . 2) = -
3 60 

. 
'P EI 3 4 El 

Bu ululyklary kanoniki deiilema goYlip alarys: 

= 6;p = 3. 360=19 3kN 
Xi 8 56 ' 

1 1 

Q we M gutarnykly epYu!laryny adaty usul boyuni;a guryarys ( surata seret ). 

. 
a _ _ -i .•(jk.\ "m1 

h 

"' 

R 

'·' 
J0 .. 7 

Q(kN) 

6.46-njy surat 
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6.47. MA = -67,5kN·m, MY= 22,5kN·m, 30-11jy belgili iki tawra. 
Statiki kesgitJenmeyand1gini a9mak ii9in, balkanyn we yuklerin 
simmetriYaJygyny, peyda1an9arys. Balkanyil we d~ky gtiy9Jerm simmetriyaly 
x2 giiYjilil tersle:Yin 
Simmetriyaly bolanyii9in, 022, <>21, 012

, ~2 no la den we kanoniki deiilen1e 
a~daky yaly yazylyar: P 

X 1011 
+ ~;p = 0, 

~ ' = (- _!_. 90 · 1 5. ~. 90). 2 = -135. 
Ip 2 ' 3 

() = 2·6· l = 12 
11 ' 

X - -~ip_ l35_225kN 
I - - - , • ffi 

011 12 

Onda 
M = M = - P·a + X = -60 · l 5 + 22 5 = -67 5 kN 

RA I ' ' ' ' 

W > M max - 67,5·102 - 422 3 
z - [cr] - 16 - sm . 

DOST bo:Yun9a 30-njy belgili iki tawrany saylayarys. 
p 

p 
.\f,tk.\iu> 

.\~ 

. \ 1° 

1 

I I 

.\ f(k_\.m> 

p 

D 

p 

272 

" 

I/, 
IJ 

90 

67.5 

6.47-nji surat 

6.48. Bu yerde gtiyiy usulynyulanmak amatly bolyar. 
X s;:+~= O 

1° 11 ip ' 

1 2f f. 3 

0 =-·f ·.f· - = -
11 2 3 3 ' 

~. = _ qa 
2 

. e . _!_ . e - qae. _l . R · 2 · e = -qaf 2 (~ + i), 
'P 2 2 2 3 4 3 

X = -~ iv= qaf2 . 3(~+i)= qa(1+ ~ · ~). 
l s;: f•3 4 3 4 f u 11 , 

M - M " - X . M o = qa(~ + .e)-qa(l + ~ . ~) . e = - qa 2 2 (_!_ + i) 
A - q 1 A 2 4 e 2 2 a 

M we Q ep}'urlary suratda gorkezilen. 

( a 

B 

qal~~~ L- - - ---- ---

Q 

- "" ... 

!!'...(! . :!.) 
2 • 2 

6~ 48-nji surat 
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6.49. Esasyulgamyii kanoniki den1emesi. 
XlcSl l + L\IP = 0, 

1 2 
cS = - . 3 . 3 . - . 3 + 3 . 3 . 2 = 27 

11 2 3 ' 

1 60 20 
L\ =-- ·20·2·3=-60 X =X = -= -k:N 

JP 2 ' B I 27 9 ' 

20 20 80 
X A = X 9 =-kN, RA =-kN, R 8 = -kN. 

9 3 3 

M, Q we N cp)'urlary suratda gorkczilen. 

20kN 

~· 

,, '"' 
1-."sasy 

Jm 11lga111 

M,(kNm) 

M' 

20 

10 
J 

X. B 

Q{kN) 

80 
J 

20kN 

20 

20 
J 

6.49-njy surat 
6.50. Q, M we N cp)'urlaty suratlarda gctirilen. 

20 ./0 

Kabul edilen esasy ulgam u9in kanoniki deiilcme X
1
cS11 + Ll1P = 0, 

1 1 2 1 1 2 128 
0 =-· - ·4·6·-·4 + ·-·4·4·-·4= -

11 EI 2 3 2EI 2 3 3EI ' 
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1 I 2 2 1 I 2 1 7840 
L\ = - . - . 260. 6. - . 4- - . 40. 4. 2. - - · 160. 4. - . 4. = ---

ll' EI 2 3 3 2EI 2 3 2EI . 3El 

L\IP 7840 6 kN 
Kanoniki defilemedcn X1 = - = = 1,25 

cS\1 128 

Berl en statil<i kesgitlenmeyan ~ar9uwanyii hasiyetli kesiklerindaki 
egme rnomentm gt1tarnykly epyurlarynyii ordinatalaryny ~al<daky formula 
bilen kesgitleyaris: M = Mr+ M0·Xt" 

Kese we boy gilyiyleriii ep)'urlary adatyusul bilen gurlan. 

l' 50Jrs 

A 1£1 
/I 

' 

I' 

.r. 

J(,' l 

.r 

11,17 

](J() 

£1 (. 

f'.I 
• JO&.\'m 2111 

/) 
1m 

q 

j 

1.5 

,9./ 

f;<a$)' 
ulgt1111 

M(kN111) 

61.S 

6. 50-nji surat 
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160 

10 
Mp(kN1r1) 

1.5 

(}(/rN) 

8.8 

N(kN) 

1.S 



6.51. Esasy ulgam ii9in balkanyft kanoniki deiilemesi: 

X1<>11 + X2812 + Atp = 0 

X1<>21 + X2<>22 + ~1p = 0 

Xt, ~ - nabelli gaYtargylar. Kanoniki deruemanin koeffisiyentlerini 
Simpson-Kamouhowyil usuly bilen tapYarys: 

-f 7Pf 3 

A1P = (2·1,5Pf ·f +0,5Pf ·l)=- , 
6EI 12EI 

-.e ( A2P = 2· 1,5Pe · 2f + 1,5P£ ·f + 0,5P£ · .e + 2 · 0,5Pf · f ) -
6EI 

0,5 l (2 ·-0 5Pf · f + 0 5Pf · 0 5£) = - ??P£
3 

6EI ' - ' ' 48EI 

f 3 
8 =-

11 3EI ' 

8 = (2.e)
3 

= 8 e3 8? = 8 = £ (t. 2e . 2 + e. t) = -
5 £3 

22 3EI 3EI ' I. 2) 6EI 6EI . 

Bu koeffisiyentleri kanoniki deiilema goyup taparys: 

X =~P 
I 56 ' 

x = _!lp 
2 28 . 

Q we M epyurlary adaty usul bilen gurlan. 
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• 

I . 

/,$/" 

( 

., -

J.. 4f 

/I 

I 
• -

.\', 

.\ I, 
11.S/'• 

.If, 

x;' I 
• ,,, 

I 

" • ii! 

' .'I 

6.5.l-nji surat 
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M 0T·B=a 
4 2 0 0 0 

8 6 4 2 0 

a2 10 12 2 
--

3El 22 26 22 

0 a 

210000 

141000 

B = a 0 I 4 0 0 0 

3EI 0 0 0 8 0 0 

000031 

0 0 0 0 0 2 

2 1 0 0 0 0 

1 4 1 0 0 0 

0 1 4 0 0 0 --
0 3EI 0 0 0 8 0 0 

0 0 0 0 3 1 

0 0 0 0 0 2 

0 0 0 

16 0 0 

Birlik guy9lerden ornunyii)ltgetmanm matrisasy 

278 

A =(Mor ·BMo)=-a_
2 

10 12 2 0 0 0 
8 3E1 22 26 22 16 0 0 

a3 64 160 
- -

3El 160 468 

-
Ters1natrisany A~1 kesgitleyaris: A &

1 
= d:A , 

a3 64 160 a3 
·4352 * 0 d.etA = --

3El 160 468 3El 

Baglayjy matrisa: 

- A 11 A 12 468 -160 
A = --

A21 Ai2 - 160 64 ' 

4 8 

2 6 

0 4 

0 2 

0 0 

0 0 

A = (- 1)1+1·468 = 468 J l , 
A = A = (- 1)1+2·160=-160 12 21 ' 

A
22 

= (-1)2+2 . 64=64, 

468 -160 A~1 = 3El 
i> 4352a3 -160 64 ' 

3 64 160 3El 468 -160 A A-1 a -(). 8 = • -
160 468 4352a3 -160 64 3El 

Barlagy 1 4352 0 
- =E -

4352 0 4352 

Ters tnatrisa dogry hasaplanan. 
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34 
J .. q 

' 
A • I,: 

~ 
< /) 

1 ;\. , .. :a : .. 
~" • 

~ .... ,, ,, • .. 
• 

" I 

~ · ·'· I 
J, 

"' 
• 

- ~"" I 
-

-~ 

62 

3 

a2 10 12 2 0 0 0 
34 

qa4 1764 -
~ = - 3 qa2 =- -

P 3EI 22 36 22 16 0 0 
4 9EI 6416 

2 
-
3 

' f 4 , 

J £ ' J 
'.J.I.. 

f • 

J ~ "' I " I 1(,fi,4 

·~ 

0 

x , 3El 468 - 160 qa4 1764 3,14 
0 11da X = - - qa - -x 4352a3 -160 64 9EI 54 16 -4 93 2 ' 

~ . } .. \•I , x i =3, 14qa, x 2 4,93qa. -N If. 

6.53. N = 1,06kN. 

qi= qi/+ p2 (1), ~ = f2, 

f = 591 .f.4 f = P2e3 . 
I 384EI1 ' 2 48EI2 . 

5q1£ P2 5q1£ P., 
= => = - - . 

3841, 4812 811 12 ' 

~ 
;1;.1 

' 
.,, 

. ). 

I . ·4 
""l. I'\. .U 

~ f'\Jt#" 
fl )',. 

· ~ 
.I r-.. 

;{ ' ' . fl' 
~ •q.1 

J 
• 

' l f J. 
1:., ' 

' •• 
" i.~ 

- 8 I I p 
q i - 5.e · L 2, (2). 

(2)aiilatrnany (I) goyup alarys: 

8 I I 
1+ - ·-

5 l ' 2 

·r' 

' ,, 
' ilr~~· ~ 

j .,-1 [b 

·l# v "l L$JY ' j<l'T 
I 

• JJ..,-• 'Jfi1' ~': 
I . 

qe 5· 1 5 
P2 = 

8 1 
- -----

3 
= = 1 06l<N. 

l + . l 1+ 8. 12,56·10 4,7 ' 
5 12 5 5,44. ] 03 

6.53-nji surat 
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P = e; I, . P P _ t~ 12 
6.54. I (n3 I p3 J ) , 2 - ( 3 3 ) • p <-21 + ~12 R2I1 +e 1I2 • 

Goy, yokarky we a~aky balkalar, degi~lilikde, P we P gUy<;leri kabul 
edyan bolst1nlar, onda 

1 2 

P = P + P ( l) 
l 2 ' . 

Balkalaryii ortasyndaky egrelrneleriii denligi ii<; in 

P1 e~ _ P2 e; 
48EI 1 48El2 

(2). 

( 1) we (2) aiilatmalardan 

6.55. P1 = 0, 19P, P
2 

= 0,81P. 

Bu yerden P1 = 0,19P, P
2 

= 0,81P. 

6.56. Rrr =30,32kN. 

:::-:T--"il -----~,....,, 
I -/; --r--

2 i 
I. 

6.56-njy surttt 

.,. 

Dt1rkuny Uy-tgetmanin bilelikdaki deruernesi: 

f = f +A. ' a-da 5q(2e)4 = Rs+ Rs (2e)3. 
q B pr Y 384EI C 48ET ' 

5cqf 4 
Bu yerden R B = R pr = ( 3 ) = 30,32kN. 

4\6El + cf 

282 

ti = -£ (2 Pe·f+~· 2f)= - 4Pf.
3 

Ip l 8El 3 3 3 81 ' 

X = 4Pf
3 

·3 =_i_ P 
1 81 · e3 21 ' 

cr = Es = 2· 104
· l o-4=2kN/sm2

, 

M·y 4·150·12 ·3 
cr= = , P=2 

I 81·4·12' . 

41 
Bu yerden P = -kN = 0,55kN. 

75 

19 -
81 

p 

Mo 

M 

6.57-nji surat 

f 13 

6.58. Berlen 9ar9uwa ti<; gezek statiki kesgitlenmeyan. <;ar<;uwany ok 
sitnmetriyasy bo)fun<;a kesyaris. 
Kanoniki deiilemeler: 
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Kanonik:i denlemeler: 

X1811 +X2812 +X3813 +A1p =0 

X1821 + X2822 + X3823 + A2p = 0 

X1831 + X2832 + X3833 + A3v = 0 

M~, M~ - simmetriyaly ep9urJar, Mi - ters simmetriyaly epy-ur. 
~onuii ii9in hem 8 = 8 = O· 8 = 8 =O 12 21 ' 23 32 . 
MP epY"ur simmetriyaJy, onda A

2 
= 0. 

Kanoniki deruemeJer a~kdaky y~ly gomil~e geyyar: 

• 

J 

X1811 +X3813 +A1p =0 

X18:11 + X3033 + A3p = 0 

.. -- --
• 

' . . 
.. 

\ ,._. .. -
I ' • ' • 1 - .,., 

~ 

•, I 

• 

6. 58-nji surat 

q.e4 
6.59. f 0 = --

24ET. 

N 

, 
• 

EpY"urlardan alarys: 

0 _ 18a3 
. 

I I - El ' 

9a 2 8a 8 -8 - ·8 . 
13 - 31 - - EI , 33 - El , 

A = _ 81qa
4 

• A _ 9qa 3 

Ip 4EI , Jp - El . 

Kanoniki denlemeleri ~lap 
alarys: X 

1 
= l ,29qa, 

x 3 = 0,32qa2. 

Boy we kese gi.iy9lerin we egme 
mo men till gutarnykly ep:Yurlary 
suratda gorkezilen. 

Ortaky diregi ayryp, B nokatdak:y egrelmani tapYarys: 

284 

5qR 4 

f - -­
I\ - 24EI ' 

B nokatdaky RB giiy9den egre lme 

. qf.4 
l =-'-­

RRR 6EI , 

Onda B kesigm mu1nkin bolan egrelmesi: 

f = f - f = qf
4 

B Bq BRa 24ET 

e4 
Bu yerden 9etki direglere garanyi1da ortaky direg 

2
:El den ululykda 

a~akda yerle~en. 

6.60. RR= 12,8kN. 

R,. 

~, -' ~'.m"---=-,~~-1 
0<14") 

M(kN m) 

6. 60-njy Sllrat 

42 
'°'M = q---R ·25= 0 L.., A 2 B ' ' 

RA= q·4 - ~ =16 - 12,8 = 3,2kN. 
Q we M epyurlary adaty usul bilen 
gurlan we suratda gorkezilen. 
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Vil hap 

Cyl~yrymly gar~ylyk 

7.1. a = 25°28'; f = 0,605 sm; cr A = -0,98kN I sm2
• 

1 .~ 

btr:u~ 

y -~ 

f ~ 

B 

• 

-r z 

~"<!> = ts~ 

z 
- l1Q t C: nn-..... 

7.1-nji s11rat 

Bitarap okuii yagdayyny kesgitleyi:i.ris. 

1 bh 3 ·12 h 2 

tga = ....1.. tg<p = 3 tg<p = 2 tg<p = 0,476; 
r, 1211b b 

a= 25°28' 

A nokatda iii uly gysylma dartgynlylyk bolyar. 

. 
crA =-Mmax COS<p + Slll<p ; M -- Pf 

W W max 
z y 4 

cr =- P.f(6coscp + 6sinq>)=-0981~/s 2 
A 4 bh2 b 2h ' ill ' 

z we y ol<laryn ugry boyun9a iii uly progib 

f = P~f3 . 
z 48El ' 

y 

p _e3 
f = y • 

y 48EI ' 
z 

286 

bh3 

I = . 
y 12 ' 

b3h 
I=-

z 12 , 

2 

onda f = Jf2 + f 2 = I y 

2 
P f. 3 sin q> 

48EI
2 

Pe3 cosq> 
+ 

48EIY 
= 0,605 sm. 

Progibiii ugry z ok bilen a= 25°28' bury boyun9a l1grukd}'lylan. 

7.2. cr" =0,02k.N/sm2
, cr 8 =l,02kN/sm 2

, 

~ 

crl' = 0,02kN /sm -, cr
0 

=-l,02kN/sn12
, f = l,31 sm . 

\ ' 
• 

1.02 <; 

7.2-iiji Sttrat 

Bitarap okuii yagda)ly 

1, h2 300 1 8 tga = - · tg1n = - tg = 5 
I 'I' b2 ' ' 

y 

a= 57°42' 

In ulyegmemomcntM Pe. 
Kesigin islendik nokadyndaky doly dartgynlylyk 
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onda 

, 

. 
,..,. __ M COS<p Stn <p 
v -...:.. ·y+ ·Z -

Iz Iy 

2 4 200 
cos30° ·12 sin 30°·12 _ 

= ' . ~ ·y+ · Z 
12 ·20" 20·123 

= 0,052y + 0,083z. 

cr A = 0,052·10 + 0,083 · (-6) = 0,02kN I sn1 2
, 

crA = 0,052·10+ 0,083·6=1,02kN I sm2, 

cr\ = 0,052 · (-10)+ 0,083 · 6 = -0,02kN I stn 2
, 

crr> = 0,052 · (-10)+ 0,083 · (-6)= -l,02kN I sm 2
. 

Y okardaky l1asaplrunalary ulanyp, kesigiii nom1al dartgynlylygynyii 
epyurlaryny guryarys. 

Balkanyil erl<in tarapynyii doly progibi 

f = 4Pf
3 co~ <p + sin

2 
cp = 4·2,4·2

3 
·(10

6
) f_} + I = l 3lsm 

. Ebh h4 b4 lcY· l 2·20 ~4-204 4·124 
' 

v • qf 2 5·42 

7.3. Inulydolyegmemo1nent1 Mmax= 
8 

= 
8 

= lOkNn1 

Ba§ oklar boyunc;a eg1ne mome11tler 

Mx =Mmax ·cos30° =8,66kNtn, MY = Mmax ·sin30° =5 kN1n. 

Berklik ~erti 

Diiie Mx tasirinde11 talap edilyan gar§ylyk 1non1ent 

W 
_ Mx _ 8,66·102 

_
54 3 

x-[cr]- 16 - Slll, 

DOST 8240-56boY'tmc;aN12 §Weller gabat gelyiir. 
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MY tasirinden 

5·102 
3 .. 

WY = 
16 

= 31,2 sm => N24 $Weller deg~h. 

DiJ'mek, §Weller N24 kic;i bohnaly dal 
Meselani yzygiderli ya~dyrma usuly bilen ~leyiiris. 
Birinji yakynla§mada 24-nji bclgili $Welleri saylayarys. DOST 8240-56 

bo}'l.1n9a Wx = 242 sm 3
, WY = 31,6 sm3

• 

Wx = 242sm 3 kabul edilse, berklik ~ertinden 

--
500 = 40.3 sm 3 

16-
866 

>31,6 sm3 

242 

N!!27 §Welleri saylayarys: Wx = 308 sm3 ; WY = 37,3 sm 3
. 

Barlajfarys: 

cr = Mx +MY= ~66 + 500 =l 6kN/sm2 = [cr] 
w, WY 308 37,3 . 

Berklik ~erti yerine yetirilyiir. 

7.4. k = ~ = Mx 
b M · 

y 

Berklik §ertinden 

Iii kic;i n1eydan dA =O. 
dk 
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kb3 

w = - . 
y 6 



onda 

7.5. 
k= 1 
~· 

Konsolyil erlcit1 tarapyndaky progibill deiile1nesinden, 

. 2 2 
P .t' 3 cos (P Pl3 sin <p [f]= + 

3Elx 3EJx 

Ball<anyii kesiginin meydanyny tap)farys. 

A= 
144P2 .f6 k 4 cos2 <p +sin 2 cp 

4 
f 2 1 9k 2E 

. , 

k = 1 
~-

7.6. NQ22 iki tawra. 
Gy)'a egilrnanin berklik ~ertinden alarys: 

dA =O 
dk 

~ertdcn, 

cos<p+ Wz sin<p =58,75+21,38 Wz; 
WY WY 

Y zygiderli 9e1nele~me yo ly arkaly kesigi saylayarys. W z/W Y 

wz 6 
gatna~yk iki tawra balka ii9in 6-15 aratygynda W = kabu l edyaris. 

)' 

Onda Wz > 58,75+21,38·6=185 sm 3
, 

wz 15 
Eger w = bolsa, onda w?, > 58,75 + 21,38·15 = 380 s1n3

. 
y 

W = 184sm3 N20 iki tawra, W = 37 lsm 3 N27 il<i tavvra deg~Ji. z z 

290 

W, = 232 =SI I 
' \VY 28,6 

Bu belgidaki iki tawranyii ill uly nor1nal dartgynlylygy 

Pf. 
cr = --

max 4W 
z 

cos<p + W, sin <p = 16,0lkN I sm2 
::::: (cr J 

WY 

NQ22 iki tawrany saylayarys. 

7.7. crA =16,64kN/sm2; cr8 =-13,32kN/sm2; cr<;: =4,33kN/sm
2
; 

. 
f = 1,85 sm. 

Bt1r9lugyii howply kesiginin islendik nokadyndaky normal 
dartgynlylyk 

cr = Mm3X 

. 
sin <p cos<p 
--·y+ ·Z 

I., IY 
= 4l9y+108,8z ( I), <p = 45°. 

b 

~'t-~~Ji~~ 

p 

7. 7-nji Sllrat 
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Bu delllemeden bitarap okun ugruny kesgitleyaris: 

tga = Y _ !08
•
8 ~ -0 26 = tg(-14°33') 

z 419 ' , 

A,B we <; nokatlaryn l<oordiI1atlary 

b-2zQ 
2 

. 
y A = y c = r. = ,5sm ' 

v2 

b 
ZA = -z<;' = .J

2 
= 5,66 SITI 

y 8 =-z
0
.J2=-3,15s1n; z6 =0. 

( 1) denlema goy-up alarys: 

crA =16,64kN/s1n2
; cr8 =-13,32kN/s1n2

; 

Burs;lugyil. iii uly progibi 

" cr\' =4,33kN/sm-. 

J • 2 

P n3 I I sin '" f = .t COS<p 1 + y "' = 1,85 Sill. 
3Ely ~ I~ cos<p 

7.8. a) b = 0,7h bolanda, h :::: 21 sm, b:::: 15 sin. b) N20a 

ikitawra. 
Hasapla}'y~ formula ~akdaky gon1i..i~e getirilyar: 

Paf
3 

( . ) Wz = g[cr1 cos<p+cs1n<p; 

wz 
Bu yerde c= w 

y 

h . 
gonilburs;luk u9in c = b; iki tawra ti9u1 c = 6 ... 8. 

7.9. ()A = -2t/t112
; CJB = -14t/ ill2

• 

cr = Q + M max - stitilnm esasyndaky dartgynlylyk 
A W 

292 

A nokatdaky dartgynlylyk, Q = y · f A; A = Im 2 ; 

qf 2 008·5 2 ·6 2 
cr" = -ye+ 

2
w =-1,6·5+ ' 

2
.
1 

=-8+6=-2t/m ; 

B nokatdaky dartgynlylyk 

qe2 
CJR =-yA - =-8-6=-)4t/m2

. 

2W 

7.10. crA = 8,89t/m2; crB = 2,45 t/m2. 
Diwaryfi 1 m uzynlygyna seredyaris. 
Divvaryii esasyndaky kesikde iii uly we in k:iyi dart!,>ynlylyk ~akdaky 

formula boY"uni;:a kesgitlenyar: 

' I • 

JI 

., 

• , 
7.10-njy surat 
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N M cr - + . 
max - A - W ' 
1111a 

Q 1 = -
1 

b(b- a}ye = 4,86t -diwaryii lm uzynlygynyii 
2 

i.is;burs;tuk ooleginiiiagramy, 

Q 2 = ha . yf = 6,48 t -dnvaryii 1muzyn1ygynyiipriz1naboleginin 

agramy. 
DiwaryD. esasynyil merkczi okuna gora egn1e momenti 

( b-a b) Q (b a) q max h h 215 M,., = Q. a + 3 - 2 + 2 2- 2 +1-·3= ' tin. 

11,34 2.,5 5 67 3 22 I 2 
Onda cr = ± = , + , t 111 • 

max 2 0 67 n11n , 

Bu yerden, O' max = O' A = 8,89 t Im 2 we O'min = cr B = 2,45 t I m 2 . 

7.11. Diregmkese kesigindaki normaldartgynlylyl( a~al(dakyformula 
bo"Yuns;a l(esgitlenilyar. 

p YrY zPz 
cr = - l + .2 + ·' ; 

A 12 1; 

bu yerde A = bh = 300 sn12
; P = - 90 kN; 

y P = Z P = 3 Sill. 

i 2 = ~ _ b
3
h = 75 sm2 · i2 = ~ = bl1

3 
= 100 

Y A l 2A 4 ' ' A 12A 3 

Onda cr = -0,3(1 + 0,09y + 0,16z) (I) 

Sotlky deiileniani no la denlap, bitarap okun yagdayYr1y 
](esgitleyaris. 

l + 0,09y 
0 
+ O,l 6z

0 
= O; 
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l~gcr z = O· 
0 ' 

a Y = -11,1 sm. (M nokat) 

Yo = 0; 
1 

a = =-6 25 sm. 
z 0 16 ' , (K nokat) 

Bitarap ok M we K nokatlaryii iistilndcn geyyar. 

Zl 
I \' I 

Bl 
• 

l l I (" 9l -- -
a;;:6,2~ 

• 
71i"'j 

- . z 
0 

ft -Ji M -- ~ 

J 
CD • .. 

-
.ll ·"I J I> 39 

1\1 I 
31 I 

39 

7.11-nji surat 

A, B, <;we D nokatlardaky dartgynJylyklary kesgitleyaris. Bu 
nokatlaryii koordinatlaryny ( 1) denlema goyup alarys. 

cr A = 0,33kN I sn12 (sli:Ymne), cr 8 = -0,2 lkN Ism 2 (gysylma), 

cr<.: = -0,93kN / sn1 2 (gysyhna), cr0 =-0,39kN/sm2 (gysylma). 

Bu dartgynlylyklaryi't bahalary b0Yt.1n9a s;yzgyda epYt.1rlar gurlan. 

7 .12. O' = 0,6kN I Sill 
2

. 

Os;bur9luklaryil menz~liklerinden 
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cr crc 2 
~A =-=> crc = 3crA =3 ·0,2 = 0,6kN/ s1n 
10 30 . 

7.12-nji.surat 

7.13. 
P ( 61 . ) 6e cr=-2 cosa+-s1na ; tga

0 
=-. 

a a a 

Berkidilen kesikde N = P cos a , M = Pf sin a 

(N M) P ( 6f . ) Onda cr = - A + W = - a 2 cos a + ~ s111 a . 

' y okardaky anlatmanyi'i n1aksimu1nyny tapyarys. 

( 
dcr) P ( . 61 ) 6f = 2 s1na

0 
+-cosa

0 
=O=>tga

0 
= -

da a=a a a a ,, 

P cos(u-a
0

) 

onda cr = - a 2 . cos a o . 

7 .14. 26-njy bclgili §Weller. 

Zynjyryi'i dartuv.ry P = Q, onda bu gi.iy9leriI'i deiitasiredijisi 

bloguii okundan geiyyar we dargadylandan son N = T = Q = 40kN 
balka gysyh11a we egilma sezewar bolyar. 

lll<i bilen gysyhliany 11asaba ahnan, ~welleriii belgisini kesgitleyaris. 

W - ~ - 40 · 140 - 700 3 
-[cr] -

8 
- sin 

296 

Go§ma9a gysyhnany hasaba alyp, gar§ylyk momentiii bahasyny 
.1rtdyryp alarys. 

N26 iki §Weller degi§li. 

W, =2·388=776sm3
; A=2·49,95=99,85sm 2 

N 40 2 
Gysylmadart1zynlylyk <J8 = - - = - = -0,4kN/sm . 

e A 99,85 

Egilmedaki dartgynJylyk 

M 40·140 2 
ere=+-=+ =+7,2kN/sm. w 776 

Ii\ ulydart!:,'Yfllylyk crm.ux = - 0,4-7,2 = -7,6 kN/sm2
. 

In ki<;i dart!:,')'Tllylyk cr min = -0,4 + 7 ,2 = 6,8 kN Ism 2 • 

Bu dartgynlylyklar §erti kanagatlandyryar. 

B. . . . .. li k 'k . . IM x I + IM y • 
lflilJI gOIDU§ est li<;tn Ci max = W ' 

x 

7.15. 

/M2 + M2 
Ikinji gornil$li kesik ti9in cr max = v ~ Y 

x 

Dartgynlylyklaryil balkanyil uzynlygyna ya)iraY§y: 

a 0..'i lam') 
,--~~~ 

,, 
~~ 

/ 

A [h._ 

t l t t 

a ~'\I01n') 

A 11 rll'h-., 

7.15-nji surat 
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hf 
7.16. xy = 1

2 
- giperbolanyii denlemesi. 

Direglerdaki ga)'targylar 

h 
RA=R 8 = H -

1
; 

Takmynan alnan nokatdaky dartgynlylyk 

cr~ 'i+ H ~ y +Ra(~ -x }y 
A I I ' 

bu aftla tma cr = 0, 
bh 3 

l =-
12 

goyup alarys 
1 

xy = 11f 
12 

Bu asimptotlar ox we oy den bolan dc:iigapdally giperbolanyii 
deiilemesi 

Bu egri 9yzgyda punktir 'bilen gorkezilen. 
7.17. 12% 

Y i.ik talcyk goylandak.y dartgynlylyk 

p 
(J = - · 

0 bh' 
<;yzgyda gorkezilen Yill<lenme boyun9a 

cr = ~+ 6Pf =~(l+ 6£)· 1 
bl1 bh 2 bh h ' 

bu yerden 
(J I 6.f 6 · 0,1 
- = I + - = 1 + - - = 1+0,12=1,12 esse 
(J h 5 ' 0 

ya-da 12% dartgynlylyk artyar. 

7.18. d'H= 13,ls1n, d 1v=l2,8s1n. 

JTI -berkfil< ~ertinden 
Hasap moment 

M111 = ~M; + M~ = ~12,52 +12,52 = l 7,625kN m 

298 

d = 
3 

32M 111 = 
3
fn.17,625·10 2 

_ 

onda 111 7t[cr] V- 3,14 . 8 - 13,J sm. 

IV-berklik ~ertinden 

M iv = J t 2,52 +0,75·12,52 = 16,53 kNm. 

d = 
3

f32· 16,53 · l 0
2 

= 12 8 sm. 
IV , , • 3,14 · 8 ' 

7.19. crr =12,73kN/sm 2
; cr2 =15,18kN/sm 2 . 

1) Sterzenin berkidilen kesiginde egme moment 

Me =2P ·40=2·1·40=80kNsm. 

Towlanmamoment Mt = 0, 

Me 32Mc 32·80 
onda cr 1 = W - 7td 3 -

3 14 
. 
4 3 == 12, 73 kN Ism 2 ; 

7 ' 

2) Haysy hem bolsa bir giiy9 aYrylan yagdayynda 

Mc =P·40=40kNsm, 

M 1 = P · 100 = 100 kNsm, 

onda M1v = ~M; + 0,75 · M; = J40
2

+0,75· 100 2 = 95,4 kNsm, 

\v,. cr = M rv = 
32 

· 95•
4 

= 15 18 kN Ism 2 • 

"' 
2 w 3 14·43 

' 
z ' 

7.20. o-1 =4,51 kN/sm
2

; o-3 =-0,56 kN/sm 2
; cr11 =4,67 kN/sm2; 

crru =5,06 kN /sn12
; cr 1v =4,81 kN/s1n2 . 

M0 = 38 · 20 = 760 kNsm; Mt= 20 · 30 = 600 kNsm. 

W 
__ rrd3 3,14·12,53 

1916 3 -- - = sn1 
, 32 32 ' 
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M 760 
cr = __.! = = 3,97 kN I sin 2 ; 

W, 191,3 

't = ~1 = 
600 

= 1 57kN / sm 2 

' 2Wz 2·191,3 

Ba~ dartgynlylyl<lary belli formula boyun9a kesgitleyaris. 

(j I I 2 2 3, 97 1 r:; ~ 2 
0 1 3 = -+-vcr + 4't = ± -y3,97- + 4 ·1,57 = 1,985 ± 2,53 

. 2 2 2 2 

onda cr1 = 4,5lkN/s1n2
; cr3 = -0,56kN / sm2

. 

Il - berklik nazax:yYeti boyun9a 

O"n = cr1 -µcr3 = 4,51+ 0,3 ·0,56 = 4,67 kN / sm2
. 

III - berklik nazarweti boyun9a 

cr 111 = -Ja2 +4't2
- = ~3,97 2 +4· l,57 2 = 5,06kN / stn 2

. 

IV - bcrl(]ik. nazaryYeti boyu11c;:a 

cr1v = /;;2 + 3't2 = .J3,97 2 + 3·1,57 2 = 4,8 ll<N I s1n 2
. 

7.21. d = 6,3 sm. • 
Deiiagramlylyk ~ertu1den 

R 1 10 
P2 = P1 = - ·5 = 2kN onda M, = P,R, = 5·10 = 50kNstn . 

R 2 25 

Howply kesik D kesil< bolyar. Me = 240 kN sm; M1 = 50 kN sm. 

III- berklik nazal"yYeti boyun9a 

M 111 = ~M~ + M~ = -J2402 + 502 = 245 kNsm, 

Walyn talap edyan diatnetti = 3 32. 245 = 6 3 sm. 
~ 3,14 · 10 , 

300 

-~ / o, ~ 
r ' o, ·-pP_ 

'" 
/' 

pl '1 .. 
• a"B 

A 'i 
'i B 

RA D 
r 

,\ r.1 (kN~m ~ 
ii I ~ 

200 2 ... 

P.\ (kNmi) , , 
~ ~} 

, , 

7.21-nji surat 

7.22. d = 6 sm. 

Wala tiisir edyan gily9lerin diiztijilerini gorizontal \Ve wertikal tekizlikler 
boyunc;:a dargadyruys. 

Gorizontaltekizlikde H <; = (6+3)cos30° = 7,79kN; 

HD = 3+1,5 = 4,5kN. 

Wertikal tekizlikde R <" == ( 6 + 3 )sin 30° = 4,5kN. 

Gorizontal tekizlikde iii uly egme 1nomentA kesikde 

M~0' = 7,79·20 = 155,8kNsm (surata seret). 
Wertikal tekizlikde 

M:er1 = Re · 20 = 4,5 · 20 == 90kNsm, 

M werl R 0 ·80 R c; · 20 
o = + == 135kNsm. 

4 2 

Towlanma moment M 1 = (3 - 1,5) · 40 = 60kNsm 
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7,78 kN 

. .\ --

' 1~~.80 kN SJD 

... ~O kN 

D 

I I I 

- ·.90 kN·stn 

-'.~O kN 

-- r------t=---- B 

B 

x 

.,._ __ x 

13~.oo kN Sin 

90.00 kNsin 

160.00 kN sin 

L--,i~A~--~~-tD;;.... __ ~ B 
~· T"' 

60.00 kN ~ln 

., , 

r.1, 

60.00 kN $ID 

' 
7.22-nji surat 

D kesikdaki jemleyji egme n101nent 

M jemi = ~155,8 2 + 90'.! = l 79,9kN ·sin 

III - berklik nazaryyeti boyun9a D kesikdaki hasapla:Y.jy moment 

Mhas = ~(179,9 )2 
+ 602 = 189,6kN · sm, 

Walyrl diametri 

302 

d 32Mhas 32·189,6 
5 97 6 = J rr[cr] = 3 

3
,14 . 

9 
= , sn1 ~ sm. 

7.23. d = 8 sm. 

Tov.rlanma moment 

N 500 
M1 =716.2- = 716,2 = 358,lkNsm. 

n 1000 

alruys: 

Bu gi.iy9leri \Vertikal we gorizontal tekizlikler bo)fun9a dargadyp 

P,w = P1 cos a , = 42,4kN; P1g = P1 sin a
1 

= 42,4kN. 

P2w =P2 cosa2 =25,9kN; P2g = P2 sina2 = 15kN. 

Bu gi.iy9lerden a}'ratyn lykda \.Vertikal we gorizontal tekizliklerde 

egme mo1nentleriii ep)furlaryny guryarys ( surata seret ). 

Hasiyetli kesiklerdaki jemleyji egme momentler 

Howplykesik l-njikesik we M 1v =~M~ +0,75·M; =600kNsm. 

Walyil diametri 

d = 3 32M1v = 3 32 · 600 = 8sm. 
n[ cr] 3 ,14 · 12 
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I 

a. .. .. 
[_? ,,. 

J> 
2 

7.23-nji surtit 

7 .24. Kwadrat l<esik 6o/o tegelek kesikden yenil. 
Tegelcl< kesil<li pfus il9in 

( in )2=(32Mc):). +4(16Ml)
2 

=558 M;; 
crteg d3 d3 , A3 

1t 7t teg 

Kwadrat k.esik i.h;i.J.1 

( 111 )2 =(6Me)
2 

+4 
crkw 3 a 

Mt 
0,208a3 

2 ry 

= 46 M; · 
A3 ' 

kw 

A Ak - tegelel< we l<wadrat kesikleriii tneydanlary. 
leg ' \\' 

Y ol<ardaky dartgynlylyklary dene~dirip alarys: 

A = O 94A . diy' n1ek., kwadrat kesik tegelekden 6% yenil. 
kw ' leg 

7.25. d = 7 sin. 
Walyi1 gc9i.J.·yan tow lannIB n101ne11tini l<esgit leyaris. 

N 12 
M = 973 8- = 973,8 · - = 146 l<Ns1n. 

1 
' n 80 

T owerekleym ta.sir cdyan giiyc;: 
- 2M i - 2 . 146 - 6 3 5k.N p_ - - ' . 

D 46 
Wala radial we ok boyunc;:a tasir edyan gilyc;:ler 

304 

pr = 0,36P = 2,28 l\N; Pok = 0,28P = 1,78 kN. 

Suratda wcrtikal we gorizontal tekizliklerde gurlan egrne 
tnornentleriii epyurlary gorkezilen. 

Je1nleyji egmc mo1ne11t howply k:esik i.i<;:in 

M Jerul = ~M~, + M~ = ~31,942 + 31,752 
= 37 kN Slll. 

fV- berklik nazary}'eti bo}'unc;:a 

M 1v = ~MJem i + 0,75M: = ~372 +0,75·1462 = 133kN sm, 

onda 

• 

I 

' 

d 
32M 1v 

= 
3 

n[cr] 

D ... q .. 
l 

... 
'I 

- r 

. . 
• 

' 

I 

• 

32·133 
= ~ = 6 99sm ~ 7 sm. 

3,14·4 ' 

, 

7.25-nji s11rat 
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Vlllbap 

Gysylan stedenlerin durnukJylygy 

8.1. Pkr = 124 kN, crier =4,05 kN / sm 2
• 

22-nji belgili iki tawra ti<;irl 

Imin = 157 sm
4

, A=30,6 sm 2
, imin =2,27 sm 

sterzeniii getirilen 9eyeligi A. = µe = l · 500 = 220 > A. = 100 
• y • 
I min 2,27 

$onun ii9inhemEyleriii formulasynyulanyp bolyar. 

p = 1t
2
Elmin = 3,14

2 
·2· 10

4 
·157 = l 24 kN· 

kr (µe)2 (1. 500 )1 
' 

• . • Pkr 124 2 
Kr1t1k1 dartgynlylyk <J kr = A = 

30
'
6 

= 4,05 kN / Sll1 . 

8.2. Pkr = 145 kN, crkr = 0,604 kN/sm2
• 

In ki9igatylygyndaky tekizJikde 
• 

I 
20 

· 
12 3 

= 2880 sm 4 
min = 

12 
' 

Sterienili seredilyiin tekizlikdiiki 9eyeligi 

A, = µf = 0,5 . 700 = I 0 1 > l 00 
im~ 3,46 . 

p = n
2
El min = 3,14

2 
·0,9·103 ·2880 = 

208 6 
kN 

Onda kr (µe )2 ( 0,5 . 700 )2 ' 
Iii uly gatylykdaky tekizlikde 

I = 
203 

· 12 
= 8000 sm 4 

12 , i = 
8000 

= 5 7 Sill 
240 ' ' 
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2880 
= 3 46 Sil 

12. 20 , 

p - 3,14
2 

· 0,9 ·103 ·8000 
~r - ( ) " = 145 kN ] . 700 -

l<abul edy'iiris P
1 

= 145 kN· 
<r ' 

l(ritiki dartgynlylylc 

Pkr 145 
<Tkr = A == 

240 
= 0,604 kN /sm 2

. 

8.3. p tcg : ptur = 0,22 

crak 30 6 d n,., = = - = , bu y' erde a = -1... = 0 8 
(Jm + cr.. 5 dd ' 

bu yerden d;=0,6dd, 

11111 =0,ld: (1-a4 )=0,059d: 

ptcg _ n:
2
Elteg ·(µf) 2 0 01296d4 

~- = ' d = 0,22. 
Pill, (µt)

2 ·n:2 EJtur 0,059d~ 

8.4. Tcgelek kesik 2, 4 % 9eye. 

a4 
l =-

(> 12 

? n:d-
bo]sa, a 2 = --

4 

nd 4 

I=--
0 32 

< )nda kesigiii inersiya r aditisy 

WC a = 0,886 d, 

(0,886d)4 

12. (0,866d )2 
- 0,886d = 0,256d 

2J3 ' 

. n:d 4 
. 4 d 

I., = = - = 0 25d 
64nd 2 4 ' 

<, 'cyeligiii gatna§ygyny tapyarys 
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~ = ~ = 0,256d = 1,024 
A,

0 
i

0 
0,25d 

8.5. [Pd]= 178,5 kN. 
Iki tawranyii berlen belgisi boyun9a tablisadan alarys: 

4 I . = 260 SIU ' moo 
i . = 2,63 sm, mm 

µf = I · 3 20 = 122. 
Stittiniii 9eyeligi "-1 = i . 2 63 

mm ' 

2 A = 37,5 srn . 

Po lat 3 ti9in Eylerii'i formulasynyulanmagyii a~aky i;:agini tapyarys. 

A. _ n
2E = 3,14

2 
·2·10

4 
= 99,3 

2 - 20 
(j' p·s 

A, 1 > A2 , ~onuii ti9in hem Eylerin formulasy bo:Yuni;:a kritiki gtiyji 

hasaplarnaga rugsat edilyar. 

n1Elmin - 3,142 ·2·104 ·260 = 500 kN. 
Pk, = (µe)2 - (1·320 )2 

[ ] J>kr - 500 - kN 
d·1· ·· '""k p = - - 178,5 . . Rugsat e 1 yan yu d n c.1 2,8 

8.6. d 2 = 20sm, d 1 = 17 sm. 
Ilki Eyleriii formulasyny ulanyp, son barlap gocyli.ris. 

n2End~ (l-a4 ). 
P1cr= [Pd]nd= (µe)2. 64 , 

64(Pd ]nd · µ 
2 
£

2 

bu yerden d2 = 4 n3E{t - a 4) = 19 ,3 s1n kabul edyaris. 

308 

'\ µ.e 
llarlagy: 11. = - . , 

1 

d r 

i = 2 .J1 + a 2 = 7 ,57 sin , onda 
4 

/1. = 2 . 3 20 = 97 ,5 . 
7,57 

Suti.iniii 1naterialyna Eylerin fo1111ulasyny peydalanniagyn a~al<y 9agi 

/...- /n2£ = /3.14·2·10
4 

= 81,2. 
- v () p·S v 1 7 ,2 

Saylanan suttiniii 9eyeligi bu 9al<den yokary, ~onuii uc;in he1n Eylerm 
lor1nulasy dogry ulanylan. 

8.7. [Pd] = 144kN. 

'I cgelegii'i inersiya radiusy 

d 20 '\ = µe = !_}70 = 54. ·, = - = -- = 5sn1, onda 11. 

4 4 i 5 

l ~ylerii1 formulasyny ularu1iagyi1 a~y c;agi 

f... =_ r
2
E = [3,142 ·1,1·10~= 7l,8 . 

v (J p·S ~ 2,1 

l ~ylcrm for1nulasynyulanyp bolmayar. 
l~oy egilmaniii koeffisiyentiniii kon1egi bilen hasaplayarys. Tablisadan 
t... = 54 c;eyelikdaki diregm koeffisiycntinin interpolyasiyanyulanyp 
tapyarys. 

/... = 50 => <p = 0,8, 

f... = 60 => <p = 0,71, 

L\/1. = 10 ~<p = 0,09, 

A. = 54 => == 0 8- 0,8-0,71 
<p ' I 0 

(54- 50) = 0.764. 

Durnul<lylyga rugsat edilyan dartgynlylyl< 

(<id ]= cp[cr] = 0,764 · 0,6 = 0,458 kN I s1n2. 
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[ ] 
3 14 . 20 2 

Direge rugsat edilyan gtiy9 [Pd]= A cr ct = ' - · 0,458 = 144 kN. 
4 

8.8. d1 = 5,2 sm. 
Eyleriii formulasynyulanyp, nurbatyil i9ki diametrini kesgitleyiiris. 

d = 4 64·P(ndXµR)
2 

= 
4 

64·50·4·(2·90)
2 

= 5 04 sm 
1 

7t3E 3,143 ·2,l·104 
' ' 

Bu yerde µ = 2 -nurbat bir tarapy gaty berkidilen direg gomu~inde 

seredilen. 
Kabul edyaris: d

1 
=5 ,2sm, bu bo Isa da~ky diametri d=6 sm we adin1i 

t=0,8 mm (9484-60 DOST boJ'un9a) trapeseidal hyra gabat gelyiir. 
' Y okarky hasaby barlayarys. 

d µe 2 .90 
i= - 1 = 13sm onda A.= - = =l38>'A. . =90(polat 30). 4 , , i 1,3 ~ 

$onun ii9in he1n hasap Eylerm formulasynyn ulanylyan 9aginde ge9irilen. 

8.9. P = 81 kN, [cr]d = 0,25 kN/sm2, <p = 0,25. 

. a 18 
52 K wad rat kesik u9in .1 = 

2 
J3 = 

2 
fj = , sin, onda 

'l_µf_l·600_115>100 k:r' ·k· ··'"E'l ·vc. 1 /\, - ~ - - we 1tl 1 guYJt y enn 1ormu asy 
I 5,2 

bo:Yun9a kesgitleydris: J~ 

P . = 7t2EI = 3,142 ·103 ·1£ = 243 kN. 
kr (µe)2 12 . 6002 

pkr 243 
K.ritiki dartgynlylyk CT kr = A = J8 ·ls = 0, 7 5 kN/sm2

. 

[ ] 
(Jkr 0,75 O 5 kN/ 2 Onda cr d = -- = = ,2 sm , 
nd 3 

310 

IPL= Pio= 243 =81 kN. 
nd 3 

P ugsat edilyan dartgyn.lylygy azaldyan koeffisiyent 

(cr]d _ 0,25 _ 
0 25 'P (cr] - 1 - ' 

H.10. d=l9.75sm 

Ulgan1yil deiiagra1nlylyk ~ertinden N = 23 8kN - soyegdaki boy 

I 
., d . d ners1ya ra iusy t == 

4 
. 

Meselani 9e1nele~1ne yoly bilen ~leyaris. 

1-nji 9emele~me cp
1 

= 0,5 , 

[cr]ct = 0,5 ·1,1 = 0,55kN / sm2
• 

N 238 2 
Kesigiii 1neydany A= [ ] = = 432,7sm. 

(J d 0,55 

IJu yerden d = J4
A = 23.5sm ~ i = d = 5,87sm, 
7t 4 

µI 1· 291,5 
>. - . = - ~ 50 ~ tablisadan <n '= 0 8 

I 5 87 'I' l ' ' , 

lrrl1 = 0,8·1,1=0,88 > 0,55kN I s1112 -kesigi kiyeltmeli. 

2-nji i;:en1ele~me (() 2 -- cpl +'Pt I -- 0,5 + 0,8 = 0 65• 
'!' 2 2 ' ' 

lo 11 = 0,65·1,1=0,715kN / sm2
. 

Hasaplardan alarys: A = 332,86 Sln 2; d = 20,6sm; 

1 5,15sm; /..,=56.6 
Interpolyasiyany ulanyp alarys. 
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A.=50~cp=0,8; "-=60~0.71, 

onda <p.., '= 0,8- 0,09 · 6,6 = 0,7406, 
- 10 

[cr]d = 1,1·0,7406 = 0,815 > 0,715kN I sm2. 
Kesigin olyegi yene-de uly 

- cp2 + cp2 I - 0,65 + 0,740~ = 0 6953 3-nji yemele~me cp3 - 2 
-

2 
' ' 

[cr1 =0,6953·1,I =0,765 

A= 311,11 srn2
; d = 19,93 sm; i = 4,98 sm; A. = 58,5 

onda '= 0 8 - o.o9 . 8 5 = 0 7235 cp3 ' 10 ' , 

[cr1 = 1.1·0,7235 = 0,796 > 0,765kN I srn 2
• 

' - cpJ + cp3 = 0 71 4-nji yemele~me <p 4 -
2 

' ·, 

[cr1 =0,71·1,1 = 0,78kN/sm2
, 

A= 305 sm 2
; d = 19,74 sm; i = 4,93 sin; A.= 59. 

'-08-
0
•
09 

·9-0719 cp4 - , 10 - ' ' 

[cr]d =1.l·0,719=0.79~0,78 kN/sm2 

DiY'fllek, d = J 9,75sm kabul edyaris. 

8.11. [P]d = 689kN; a= 12,4 sm 

Tablisadanalarys: TY= 2330 srn4
; 1

2
= 187 sm4 ; 

A= 28,8 sm2
; y0 = 2,46 sm. 
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Jn kis;i inersiya radiusy 

. . 1 
' "''" = l } = <; 

Ye _ -
A 

2330 
1---,= 8,99 sm. 
2. 28.8 

µe l · 500 
Siitw1iii s;cyeligi Amax = . = = 55, 7 

I min 8,99 

Intcrpolyasiyany ulanyp, tablisadan tapyarys <p = 0,749 

Rugsat edilyiin :Yilk [P Jd = Acp[ cr] = 28,8 · 0, 7 49 · 16 = 689kN 

$wellerill aralygyny 1 Ye = Izc ~ertden tapyarys. 

2 · 2330 = 2(187 + b2 
· 28,8) b = 8,64 sm. 

011da a = 2b-2y~ = 2 · 8,46-2 · 2,46=12,36~12,4 sm. 
H.12. a)23,ln1; b)23,7m; s;)20,2m. 

' l..llci-Zeniii kritiki uzyi1lygyny kesgitle1nek us;in Yasinskittill tonnulasyny 
peydalanyarys: 

(qf ) = n 2Elmin . 
· kr {µf )2 ' bu yerde µ = l,12; q = yA 

1) 

11 _ n
2
Elmiu __ n

2
End

4
·4 _ 3.14 2 ·2·104 ·102 = OOl

23
.
10

12 

~. yA~t 2 
64·ynd 2 ·µ2 16·80·10-6 ·1.122 ' 

f kr = 10
2
\/12300 =23,l·102 s111=23,lm; 

l3 =3,142·0,7·104·102 =00132·1012=>€ =2371n· 2
) kr 16 . 26 · 10-6 · l,12 2 , kr ' ' 

lJ = 3,14 z · 103 · 102 = 0 00822 . 1012 => f . = 20,2m. 
kr 16. 6. 1 o-6 • l 12 2 ' kr 

' 

3) 

.., 
H.13. 140xl40x9 burs;lul<, A=24,7 sm"'; ix =4,34 sm; 

1,95 
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F ermanyil ga-ytargylary RA = 231 kN; R 8 = 269 kN; 

N RA 
AC = . = 352 kN. 

Stll ~ 

4 N 
sin A = 0 657· stef'Zeniii uzynlygy .e = = 5,3 lm; A = [ ] ; ,_, ' ' cos p cp (J 

cosf3=0,753. 
Boy egil.manin koeffisiycnti bo)fun<;:a hasap gec;iryaris. 

A 2 
1-nji9emele$me cp1 =0,6; onda A=36,7s1n2; A, =2~ 18,4sm. 

DOSTbo)'un9a lOOxlOOxlO burc;luk A 1 =19,2 sm2
; 

imin = 3,05 sm; /... = 174. 

'=026-
0
•
26

-
0

'
23 

·4=0248· cp, , 10 , , cp1 = 0,6 - dan kop 

tapawutlanyar. 
I 

2 .. I cp
2 

-- <Pi ~ cp, -- 0,424 -nJI c;e1ne e$me . 

A= 51,9 s1n2
; A1 ::: 26 sm2 

DOSTboyunc;a 125xl25xl2, A1 =28.9 sm2
; imin =3,82 sin; 

/.., = 531 = 139· 
3 82 , 
' 

cp2 '= 0,36. 

3-njic;emelc$tne 
+ cp I 

<p 3 = <p
2 

2 
2 = 0,392; A= 56,2 sm2

; 

A1 =28,lsm2
• 

140 x 140 x 9 b11r9lugy kabul edyaris. 

A1 = 24,7 sn12
; ix = 4,34 sm. 
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onda cr=N= 
352 

=7.12kN/sm2 ·A.=
531

=122· 
A 2·24.7 ' 4,34 ' 

[cr ]d = <t>1ab1 • (cr] = 0.44 ·16 = 7.04kN I sm2
• 

A;;a )'ilkleru11e l %-den heml<op dal. 
Kabul edile11 kesigiii ol9egleri boyun9a durnuklylyga atiya9lyk 

koeffi}'siyentini l<esgitleyaris. 

(JkT 

n d = A> '-c; EyleriI1formulasynyulanyarys 
cr 

7t'.!E 3142 ·21·104 

cr k = ? = ' ' = 13 9kN I sm2 
• ')....,- 122 2 ' , 

n = 
13

·
9 

=195. 
d 7,12 , 
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IX bap 

Dinamiki \Ve dowamly yiiklenmeler. 

9.1. 3,58 sm; 3,74sm. 

2h 2. 9 ? 

Y iiki galdyrmagyii tizlcnmcsi a = f = 
3 2 = 2tn Is -

Urganyii hususy agramyny hasaba almazda11 berklik 1;)erti 

A(cr]=P I +~ 
g 

p a 
B 11 yerden A= [cr] I+ g - 50 1 + 2 

6 9,81 

4·10,03 
onda d = = = 3,58sm 

3,14 

Urganyil hususy agramyny hasaba alarys: 

Buyerden 

p 
[cr]=­

A 

a 
1+ -

g 

a 
I+­

g • 

2 = I 0,03sn1 , 

' a 
p l + -

A = / g, , -
50(1 + 

2 
) 

9,81 = I lsm2. 
a 

[cr]- ye 1+ -
g , 

-6 I 02 1 2 ) 6-70·10 ·60· +9,8 1 

Onda d= 4·1 1 = 3 74 , sm. 
3,14 

9.2. [n]= 1090ayl/min, t1£ = 0,251mm. 

0-0 okdan x uzaklykda uzynlygy dx elementi ooliip alyp, onuii inersiya 
gtiyjiini kesgitleyaris: 
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yAdx , 
<IP =- - co-x 

•I g 

inn kesigm suynme dartgynlylygy 

P I 11 '1- 112 yu)2 xdx yo)2 
( f 2 

2 
rT i.. = - J dPd = f = l - - x . 

A A x x g 2g 4 

''' ulysi.i)fmne dartgyn.lylyk x = o de1'ibolanda bolyar: 

11 = yro
2

f
2 

<[cr]::::> [ro]= /8g[cr]= n[n]::::>[n]=1090ayl/min· 
'""' 8g \ yf 2 30 

I J1ynlygy dx bolan ster.Zenit1 uzalmasy 
') crdx yco-

d/\ f =--=--
E 2gE 

\tcrzcnm uzalmasy 

t,2 2 
- -x dx · 
4 

J'/ 2crdx 112yro2 e2 2 

!!. f = 2 J E = 2 J 
2

gE 
4 

- x dx = 
0 

= yro
2 

f.
2

_ = . yn
2

n 
2 

e
2 

= 0,025 Ism= 0,25 lm1n . 
12gE 12 ·302 ·gE 

1>.1. dA = 3,l sm, d 8 = 3,93sm . 

Inersiya gtiyji go~landa gar§ylyk agra1nyil bolt Iara tasiri 

a 
P =P 1-1-
d g 

= 42 1 + 1 
•
5 

= 48,42 kN 
9,81 

. .. ,, , - Pd - 48,42 -7 56sm2 .. 
\ boltlaryil kese kes1g1n1n meydany Aa - 2[<>] - 2 . 3,2 - ' (tki 

holt). 

4AA _ 4 ·7,56 _
3 1 < >nda onuii dian1etri d A = · - n - ~ -

3
,
14 

- ' sin · 

3 17 



--
B boltunkese kesiginiil meydany 

pd 48,42 2 
AB = -[ ] = = 12,lOsm (iki kesrne). 

't 2·2 

4· 12,10 =393sm 
314 ' . 
' 

9.4. cr max = 0, 149 kN/sm 2 , cr uri; = 2,56 kN/sm 2
. 

Balkanyii agramy G = yAe = 24 ·lo~ · 202 
• 600 = 5, 76kN, 

lnersiya gti.Y.ftindcn balkanyii dinamiki yi.iklenmesi 

a 
Pd = 1 +- G = 1,6 · 5,76 = 9,2 kN 

g 

p 92 
Balkanyii 1 metrine dii9yan yuklenme q = __.!!... = ' = 1,53 kN/m 

f 6 

/ q 
' 

i ' 
' • ~ • • 

.... 

~ ' .~ 
'f ·~ -2 . 

9.4-nji surat 

Balkanyn egme momentlerfl.li kesgitleyaris. 

" 

' J~ '1 db -

Urganyn berkidilenkesiginde M1 = 0,77kN · m 

• 

Balkanyn ortasyndakykesikde M
2 

= - 1,83kN · m 
Balkanyii maksimal da1tgynlylygy 

I ' _..!t. 
.., -
' 

' 

. 1 

I I M 2 Pd l,83· JO- 9,2 O 149 kN/ 2 cr = cr + cr = + = + = sm 
max f. g W 2A 1333 2·400 ' 

Bu yerde W = ~ = 1333sm3
, A= b2 = 400sm 2 

6 
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..fj,pd J2. 9,2 2 
IJ1gandakydartgynlylyk <Jurg = = = 2,56kN/sm . 

4A 4· 1,27 

''.5. -r= l0,9kN/sm2
. 

Den hayallanYa.n hercketde mahowigiii btrrs; tizlerunesi 

c = m
2 /2<j> = 75,42 /2 · 2 · 20·3,14 = 22,6rad/s2 . 

f 11\vlandyryjy1no111enti 

1\1 1 = mic = 200 · 0,6 · 22,6 = 2716 Nm= 2,716 kN1n. 

M k _ 2,716·102 =10,9kN/sn12, 
1 1.1 l ta~1na dartgynlylyl< 1 = W 

25 
jJ 

1111 ycrde WP = 0,2 · 51 = 25sm3 . 

,,,,,, cr'"a.' =21,78kN/s1n2 . 

7trJ 3,14. 2800 
I. riwo9ipiii bur9 tizligi w = 

30 
= 

30 
= 293 rad/s, 

Nonnal tizlemne an= w2r = 2932 · 0,075 = 644lm /s2 . 

S.itunyil kesekesigiiliii meydany A= 2 · 30· 4 + 32· 4 = 368 rnm2, 

I 111.:rsion yUkiill depgini 

11 -yAa .!=78·10-6 ·3,68·6441· 102 • 
1 -111 rnax - n 

g 981 

= 0, 188kN/srn = l ,91·10-2 kN/m 

~· 't 11nyii iii u 1y egn1e momenti 

:\1 = qmax p2 - 1,91· l 0-2 . 0,252 = 0 75kN·1n. 
lllUX 15 6 I 5 6 ' 

' ' 
l'. l'sigiii inersi:Ya momenti 

30·403 26·323 
4 

I - - = 8, 9 Sill ' 
~ 12 12 
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Kesigm ga~ylyk momenti 

W =~·2= 8'
9 

·2=445sm 3 . 
x b 4,0 ' 

In uly dartgynlylyk 

Mmax -.::p 9-=--0° = -2~+ 0,65 ·30 = 21,78kN/sm 2 . 
(J max = W + A 4,45 3,68 

x 

9. 7. n = 106 ayl/min, fd = 2,4 sn1. 

Sterzen B<; aylananda, merkezden ~l~yan inersiya gtiyjiiii Pd 
tasirinden egilyar. 

P P 2 , Pdt'
3 

B )' ·v p 
d = g w r , bu yerde r = a+ fd , fd == 3EI - <; sterzenm d 

giiyyden iii ulyprogibi, 

bh 3 

bu yerde I == -
1
-
2
-

P 2 P nn _ n -n 
( )

2 ' 2 
Onda P , = -w r == - -. (a+fd) - z- P 

l g g 30 30 g 

Buyerden Pd= 
302

gPa P.e
3 

(a) 

n 2n 2 3El 

P e3 
d a+--

3EI 

,, 
M Pe bh-v •vb kJ"k . ma,, d < [cr] W - -BC sterzemn er I §Crtl (J max == -w- == w - ' - 6 

0 d P .. , ... v v •• k b I P - [a ]w (b) n a d guyJun anryya a iasy d - f 

(a) we ( b) aiilatmalary deiie§dirip alarys: 
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2 
30 gbh 106 ' l/ . 11 = - - = ay min 
n a 2f 2 

~ 6Pf (cr] + 3Eh 

1 l< ' sterzeniii iii uly progibi 

p f
3 [cr]W f 2 2[cr ]f 2 2 · 18 ·402 

d _ _ = 2,4s1n. 
3EI 3EI - 3Eh 3 · 2 · l 04 

• 0,4 

•> H. [w] = 32,4rad/ s. 
I >L•t1519egli aylawda 1nerkezden da§l~yru1 inersiya gii}ji.ill depgini 
'"akdaky yaly bolyar. 

z yA ze 
I >I: bolekde qit• = inw e = a- . w · 

0 

< I> bolekde noldan (<; nokatda), q. (D nokatda) yenli yyzykkanuny . m 

1 • ... asynda yaY'fayar. 

I >1rcglerdal<i ga:Ytargylar 

Statiki kesgitlenyan tekiz 9ru·yuwanyi1 egme momentiniii epyury 
s11ratda gorkezilen. 

I pyurdan Mmax = q
111 

• f. 2 

\ 1 l bO legiii bcrkW< ~c1iinden iii uly rugsat edilyan bury tizligini 
I ~sgitle.Yfuis, 

M nd 3 
~ia.it < (cr] => [M , ] = [cr ]w == [cr J · -
W n1<1x 32 

f'I 

3,14·1 ,83 

== l 0 · - = 5 72 k.N · Sill 
32 ' 

I la~ga tarapdan 

_ yA 2 3 _ 78·10-
6 

·3,14·1,8
2 

_
30

3 .
00

2 == 0,
545

.
1
0-2 w2 

M nu•x - g <o e - 981·4 
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Onda 0,545·10-2 [ro]2 = 5,72, Buyerdcn [ro]= 32,4rad/s. 

"" ... 
. \ c • , ( 

R.. • 

• f- B '\. .. c 

·' -- .. 
I 

Cf E 

9.8-nji SllTllt 

9.9. <J max = 10kN/sm2 . 

Oka tasir edyan gtiyy 

P1 = p + mv2 = p + ~. 2gH = P(l + 2H) = P(l + 2. 2r) = 
r ~ r r 

= 0,25(1+4) = 1,25 kN 

Ma)latnigin okt1nyii in ulyegme momenti 

M 1nax = ~ = 
1
'
25

. 
25 

= 7,8kN · sm, 
4 4 

= 32 · Mmax = 32·7,8 = IOkN /sm2 
onda crmax nd3 3 14. 23 

' 
9.10. crmax = 10,2kN/ sm 2

, !if.d = 0,765 mm. 

Birdenka go.Yian guys; sterzende kd = 2 deii bolan dinamiki gtiyji 

doredyar, yagny Pct = 2P . 

pd 8P 8 ·25 = 102kN/sm 2 Iiiulydartgynlylyk<Ymax =A = nd2 - 3,!4· 2,52 ' ' 
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Pe O I >1namiki durkunytiY'tgetme Lif d = kd · Lif ,1 = 2 ·EA = 0, 765 sm. 

1J. l l. Li" = 4,83 mm 

l J rguda dinan1iki koeffisiyent k d = 1 + 1 + 211 
List . 

llu yerde h = Imm , Li 51 = 2m1n we kd = 1 + 

t\d = kd . L\SI = 2,41·2 ::: 4,83 IDm. 

' 9.12. d=2,53s1n, d =2,26s1n. 

~ [cr] 

2 ·1 
I + =2,414, 

2 

( [cr)A)
2 

- 2 (cr)A = 2h ·EA =:> A = 5sm2 =:> d = 2 53 sin· 
P P Pe ' ' 

(cr] 
2 

_ 2h ( (cr]A)
2 

_ 2hEA A - 4 2 d' -
226 - =:> - => - sm =:> - , sm. 

<Yst L\ st P P.e 

2 i 2 9.13. <Jd = 15,43 kN/sm , crd = 16,7 kN/sm . 

I) Urganyii agramyny hasaba almazdan, lebyodl<a birden togtadylan 

v 2 EA 
gPf , onda yagdayynda kd = 1 + 
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v 2EA 
1 + .\ gP.f 

50 1602 ·2 ·1 04 ·10 
- 1 + 

10 981·50·24000 

bu yerden O' d = 15,43 kN/sm 2 . 

2) Urganyii agramy hasaba alnan yagdayYI1da 

k ; v2 EA Qurg yAe 
d = l + \ gP e(l + ~) , f3- urganyii gotcrilen massasynyii 3g - 3g 

uryanjisimiiimassasyna PI g bolangatna§ygy P = y~e = 0,125. 

. 
Urganyil hususy agramyndan doreyan dartgynlylyk cr~t = yf, 

Lebyodka togtadylandaky dartgynlylyk cr t1 
11 = cr st • k~ . 

Onda 

2 
l v EA _ 
+ \ gPe(t + f3) 

= 1,87 + 14,83 r= 16, 7 kN/sm 2 . 

9.14. f d = 0,355sm, cr max = 5,87 kN/sm2. 

Gtiyi;: duydansyz goylanda dinamiki koeffisiyent k c1 = 2 , 14-nji beJgiLi 

balkati9in l =572sm4
, W =81,7sm3

• x x 

Statiki goylan giiy9den balkanyii iii uly progibi 

f Pe3 1,5- 1603 o175~ = - = ) sm 
SL 3EI 3 ·2·10 4 ·572 ' . 

Dinamiki progib f d = fs1 • k11 = 0,1775 · 2 = 0,355 sm. 

Dinainiki dartgynlylyk Mmax =Pe= 1 ,5 · l ,6 = 2,4 kN · m. 

2 
cr d = cr st • kd = M max • k c1 = 2,4. I 0 . 2 = 5,87 kN/sm 2 . 

w 81 ,7 
324 

1>.IS. ,.. =9kN/s1112 
"'llli:•X . 

Walyii kesigindaki towlanmamomenti energi,Yanyii balansyndan tapyruys. 
llirden togtadylanda T = U 

? 

·r = Iow-
2 

- hereketiii kinetiki energiyasy 

lJ == M~ e 
2Glp - durkuny U,Ytgetmanm potensial energiyasy 

I· GI p • 

f ' 

QD'.! 
I 11 = - diskin niassasynyn inersiya n1omenti 

8g 

Q diskin agramy. 

Ip nd 4 162 2·4 2 
i~u yercte w; = 32 . (nd3 )2 = nd'.! = f\; 

nD 2 

Q = 'Y · t = 0 88 kN · 
4 ' ' 

I = QD2 - 0,88. 602 = 0 403 kN. sm. s2. 
I) 8g 8 '981 ' ' 

<•> = nn = 3,14·150 = 1578_1 _ 

30 30 ' ' 

A= nd
2 

_ 3,14·10
2 

= 78 5 2 , sm , 
4 4 

t =:(!)· 
2J G 
-"-0 - -- (!) • 

2. 0 403 . 8 ·I 03 2 
--'---- =9kN/s1n . 

250. 78,5 111ax f A 

•>. 16. v = l l 7sn1/s. 
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• 

Balkanyn statiki progibi, 5 kN gi.iys;den 

f 
p? 5 

s1 = p- · f d = 
45 

· 2 = 0,222sin, 
I 

fd 2 
Onda kd = £:;- = 0,222 = 9; yone kd = 1 + 

2 v 
1+-=9 

gfst 

Bu yerden v = ~[(9-] )2 - 1].981. 0,222 = 1l7sn1 Is. 

9.17. h = 4 sm. 

16-njy bclgili iki ta\vra balka u9in 

Ix = 873 s1114
, Wx = 109 s1n3

• 

B lk v ik' .b. f p.f3 2·3003 0 
a anynstat iprog1 i st= 

48
EJ = 

48
. 
2 

· l 04 • 
873 

= ,0644 sm. 

Balka Yill<Uii gas;yan yerinde pruzinin i;okinesi 

/..., 'Apr 4PR3 ·n 4·2·53 ·1 0 
st = = 

4 
= = 0,3125 sm. 

2 2 ·Gr · 2 2 · 8 · 103 -14 · 2 

Balkanyii bcrklik ~ertinden • 

cr d =crst · kd ~ (cr]~ Pf ·kd = (cr], 
4w " 

k 
4w,[cr] 

1 1 
2h 4·109·1 6 

d= . ~ + +t--= ~ 106= 
Pe fsl 2· 300 ' 

Bu yerden h = 3,586 sn1. 

Pruziniii bcrklik ~e1iindc11 'td = tst · kd ~ ['t], 

l+ 2h 
0,0644' 

2PR ( ) 2 · 2 · 5 
k d • 2 3 = 't ~ kd . 3 = 20 ~ 'k d = 6,28 

·1tf 2· 314 ·1 ' , 

2h 
1 + 1 + = 6,28 ~ h = 4 sn1. 

0,3125 
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'l.18. fmax = 9,25s1n, 0-.
1 

= 37 kN/s1n 2 • 

Ii lk v /1 pf a anyn egrclcn okunyI1 de111cmesi Y = 
EIU 

lki gezek integrirlap we hem~elikleri kesgitlap alarys: 

Pe x2 .f2 Pe3 3 
y = EI - - f x + ..:__ f = -- - 0,2 . I 00 . 12 - 1 5 sm 

? 2 St 
3 - ' ' o - ' . 2EI 

0 2·2·10 4 ·5·2 

Y = f,t (11 - )2 
? - x . (J-

I ~nlkanyii kinetiki encrgi}"asy 

•1• rJp ,,(f - x)4 Pe f(e x)4 po 1 
= -V(; 4 dx=-V2J - dx=-iy2_. 

o2g (J 2g 0 o p5 2g 0 5' 

Massanyiigetirilen koeffisiyenti k = 0,2. 

l~alkanyn agramy Q = ~ 5·2x100 · 78,5. Jo- 6 = 0,0393 kN. 

J)inamiki progib 

2h 

1,5 1 + 2 . 20 
= 9,25 Sl11. 

cr =2Y111axEfd_2·1·2· 104 ·9,25 7 
ll e2 - 1002 =37kN/sm-. 
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9.19. 41 % dartgynlylyk kopelyar. 

.J2h'A,, 
1) Ad =Ast ·kd =.J2hA~1 , kd = A 

St ' 

P ~2hA51 P · J2h Ji:: p.Jih 
CJ =CJ ·le =-· - = 

d st <l A Ast A "-st A.[)::. 
2) Eger meydany iki gczek azaltsan 

I 2P.JTh 
CJd = r.:;-

Av"-1s1 

""st = 2. 
/,fst 

PR· EA 2 
- ~2=1,41. 

EA· 2P.f -v L-

9.20. l) (J)o =219,4s- ' , to =0,02863s;2) roo ==219,3s- 1, 

t
0 

= 0,02864s. 

I) Diregfil agramyny 11asaba ahnazdan, yrgyldynyii )fygylygy 

!if =Pf== 100·80·4 . =0,0204 sm 
SI EA 2·104 ·3,14·5 2 

ro = 0 

g 

11.f st 

-
gEA _ gEnd2 _ 

-
P.f 4Pe 

_ 981·2·10
4 

·3,14·5
2 

=
219

,
48

_1; 
4·100. 80 

27t 3,14·2 
onda period to = = = 0,02863 s. 

(!)
0 

219,4 

2) Diregiiiagramyi1y hasaba alyarys: 
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1· , , ye2 = o,0204 + 78 · 1 o-6 . 802 = o,02·, !\I st = !ii: st + 4 
2E 2·10 

onda roo = g - 981 = 219 ,3s-1 

A I! 
1 

0,02 > 
L.l{: SI 

t
0 

= 
2

1t -
2

. 
3
'
14 

= 0 02864s 
roo 219,3 , 

9.22. 9.21 n1eselcden(J)
0 

= 13 ls-1 

Mejburyyrgyldynyii )fygylygy 

<o= ml =3,14·1300 = 1362s_1 

30 30 , 

Y rgyldynyii osme koeffisiyenti 

1 1 f3 = ----- = 12,35. 
2 -I ( 136,2)2 - 1 

131 

OH Ji 80 
Dinamiki koeffisiy' ent kd = l + · f3 = I +-f3 = · 12,35 = 2,98. 

80 Q 500 

o H H 

00 = Q, o0 - dwigatelill yarym af,rra1nyndan kroll!?te)fniii statiki 

detormasiyasy. 

<> 1-1 -1nejbu1y gliyjiin yarysyndan kron~tc)fninstatiki dcformasi)fasy. 
In uly da1tgynlylyk AB pursde doreyar. 

= p AR • k = 
1 O · 2•98 = 0 298kN Ism 2 

()max A d 10·10 ' 
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c • 

9.23. ~co= 35,7%, -rd=4,72 kN/sm2
, A.d= l 0,8 mm. 

9.24. CO= 23,4s- 1
• 

Ma~yi1laryii agramy bilen balk.any yill<leyiiris. P, = m 1 g = 5kN , 

P2 =m2g=15kN. Direglerdakiga)'targylary RA = 8,3kN, 

R R = 11, 7kN kesgitlap, berlen gily9lerdcn cgn1e momcntm Mp 
epyuryny f,>ur)'arys ( surata seret). 

Gtiyi,:le1iii goyla11 nokatlaryi1a birlik gtiy9leri go}'up, birlik gtiyi,:lerden M 
1 

we M
2 

momentleriii epyurlaryi1y gur)'arys (surata seret). 

Epyw·lary kopeltmek usulyny ulanyp a
1 

we a 
2 

or11u11y tiYtget1neleri 

kesgitleyaris: 

1 I 8 1 10 1 8 1 4 
a1 =Er 

2
. 2 -16,6 · 9 + 2 · 2 · 16,6 · 9 + 

2 
· 2 · 23,4 · 

9 
+ 

2 
· 2 · 23,4 · 

9 
; 

onda a1 = 
64

'
4 

= 17,03· 10-3 1n. 
EI 

•, 

l 

,. 
~ 

! 

9.25-nji s11raf 

• 

:E-I · 
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Sonw'i yaly-da 

a =~=18 2· 10-3 m. 2 El ' 

a1 we a 2 bahalaryny Rcleym 

fo1mulasyna goyup alarys: 

I in i ai 23 4 - 1 
CO= ·g= S 

' I n1;a ~ ' 

•) 25 _ 16 4 = 99 5 8 - t diyt' nek, rezonans hadysasy bolmayar. . • coo - ' ' co ' ' 
Birlik mo1nentden walyii towlanma bur9y 

8 = t . e = 1 . .e. 32 = 3,os ·I o-6. 
Glp G · rrd 4 

Walyii crkin yrgyldysynyii periody 

l = 2rc~I ,.,. 8 = 2 ·3,14~31 ·3,05 · I0-6 = 0,061s. 

Walyn erkin yrgyldysynyn )'ygylygy 

1 1 16 4 '-l. 
(J) =-= = 's ' 0 t 0,061 

Walyn mejbury yi·gyldysynyn )'ygylygy 

co= rrn = 3,14·950 = 99,58-1, 

30 30 

<u > w
0

; rezonanshadysasybohnayar. 

9.26. v kr = 117 km I sag. 

4PR 3n 
Pruziniiirokmesi 'A= = 1,53sm. 

"' Gr4 

Q +S 50 + 35 
Btt y' erde P = = = I 0,62 kN. 

8 8 
Wagonyn erkin yrgyldysynyii periody 

t = 2rr .?:. = 6 28 0,53 = 0,247s. 
0 g ' ~981 

Onda yrgyldynyii )'ygylygy 

ro = J_ = 
1 

= 4,0ss-' = 243 
1
. 

0 t O 247 m1n 
0 ' 

Wago11yn hereketinin kritiki tizligi ro = co0 yagdayynda bolyarwe 
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_ ro. 60f = 243 · 60 · 8 = 117km / sag. 
vkr - 1000 103 

2 9.27. c = 0,255sm, crmax = 1265kg/ 8111 . 

Q 2500 .:.2 I 
• v m - - = = 2 55kg. s sin, Dwigatelli1 massasy - g 981 ' 

Birlik gi.iy9den yUk.Un a~agyi1dal<y balkanyn progibi 

_ 1. e3 = 1·3503 =8,91·10-ssm / kg, 
tS- 48El 48·2 ·106 ·5010 
Erkin yrgyldynyn yYgylygy 

l - 1 =>Q6,5S - I . 

(\)
0 

= .J;;;B - ~2,55. 8,91·1 o-s 
Mejbury yrgyldyi1yrl YJ'gylygy 

co = nn = 3,14·540 = 56,58 - 1, 

30 30 
Mejbury yrgyldynyrl an1plitudasy 

P 1 _ 3oo . 1 = 0,255sm. 
c = m · ro~ - ro2 - 2,55 66,~2 - 56,52 

Bu amplituda ekwiwalcnt statiki gi.iy9 deg~li 

_ .:_ _ 0,255 = 2860kg = 28,6 kN. 
P SL - 8 - 8,91·10-s 

Bu gUyjilll egilmede11 doredyru1 dartgynly]ygy 

- M = Pstf = 2860·350 = 675kg/sm2. 
cr - W 4W 4·371 

D\vigateliii agramyndru1 doreyan dartgynlylyl< 

cr = M = Qf = 2500 · 350 = 590kg 1sm2 ,. 
W 4W 4·371 

Normal dartgynlylyk a~kdaky9akde UYtgcyar, 
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<1,,,;11 =590 - 675 =-85kg/ sm2, 

<imax = 590 + 675 = l265kg/sm2 

'>.28. co == 302s-1. 

Konstruksiyanyn statiki progibi 

Pe
3 

001·203 ·12 
L\ == == ' = 108 ·10-2 st 3EI 3 · 2,2 ·I 04 · 0,33 . 5 ' sm. 

Konstnlk:siyanyii yygylygy 

(1) == g -
L\ 

st 
--

9
-
8
-
1

- == 302s- 1. 
1,08 ·Io- 2 

9.29. co = 107os- 1
, T = 0,00587s , n1a = I 0223aylf min. 

$atti~yii YTgyldysynyn yYgylygyny a~akdaky takyk forrnula boyun9a 
kesg1tleYci,ris, 

, 
n - EI. u 

CO =- e. e2 P , 

$att1nyn kesiginin inersiya n10menti 

Ix = bt3 + b{~ -_!_)2 + t 1 ·(h-2t)3 = 
12 2 2 12 

3 ·O 53 

= ') , + 3. 0 5. 2 252 
l 2 ' ' 

04·43 

+ ' = l 7,37 SLTI. 
12 

314
2 

2·104 ·1737·981 Onda co - ' ' = l 070 _, 
- 302 0,035 s . 

$atunyn hususyyrgyldysynyn periody, 
T = 0,00587s-' ; 

Dwigateliii kritikiaylaw sany, 
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(t)kr = 1tl1 kr = ] 070 
30 ' 

1070·30 10223 'l/ . 
n kr = = ay llllll. 

3,14 

9.30. M "'"" = 300 kN · STll . 

' f 0" -I 
SayYil <;ydan1Jylyk c;agi cr ts = 

a. kb a. Ill 

akh =I+ q( a kt - 1) -konsentrasiyanyi\ hakyky koeffisiyenti, 

a.1 - konsc11trasiya11yn nazary koeffisiycnti, 

q- materialyn yerl i dartgynlylyga duygurlyl< koeffisiyent~ 

a.kc = 1,5 bahasyny ~ = 0,125 baglylyl<da tablisadan alyarys, 

q = 0,3 6 bahasy o 8 = 45 ICN/sm 2 baglylykda grafikden alynyar. 

Onda a.1<11 == 1+0,36(1,5 -1) = 1,18. 

a 111 = I,56 - n1as~tab koeffisiyenti, walyii dianietrine baglylyl<da 
grafikden alynY'ar. • 

f 22 2 
Onda cr _15 = = 11,95kN Ism 

1,18 · l,56 

Rugsat edityan dartgynlylyk [cr~1 s ] = crl~is = 
11

:
5 

= 5,97kN I sin 2 , 

32 

k 
~ayyn konsentrasiyasynyil effekt koeffisiyenti k as = s aP . 
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9.32. n = 2,1, n a = 3,5. 

Gatna~yk r/d=0,05.Grafikden (kcr)0 =2 =1,9, lk-r)D=2 = l,5. 
/d d cl 

0 50 
d = 40 = 1,25 ii9in 

ka =l+l;[(k 0 )~ =2 - l]=l+0,85(1,9-1 ] =1,77; 

k, = l+~[(kt)~ =2 - 1]=1+0,8(1,5- 1]=1,4. 

Grafikdcn st = sa = 0,85 

Normal dartgynlyJyk boyunc;a c;ydamlylyk c;aginin berklik koeffisiyenti 

(J _l 22 
n =----=--= =22· 

a k..., 005·0+ 1,77 .5 ' ' 
\j/,crm+ cr.. ' 085 

€a ' 

Galt~ma dartgynlylyk boyunc;a 

't 12 
n = - t - 4 = 7,3. 

\I( .... + k, .... 0 05. 0 + l, - . 1 
'f't'm - ·•a ' 085 

€, ' 

<;ydamJylyk 9agi bo)ll1n9a atiyac;lyk koeffisiyenti 

n = nant = 2,2·7,3 =2,1; 

~n! + n; .J2,2 2 + 7,3 2 

Akyjylyk <;iigi boyunc;a atiya9lyk koeffisiyenti, 

11 = (Jak =30=6 11 ~= Tak = 18=4,5; 
a crm+(Ja 5 ' . 'tm+Ta 4 

6 .4 5 
0 d n = ' = 3,5. 

n a a .J 6 2 + 4 ,5 2 
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9.33. 11
0 

= 1,29 , na = 2,13. 

(
31 4. 6000)

2 

v • a max = ro
2
r(l + A)= ' 

30 
·0,04(1 + 0,28)= 

ill ulyt1zlenn1e 
= 2,02·104 n1 · s-2 

$atunydartyan inersiya giiY.ji Pm =(mp + m y·s )·a max = 14,lkN. 

Gazy:O basy$ guyji 

3,14·782 

Pg = P2 ·Ar = 5,5 · 
4 

= 26270N = 26,27kN. 

Bu guys; $atuny gysyar ' $Onun us;in hen1 tersi.J.1 bahasyny alyarys. Satuna 

tasi.J.· edya.n ok gUyji P max = 14,lkN; Pmin = - 26,27kN. 

P . 
Assimmettiya koeffisiyenti P = p mm = - 1,86. 

max 

Da1tgynlylyl<lary kesgitleyaris (A = 1,555sm 2 ) 

()max= p max = 14,l =9,07kN/sn12 
A 1,555 • ' 

. = pmin = - 26,27 = - 16 89kN/ 2 (J mm ' sin . 
A 1,555 

cr - cr. ,, 
Sikliiihaszyctleri: Ainplituda <>a = max 

2 
mrn = 12,99kN I sm- , 

cr +cr. 2 
Ort d rt I 1 k CJ = max mm = - 3 9 lkN / SlTI a a gyn yy m 2 ' . 

Atiyarylyk l<oeffisiyenti 

cr 20 [ ] 11 = - I = = 1 29 < 11 ' 
0 

kcrcra + '1' 0 lcrml 1,11·12,99 +0,286 ·3,91' ' 
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k(J 1,27 = 111 
bu ycrde k Cf = k . k - 0 88 . I 3 ' ' 

d \f ' ' 

Statiki berklige atiyas;lyk koeffisiyenti 

(J 36 
n = a = - 2 13 d"l '·· 

a I I 16,89 - ' - rugsat e I yar. 
CT max 

J 

9.33-nji s11rat 

9.34. n = 1,54. 
In ulynormal we galt~ma da1tgynlylyklar 

cr = M, = 
80 = 6,4kN/stn2 ; 

max W 0 l · 53 
x ' 

M 64 2 
t = 1 = = 2 56kN Ism . 

max W 0 2 . 5 3 ' 
p , 

Nonual dartgynlylyk boytms:a atiyas;lyk koeffisiyenti 

n = cr_, D - cr_, - 28 = 1,65. 
11 cr1113x kcrB · £ 111 • crm•x t,8· 1,38 ·1,07 · 6,4 
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Bu yerde kcr = 1,8, f3 == 1,07 , em = 1,38 (tablisadan). 

't_1 we 'ta kesgitleyaris: 

t _1 = 0,58cr _1 = 0,58 · 28 = l 6,25kN I s1112 • 

'ta == 0,58cra = 0,58·35 = 20,3kN/ sm 2 • 

Tow lanmada c;:ydarnlylyk c;:agi ( simn1etrifa sikli) 

"-1 ] 6,25 2 
-r_, o = -- == 6kN I sm . 

k, . em . t3 1,8 · l,38 · l,07 

Pulsirle:Y.ji sikldeto\vlarunada 9ydamlylyk c;:agi (I< = 1) 

-rrD == 't - iD(l + k) = 6(1+ I)=J1,4kN /sm2(S == 120); 
't-ID + 1 6 + l 
s 120 

Galt~ma dartgynlylyk bo)luns;a atiya9lyk koeffisiye11ti 

ll = 'trD = 11,4 = 4 45. 
' 2 56 ' 't max ' 

Berklige u1numy atiya9lyk koeffisiyenti n = 1,54. 
• 
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G O $ MA(:ALAR 
1-nji go~mac;:a 

Materiallaryn fiziki-mehaniki hasiyetnamalary 

Kese 
Mayy~gaklyk Stiy~me durkuny Udel 

moduly moduly Material ilytgetmanin a gram, 
E· I 05

, G· l 04
, koeffisiyenti, y kN/sm3 

MP a MP a 
u 

Polat: 
U!!lerodlv 2,0 ... 2, I 8,0 ... 8, 1 0,24 ... 0,33 78,5 
Levirlenen 2,0 ... 2,2 8,0 ... 8,1 0,25 ... 0,30 77,5 ... 78,5 
\,al covun 0,78 ... 1,5 4,4 0,23 ... 0,27 68 ... 76 
Btiri.in<;I i 

0.75 ... 1,20 - 0,32 ... 035 87 ,6 .. . 88,2 
galavv 
Sozulan mis l ,0 ... 1,1 4,3 0,28 ... 0,34 89,4 
Garvndylar: 
Alvu11lin 0,69 ... 0,71 2,7 0,33 26,4 ... 28,0 
MaP-niv 0,39 ... 0,44 - 0,34 I 7 ,6 ... 18,0 
Berklik <;iigi 

0, 182 ... 0,232 0,16 ... 0,18 --20MPa -
4,8 ... 5,4 Aga<; boy 

0,055 0,09 ... 0,15 - (sosna) silVtimine 
Tekstolit 0,04 ... 0,06 - - 13 ... 14,5 
Winiplast 0,03 ... 0,04 - 0,35 ... 0,37 13,8 ... 14,3 

Kapron 0,014 ... 0,020 0,045 ... 0,35 ... 0,38 11,0 ... l l ,4 
0,048 

Avna silvumi 0,35 - 0,29 17,0 ... 18,0 
Polietilen ND 0,005 ... 0,008 - 0,39 9,2 ... 9,7 
Kaucuk 0,00008 - 0,47 -
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Material 

1 

St 2 kn 
St 2 ps 

(sn) 
St 3ns 
St 3ps 
(so) 

St4ps 
St4ps 
(sp\ 

St 5ps 
(sn\ 

St 6ps 
(so) 

2-nji go~ma9a 
Materia1Jaryn mehaniki hasiyetnamalar)' 

Akyjylyk Otnositel <;yda1nlylyk c;iigi, MPa Berklik c;agi c;agi uzahna 
cr1:i, MPa cr •• crT, 0, % b. f s 0.1., 0.1( MP a 

2 3 4 5 6 7 

Adaty hilli uglerodly polat 

330 ... 420 200 ... 220 30 ... 33 

340 ... 440 210 ... 230 29 ... 32 
120 .. . 160 170 ... 220 80 .. .130 

370 ... 470 220 ... 240 24 ... 27 

380 ... 490 230 ... 250 23 ... 26 
120 ... 160 170 ... 220 100 ... 130 

410 ... 520 240 ... 260 22 ... 25 

420 ... 540 250 ... 270 21 ... 24 
- 190 ... 250 -

500 ... 640 270 ... 290 17 ... 20 170 ... 220 220 ... 300 130 ... 180 

600 300 ... 320 12 . . . 15 190 ... 250 250 ... 340 150 ... 200 

• 
Hili yokarlandyrylan uglerodly polat (kadala~dyrylan) 

IO 340 ... 420 210 31 
120 ... 160 ... 80 ... 120 150 220 

20 420 ... 500 25.9 25 
120 ... 1 70 ... 

100 ... 130 160 220 

30 500 ... 600 300 21 
170 ... 200 ... 

110 ... 140 210 270 

40 580 ... 700 340 19 
180 ... 230 .. . 

140 ... 190 240 320 

45 610 ... 750 360 16 
190 ... 250 ... 150 ... 200 250 340 

50 640 ... 800 380 14 
200 ... 270 ... 

160 ... 2 10 260 350 

60 690 ... 900 410 12 I 
220 ... 310 ... 

180 ... 220 280 380 

340 

2 .. -nJ 1 !!osmacanyn owamv 
1 2 3 4 5 6 7 

Legirlenen polat 

20H 720 ... 850 400 ... 650 12 
310 ... 170 ... 230 - 380 

40H 730 ... j 050 650 ... 900 15,5 
240 ... 320 ... 210 ... 260 340 480 

45H 850 ... I 060 700 ... 950 9 
310 ... 170 ... 230 . 

380 

40HN I 000 ... 1450 800 ... 1300 
3 I 0 ... 460 ... . -
420 600 

30HGSA 1100 ... 1700 850 ... 7 
480 ... 

280 ... 400 -
1500 700 

60G 710 420 11 
250 ... 

320 - -

<;al we yokary berklikdaki i;oyun 

C<;l 8-36 . . ' suvn111c - - 35 90 -
180 

E!!.ilrnc 
360 

Gysn1a 
700 

c:c; 24-44 siiynme - - 65 120 JOO 
240 

E!!ilrne 
440 

Gvsvln1a 
1000 

cc 21-40 Slivn1ne - - 100 80 
2 10 

E!!i lmt: 
400 

Gvsvlma 
950 

A<; 45-5 Suynme 330 5 
180 ... . -200 

450 ... 550 
E!!.ihne 

650 ... 750 
Gysyhna 

1800 ... 2000 
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2-nj i go~n1a~anyii do\van1y 
2-nji go~ma9anyii dowamy 

1 2 3 4 5 6 7 
A<;:: 50-2 Stiy111n e 380 2 - 200 .. 220 170 ... 2 10 

500 ... 600 
E11:iln1e 

900 ... 1000 

1 2 3 4 5 6 7 

Metal dlil materiallar 

Agac;:: 
sosna Suvnn1e 

Gysylma 93 ... 
1700 ... 1800 115 

Durkuny iiytgedyan alyumin garyndylary 
Egiln1e 
74 ... 88 - - - - -

AMU 100 50 20 - 50 
All-31 

-

Tebigy 
140 70 13 90 -konelis1nek 

Emeli 
200 150 8 - - -konelisrnek 

AMr5 270 120 15 - 1I0 -
AMr6 320 160 15 - 130 -

Gysyhna 
45 

Dub Siiy nme 
130 

E!!ihne 
95 - - - - -

Gysyhna 
52 

Tckstolit Siiynme 
,D,16T 400 . . . 430 280 

10 115 . .. 300 - - 90 ... 70 ... - - - -100 80 

l\1i~ garyndylary Egihnc 
I 40 .. . 

Latun L 150 
68: 
Yun1~ak 300 .. . 

42 120 - - -380 

Gysyhn a 
230 .. . 

250 
Gaty 440 ... 

IO 150 - - -550 
Winiolast Siiyn111e 

40 ... 60 - I 0 ... 25 - - -
Biiriln.y: 
En.Ai\!Iu 

EgiJme 
80 ... 

9-2 480 .. . 
20 .. . 12 I - - - -550 

l:>p.AJKMu 

120 
Gvsylma 

80 ... 
10-3-1,5 60 - 12 - - - 160 
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2-nji go~mayanyn dowamy 

I 2 3 4 5 6 7 
Kanron Stiyrune 

50 ... 60 
E!!ihne 

90 ... 100 - - - - -
Gysylma 

·-·a -~ h, b, 
·~ m 

~ 
1111n 

m 

i::o v v 
85 ... l 00 

Epoksid 
Siiynme smolasy 

IO 100 55 
12 120 64 

70 ... 80 
. 

14 140 73 
E!!ilme 16 160 81 

120 ... 130 18 180 90 

Gysylma 
145 ... 155 

Ftoreolat -3 Stiynme 
30 ... 37 - 50 ... 70 - - -

18a 180 100 
20 200 100 
20a 200 1 I 0 
22 220 1I0 
22a 220 120 

Egilme 24 240 115 
60 ... 80 24a 240 125 
Gysylma 27 270 125 
50 ... 60 • 27a 270 135 

30 300 135 
30a 300 145 
33 330 140 
36 360 145 
40 400 155 

l-1 
45 450 160 
50 500 170 
55 550 180 
60 600 190 
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3-nji go~n1a9a 
lkitawraly balkalar DOST 8239-72 

~ 

Kesi- So11\\V()\:llik ululvklary 
~ gifl x-x v-v -

s, t, • a mcy- -dany "' Wx. Sx, JY' \Vy, Iy, 1n1n mm "' J, , sn14 
A, I v~ SlU

3 1, . Sin 
sm3 sm4 sm3 Sin v v sn12 v v 

4,5 7.2 12,0 9,46 198 39,7 406 , 23,0 I 7,9 6,49 1,22 
4,8 7,3 14,7 I 1,5 350 58,4 4,88 33,7 27,9 8,72 1,38 
4.9 7,5 17,4 13,7 572 81,7 5,73 46,8 41,9 11,5 1,55 
5,0 7,8 20,2 15,9 873 109 6,57 62,3 58.6 14,5 1,70 
5.1 8.1 23,4 18,4 1290 143 7,42 81,4 82,6 18,4 1,88 
5, I 8,3 25,4 19,9 1430 159 7,51 89,8 114 22,8 2,12 
5,2 8,4 26.8 21,0 1840 184 8,28 104, 115 23,1 2,07 
5,2 8,6 28,9 22,7 2030 203 8,37 114 155 28,2 2,32 
5,4 8,7 30,6 24,0 2550 232 9, 13 131 157 28,6 2,27 
5,4 8,9 32,8 25,8 2790 254 9.22 143 206 34,3 2,50 
5,6 9.5 34.8 27,3 3460 289 9,97 163 198 34,5 2,37 
5,6 9,8 37,5 29,4 3800 317 10,10 178 260 41,6 2.63 
6,0 9,8 40,2 31,5 5010 371 11,20 210 260 41 ,5 2,54 
6,0 10,2 43,2 33,9 5500 407 11,30 229 337 50,0 2,80 
6,5 10,2 46,5 36,5 7080 - 472 12,30 268 337 49,9 2,69 
6,5 10,7 49,9 392 7780 ) 18 12,50 292 436 60, 1 2,95 
7,0 11,2 53,8 42,2 9840 597 13,50 339 419 59,9 2,79 
7,5 12,3 61,9 48,6 13380 743 14,70 423 516 71,1 2.89 
8,3 13,0 72,6 57,0 19062 953 16,2 545 667 86,l 3,03 
9.0 14,2 84,7 66,5 27696 1231 18,10 708 808 101, 3,09 
10,0 15,2 JOO 78,5 39727 1589 19,9 919 1043 123, 3,23 
11.0 16,5 118 92,6 55962 2035 21,8 1181 1356 151, 3,39 
12,0 17,8 1380 108 76806 25(10 23,6 1491 1725 182, 3,54 
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5-nji go~mac;:a 
Sozma polatdan yasalan dengapdally bur~luk 

DOST 8509-72 
Kesi- Sprawo nik ululvklarv 

Mas-. - I l:l, d, 
gin x-xx t,•X() Yo-Yu J.·1-X1 

• J)NJ, sa 
mm 1n1n 

1ney-
J,,, J ' "' i,..0 ,111lf 1, •• mi .},,. Zo,S/11 Int. dany 1,. 

1r1in, , 111ax, 
srn' kg ' Sm stn snz' :C, S/11 

srn' 11, sm A, sin· 

2 3 4 5 6 7 8 9 10 I l 12 J3 
20 3 I, 13 0,40 0,59 0,63 0,75 0,17 0 39 

' 
0.81 0,60 0,89 

4 1.46 0,50 058 0.78 0,73 0.22 0,38 1,09 0,64 I, 15 

25 3 1,43 0,81 0,75 1,29 0,95 0,34 0,49 1,57 0,73 l , 12 
4 I ,86 I ,03 0,74 1,62 0,93 0,44 0,48 2, 11 0,76 1,46 

28 3 1,62 I , 16 0,85 1,84 J,07 1,48 0,55 2,20 0,80 1.27 

32 3 1,86 I, 77 0.97 2,80 1,23 0.74 0,63 3,26 0,89 1,46 
4 2,43 2.26 0,96 3,58 l ,2 1 0,94 0,62 4,39 0,94 I, 91 

36 3 2,10 2,56 I , I 0 4,06 1,39 1,06 0,71 4,64 0,99 1.65 
4 2,75 3,29 1,09 5,21 1,38 l ,36 0.70 6,24 1,04 2,16 

40 3 ,, 3 • .L.,. ) 3,55 1,23 5,63 1,55 1,47 0,79 6,35 1,09 1,85 
4 3,08 4,58 1,22 7,26 1,53 l ,90 0,7!.l 8,53 I, 13 2,42 
5 3,79 5,53 1,20 8,75 1,54 2,30 0,79 10,7 1,17 2,97 

45 3 2,65 5, 13 1,39 8, 13 1,75 2, 12 0,89 9,04 1,21 2.08 
4 3,48 6,63 1,38 I 0.50 1,74 2.74 0,89 l2, I 1,26 2,73 
5 4,29 8,03 1,37 12,70 1,72 3,33 0,88 15,3 1,30 3,37 

50 3 2.96 7, l I 1,55 11,30 1,95 2,95 1,00 12,4 1,33 2,32 
4 3,89 9,21 1,54 14.60 1.94 3,80 0,99 16,6 1,38 3,05 
5 4.80 11 ,2 1,53 17,80 1,92 4,63 0,98 20,9 1,42 3,77 

56 4 4,38 12, I 1,73 20,80 2, 18 5,41 I, 11 23,3 1,52 3,44 
5 5.41 16,0 1,72 25,40 2, 16 6,59 I, I 0 29,2 1,57 4,25 

63 4 4,96 18,9 1,95 29,90 2,45 7,8 1 1,25 33, 1 1,69 3,90 
5 6, 13 23,1 1 94 • 36,60 2.44 9,52 1.25 4 1,5 1,74 4,81 
6 7,28 27, l 1,93 42,90 2,43 11,2 1.24 50,0 1,78 5,72 

70 4,5 6,20 29,0 2, 16 46,0 2,72 12,0 1.39 5 I ,0 1,88 4.87 
5 6,86 31,9 2, 16 50,7 2,72 13,2 1,39 56,7 1,90 5,38 
6 8, 15 37,6 2, 15 59,6 2,71 15.5 1,38 68,4 1,94 6,39 
7 9,42 43,0 2, 14 68.2 2,69 17,8 1,37 80, l 1,99 7,39 
8 I 0,70 48,2 2, 13 76,4 2,68 20,0 1,37 91,9 2,02 8,37 
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5-nji go~ma9anyn dowan1y 
5-nji go~mas;anyn dowamy 

I ., 
3 4 5 6 7 ~ 9 JO 1 1 12 13 -

I 2 3 4 5 6 7 8 9 10 I I 12 I 1 18 180 1 I .l8.8 1216 5,60 ,_ 1933 7.06 500 3,59 21211 4,85 30.5 
7,5 75 5 7,39 39.5 2,3 1 62.6 2.91 16,4 1.49 69.t> 2,02 5,RO 12 42.2 1317 5.59 2093 7,04 540 3,58 2324 4,89 33, 1 

6 !!,78 46,6 ., 'O - • .> 73,9 2.90 I 9,3 1.4/oi X.1,9 2.116 l>,89 

7 10.10 53.3 2,29 84,6 2.89 22.1 1.41< \IK,3 2.10 7,96 20 200 12 47.1 1112J 6.22 2R96 7.114 749 3,99 3182 5.37 37,0 
8 11.50 59,11 2.28 94,9 2.117 24,8 2.47 113 2.15 9,02 13 50.9 1961 6.2 1 3 I 16 7,83 l!OS 3.98 3452 5,42 39.9 
9 12,80 66.1 2.27 105,0 2,86 27.S 1.46 127 2.1 x I 0.1 14 54.6 2097 6.20 3333 7,81 861 3,97 3"'22 5,46 42,8 

16 62.0 2363 (>.17 3755 7,78 970 3,96 42.64 5,54 4 8,7 
8 XO 5,5 8,63 52,7 2,47 83,6 3, I I 21 .8 J.59 9J.2 2, 17 6,78 20 76.5 2811 6, 12 4 560 7.72 I 182 3,93 5355 5,70 60, l 

6 •),3!! 57,0 2,47 94,0 3, 11 23.S 1.58 102 2, 19 7,36 25 94.3 3466 6.06 5494 7.63 1438 3,91 6733 5.89 74,0 
7 10,80 65,3 2,45 104.0 3,09 27.0 I.SK 119 2.2.1 X.5 1 30 I I 1.5 4020 (1,00 6351 7,55 1688 3,89 8 130 6.07 87,6 
x 12,30 73,4 2,44 116,0 3,08 30.3 1.57 137 2.27 1),65 

22 220 14 60,4 2XJ4 6,83 4470 R,60 1159 4,38 4941 5,93 47,4 - -- -9 90 6 10,60 82. 1 2,78 ~.o 3,50 34,U 1,79 J 45,0 2,43 8,33 16 68.6 .ll75 6,R I 5045 8,58 1306 4.36 5661 6,02 53.8 
7 12,30 94 3 • 2,77 150,0 3,49 38,9 1,78 I 611 ,0 2.47 ') 64 . -
K 13,90 I 06, 2,76 168,0 3,48 43,8 1,77 I 94,0 2,5 1 I 0, 9 
9 15,60 11 8, 2,75 186,0 3,46 41!,6 1,77 2 19,0 2,55 12,2 - - -- -

·- - - -
10 

>-- -
100 6,5 12,80 122, 3,09 193,0 3,88 50,7 1,99 2 14,0 2.68 I 0, I 

7 13,80 13 I, 3,08 207,0 3,88 54,2 1,98 23 1.0 2.7 1 I 0,8 
>- - -

8 15,60 147 3,07 233,0 3,87 60.') I, 98 265.0 
--

2,75 12.2 
10 19,20 179 3,05 284,0 3,84 74, I 1,96 J.lJ,O 2,81 I S, I 
12 22,XO 209 3,03 33 1,0 3,81 86,9 1,95 402.0 2,9 1 17 9 • 
14 26,30 237 3,00 375,0 3.78 99,3 I . 94 472.0 2,99 20.6 
16 29,70 264 2,98 41 6,0 3,74 112,0 1,9-1 542,0 

~--
.3,06 23,3 

II 110 7 15,20 176 ·3,40 279,0 4.29 72.7 2.19 30!<,0 2,96 11,9 
8 17,20 198 3.39 315,0 4.28 x 1,8 2. 18 353,0 3,00 13,5 ·-

12.5 125 8 19,7 294 3,87 467 4.87 122 2.411 51 (> 3,3(> 15,5 
9 22.0 ''>7 .>- 3.86 520 4,86 135 2.4!! 582 1,40 17,3 
10 24,3 360 3,115 571 4,84 149 2.47 M'> 3.45 19, l 
12 28,9 422 3,82 670 4,82 174 2.4<• 7X2 J,53 22.7 
14 33,4 48:!' 3.80 764 4,78 200 2,45 •)I(> 3.61 26.2 
16 37,8 539 3,78 853 4,75 124 2,44 1051 3,6ll 29_6 

14 140 9 - 24,7 - . 
466 4,34 739 5,47 192 2.79~ 818 3,78 19.4 

10 27,3 5 12 4,33 814 5,46 2 I I 2.78 911 3.82 21.S 
12 32,5 602 4.3 1 957 5,43 248 2.76 111<)7 J. ')() 25,5 - -

16 160 I 0 3 1,4 774 4,96 -- - . 
1229 6,25 319 3,19 1356 4,30 24,7 

I I 34,4 844 4,95 134 1 6,24 348 3, I 8 1494 
• 

4,35 27,0 
12 37,4 9 13 4.94 1450 6,23 476 .1, 17 1633 4 31) • 2'1.~ 

14 43,3 1046 4,92 1662 6,20 43 1 3, 16 19 1 I 4 ,47 14,0 
16 ·- 49 I • 11 75 4.89 1866 6, I 7 485 3.1~ 2 19 1 4,55 38,5 
18 54,8 1299 4.87 2061 6, 13 537 3, 13 2472 4,63 43.0 
20 60,4 14 19 4.85 2248 6,10 589 3, 12 2756 4,70 47,4 

~ 
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5,613,6 

6,3/4,0 

7/4,5 

7,5/5 
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B, b, d, 
m m m 
m m m 

2 3 4 
25 16 3 

32 20 3 
4 

40 25 3 
4 

45 28 3 
4 

2 3 4 
50 32 3 

4 
56 36 3,5 

4 
5 

63 40 4 
5 
6 
8 

70 45 4,5 
5 

75 50 5 
6 
8 

80 50 5 
6 

;;>., 
c:: 
~ 

-0 -:>...,.. 
v E E en 

Sozma polatdan yasalan den dal gapdally bur~luk 
DOST 8510 - 72 

Sprawoynik ululyklary 
OJ) x-x y -y X1-X1 Y1-Y1 ~ 

• s Agyrlyk Agyrlyk ....... 
>c: • 
. - <i:: 

~ . <n . 
. ./,} J,, . 

. 
.f.rJ, 

merke-
.fy1, 

merke-
<n ' l l)> zinin • • • OI) 
ell 

.t,J z1n1n ·- sm4 sm4 sm4 sm4 <n ~ sm sm <I) aralygy aralygy ~ 
Yo, sm Xo, sm 

5 6 7 8 9 10 11 12 13 14 
1,16 0,91 0.70 0,78 0,22 0,44 1,56 0.86 0,43 0,42 

1,49 1, 17 1,52 1,01 0,46 0,55 3,26 1,08 0,82 0,49 
1,94 1,52 1,93 1,00 0.57 0,54 4.38 1,12 1 12 , 0,53 

1,89 1,48 3,06 l,27 0,93 0,70 6,37 1,32 l,58 0,59 
2,47 1,94 3,93 1,26 1, 18 0,69 8,53 1,37 2,15 0,63 

2,14 1,68 4,41 1,43 1,32 0,79 9,02 1,47 2,20 0,64 
2 80 

' 
2,20 5,68 1,42 1,69 0,78 12, 1 1,51 2,98 0,68 

6-njy go~ma9a 

u -u 

Ju • 
lu ' Yapgyt . . min, min, 

buryy 
sm4 sin 

15 16 17 
0,13 0,34 0,392 

0,28 0,43 0,382 
0,35 0,43 0,374 

0,56 0,54 0,385 
0.71 0,54 0,381 

0,79 0,61 0,382 
1,02 0,60 0,379 

6-njy go~1na9anyi\ dowamy 

5 6 7 8 9 10 I I 12 13 14 15 16 17 
2,42 1,90 6,17 1,60 1.99 0,91 12,4 1,60 3,26 0,72 l.18 0,70 0.403 
3,17 2,49 7,98 1,59 2,56 0,90 16,6 1,65 4,42 0,76 1.52 0,69 0,401 
3.16 2,48 10, 1 l 79 

' 
3.30 1,02 20.3 1,80 5,43 0,82 1,95 0,79 0,407 

3,58 2,81 11,4 1,78 3,70 1,02 23.2 1,82 6,25 0,84 2,19 0,78 0,406 
4,41 3,46 l 3,8 1,77 4,48 1,0 I 29,2 1,86 7,91 0,88 2,66 0,78 0,404 

4.04 3.17 16,3 2,01 2,16 l '13 33,0 2,03 8.51 0,91 3,07 0,87 0,397 
4,98 3,91 19,9 2,00 6,26 I, 12 41,4 2,08 10,8 0,95 3,73 0,86 0,396 
5,90 4,63 23,3 1,99 7,28 l 11 ' 

49,9 2,12 13.l 0,99 4,36 0,86 0,393 
7,68 6,03 29,6 1,96 9,15 1,09 66,9 2,20 17,9 1,07 5,58 0,85 0,385 

5,07 3,98 25,3 2,23 8,25 1,28 51 ,0 2,25 13,6 1.03 4,88 0,98 0,407 
5,59 4,39 27,8 2,23 9,05 1,27 56,7 2,28 15,2 1,05 5,34 0,98 0,406 

6,11 4.79 34,8 2,39 12.5 1,43 69,7 2,39 20,8 1, 17 7,24 1,09 0,436 
7,25 5,69 40,9 2,38 I 4,6 1,42 83,9 2,44 25,2 l.21 8.48 l,08 0,435 
9,47 7,43 52,4 2,35 18,5 1,40 112,0 2,52 34,2 1,29 10,90 1,07 0,430 

6,36 4,99 41,6 2.56 12, 7 1,4 l 84,6 2,60 20.8 l, 13 7.58 1.09 0,387 
7,55 5,92 49,0 2,55 15,8 1,40 102.0 2,65 25,2 1,17 8,88 1.08 0,386 



w 
VI 
N 

w 
VI 
w 

1 2 3 
915.6 90 56 

1 (J.'6.3 1oa 63 

11/7 11< 70 

12,5/8 12~ 80 

I ') 

149 l-t-0 

. 
16/10 160 

I 

18111 180 

20/12,5 200 

25116 250 

4 5 
5,5 7.86 
6 8,54 
8 11, 18 

6 9,59 
7 11. l 
8 12,6 
10 15,5 

6,5 11,4 
7 12.3 
8 13,9 

7 14, l 
8 16.0 
10 19,7 
12 23.4 

3 4 
90 8 

10 

100 9 
10 
12 
14 

110 10 
12 

125 11 
12 
14 
16 

160 12 
16 
18 
20 

6 7 8 9 
6,17 65,3 2,88 19.7 
6,70 70,6 2,88 21,2 
8,77 90,9 2,85 27,1 

7,53 98,3 3.20 30,6 
8.70 113 3.19 35,0 
9,87 127 3,18 39,2 
12, 10 154 3,15 47,l 

8,98 142 3,53 45,6 
9,64 152 3.52 48.7 
10,90 172 3,51 54,6 

11,0 227 4,01 73,7 
12,5 
~ 

256 4,00 83,0 
15.5 312 3,98 100 
18,3 365 3,95 117 

5 6 7 
I 

8 
18,0 14, I 364 4,49 
22.2 17,5 444 4,47 

22,9 18,0 606 5,15 
25,3 19,8 667 5,13 
30,0 23,6 784 5,11 
34,7 27.3 897 5,08 

28.3 22,2 952 5,80 
33,7 26.4 1123 5,77 

34,9 27,4 1449 6,45 
37,9 29,7 1568 6.43 
43,9 34,4 1801 6,41 
49.8 39,1 2026 6,38 

48.3 37,9 3147 8,07 
63,6 49,9 4091 8,02 
71,1 55,8 4545 7.99 
78,5 61,7 4987 7,97 

6-njy go~mas:anyn do,vamy 

10 11 12 13 14 15 16 17 
1,58 132 2,92 32,2 1,26 11,8 1.22 0,384 
1,58 145 2,95 35.2 1,28 12,7 1,22 0,384 
1,56 194 3,04 47,8 1,36 16,3 1.21 0,380 

1,79 198 " '>3 :> .. .- 49,9 1.42 18.2 1,38 0,393 
1.78 232 3,28 58.7 1,46 20,8 i 1,37 0,392 
1,77 266 " "2 .) ,.> 67,6 I.SO 23,4 1.36 0,391 
1,75 333 3,40 85,8 1,58 28,3 1,35 0,387 

> 

2,00 286 3,55 74,3 1,58 26,9 1,53 0,402 
1,99 309 3.57 80,3 1,60 28,8 1.53 0,402 
1.98 353 3.61 92,3 I .64 32,2 1,52 O,..WO 

2,29 452 4,01 119 1,80 -13,-1 1,76 . 0,407 
2,28 518 4,05 

~-
137 1,84 48,8 . 1,75 0,406 

2,26 649 4, 14 173 1,92 59,3 1,74 0,404 
2,24 781 4,22 210 2,00 69,5 1,72 0.400 

6-njy go~mas;anyn dov.rruny 

9 10 11 12 13 I 14 15 16 17 
120 " ·g .... ,) 727 4,49 194 2,03 70.3 1,98 0.411 

146 2.56 I 911 4.58 245 2,12 85.5 1.96 0,409 

- - - -
186 2,85 1221 5, 19 300 2,23 110 2.20 0.391 

204 2.84 1359 5,23 335 2,28 121 2, 19 0,390 

239 2,82 1634 5,32 405 2,36 142 2,18 0,388 

272 2,80 1910 5,40 477 2.43 162 2.16 . 0,385 

276 3,12 1933 5,88 444 2.44 165 2,42 0,375 

324 3,10 2324 5.97 537 2.52 194 2,-t-O 0.374 
I 

446 3,58 2920 6,50 718 2,79 264 2,75 I 0.392 

482 3,57 3189 6,54 786 2,83 285 2,74 0.392 

551 3,54 3726 6,62 922 2,91 327 2.73 0,390 

617 3.52 426-l 6,71 1061 I 2,99 367 2.72 0,388 

1032 4,62 6212 7,97 1634 3.53 ~ 3,54 0.410 

1333 4,58 8308 8.14 2200 3.69 ?SI 3.50 0,408 

1475 4,56 9358 8,23 2487 3.77 ~66 3,49 0,407 

1613 4,53 10410 8,3 l 2776 3,85 949 3,48 0,405 
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7-nji go~mai;:a 

Bov ef1ilmanin koeffisiventi 
Adatv hil1i oolat ' Yokarlan-

polat 1, polat dyrylan 
hilli polat <;oyw1 A gas; 2, polat 3, Polat 5 
0'~ 320 po lat 4 

MP a 

1,00 1,00 1,00 1,00 1,00 
0,99 0,98 0,97 0,97 0,99 
0,96 0,95 .. 0,96 0,9 1 0,97 
0,94 0,92 0,9 1 0,81 0,93 

0,92 0,89 0,87 0,69 0,87 
0,89 0,86 0,83 0,57 0,80 
0,86 0,82 0,79 0,44 0,71 
0,81 0,76 0,72 0,34 0,60 

0,75 0,70 0,65 0,26 0,48 
0,69 0,62 0,55 0,20 0,38 
0,60 • 0,51 0,43 0,16 0,31 
0,52 0,43 0,35 - 0,25 

0,45 0,37 0,30 - 0,22 
0,40 0,33 0,26 - 0, 18· 
0,36 . 0,29 0,23 0,16 -
0,32 0,26 0,21 - 0, 14 

0,29 0,24 0, 19 - 0,12 
0,26 0,2 1 0, 17 - 0,11 
0,23 0 19 

' 0,1 5 - 0, 10 
0,21 0,17 0,14 - 0,09 
0, 19 0, 16 O, l 3 - 0,08 
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