g_ﬂ_"\.!\ ) I

b _aall g o 5

(Tension .and Compression)

. datia 1.2
CAp W1 e 30 2.2
- Agagand) clalgat 3.2
. clal Vg A gand) cLAN 4.2
A gal Ll gdd Al Ajudad clud jah 5.2

. lgdlaal g i laay) g1 6 1.5.2

. Ay alige 2.5.2

L gl cdlpaatll b JloadNl g dgadld 1oL a g 3.5.2

. Jad¥l g~ AgaYl ale

. Jakall o sl 6,2
. L 7 gamall Clalga¥) g ola) cBlalas 7.2
- biuall g 34N Nl & LSalind 3adaa 8l il 8.2
c Spldiall LB o sall quiall bl g 4y 4 af cligad 9.2
. aa) g oladt B AlLaY adilial B Chilga¥) 10.2
c pladl A ALl adslial b ciigad 11.2
Ao N cilabocal) auda ga g dgensd N chilgad) 12.2

" asa 8837 Letaladl g dpeeri W Clalga¥ ayaat 43 A3y 5k 13.2

" dlgh igilel Aalall Aipeall " eNldN g clalgad o A0 14.2

41




i__ai8.1.2

oAb LY Al clelladl ol ol (o e Aleall eV e iS B
pa s o L G iy ¢ La Y Al (e degene S An i s
Ot b e et Aglily o8 8 D e el 1 e Adbaa adaliall
A by ol gl agies c cliaWl ayiey ¢ pail (585 ¢ D senll (5 il
A e g el Clalgal g A2 gee Clalgal e Al 5y (5 gl

e Am )il sl 35 Laxic sale A gend) Clalga¥) ek
el i dy;sma b o jall head Alla b gl e Jal jsan oladly eliad]
e A ganll akalidl e slgall oSy Alal oda g . 5ol culg
sl e gagee e Al e gl Y (palie Lef b e ol Hsae
OS 1Y U e s3padl Slga¥l sdinny . Jeal dagiad 260 Aalue ol g
gl 13 Wl (53 panl) SgaY) sgass o(Tensil Stress) - dga]
13 & Juaiilly & g gall 13a gl g ¢ (Compressive  Siess) aia
R

iayal g gaY 22

L s g 5% Lavie Lot haiall ) ald dlla of tile U0 LS
U VL OVE UEND S [ A PO D N PR T O PR P
SRl e adaie 5 aiee sl i gt daall ) Al Als e
e lidhiag 2l a o Laa 2l daghai g olad¥l 3 (fiuSlaia (4 8
LS 1Y daia Ala A il 5 Cua ¢ il 1] okl ) al
=1y ¢ ARl (5l o3 oot S 1Y a2 Alla By ¢ Jalall (o sl oled
Oy LS8 s all (il 03a (5 gl o cany (SAELY) O BV Caaay
(1-2) Jsa

42



(1-2) Jsa

Aa glia 431413 (5 o8 Cypaiaill Jada B A AN (648l 030t Jaiy
¢! j—en , (Longitudinal Forces) i—gyhall (s 5illy <o yoy L
"ol "l Uil Ayl padind (sl 038 3aily (N) e b sale
AESH 138 e S Ly Ll LLat

Gl i gl adhiall 3) asfiaadl il Al 53 0 gl A i gl
Masy" €= €7 Jia La gl pdaly pgii Cua (2-2) JSEN 8 i gall
oY) il 8 Jadal o Cua ¢ ghiall Jau andl o 3 i oy
of il lime Walad ot ¢ 3 gk 5 g8y Jidl) il o el 530
—in 50 a3 f s 3] e gl ¢ i) e Panthe 5% Lealad
S S Bl Gk g W Y Slea aad Sl aey e 30l
Llles o Juansy Cuaill Haaal (53 90 slad e Jiu i3 gl
W gl Juans el Liladl g yana 31 sbusnsy ¢ o 5V

N, +20KN -12KN =0

T Aiay

N, = —-8KN

43



Ll N1

P P

I T -
20KN 20KN I

ol e

l 12KN l 12KN l 12KN
c-¢C d-d
(2-2) Jea

o= 0S8 o g (N) Al ghalt 5 481 slasl of 40l 5,1 a4
o3 LS Balh (5 5SAY Al ghall 5 gl (o imas gf ¢ olina ji Lal Sl olaY!
Al ghall 5 g8l dlaly o ofi 4y ylall iy . el B Aol B Leal il
dﬁgad-dtmq.i
N, -12KN =0
N, = 12KN
- daa 5e 598 AN A@ldaall 4y ghall 3 gl il Ly S
Jy—to o A tshll (g il il o ) Azl 95 ) gum elhaet oSy
XJPoﬁﬁn"UMdﬂm'wébau)uﬂ‘
sl o gl i L e bagee Y gadly qupalll ) gadd 53l 0e
il Lgada pall adlial 8 440 5hall dﬂ‘ﬁf-\-\uaﬂ.} osbilarg (53 gandl
o gy (3-2) JSEN 6 me ga LS il LY eVl ey 3AYY as
1Aa e dedEl ABAYY Jgla B 5 Adghall (g i) cilabde auy 435k
R



8 KN

Rz
]
12 KN
(3-2) Jsa
A3 gal) Chli—gat) 3.2

a—biall Clal i 53 ay e 3 S5l L geall 548l e Cpaall o
g2Vl pasd Ty Aabiuall B2a 5l s ganll (5ol ZES (5T uim yal
On e a o 5 G AR g il oo Cuaadl e Juall Hiiag (53 gaal
- dalu
Cysy Gl day e o ghid 4830 Joxy o 9l dlgaY) o gede a5l
Ak 38 il Jaisg o ypne e Apngac s 3y ) ge 203D 028 Japhii 34
Lash 52 alaie 85 4030 o3a Jaghad o (e SN L€y aild ¢ agde soLs
O tia and oo (4-2) JSSN Gay LS . % o 5l JlassY) amy Ledn
AL aall CERY pa oK1y ¢ BalAN Ak (g gl S e ol aiadl
il 85y Jidd ) #1558 AEY) L ghasl of Cya ¢ 40A0 baghad o
i ol i al V) Ly iy (a4-2) JSE (G LS Ragiiana y
Ay pal bl il " o Al ma (gl ¢ ) Jay B Caay 1)
A gec 5 Ay gine 25 JaiV) 08 cucall jyae o A gaadl 5 4 gl

45



s iy (o Lalel dpda il 030y . Jladl) 2y Cupnialll 500 (o

SR P SNLEE PRI LB R LSRN PP IS R
oda bl o dgisddl CADYy jaall Tais copladlly Sla) cadl
ot A St Y Ll Uigdaut Jai 5y goall 038 Jio o 5 - g il
g—hiall A jgall g A90 genlt Cilaleal 5% Candall Luia gl adliall
o Onally g shidd) Gapaill andl G 3 da )l Guldiyy - dakiie 5 guay

2 e Jani (c4-2) Jssb
XY =0
-cA+P =0
dga¥) ddsa e
P
U—X ................................................................................... (]—2)

Lipall by ol g g ae pphid) audl) e 5% Lavie ple SO,
D3 (go 3 i3l (5 gl 38 Jaladl (g yiall g ganall yiay SleaDld diLu
: f VN lyhall 5 g3l Wase (g shaay 3y ¢ capadl

Tapses (3 e OS1y ¢ Joiaall el L Lealaiid groay DU o3a ¢
- Ul ey e lall dgaYl o 4

L L //A; o
® a b . I »
111
IR
l 1 4 A_LJL 1
P 1 -+ Yy
P
a) b) ©)
(4-2) Jsau



cal ¥ g 4 gl cHL_ai) 4.2

558 585 I Lo el Alla b ] el ol iy B
Cavagg ¢ 4l Lpia gl Aol ghal Slast 5 3o 3 sl 138 J gk ol 30LS
plag o3y 4 e J Cua Antlia 38 N 4 pol dlla 4 Sl
S (b4.2) KA b ae ga LS dpa jall

ol (o5& Jlait¥l on ADLY ol Lad qjlasl okl Sy
Say disa S92 ) Lghaal die Jpall (0 1 o5 Sl Gy £ il
D ADl e

g gr Sy g allall (Y dsas ga (yild; ADIaN o34 aud
g3 Ay oyl e Lad Lale Gkl 1678 ple 4 A0kl s3a Jaa¥
Jea¥! g b she Ll gl e sy G060 5y pually i _ysng
J 43}“51

Goaloe e 5 e oo Jleidl 3any W Slga ¥ 5a p cp Lpaadl
Lgfphll Digy ol Jab may o Bl 1 ey 5ol § iy Bl
Jsloas Liad Gimis E el zole 41 ey (Modulus of Elastisity)
A gliad Lgualyls (gl 5oLl 300U (a5 (Young's Modulus) =i s
o (ko 920 Y LaisY!

£ gasenll iVl et Dy Jph¥ son g AMUEY Slagd oSay g
goganll Jladt¥l o S L il Johll Je AL 3N A Aaniy

(5 ok
AL
B e eetae et et cee ettt —rtesa———. e et et atan aaeearetnaararanere anan 4-2
5 (4-2)

47



$ g ¥ ade g4 £ gagendl Jail) o (4-2) Dl iy
ol Bas g Lpadi (A E Qig 0] Jolas i B0y U8 131 ¢ Slasgll ase
i pald b D3 e WS A all B pf dadf oSy . g e}
Ly y i jpdia (e pall 83 o Jpuanll (Say S iy . 4380
PO Gy ¢ Ayl et

AL N
&=— . o=—
L A

AL =2 (5-2
A

Jsn oY) Laala (3o Gapuiad (5o ya3 131 4df A pall ol gall g JaadMy LS
oolagd s Laiyy 220 Wla b a3y capendll 138 Jb (8 ¢ Jaiaim o a3
Ja 3y capaill Jab el Cya ozl a4 Ciany (Sl y ¢ L sl
Las o sl sladl i o gendl Jladill (e Laadl o o dguzajall 0aled
d—dlae 3" gy ® Aoy Lpadll B30 pauidy 3ale JKI Baraa y S
Loaii (3 (guai il gy 5l olle Y 4o (Poissons Ratio) &y s:
oAl 83l 3a sy ¢ Bolall Ay ol Dokl el gy Ughadlyy Laga g
P (Gl el Jaladl



c ikl JWiYl L g o g adl Jlaitdl g

i) Alla g ¢ gumpall 0 9Bl 5oLl LB ) goay g Lpaad iy

( bzl ol ol Alla i Ll G e 9555 (6-2) DN o8 AN 4]
c Al (S

Cun Salall s D O pag Do o) Ragsall Cladl e 32y Sy

¢ (0.35) 5 (0.25) s leiasi 7 o) 5 Lo Wle 5 (5 5a0 Y sabe (pe cabias

Aibual g1l Gand (0.15) aa ALE Ll 58 of oS0 e i

iaill of adall e - (0.50) ol L ol Cua Alle 55S5 o e

el (b ¢ 0 goayr Fpnai Aal e Jgeanl oy Lo Jef 2 (0.50)

¢ alalail aopea b Lol g3 (5 gl Y 3 gl (gl Ll 530 Baa gl

WL 1y Joll puimjall o gl anT (Saall (10 & (puim yall o 50l i yrayy

P ADlal o
; Ab
B o ettt e b e mrr et 7-2
3 (7-2)

+ Gzl G aall o (b) of Gy

WWSJ\J“QFJLLMJ‘EHJJJ‘ Jolao 48 ymayy
pL A s f yiae qunal paay dad o Jdualall ol Gilua A g
c ofllh e i g Al ABYY g ¢ i f A8 duia g5 e LA

49



OSaall (e ¢ iiall adaall b3 Gl B 4l )3 LSY) aad LS
Qi 2083y Lakiiie § ) gusy 48 ) g0 Gppa gl alalidl 3 cilalea¥l el
by sl Ly 3 il 1Y) Gl adailadl 3 Gluzaill Cueadid Al 2D
O—a f 3= 138 e Jabadll (3 Lokl ABY) priia i Ciguy @ S 12°
o i) addall ) laadl

(1-2)
O o ale 13 Al 038 jhE A el aa gl . TOOKN o s 5 ysas

i=0.28 ‘s Jelasy ¢ E=90GN/m® iy dl Jalas

J—ad
: Cua Aall adade Aaliie 233

A=7r=3.14 (25x10>)’ = 196.10" m?

P Cua dgal) 2
3
PO XD 5P
A 196 x10
s Jladiy) aas
]
g=2 =0 6560107
E 90x109

50



ol b el Sl s Wl 1 = 028 Gpug Jalas o S

: Cua disall 032

- E ol Jaitd!
€ okl Jlei¥t
P Aday
8,
028=— —
0.56 x10
e’ =1.5x10"*
tigsb B o all JlaiV) o Cumy
)
b .
: Cya Ab 0% Ll o3a Llad & i) 13
1.5x10 % = Ab 3
50 x10°
Ab="7.5x10"°

(2-2) Jmia

22 55 20mm W kS Ciaiy 200mm Lelsh i e Caia e
¢ 2mm Al 238 Jgh 8500 50 CalS 136 ¢ 200KN W jlais 4y 5o
sty Ay ¢ B Digal delen 341 0.2mm a8 3 iy
TN
51



Jal
t ol 225 Jgadl cilaas (s

P =200 KN L = 200mm
r =20 mm y
Ab=0.2mm AL =2mm

.C.g:;:\.\..}a.“ bﬁgj:\;w! YJ‘ Ao
A=mr’=3.14.(20)* =1256 mm*

Jalee oW agthdl o Jpanll (Say (5-2) ADlal alasiuly

Plua B 4yl
ar = FL
EA

HE Sy
g L
A LA

(200 x10%)(0.2)
(1256 x107°)(2x107%)
_ 4x10*

© 2512 x107°

~=15.92 x10°N / m?

=15.92GN /m?

 Cun (7-2) DU o 4 Jsnanl (e 1 (osuapst (s Jdeloe U]

52



g Ab AL 02, 2
£ b L 40 200
_ 5x107°

= =0.5
a 1x10 72

(3 -2) b
il D] DY) aa gl Ol ke 5) Gl cy (5-2) JSa
J_,_Mbléjb:\__&mms_)}_mgtj}ndu_)ﬁaeg:ﬂ’ﬁjj _)_.}:t\@a:l

. auadll
|
- FEZ% J_ dy
‘ i
v i |
(5-2) g
J—at

¢ il 5ol e gl o 3sl o Al AlSY Yy casall Sed

y dilue e 335l 5 dy Jie cunadll 13a o0 Ay 0 38L 4 8 SIS aay

=23 YAY 5o 2 day 380 o3 o i ¢ qupalll ol Aledl e
LY gl Cand a8l gl Canalll Ce andlll 3 (5 sbad
Pk WS Agle Jgeantl oSa ¢ all 1aa Al o

yAy .dy

Aldy) = d(AL) - =

53



yy .dy
E

Liliy =L oy =0 e agal D0 oa JulSS e Jgaallyy
:UAoMQMMM\Q‘Aﬁ

L

LAY
OIE E
L’
2

S~

:p Wil o)y of Listel 13

W =330 Gl x daluadl x Jybl
W =LAy

yL:.PK_

P dua 4ddy L il Cuaadl 13 A e duass of oSa doie

WL

12
Yy

U_AU.IJ_).QQE“UJ_,J.N"L\ T 'hthnﬁmuhulu‘,s.!hul_,
Al 5 % capiall () 5) Apgna 598 il s Y



(4-2) s

Log—iianyy (e Salal) ad (o Gla) giie laniad (.6-2) JSAN oy
13 il pdl e e aae JS b ALY 5 lgaY! sl . Beluay
E=90G N/m? il salad &5y el Julas of Cacle

/// E D C
{/ £ : Pa=5KN ?— A P1=20KN
7 — | B
/] i
B adm
650mm 250mm 300mm
(a)
C B 12K B A
12KN | ‘ 20KN 20KN
(C) (b)
E D D Cc
17N 17KN 12KN ‘ 12KN
- p— — —_—
(e) (d)
(6-2) Js&
Jal
P Cua AN Capnlll adalie cilabise Y gl 2as
A; =300 x 20 = 600 mm’ t AB ahidll sl
A,=250 x 20 = 500 mm’ : BC a—hidll sl

55



A; =250 x 30 = 7500 mm” : CD p—diall i sl
A4=400 x 300 = 1200 mm’ : DE g— il &__alus -

0S4 al e edn IS i1 ¢ o s B S cancalll o Lay
aneade 55 3A , B oy il gaesad . Liad o5 Wa b
sl e i Vgl ¢ it g S Lo (20KN) o e .
lisly (b.6-2) JS2 & ek (300 mm) Jshas ¢ 3ad) 13¢] Jal) punl
035 Uy (N)) sk ade 35 of cans o iad 13 g3 e
P i B, A n quaidll ol

P-N, =0
20-N,=0
N, = 20KN
b kil 134 algaYl

P, 20x10°
O-AB—__ ) 6

4, 6000x10

= 3.3MPa

t N DY alasiul lgde Josaii o al) 13¢) AN L

PL oL
A= T E
1
~ 3.3x300x10°

90 x10°
=0.011mm

56



A, B adidl 8 UGNy sleal) e J8 o Lilan 136a
S AY! Gl akilia ol G5 e Jgeanll Wia 48kl ity

La el Ladlad ¢S C, B ejall o 5 el 5580 &yl
il g 35 Ul yry €, B o il Sy e (g nd g pend)
N Akl 580 of aa

P-P,-N,=0
20-8-N, =0
N, =12KN

gl ¢ Dbt (W 55 12KN 548 Limas adde 35C, B e 3all 1)
JCB g edhy puall L) anl oli Jalls 28548 ale 55 adaial
takial 13 g eyt (C.6-2)

N2
“n =
2

_ 12 x10°
~ 5000 %107
= 2.4MPa

Gilnll ¢ Jall lgle Jpumadl & LS Lgdle Joanid ¢ ol 13 Ayl U

: & BLA
AN
BC = AE
_ Ol
- E

57



L 24- 107 2250
90 x10°
= 0.006mm

AW D, C oy mmine phie gl Jo 555 A 3580 ol Sl
P capalll 55 P e iy ¢ 12 KN (5$

P-P,-N,=0
20-8—-N, =0
N, =12KN
b adaiall 1 3 slgall
A
CD A3
_12x10°
7500 x 10
= 1.6 MPa
D e oadl 13 Alldauy U
_ N1,
Acp = AE
_ O Ly
E
(1.6 x10°)(250)
- 90.10°
= 0.004 mm

@l = 55 Wy cuall 138 e 81 adallll (8N, 45kl 5 43l L
P Cua il sl ) 55 o lgle JeaaB B, D (n (o et gl
58



P-P,+P-N,=0
20-8+5-N,=0
N,=17KN

togp ekl 13 3 aleaY)

17 x10°

~ 12000 x10°°
= 1.41 MPa

D sed o adt 13¢d ALY Ll
N,L,
AE
_ Y% L,
E
_ 1.41x10° x 400

90.10°
= 0.006 mm

App =

oS Cuadll 13¢) 40€Y Adauy L
A=A p+Apc+Acp+Apg

= 0.011+.006+0.004+0.006
= 0.027mm

59



(5-2)

S (3 A gall (69— Al Jen JSAI & e bl (o aniad

a—bEd & sea 30 Yy N Al 553 2. (a.7-2)
a—blEdl €1 8 Auf B A Aty e Sy ¢ Canadll 1) Apa sl
0,0, N o d—Sa bl cl_bldd auny ¢ cuaill 4 sal
Galeall 455l debse of Cadde 13 ((Aply p g g pia s gl )

. E=200G N/m*
LI L4410 LI
3531““ N2=30KN
5 11 I o . _l____ o
& P2=40KN P2=40KN
| B 8 N1=10KN
T - T 1
N B a1 i '
' T I !
| |
) |
£ e 5 i
~-4+-=-4- D |
o~} ! .
e c i i

P1=10KN P1=10KN P1=10KN
a) b) c)
(7-2) J—<a
: J=al
P Gy Canall adalie dabise ¥ o) 2
A4, =600x200=12x10" mm’  giaall aduiall Aabiae
A, =400x350=14x10"mn? : g ahall aduiall dalue

60



HLJ‘HM‘&MJ_H.:&,_LN Ay ghall 5 58l ayaanl
t&ua (b 7-2) IS8l B cpe g LS N Al shll o il Aad e

N—-F=0
N, = 10KN (%)
.3&\.&3_959-&_3 IOI(NLEJL&(I-I)C_LM|C&3@3H‘5)§N 1)

pold (055 Ao 3y Jucandd (T1-1T) (B cappalll adod Jomy g Jiallig
ot Ome 92 LS Ny Adghall o gl daf e (II-I) adaall a3 Cipadl
s (C.7-2) JSA
-N,+F,-B =0
—N, +40KN-10KN=0
N, =-30KN (faiaza )

553 a5 30KN (5 skui adaiall o3 N, A ghal) 5580 o 2a3 1€
D cwall e Jiu¥) andll adlie g gluie ged 0 Jga)! L

N 10 x10°
"4, 12 x10*x10"°

= 8.3 MPa (%)

PG il eV ) adilie g e cauad Jially

Oy = = 3 26
A, 14x10° x10

61




oy =—21.4MPa (i)

¢ (B-B) ¢ (A-A ) iibiadl cayadll wlaliad (8 ) dal 31 aadly
il Wl ¢ uall (5 b (A=A ) akiiall dat 3 of 223 (C-C ) ¢« (D-D)
: Cua o grame AW andll O el ) #1358 (B-B)

N, L, on-L, ,
Op = E.A, E (YY)
\ —21.4x10°.400

-~ 200x10°
= —0.042mm

SRETID PETENUSRRNTE WU P ERE (R
: Cua L= 600mm dgb gdl iyl aud

8.3x 10 °(600)
200 x 10°
= —0.042 + 0.0249

= 0.017mm (i )

=-0.042 +

8&;‘_}?‘_, GJL.@Y‘J&N@}H‘SJB‘@QAJS&GMHS&J
. Ak il plalie i

62



& one 9p LS Al Gulie LAl G5y ¢ Ay ges e gl peaa 53l
. (8-2) Jsa

hngo N 82L80 20kl 5 401 yind oLy 2l ghal (5 g (i) Agusil
- (3. 8-2) JSAN i Gae sp LS Al Adaeliall 5 430

) liiarg ¢ (D.8-2) JSil G cpuall 5 0 DD Al Al
U BEN Gy Jeosig ¢ (bl aud e 5 ¢ Op af aaai by canlic
fe Ahd Ay L 5 Aal Y1 Y elly dagfiue daghdy lgle Ulias
al 0 Sl an W Jo Jeans @llidgg ¢ capzaill adalad E8Y) HoaY)
. (08-2) dS.n.ﬂ'l ‘f Criie 98 LS

AVVVVINANNVNG A

P2=40KN | — (o

|  30KN 21.4MPa -

===

‘L P1=10KN HOKN t;dpa 5¢= 0.017mm
a) b) c)
453 skt 5 Bl Jabiia Agay! habis dal 3} kbia
N- diagram o- diagram 5- diagram
(8-2) Jsa

o allidl gy ¢ 135 ¥ (D-D) adae () o ety ) o W (00
o gl Al o A i L ¢ el Y 135 (DD) (e o
- (.8-2) JS&N B e ga LS Jiud

63



(6-2) J—s

o lada (550 Jaad (s jas ¢ Laguiany (liflay Ol gaiie Glyaad
adghy 3y dl e g slall Cuadll . (9-2) JSAN pimg LS 100KN
i) (o Jinad) capadl) ¢ 5000mm’ o jaianall 4aksis dabuey 10m
b o e e 13 4000mm? o eidll dnkiic dabiey Sm 4lsh
2 ol aill A5 & atiy ¢ 7.7x10° N/m® —a 3 6l 434l
s« B=200G N/m? ¥ 3 a0 4 5y ,a Jalae of 5 8.25%10* N/m®
K sl dga¥) dad 2a 4l . E=90G N/m® Golaill 455 el Jalas
gl 3 ga 0 50be

PRLA LN AL B A LM AN LAY

E E
E
b=/
W
o
-l

F F
E|
o
n
B

G G
100KN
(2-9) Jsa

J—al
100KN (5 3—aall dasdt 58 e 238 gD (5 ol dal o)
(5 3l Al i Y ¢ Lo o ) Loa 525 oy of canalll 35
. F-F ataidl sic dlia gl Jind 3 pdlie Caad adail) capad g3 slgadl)



d ol oataill Canf 03 dladd Yl Lde Gy 130
oobatll 28358 ZABSN X o) Zabiae X Jolal = (il Caniad 3

Wou=L. Ay
= 5x107(4000)(8.25 x 10*)(10°°)
= 1650 N |
D akid 13 el

100 x10° +1650

= 2000%10~
= 25.4MPa

)

aie Giaay 4 ili 3V il Caad 3 g gl lga)! Aadl Lpuilly U

e Jany alaill g 3 gl cpzadll SN 550 oV g ¢ (B-E) adaiall

b o jab (fi S (5 gie 3 adle gl 2 cpa B (g0 genll AgaYl B2y
- Slea) Sigoa o I il canall 059 e

3Y 58l A 3 00 ASBKH X Zabiuall X Jgdall = 3V il il 39
W;,y_,; =L;. Ay

= (10x10°)(5000)(7.7x10*)(10™)
=3850N

65



: 3 (E—E) abidl xie seal 4iag

P
c=—
A2
_ (100x10°)+1650+3850
5000x107

=21.1MPa

e T00KN ool el o 5 ke & Dl sia P of Sua
- oeladll 5 3V 5 Glaaadll 5y 4



c S gl e gAY A il 4y i) ol ) 5.2

iy A yee T Lpanigh Jiladl e LA o g el (5
Syl Gl g3 Lud ) Ay ¢ ABHI LY Y gaadl A cuns o gl Wglay
o e Glady plall Gl 138y ¢ Lg 72 gensad) Clalga¥) jplie yyaasy
28 lad 08 Lesale Gy ¢ Ll a Ay ael Solad il e
83 Aalall ACAG clial gally Clagledd) e Jgaall @llyy Jazin
sDlall 5 Ll itk g asenalll Cilial oy Ll 6 Ja o B 3L
- el L gaa g Jeadll

Ay padl el o Wbl 5 o pall daglia 5k oY 1ok

Salall Jladi¥l g gadl Aadll Aladl Y afiud y SalSsall oyl iy ¢ Ay puial
el e 5% ¢ AR Tn AN Y paally Jpaadl Jal ge cibiae b
O Yooy JladiVly gy ANV g saall Jpendll ADIe am 5 of a2Vl
Uiae (5555 0 550 5 548l uSay JlaiV1 g Sgall ADe (Y ¢ o gl 5 5 43l
<ol Gluad Jaxig g2 Gl Slea sk (5 sl Z35alll aaa e

Lgetoil s 4y il e gy cilaal 2.5.2

gy sadl lshadl e U Ul 55 o gall A glie & s o

alell Jladi¥l 5 lgadld Ldadll AT B aniud g ISalSaal) il o8 5 ¢ 4y il
oS3 5y . A iliad) Zga AN @Y peally Jpeatl Jal e Ciline i
Cae 51y 3 gl pyansly cobun 3k Ol e ¢ Agy el ilyhanl
Cliay s yall Gl s all e il glen 9T o qang oY . dabad)
Ad e Gy Sun ¢ Algall Gy sk calite ad AELEYT o gall 4. gl

67



O—e At £ 15 ¢ A gl A ¢ Lhaa 5ol el oSa 3 sl
o333l 53 Bl z A Balal) Ui ey o sl i jme cany 43l 5 Sl

— A adl Gadl Pla e Y Ji5E Y e gledi 338 S

Aald Ll 5 ealisag3e sale (588 il " asadl laal "t il i

dbiae el duals sl clie (8 4ad sal el 5 Gl 55 Caaas
el g of gy daasall 5 AlS ¢ Jreal

el il il of Adbiaal) Culagllp 4y il it ¢ el a8
i gea Cildual g0 uaad 3 08 DNy ¢ LEAY) A S-Sy ¢ paay Sl
Cenill YLy Lol 5 ady - Ll clie JI3T, ¢ sl
" OO Al T Ay el g dpenlail A0l ¢ ASANLYY ¢ Aahis)
el o) i) o Jancall of a2l e cul jlosall caliang o by
sy A aals eVla g ¢ Gugoad) el Jualall o gl ¢ 5l b
e 2 5 Dla & Bl Qo o ¢ baaall Lo gliall o jlgal 5 a0
.ol g

o] ¢ Sl SN alla (8 (ool aaS Gl lad gai p38uy

235l iy e LAY ¢ ik ED0 pkiadd Spelidl LaaY)
Lalas JBY1 ol gl Sl diey ¢ ol aaS Aie 7 3lai Ak Y A
Ol B Ul LSy o IS 5%l qoladl e JESYT qang
oY By ¢ Al 4 e ok GiSale (a3 Gl Laall 5 o laal
4 5l Ao jug ¢ dana g zigeill JSI o adiady a5l HLEaY il
ST Bl e byt g LAY die 50l da s Y ALYy
ALYl ot e g sl 108 Jia el al e eV p 2am
L8 Cun (e Lald ENVy Cllane Aol 5 4 o) o syt o I

68



B i—eal 2553 Db ¢ plhadl JlisYl g 5 Jo alaie! oty L 51,
J—tiag Llaiall 138y LOGK 080 ial lbda puy Slea sole 2N jlas
e 2yl oy A ) ALY B dised) Wiy P & ganl oy AN
ol A uleall Adle Aol gl aaiiis LS ¢ 5alall Aalgdl al 3
heS Jaiih Gelies Cipmy b g 7 Sieg B " pand AUsiYy la g
¢ By—Pdall Bl pela ' e 4B Al 3 (oAl ¢ pglidl g gl e
3—ne oslaT o Agnsa (1555 1an Amd ) DL (0 23 G (5Siy
Capalll Uil LS i DL 28h 56 dag8adl o Sumy ¢ apall
Caaa 5 OSay ¢lld gy ¢ pald Jlean Aaglal 8 pail 1 aa )y A il
On s oa gl plasiul Y AL ¢ Aliul Y deglial el 1
o~ Lgale & DYt A oSy g Basatall &y puall 53621y Y

cdlly Aals 5 el aal e

AgaY) el ie 2.5.2

ysels AV a5 4y padll Y gand ¢f I ol 130 Ay L

< s ol 1agdy ¢ Ak sty Y ppacely clidiall Jloe
iy o gt Y1 o ST @Y ganll 205 cuad daially a0
O 538 b gl Y ALYl g a Ay Lol geud 15 ety
o9l (gAY eVl sl dgle e monaall ol daad @Y

E;‘L_;.!.I;L-,Ia#,ﬁaq\;l,wqu@q a8 Gl
A Y e Sy ¢ pang s e S 8 S ity
il g oy 5ane I3 i adle Slad 1y cilia 52 cuds
igiamall 3yl CilA Camizay ¢ il e Uil le g5 oy pde e BSY
o (ol Jaiuall 5 g ygaall ASN JLEA) (e JS) Aandd) e

69



o ¢ ALY o pall Ldadtd BV i g3y AR LERY dgdll

Jaal G e aniall il g 3 Gl @l SLEaY! e cilioal go a3
ol Jg 1ag12.5 5 5 ki L (g e <3 Al (585 Cuny
Ade acl=451W4 J ). 1/d =4 4. 50mm

. D) abiie dalise A=7fd% i

OsSis oL okl Job ge Lala 3 ill (el £ 5al Jsha o
Ergrn giad Sl Agall 8k v addidl 0sSss . S e L+d Bde
o eaYl Alla 058 Gy eall Aulay Ll Al o) 3al 4 )
ity - ol aVl a5 G Al BEY) aa el @llyy ¢ all 4l ol
ladiul JEAN (e Jaady Cua  L=10d W A shad die (10-2) Jsa
By s S pe JS0 Ugaall i Glaudal GiSulall G JS (A (558 diae
5 el Aalal Sl sl dilia. JICAT il dnall il o5&
- gosaall Jeall iaad g Al LBV (S

b
b

(10-2) J—<21

QA L paldl ASAIG Gailiadll aand 4 AB) SRl Gl Caagdt
1 s s EE A8 dhade sy Slens 280 LRI 8 jeal a5 5
LS ¢ AL Aual kil 5 P (& seall) 23 gall 25558 0 4D Jaladdl
bl Rl (5 2N el g1 e e
70



iyl O gans) & ek g S gadld Ayl g ) 3.5.2
Jiadil g = gyl Hada

Uailoadll uaas ga Jaacally Al @l e Caagd of SO Lol

ziseill 28558 Cm (Al M aum g SLEAYY DAy L salal) £l

e Lol 2 ) L3 bl sy Jlen ddaul gy (AL) Allsiuy (P)
3l gl 6 A1 Lol g3 (e faae 43 I il

s Ao sieadll g Ailaall sla1 il z el Jlad) A0 A e JaY

i ganay il auy ) Jin Losdle 280 bl Il i ¢ Baald 5 50k

Jaie Y SaaVl Lo puag G o Bl glae 0o g 5]
D ADA) a3 gaill Agpuatll ALY

gas—aall S sVl o aagy . zsall N okl 0 L s
DADL Guan 3 gliall pagaill pia gell adalall (od (50 genll Sgall laie

czagalll Y dabliall 2 A o dus

5gdoad) da 0 Ay Ailaal o gall JlaiiVhy lgaY) o gy caliss

o S 535 g Al Jalse (I AlaYly LY de puy 2al gl £ 35al
af Jgil Wiay ple IS8y i L) L8l 08 LS i1y Seal) iDie
= iVl g Alga ) el Rl o g M e Gl Ol 55 20 0

n



ld sl (o Al Bole (o 5 T155 ) a4 0 (B ladll e Caatus
i oalll de gladll o gall Ll au ) g8 J5W g s el oSS
g Ll ol Ak Jin i € 23 laitly 05 A (Askad)
ot Jlaiily et Al (Aialll) LN 3 gall L) ua N ped S
SR VRN RN T

o g3 gmad Al LAY ) a ) Jadaie (11-2) JSE0 o
Ja¥) g 5wty sy O ¢ € culflaalyy Limdiio o5 )< Lpni 53 3V 5l
A0 solall Aals liio o Juani aiay g2y " Aalll Ao glaal o pal)
oal A0 G la e g Asalll ALY Shafey ¢ Aflel Lasliddiy ¢ g gudl
. BaLall At

35 Ll a3 05 o OA 630l A gl Blal d azal g g LS
NPV JRUNPN RPN FRPSNIIVERC BEPE I g BEUO RS N PPN |
o8 Laa ey Op 3esll 4l 3a y 53l 5 (Proportional Limit Stress)
sy il an 3o o L Ganlh 2 i bagmia 0 T gt (58
bl b e ball e Gl G aia ) Aulos Al ulis
oda Ay wlua o ¢ a€ an Y adien aall 138 ofd 131y ¢ 050 Lsal
Laf 55 ledole 4l i) 3 Juadl S5 e Jgeaally Cunldd
¢ il aa sl elulS sl e Gl a3 o i8N e diea
A s 1906 ale b JuSgp B gl 3V Jeall sanel e S
. % 0.001 o laia o33 0 35 Y (535 3 23 Slga) 4 e caulsl

Tal J<8 Al bl sl dakade ofd A1 gaall 2300 0L 3 ic

aa il ga) 5b Oc sp L | jlahe slea¥) S5laty o313 <0y . inial
sl 4yl Lgual iy Jaifin3 3alall (i (Maximum Elastic Stress) iy )
ey aic AJgeadl by aio A5V oolay 5 K 2L 43 adl

72



Bypall 2ay caulall aa o @il ¢ (11-2) Jal A BA Lyl 2a
- Loginy 38 Y Aglead) st Ay ¢ J8

s} 3
C,_..--’,’ l/;i r\ﬁ”
]\ {i] ,’ | 3 // :
JdTA T 1§
©\Q / ! A
l “O / 1 / '
AR /A M ] / a1 .
| d' R £
(11‘2) Js

Aalwie ol A Shiay e Lo Lol ek olly e 2ST 23 gaall 50l 3
faa g Ao gladdl Aalll ol gall Ja3 € akaiil of (gl ¢ (Yield Zone) g sl
Aoga Adadi 020y ¢ gl 3V e Llee S 3WI B i o gl
JiVh 33l saie Gl 3 HgaWh oy ¢ Clalea¥l Al 0y Jilas
(Yield Stress) g s—addl el oy A gandl 85343 00 (550 )
idhiy geui b bidl 5 2 CD e3all WL Oy el 4 e
. g gl

6333 Y Al Loguay load 280 e la sl xie 3 go 2 dllin
§ padll aDaaY! aadly cery Lo Ld 3aa 238 1M g ¢ ¢ gumd dBhia e
o ey - % 0.2 5% Lala Yiaidh Sl 530 Sga¥U aall 138 Ciayg
a—all gl aa s 0 3l gall ey Op2 3alls ¢ gumndll adlua¥l 2all
gy Sl Y il g SH Mo Y il ¢ guaddl aDUaaY
et g Bl dlly a5l anall

73



Jaliie BY i Jaji y f geindll o Aahaa il jal 5 o ladl caiyy S
oo Ja g i o Ml i e 5edS lld Cany g ¢ Balall <5l
a0 45° Moy 28 Lyl 3 zisaill Hgaa Jo Al " 04 Jaghs
G388 T dagha o 4 jeaall Clud ol a3 ¢ (a.12-2) JSa
b 5 sbaall Solall (85 Laiy 5l 0 0 L S Sokall (0 438 5 clids
. Al prdaa as Aakaliie clEdall 538 (5855 ¢ Ll 4 ya

SR

a) b)

(12 -2) Jsa

g Ladie b ¢ AN g g8l L a0 salal Jba baly ) aie
S e Sl Baly Al e g LallE aid Wl g gendll Alay
JEa i WS Wl adle S e S0 JB SDba g D oAbl ey e Y
. (11-2)

JeaY) sy B Akl o e ool W dleaY) Jgay die
A agial A ay ey soled alea of (S A el aOUaaY!
¢ Oup o8 A1 3 2l Al 25« Oy el deslial o (A e g
- Oue e la 4 je py aiall s 4

oalii aole sl o jedh degial aa faie Sea¥! Jpo s dic
dalaws 8y (D.11-2) K3 (Necking) yadily fays 4 cany
Baill ymiai 5 MY JAs iy ¢ oy poddl Aihie A 20 gaill akiie
AN (e adiie jiual die Jlail y (3 3a Gy (2 aaYY Sl

74



¢ il g gl e B B Al o el JIS3 G odel LSS LS
g padl dihia o dabie o (5503 Y Aaall all o gall il Sl
33 A Jie o gl Ylad Jaaadl ALl a1 (13-2) S8 A e 9 LS

K PN
o
T —

g
| i

—02% €

(13-2) Je
q_l‘:\.\“ eu.n)]\ :\3_):.4 e ‘o_)_.p&“ (1._:5._6...;)\_.\]\) 3l l;I‘A‘,a:\M :Lu‘_)ﬂj

g aal dga¥ly JRdall o gl oADMY daey g3 ¢ 221 Ea
o—and adaiall 4Bl Aol e 52l AN 5 gl apdily Crad
O ¢ A oY1 Al (e JB g jadl Egibal Aabuadl o Layg ¢ el
g Al o e e iady GG Sead bl au )l
el 30l N sy Laxie gl 4850 5eds aay Aualiy adaiaY)
L dpala ydiay 52l y ¢ (2 —11)J880 OCS giadall = (o pall 3 pail
e A LGN L Y S sl 61 (Ductility) dbibhall Gl o gally (s
b 5—pa€ a8 Jlaiily JaaT 3 3 gl (61 (B) LS w1l o5 Jaas
T o phaai o 950

o 3 gall aglia plad Aiaiall il

75



Jai¥t Jans o Leidd calS LIS G5 gal sl salddl culg LIS

addioe 3Y 5 dll ‘Jﬁ_\.a‘ﬂ otadll c?J_.g.'\.a_,Nl_, cotalll yiiay g ¢ S

Aigal Jil ol ge psaiagh el g ¢ Jig pll pdiegy cdialll o gall (e 50 S
Sl Y il ) g ST iy 35 gl A o) gall

A8 ol sl dkleal) dball o (LA Chol ddia yiadg
A1 55l e of Cua ilapadl Al cYEY] Ne LS sk
el U iy ¢ 2-5 %o oo Y ol s Jid JhadiV) aie
Lot g orla 0y cdilu jall g o0 g0 KU all 3V gill 5 ¢ a 50 apaa A5G0
A gadl e

(A8n) il 3 gy o(Fpbdae) Aial gl ) a8 50 3 3 gal apusi o
O «OLEAY! by iy dea! Ala Lo gl ok Y elldy Ladlaial yiag
Al e Adgll g Aded) Ainadl o gall e @lls o) Leia Lalll o) gl
Al ol e el ccilgal aaan (o dniall Alla a0 s i
zis—ai O OsSallyy ¢ 5uS cla 2 N a e Y bty ¥ 4l
oo Caall mal (e 4l gl . L Qi o 50 N Sy 233a) 3Y il
- salall Aleh Al 5 Anall) AN

Syl o) gl (e ol i oo (Adgl)) Aduadll o gl A die Jasdlg

5 iia a5 e slad Ty JladtV) oy ¢ 1Ko lay a6

o) (g - B2l 3 gall ppand Apalall 5385 ¢ 50 sed (5 Tn

230 sie Lagliadl aa Laa pfinald 23a3l AuSeY) Jany 3 el 53g1 il
. Jlais¥) sie Ll Agad) WY 5 ¢ Oy

76



Lo o) oS (11-2) S8 8 onall St s W Y 5a5ally

IS ol Ll 3l g g el aa HalaT o pigelll o Al geal) cuilS 13 4l

gdpw_ﬁ&@uucsyﬂl Jaead Bale) aie g ¢ Jg 5 cola gl
RPN RN

s Ma ¢ Ll an e T sleals Sene i z3gadl 18 13 L
G ¢ oDl Al L Ll sl o K Al Cauly @30 aleal!
gl OA L2l B L0 sy KL aioadly Al geall A1) ba Fiay
o) and paii] calll andl Lol ¢ Jg (LM Jodll) o gl (e ¢ palt anadl
. sz (OL Laal)

LK pfiasally oy el s i 3308 (30 3 3all Jpan e 13

S Gl w Jlaidy) aie Aol DS o . Lewts K AkEY Sa

s 53]y 5 ya GV Jpeadd) Ala o B | aia ted of f ¢ LR sl
. JlaidY)

1a oo S sl 3 galal) 23 gaill Jueatll S5 o cly s (e

Y a8l Y sl as dlady ¢ 4 Sl eehs (s g sl

LY gandl AN 3 o OIS 10 Bl Jpeath 8 cdlga! 4} cllay
A B e Ao canlml aa b Gl g A gaal) S

ale Bl ian g3 1 LKEN Sball au g o (1 3 ,LEY1 5305 LS

Z3s—all (Ji 12y ¢ ¢ pmdd daline o g ging ¥ Jreadll S5 A

¢ padll adlaa¥l asll 4l Gy 4sle) y Jaaadl A3 Als 5o Jlhal (o3
I Jaeadll Alla i g gadl as e el 4l sendl ey (00,2)

77



Jraaill S5 el yal mic ol 45l Jal g candil am 3045 5_all
salh alaill 4alee yia3 5 . (Strain hardening) Maii¥) alaily | eud
05 o vy Wladil abeadll el Y @llig ¢ Lgd iyl je e
b Va6 lube ke 3 gem i) alall (&) o) . ASLEA
Jaal 52l 5 o5 gl A o1 5aY) e ¢ Lelivo aliiad (g say 5 3]
Jea) @l i Calisl Cum ¢ (Suin abe 55 3 0€ Aoy 5 yiie
Bkl Ll g LAY 3 <)) Tl

Gia ¢ (ogdil) Jad¥l o el 5l saell cojladll skl
Aia) b ygse du dslad ek ¥ @V geall 58l Ao QUi o cps
‘ . Bdaa

S Ak AGlas calga) vie Jeadll GEL i 13 (14-2) J2
LS ol e SV 8 A gendl 208 Can3 Aiges Ay 3 3l 2 3 5l LS 3
clag o gladh (8 ol WY 068 Cus = ST e jadl = JS3 (e pual y g
GJ a5l o3 Jladi) pusd o8 A ganll A 3) xie 5 Uy ST laaay
¢ OG pll aBiay (3 Jaii¥l o AV puiil L) 5 o Ly 5
COme Gy g0 3 Ladl 55 580e Jg 5 D

—-—— - -

(14-2) Jsa

78



AN " 5 jalthy el el g e e Al YlaiY) s 5 sl
Ol BadU il S Latas €t ol el LSy ¢ " g pall 300
O 3l 5l Gl s b lgnai¥) Luwral) 3 ol Ay gy ¢ O
a0 8L L )5S (A Ayguimall N gl uSay o Alle) (Saall (a9
c e e g edal gy S el

o= Y saadl 58 cad o gall e LIS B (5 al 5 el Bl LS
st Aol YL 5 yadiusall 3oL o " Alladl 5 ) el s gk
soallall 80 & ey . dme s A Balall lieily 600 (Y &5 )l
Gl s 8 3 gall Gaed L 5 el 53 o « (Creep) wis 3 5l
Lo e ol caloadly ¢ (Conerete) o il LS Laladl 5yl
. Aaiaidl lalll

S ¢l 5 all aa iy Ylall dlaie 5 580 5 alk aa g LS

Adagl 5S¢ oAl Juadl (I e 5e ool amadl Juadil Led Jsal
o o S JlaitV! o B o Bl dal aa 5 gl Clalea¥l o
Gl ga¥ el aul ot elas YU e 5 alal Jiabia
Ol olas DU Aoy CVW e IS 8y ¢ (Relaxation of Stresses)
el 3 ) o dt a3 gk (8 S5l 5 ) gy B ke 585 (AN Jualial

c Al sl e M g s
LS 5 pall o psady S o gall el ga of Giggee 58 LS

s,l_uL'ﬁ]‘ h)O,t,ﬂ‘hJ‘ﬁno‘&pcg_)@ﬂQ‘Jﬁﬁi Q_)QJ:‘
el da sl (O s ST addaall Y 4l Op

79



i 00 T0-60 S a3l e 400 5 5m ns g
 yuad)l dikia gk o 5l da 0 iy - FsaN 5 a dap e
m@gﬁﬂ&}d‘%uu@i)‘ﬁhﬁmjﬁg

(11-2) JSall 8 ol JuadiVly _ Aga) giniad bl ol

salall A_SlSeall il oodll e ypall Chiagd Bl ) LS Janiung

Ll (adle€ al il 338 pal S o gfing ¢ @Y geadl 806 Cind lgie glia g
gty G

(Proportional Limit ) c—wlidll aa

2 (Op) Nea¥) 925 candiill an A Ahiill (g3 ganll 2adl e 3l
Ja iy oaayy Lall dahaidl 4yl dibiddl e Jaadl G 5ol saie fag
oa fiag ¢ JlaidU 4l 3l (5% Sea¥) o o o cinidl e e

| . AN clilgaY) O8I LS4 AeaYl

( Maximum Elastic Stress) 4is e} aa sga)

ulais.ﬂiﬂ.lah‘L;‘pﬁgexcasauiwoicﬁqhwmﬂ,A_,
Ll ) 2ty D el Loual iy Jaiins salal) o (ol ¢ Sga¥) 138 &Y 3 oy
gl aa sl ga) 0% Cuns ¢ lgie Aganll ab) ey Bl 501 badlad
e st Llinl Jasiasy s Ly 55 0y e (Op) okt 2 slga) 5 (O)
2 galy A pal as deal G Dl die LAY e Yoy 0 e
¢l o e Sl 0% Wle g pa an i CVISY ey b sl
ol I el ga &gl an Sea) ol (11-2) JSEN G case g LS
B A Al e @iy g3

80



(Yield Point) § s—adll 4l

O gl Amsally praaat AN 8 Dy pall 2a Anl Solall lad e
Al 032 oud g lgie Dgaall Jg) 2 BhaY) Lol e 565 Y 2l
. ¢ soal Abiiy C Akl Ciaig o ol Jlais¥l

SV 503 s bl A 5oL ) i Gaay 53 Slea) o 5
Oy - C Al ol W sl a5 (Oy) 4 ey g pndll Aoy cans
alsey pemy (11-2) SN & el Gl s W 30 CD GE8Y) andl
. § gomdll

(Tensile Ultimate Strength) +&l (5 s—all) da g5l

die 5ol alaa® o} ¢Sas 53 (Oup) el U Sgal) 5o
o sl Aagidl Wl agde Bl ¢ B Akl ol o axgll sy ¢ 2
.EJLABJ.::\]‘ :Le_’ti.a

(Modulus of Reailince) 4—e g3 ) j—aa

AL VL elag Leaie ¢ ol (he agnall 3aa g Jo Jednadl Jalll Gy

sy anlmill 2a ) Jgeaslly o5 (3 Ladll I jdeall (o 25558
akii (e Jadill g alea)t date il Aaluadly Lobun LiSayy .« 4o g2 )l
e sy NMM™® o a0 838 Claagy ¢ qaall aa ) Jual
el diial 3 AU aliaid) e U558 a 30l D gy ol 18

81



(Modulus of Toughness }A—l—iall —tas

858 53 Ladie 3oladl (e agaadl Baay o Jeud) Jadl e Sl
alsn Sy A0 plae el canad (A Ae@l Y dall (e a4
i el Al e JudiVh g slgadl ) iaiall e 4K Aaliaaly
dikidl G Gabiaid e L o saldl Ailie Al ey . )
. palell salll

oo Loguia sl die ol 8 al N oa Akl &y il dpul
obiie A 4y el Ll iy ¢ 100 3 Ligyiney 5N J gk
. (Ductility) solal 4yl ghaadl

(Strain Hardening) ~RadN) 1 Lol

As s Laolgn) YL S 13 Wladil canloas il Aallas G 50l JU
o ke O g el Al aay 5 S

(Working Stress)J—gusal s—gal

Jga)l ol g il Mol Wl daid 35k oo sy 3 Sea! g

g3 ¢ (Factor of Safety) ¥} J—slany caus 22 o il
sale o)L i) adiayg ¢ L al s el Jae Ay Al JaY sasiay
AR el S Jlexiad (B2 gnpal) Dy il y paraddl i e

82



¢ Al oyl Bpadlly (g3ad el o Yo g pall 3 ale Jaxiy
L gl 3 gal) Apdlly (gaal Hga ¥l (e Yar e glidl s Jasianss

e—al 2l Jaloae

skl 5as g J gkl 3 il 4l Je daadl aaddll Jalas Cipey
'5.34‘_334)3&_)‘.\1:3_}]);“E.;Jdgé‘)ﬂuh}a?ﬁimuﬂahﬁo‘
.w\ij‘ﬁﬂwtﬁaécdaw‘hhwwﬁpcﬂw@g

LA pienal) adiall daliaa & (yalill 4y pial} dpuil)

= paii gl o addiell dabie G (aill Ay ghall Al (b pas
o agmnde 3l a AbaY) dalud) e et adiddl dab
kil Aal e of AN Gy . 100 3 Ly umey Gdeadl dabind
Bolall d S0y ¢ Lo quud o Al 38 A die el (o el
o an gl o LS ALY daluad) Gl e Gy (53 geadl sl
Aa sy Juadi¥l o3 WSy . (11-2) JS8 B JleiiVl y sleal) iaid)
o ysianall adaiall dalusd 4y il ol el B LpaaY) il LS5 8
Jnit¥) = sl all o aid) o Lo e Juan ally,
- (11-2 J8a3 ¢ OCS (Said)

(Breaking Strenght) j——usl 4—a glia

o One 8 LB (N) ad 0 sl Ll o 50l G lie s
C(11-2) s

83



(Compression Test) St i L _s5il .2

(Atgl) Al oy Wl L GaY 2ale padiud Jalecai¥l o jlisal
JSS ezl sVl clie oS5y . ey a0 anally Al A0S
JeaYl zi oY « A2 3d gl )l @ild B mal clil gl clels
plaai ol o LS ddazlial o geall 5 cons Jas o oS Ayl
REPRYIC I U LYPRT RIS IN RSt AR N TG R §O I
ziselll ok L Adnd <Yl o 58y Jyen IS5 23k Dl 53
. (a,15-2) JSAY dnu i Ji i o Jaad Al

DY Slead Cw sl gadasdl o Lipal) dakta die (g siall (1
BT Sy ¢ Aall e daluas o olbiily e ) g DbVl 548 005 of
A Vil b e D) ISiaV g 8 et LAY il
ol IS gy (s Tkt 61 0 clalead adl gl b el 030
iz g - (53S0 S0y Unbne Wganll Sy Lali sV} Slen phand oo
Y LYl e ol s z3sall o padll pdand ie N 35a
b Ol oita B (6S5 g el o2a e ailall sadll iy
. dgaY! Lali e Juadl s

! A

1

(15-2) Jea

84



pac 5 il sall e Al Sl gp Auall g JSS 058 AN dam
- (b, 15-2) JSaN Slealdl sk b dwdld) dudi sale S

e Jyaall dllyy il phaud die S 58 A0 LB oSay
5aa Aghast (3y5h oo e AiluAllS A solad 4SSN BlacaV) da gl
& A8kl 5 plaatud o Cojlail cpedl Syl * saley pdandy)
ALYl ¢ Dl Al (6 guaill daglidl 3 € pmliad Y ool sy
e il e gl gl un L liliae oS Ll L) JS3 Y
(€, 15-2) S-S (il sall aal 4 ) 5o pilien ) SLudly

—le Jpeanll ditide Gk bty Cla¥l 380 sa ye paal) Cdld

g9 5 e ¢ Agkg i phaud cld A ghud clie e dabiiie blaal dlla

o as Las ¢ (d, 15-2) JA B Cpse g LS a1 Ay ) g5k
. plitie bl Al e Jganl il o<y 5 8 Q6

) amoll Jahaiae of (L88) Ayl 50l Dlawall ol jlasl el

Gany bYW g ¢ saladl el all Ll sl 4l 5oL s3a blaualy

dauadll 3 gell Oy blaat¥) aie 4o gliall an 56 ¢ Aoy OV ladit ke
.Outaﬂ1mlajl§.d\q:.u.n)§&}ﬂ

3 IS 45l sale JobiazadY Sl anl oo (3, 16 -2) JS&) ¢
i ) ) o Aadl 8 sl ¢ M (599 ) i
oy e (Y (anidl) iy ol any oS ¢ 220 ) 5] Lol
Cony Y sole Alall 3a gy solddl caluaiy rd paill kbl dabie pansd
cny Liag (b, 16-2) JEII (o LS Jaid oo 3 gaill ol Ciany 3y gl
- el ity

85



B

Llee Ciliy Y Zall o gall aliszai¥ly 280 lla i g guindll aa
L3 s ke LIS sl MluntV| la i g gumdll dikie o,

asaally Al 3RS Liad Ll o gall Bliiat¥i il sl < yedal o
fae s il aa 2y ady ‘Jauas.:.u aolDi aa 3 gall 033 o a0
¥ ey L ¢ Ugaad I G ] e sy VY o0
ading JlaiiY g Sga¥) Jabaiiad Ll sl S8 18 Laalll o pall bzl
ol Bl ca¥) sl oy angdl J8 LK adf Cua € IS8 Lugal sladd e
. SNt g 48 il

Jgal oLl S At Tall gl e sang e |k
agh W3 Al G ey il 0 dule Bloai) cabia 3 Lol
. pdasss g JSE dtgdll A A ghuadl

JRoes damme B
]

1
]
r

-

=Y I

(16-2) Jsai

86



L 7 ameal) chilgad g ) cdlalaa 7.2
(Coefficients of Safety and Working Stress)

A e Sy e of cny leLEY) Ciliae of Y il G,
N gaall o HESN Jaad o el 3 cilidaad) (e Wy 5 5D all
cuw.:suu_;i‘;s;;gm‘agseu <Y geall o Ll el Q35N e
b e 188 Galas o e el a1 b Lgie piad 0 3 sal ol 53 SIS
- bl s apaaill die Jaxind 3

o) 3l Alie QS e Jaxi Jodge B30 2 o) 2gm ol 8 cudl
Jasd Jalsall 032 JS5 ¢ byt g O gaall jglaig ¢ I gall Quilald oo i
esal ¥ -l laaald i Lanal (€0 Y Lgie Lall e 555
Sl gl o3 il 8 s gl Joend of gy ddh Al el
el sxl o3a (golish Za DU A8 il oY1 Gany HAT cuny I iyl
. 4y gial

Cllaghne oy 5obe &Y Jaii¥ly - gl habde of Gbu Ldl L
Ualig ¢ Al dasliall 48 yae aind . soladl ol ASESAY Ll Al ce A
o kel liay (o2 Slea)! dad pant GV 58 il ang ¢ p 5 aadll
LeaYU sole any Lo 1305 ¢ Tonatigh Vsl iyl s g 53 casen Lisala
. (Working Stress) Juaidy! seal 5l 417 samdl

Clolgalyl @l e J8 sy (Juady) clilgal ) e 7 samdd! gty of
138 e g leLa goladl Jlaatadl )y Lgaa oSy ¥ 3 ¢ 4 jaall
b Al ADLaY padiud (el

87



o) Cua

C ) bl Jelaay Ulal o Lo ol g1 Jalea — 1
. EJL‘J.‘ ";..h.“ JL@..AY‘ = Olim
s a3z yamd) Slga¥) o SV dlea) - Ow

Y (Yield Stress) Oy g soadll s alga) aadtuy alll o gall 40 ailly
de ole el Ly 7 gamse e 3mS Al il 55 Y @y gandl et
(Ll ) Adpail o) gall Lplly Lef ¢ g guzaddl an dga) 55kt AN ClolgaY]
Oe Y (5 gl Lo gliall aa prdfiagd lally ¢ dibu Al ¢ a5l aaadl <
- JUESY) chalgal 3 GutulS gaall sleall

Sle L) Jee Aty Bl JaY pasiuy ol Jelae ol ol e 2l
ookl LDl el il aVl Al e el ey L oaly ik 2
( Factor of Safety) ot Jalae Gasf o8 tikus 1,81 LSy . Agiiiadl Llae
A8l (gaey ¢ daa AN Y geall Maad A AW (ga0 o dpad 55 ) gay Adiad
- Aadiioadd) 3 gall Guilad 30 oy ¢ Claleal) cilua

ey alldy odlef 83 L 38y JaiY) clalgaly ¢ ol Jalas 2 saal
b small Akt g ¢ a0 aaall (g gealll Lo ETIS (e alea) bl o
A Uaal g 5 ygladll (ynay L 5y g Glal) imny 3 damy 38 Mia 3 il
¢ Lald bl cDllaa sae ) jualall gl () GV Qalas i o8
C Ll (e A gane ¢ Came Jelae Ll cDLLa 038 e S Guas dunn
o ietiall el 3al e e 3a ke e

leasS o 55 Y gaall yilie it il LuSay cDlaladll o2 aal S

el Al e Laadiad ol el i Gl jadl Al G&a a1y ¢ dulaall

sl 1588 2y LT EDUaa) ppuil 138 o ¢ liloual) b Aled
88



OIS 5 e LAY o1 el Jasd ZaBal Louxigl) Cog sl g dag 5N Blet 4
bl UL 58T 3 ks Lpasanci g Juadl 5 5 gy <YV

& 3sa el Aadl bl e sale Jaatd glaYt Dl aa ppd o

(&b ey Cua ¢ aal g g g5 e AR A 5 YTy lelial Jlead ol

ol cDllas 5 yde Ja o daad o 2D aaly ol Qalae clall s

Odlae 2 Dl DB Joxtus M Zlu Al Lty Glua diad ¢ dals

CDalaall 038 o of g Aeadl Als Jelaey ¢ uiladll Jalae ¢ Agaall jglad

A sl (Sary ¢ Alu Al elisY) asandl ael iy Cig ol aua (o daa
CABA) LYY edbdae sl dals b glite g Jglas

bsaly a8l A da b Lol 5o adl) é Jtluad) 8.2

IS A e ganall 8 cllyy 55l Aakiil y il gann e IS
dogpdy c¥alae Al g Glalll B (g gl aaaS S Y ¢ Baliall ol
e e 8 G5 A senall (558l 20e (N dadd COE Y Sl WY Gl
e ,fied Akl g Cile ganall 138 ol el o3 . o 3 Vol s
. (Statically Indeterminate) LS tin! s3a

e 33l ddse e Lo e JGb (s a1 Aale 5 pmaay
333a i ¢ysSad 55 ol Jdlge e g gind 1Y gl ¢ BB g9
JSaN b ol bl ol de ganall Tl 3y o588 @l o JBaSy ¢ LSt
Vi ash dun ¢ DN Glozdll b A geaall o4l paai Vel iy 0 (17-2)
b Bl i ol 8l pladiady de ganall Jal puiadl b b oy
Ni, N2, N3 o2 dseae o 8 300 o Juand allyg ¢ A5 25
(17-2) JSEB i il pal) (oo el g 5a LS

89



Ay

(17-2) Js.ab

biliis p gone A g Jai ilalae aany LiSay G5V O alae Hlad3 iy

O g g skl adll Jo i Al ol N e e o s S e

of g ¢ Ay lial Ak (g Jgn o o3 pgde p ganay ¢ Hiall (g gt

¢ A ggae 598 DU gt Ll ¥ Gililaddl (il ey ¢ jhaall GBS (5 gl
. 35 il e panall o jal 0 020 Ala ;a5 Alial Aolas iy Cuny Gl

(eisiml) el &l Abolas o) ALY A doleall 23 pagly
Byilae AR iy 3 amyg 09l Ala  de panall o ) guali ¢ 3SRl
¢ lgle A gendl Jaglud any ikl (laail) Sl il 325 0 a5
3l A0tal dilha b e Wy AC Ll gl ausl e BadU &y
. glaiia psfiases ol ) AC apn gums

AL, + AL,

BB' = AL, = >

90



(5-2) Aigeald o Capuil 2Dy 5 4illy ALLAY) 5 yms s 3
ki Laany g BB Alokea) o doma iy ¢ Ll 13 (3 (4-2) a0l 3
- . Ni, Nz, N3 Dl daalaal aas o

PRSI ) PRI X\ T SN S NN [P o+ TR R S
e A8 jlall saa adiad Cias ¢ ( Deformation method of analysis)
Sl g A5 skl oda e tliyy . WUl g de geadl) B (cOISEN) cola sl
SN ) VY N olae A0S Y 2 ads Lk e e 5y 8 WL
ALl Y oleey Y olaall o0 AL 2 ol aayy ¢ Al (i A DG
e S 220 LS Cang Ll o1 3l cilay il e adas
oy sh (e N aleall S aad) )6y Siny la il Jads 3 @Yol el
3 el & geadl (5 g8 20a) Uy sbose il 55 55 gl Kl () 5
o ARkl oda alasiul A8 L s gy G gan AN ABGYT Jsla (5 Lonalay
L€ saame el LY e geandll il

91



(7-2) Jta

LSl saadll 5 e (Kl o B A &y gl (g 1 2

A5 Qmiy ¢ (18-2) I b oo b LS Llasia YL Jocsidl

p—sand abaliall dalicay 435 el COUlae of Caale 1Y . P dgud ) 4 gaal
- Ayghida el luad

N, N2 N
Nt/
d
A
p
: Jualdt

ol aal da hade puagp s ¢ A Juaial] a6k plasiuly
o e 9 LS Ny, Ny, N3 dgeaadl 508l 1aail @by« (F.B.D)
—apg ¢ saaly kbl 4 54l de gana abliT Cya ¢ (18-2) JS
i B PR S QY U PO P IR PR ' B I NP
o 1 B daalaadl e oY @Iy 3aa) 4 5 50 LS Baaaa e Al
Onie 535 Y it 58 038 sy + sl y Jspans Y oladl dae
IFX?' =0 ;

N, Sin+N,SiBE=0 oo reveern, 1)

92



ZFyT*=0 ;
' N, cos@+N,; cos@+N, -P=0 ....ccccerirvrvrirrrenns @)

e 280 Aslad) 3 A5V Aldlad) 30 Ny = N e sl
. :U"D
2N,cosa+N,—-P=0

(DS ) oo o of Lile cony e DU 2N Al sl
Ozl AP A genl il Ay P Algeall 580 s gl o
O G (18-2) JSal dediiicl Jashaally Aipall g ling¥) 335 gl
AL, Myt Wang AB ol o5 ¢ B adaal o 2158 A i
. AL3z cucadll Alhiud xa s BC Hﬂb‘h;ﬂ il

sael ey B A Ll s el 1Y ansdll 138 e Jgaandl oS0 Cun

LW, iy BA bl o dasags el cunad Ol JBy Jla i

Lilsa e ke 9o 3 AC ainally Alagud oSy AC 5 cila gl
: e Jeass ABC Bl (ap < BE slat¥) e A ALl oy

AL; = AL, cos
(AL;) VUi o) o6 4 gne Agen ) o jne lumil s2a oY

e Juass s A 58 s Gluialll A0a g (5 5L 6 sl

N,L, N,L,
EA

cos o
93



: o Lag
h
cos &

L,=h ’ hy=L, =

t e Juand gy paillyy JLie VL ol 3y,

N,z N,k

= .COS (¥
EA cosa EA

N,=N,=N,cos’ &
::\eilﬂl O‘_}?ﬂ :th.a.aqala._u.a]l PR Ul 92l g

2N,cos ¢+ N,-P =0

s o) ass
2N, cos’ @.cos@+N, =P
HE SV
N,(2cos *a +1)=P
CJ‘J
P
N. =
2 2cosa+1
Pcos?ax
N, =N, = —=
2cos"a +1

94



Loy dua ¢ Gl Glaal B Ay gaall il a8 o Uleas 1K
Jhlgqﬂ‘qhg.g.hmajtuobtkujkn t.;‘._\mﬂ‘q:uﬁniﬁ)ﬂ‘ u‘
+ JSsel) sl ( A3V Jan ) 4 7 sl Jaad

(8-2) Jis
Os Ae gane (e OsSe Sl ( WY Jea ) 4 7 gasdl Jealt 22

AC ol L gl aa. (19-2) JA A dipall 40 il lucail
. Olim 4 £ yasall NgaYls ¢ AU Zilla 6f Ll dtls

T
r
xT % T vk
A N T
J J AA 'Y P L l L
e —] r <
- {;__ 3 l;p
a) b)
(19-2) Jea

t dad

¢ ahlidl 4y 5k plasiuaty Ao ganell jal pusl dabada pua Yl psiis
Sl e gana Lgle 5% A8 4 jlall o 531 S alaa gudai g (a9
o O b LS 4l sl (o5l Ao gans Lo 335 (A A lall 4y ) il
: Sy (19-2.b) S
95



SFyT+=0 ;

N+ Ny N, P =0 e s censsres e (1)
M, T*=0;

-N,(a)+N,(a)=0

N, =N,

.L_'isu_.‘\'.'\hh.nu.\p d}mﬂ‘@h&ﬂﬁ‘ O‘_}J’y‘.la_,ﬁtn.'a_,..l‘:\s.h_,
Joaladl dae N @iy saal g5 e LSHE soaas pe Alladd) ol @y,

. aaly Jsenar GO C¥olaa e 23

e b Ao ganall of i Wild ¢ (US200) o 53l Alslas puiayly

Jiad W #1359 3585 AC A jladl (18 diulfia Ao gandll of Layy ¢ 00l

Gl JS 3 AU 0585 gy ¢ S all gz gl 3y 3 ga )5Sy
4 sluiia

AL, = AL, = AL,

Ot sl (gl (5-2) dip—all plasiuly 5 dga ¢y l8 Al 5y
:u.‘c-d.n.aa.\ul.u.aﬂ‘ :\..vlna_,g‘,ﬂ\..lo_,ﬁﬂ‘

N,L N,2L
Ea EA

ol a3 ADLY 238 (e

96



t ¥t Asaddl N2 N3 a e o sailly

N,+N,+N,-P=0

D sle Jans
N,+E-'—+%N—'— =0
2 2
D dday
N, =N, =04P : N, =0.2P

oY A Dolaall (pa g SO luzill A il a8 e Ulos 13
D s 4y g ganall Jaall Lo Juaas
P’=2.5N, = 25N,

t e diaad 3 Abledd (e
P” = 5N,

ua._.'ul_.g._\lt— daA:.‘l_,t Pd LG-'CJA-MA-“P_..\.H“’A P"P"U"‘:':-n
P lgr g sesnall A gkl (5 il ady iy el

Nigim) = Nagm) = Nagm) = AT (im)
t e Juans @llily

P'=250, A : P”=50, A

97



el 058 JUst) JeaS (gl ¢ L g gene daiS P (i agall (0
fgpy Ofaill b f e JBY)
P'=250,_ .A

B 138 A i Glaadll Ailie Adaud 53 45 7 gessall Jeall o (]
(9-2) J—ia

G g &_Jﬁuaﬂmntkhdu.g‘aiugq“S‘za)M\
ale Y ¢ gl a uB ) A e Wl S aiiles e tebuny

J_,J_).l_.-_s_,‘. u.h_u.“ Ailgd e Ly iaLmo.\:PLa_)hi..i.;_,}MJJy;
o el e caditall e daslll JadYl

8 J RB
AUTTERLTVALAL TN
Y
—_—
5 | i
P P
o

A T e
(15-2) J-<a
:
e Ui gzl (FB.D ) ol puall hibaia uny Y5 psis

il e A58 4les die daslill Qi 34055 P 3_hgal A geall

98



a8 e 5 a LS R « Rp Saoti Jladll a5, I e
. (15-2.b)

saaly Ao o el bt Qs;m&n N dag il maingg
: Cua Jadd
F,T*=0;
R, -P+R;=0

Lea Oalpena o g sind lgle Ulias 3 sam gl o 31 Alokas
u&@tﬂ%.sﬂ_,s,@&jsam}ﬂhd ol U (Rp ¢ Ry )
) (DIl ) e sl e A 5 5a) Aldae Lo Jpeall any
350y e Jeans @l aayg ¢ ) BY) Aalae Y Libial 5 ol Gaaas
claalay) wosllead) Jledlys

— AU (g gy Gl (e Ly Alsh g3 6 Jadl A el
2 el e s 2ally Aalal el Guld gy Lp ddlaiall g ¢ 3ol
. gl J gaall

¢Ra b canzill ge Juul e Jall o 5 ) Ayl 6l
g any o o2l day 5 A0 Abled J 5 ¢ R oo Llad diladl Loy
:C_.I.IA:I
R, L, _RylL,
EA EA

pbid ol e (1) e S A 5Ly gplas I e S E ) Cas
o 2 Wslaalt 038 (pay . i jaisall

99



R,L =Ry L,

R, _Ry.L,
LZ

203 S ) BV Aolas pa Alslall 038 Jagy ol (e iy gl

: o

_ PL,
AL+ L,
PL,
B=
L +L,

O e o all 8 UG Aaf (5S¢ Jd 5535 A8 jmays
:‘;JLuﬁ(Lz) L.—Igh-'d;-“

A fel,_ PL.L
“ AE (L,+L,)EA

 h apesill e (L) il o ad i sl B il

s o RaL,
‘ AE
_ PL, L,
(L, + L,)EA
b ol Sl
A, =AL,

100



L Slpliiadl (B (g gl alied hapall 3 4 5 2l iS4 9.2

cisgal aels M gan s ioal cila s B el o} Gy pee LS
RIEP S F TR R NSPYPTC: PRI V. COURET AR S W N
Crimas Ayl al) cioleatt 33a il Caay OBA L 3 faadl g il (B Aadal
Rl 3 s 50 sall ey 3l A Ay peadl 32 eV
C(16-2) OSB3 Ainay LSSd 3330 I Y1 A ganall ¢ (4 sana

P — p— —— . — — — — i —— — T — — — — — —

T

r—
r
r
2

(16-2) Js&d

(17-2) JSAN 3 Ainey LS ] 5300a b dgl Ao yanaly

E—

4m

& »
+ —

(17-2) Jea

101



Ales e Aatiall YV Ao panall i (g1 5 ad da 0 ad ) e
S B o L€ 035 A g jall g Ayl Slef 6 ¢ Ab ok Bl
d A A a et ALy bl 335 of - (16-2)

AL=a.At. L

:Q‘C.\g:-.

o bl 2l Jelaa o
e DU ¢ (Qanaill ) dc geadd) AUl ol Bloe A 2 g Y 4 Ly,
N ERPPY R Y

b jediid At alas il e A3hdN 4000 de geaddl fpdod aie LU
AUt o) 8 s ol A asa) Ll oY Sy ¢ ddailon ity (5 8
 (18-2) JSA (i (e gp LS (el e gandl

ALX—E_L’ -~

_._EA =

r S

X__.:_ __________________________ E

IR s

— N £
AL, =aAtL

(18-2) Jgab

P gt Al Cleltial pranat die 3aelE Candd ple JS24
i (SN VL i) el LSl sasaall Gile gl b -1
REOKNFY ETWYSTOR D BV ENGUPE RN L

102



Lol san sl 5 Gile goadd a5 ioall Gila e CDER1 o -2
Ao Xk p355d (6l 538 yoaily . Aihs (658 el Ll dialiny
f N el Ayl 538y L] Basadl 2 cle genall qilual
D382 3txie 5 (5 man) A gl Mhe (501 Ll el (s Jla) ”
Cr ey el * ANk A e geadd

AL =a.At.L
: J‘M&Mihﬂﬁx dl.!.“ JJS_,SQS.‘_,
a XL
EA

33368 (pay el (gshad 5 sl Toled) il Adal Auleil) dal Y1

: X Jgeaad) Jadd 3,
a.Ar.L=£{“—
EA
: L'J‘ dad dlay
0 =2 -E.A
A
X=FE AMNx

A By« faa 5_pS O, Ayl chalea¥t uslia oS5 o (S

Aals )l s Gled i Jleaiad sale SlieVI ope 8 a0 clolisy i

g Aad IS g AN AR5 L 3y el Sl sl i
3 oall sy A CDEAYT sl e Aalal

103



(10-2) Jiia

O Cfiny (i jie pliie plaile 4] Gl Cpy (19-2) JSal

S ol (i yaiane alie Aaliss aly ¢ 2.5M qupalll Job . shaay e

. il b clilga) 225 Y 400K° 5 s da 0 die ¢ 2000mm?

13 ¢ 365K (o 5} all i 0 i 1)) apaill B Nga) uual

Jalaas E = 120 GN m? 5 copuaill 330 &gl Jabas of Caale
co=20 % 10° K™ skl aas

2.5m

- »
L 4

UL

(19-2) Js
2 Jud
O s mll 43 die Lalas Juad 38 ol o pimyis Gk Uyl LS
s Ji e Galit T 31 sa )0 4l Al o3 iy . Jailal
P olaiey capdall el Cus ¢ 3 ) pall

A=a At L
=(20x104)(35)(2500)=1.75mm

ataal Canalll e W0l o D0 P d ) el 540 Glua N adiis
gl (5 el Aledl B0l inay q;‘ ¢ 1.75mm ek Qi

i J6 Lexie Lillae o5 o ¥ 4ledl o3a of daiall 3 aly ¢ iiall

104



b Al A a5 P Ayl 58 230 lualy s i jall

A= PL
EA
)75 - P(2500 ) °
7 (2000 ){120 x10° x107°)
DAy
P =168 KN
P aeh il o) Ao il (5 ) padll Sl W
o= )
A
_168x10°
2000
=84MPa

105



(11-2) Jia

¢ 3aa) g 50la (e e shma Glaall (e de geae cuu (2. 20-2) J—S30
Ja ¥ il 3 ja A Cand 1Y 6 A sludie i jall Ladalie dali g

(20-2) J—<al

: Jeadt

s i ABL ARV Jgla b Lgaladiud 5 A adadll 45y 5k Hladids
N e punis ¢ (D,20-2) JSA 5 (el 5 de genall ol puall Jadade
HEMTEGU O

SF, 5 =0
N,sinf — N,sinf =0
P4 _ag
N3= Nl
ZFyT+ =0

N, cosB+N, cosB—N, =0
106



Ni=N,

2N, cosB—N, =0
N, =2N, cosB

Jpais Lali ¢ clap il A Biles 2D Abbadd puiy Jal e
A 3 auay 150 A Wil L (o pin) Jaidh Alla @S de paall
e da V) ol AN By s AA il o 020 Ay A adaiil

e A A taill ya b3 gae Jaiuy ) Conadll Al a3 JaY
anal e ike ABT aadll of . B il e Juaas Yaie . AC oladV!
bl Ayl 0 29 3 el Wiy 0 g2l AR | iy o i) sl AL
S B e e ol ey ¢ LY A N 40 38 4L ABTAT

p i Allad e ABTA®
AL, =AL, cos B

&oﬂ‘@ﬂ\dﬂh@&ﬁquoJﬂ‘u&z‘JzM1ﬂJ
o 380 o Cangd e g1 el Al L ¢ (g gl At 5y Ataal
: 3 ) yall _)._ﬁhacc:-\.:\l\ Jaityt ey

N.E =[arL2 Ar—N’ Lz]

EA

Jaay ¢ Jlaityl §f oy 230 Al LWL Astaall e Glaa 13Sa
DAY (il aad adal i Joalae SN Gld Y alea SO0
* OM‘ a‘."?‘qlesN2aN3

107



oty oladl b A lla abliall b chalga) 10.2

o Al A pand) CilalgaY) A 138 (e Al 3il G Gy
a—hiall 8 il _ga¥loda o Lise y ¢ Jaiaally 2l) Alls i lacail
',_.'.At._t_..u.amq..a_)ajl

0,=—
s A

ol g A paay & jea cang salall Ailie Lo sl fSadl JaY
o e 9a LS hagiiaall o gakdl ¢ jall Bl adiia ol e S5
- (21-2) s

$os—anll JS2 Cun AB Bl asiall 8 ek 3 Chalga) aas
o Ayl M oladl 5t Lesdle y O slea¥! oladh o b jlaie 440 ) aule
Cdeldl oo stie oyl balae oy sl sladl 1S 13 Lia g

arf A

iy
o,

(21-2) J=a

108



Gyl jeae o i jall akeiall daliad A e iy Ue 13
p ol Bl adeial) dabad Aa 3e b Uije s

Lladd Colga¥y Og i send Chilga 355 o (S ple JSoy
Sty ¢ g shidl audll b jolia Lo Jyandl (Sagy . S adiiddl e
5yl Jaliuls psiiy (b . 21-2) JSEN 3 cnse ga LS Jina) mudl e

Ple daaadd Og e
o,A,-0,Acosa=0

e Juani AL 4B, Ag g ol

b oo duani T stasly (o580 Jliy

7,A,—0, Asina=0

109



Ayl osS Levie 3oL () dunga Oy A o Y L 3 LAY Gany
138y Ty puuleall algad dun ge Lol o Jaas @iy, 0°<a <90 °
(b .21-2) JSAN 3 ose ga LS daladl (S5 utedd) slgat of i

A Gaay dalud) e nogased) o con guladdl slga} olad o

3o i 1Y Ll L abed) slga) ae ity K1 Aol oo jlie oladly

e by S Aeldl Guie o) sal sliiae sladl Aabudl e (53 genl
(€. 21-2) JSAN cpu LS Wha diag ubedl sleaYl i ¢ dga)!

Leaie 4y gandl Cilalgad abiad) el of s (19-2) aad o
piiny LS . Gyl jgae e gagenll alaial (ol Q=0 4y 3 o5
—aal dga¥ li = 0 493 o5 Laxie asly (10-2 ) 2Dl o
ebaladl b (5o ganll Sgal ol et oia iy T=0 il gl
v il gaY) s pa el

cbia=902a s 44l (10-2) 5 (9-2) el (o ol
a=0 gl siall Jhsla ulad) dgally gosandl dea) oo DS
. T=0 ¢

Yydsasae chlga) aa sV Ikl abaidl b ali e e bl
alind Lpbeddl Clslgad) of Laad (10-2) ADN (e ey « Apulas
e Chal (g sty 0 = 462 3,3 5 ey oW ki) Aa 4 65

_9,
. Tmax _7 :L.._m‘.'ﬁ_)]‘

110



Cmatlad) B AUl A bliall L3 ol 11.2

(a.22-2)J<a 3 el y Al deay) Al Ciag xall 1 &
By, il Ala 3 b wnse Oy ¢« 02 gt cslea ¥ DS S Laxic
G827 Cunny auin g Agad I Clalga W) L ol @l a8 B SS
O1 olad (s A amsdt A gl 3l s 0 O > O 8l ghaddl p2e Al
ol ie ead Slcas sladl 3355 ¢ LAY dalual e g3 gl
. de bl

Ll b aas o€ay o L) Jiladl adaiddl b 7,5 O, clalgalt o

4 (b.22-2) JC 2 ABC 7 sl DN gl of 3 daud 5
A0 pe Crans Al halga ! pangy (10-2) ¢ (9-2) oilal a5
Jan ol B,0; Jil 5o o 3 Gli__ga¥W1, Oy

XA RTS REO L

Or
a) n 1 5)

y ; . 8
6; 02 _&

A i c A g A
16’ | a1
(22-2) J-sa
f e Juan ey,

_ 2 2 T
0, =0,008" @ +0,c08 |+

111



0, =0,COS" A+ O, SIN* QU cvvevreerterenrerenstrereseeanes (11-2)

(74

r =D gin20+ 22 5in2| a+Z
2 2 2

D (12-2) D Jle doani Ua (g

<
It
72}
[y
=
(o]
R
:
;
:
;
i
—~
[\ )
!
[\
p——

Cia (5 g palandl Apuleddl clalgal¥l of (12-2) DY e iy
b Ot Clgal! o 340

0, — 0,

T

)¢ Byl iy 0 5 0y slad) e AL gl & (S5 s0le o3
¢ Tax Lgd LB 5 ) YL W (e piiin 1305 452 = @ 4y
. sin2a=1

¢ AB dsl e o 4 ganll dalusall L8 dpuleall calgalV) aoasy

Lleall Sholga¥l A5 Cua ¢ (Fad dpuleall chalga¥) 2103 of 0
b Aty JaBa Cua e dysbdie b sem (frelaidl sl i
2 aail (12-2) A Dlall dass ol 3ol g 138 e ST Sy 5 L2Y)

flgie dald dlgal VL Sty . T, + 907 Ty s

112



2 AV Aad

S oy LS 020,20 L s (3 slgod) Ala Cins am
o To Alad) Clolgad) agea Allall 038 b oS Cam L (2. 23-2)
Meal oy ¢ Thn (55d Canll ain ga A 3 5Ll Clalisall pren
S22l s i dea¥l Al Fie ol L 0, =0 saaby dad 4l g3 anll

okl jgaall o daisal

s AN ANal

J0 il (5.23-2) JSall 8 Ll dlga! Alla Coad Sy

e gVl damige Op=-0 , Oy =0 Al clilga¥l

a=45" 4 0p « 07 claladl oo Py ol Ayl uidl adlidll
D Sl deasi (12-2) ¢ (11-2) ol Jlaainlsy @=135°

g il Allay e SlgaY Aa oy 7,520 0,=0

(23-2) Sl

113



A ) Cilabual) auda ga g Apsi N ilalgal) 12.2

e 53 H5 3 T Duuladl s O A el Cilalga) cailS 1Y
g fe 2 e aglhall IS daglea 3alll dga AN - gla)
sl (38 A e caay @l JaY i (2 L 24-2) O8N ¢ A
0 i, My Op =0y o yajisis « ABC aiscls 0 ¢ o glandl D0
Ot e Aaldl e sagsenll oladl gai Sl Slgal oladl (e LSS
0 agl 3l ol a3 fad Golodl il A U8 WSy (b 24-2) S
CAeladl i oy e oladY Talime oy sall sladl AS 1Y ¢ Lin ge

055 ol W dall Aabise ofi ¢ dA g Sl ol Zalise o Lays
. dAcosf @Y mhaudl dalua s dAsind

Jﬁa
\____T
i T 66
I 8. % Te B
& & bs T
T ‘ 4——6,&
g ac
ALA——¢ 7 ¢
T\ Yoo
2 Og b
a) b)
(24-2 ) J-<ai

P te Jean Wi Og olad o (5 5l apan blin) de

0,.dA~(0,.dAcosB)cos6 (0, dAsin8)sin 0+ (r.dA cosO)sin 6
+(z.dAsin 6)cos 6=0

114



:U.lcda.aa.ﬁ'[eo‘._:ﬁlu.]cdﬂ‘@.u‘;.]:uw}.u

7,dA—(0, dAcos8)sin 8 —(r dAcos )cos 6+ (r dAsin )sin 8
+(0B dAsin 8)cos =0

Ple deani Uyl gy dA jlaialyy
0, =0,C0S8* 8+0,8IN° G—TSIN20 ...o...oeceeerenrercenenss (13-2)

_aﬁ .
SIN204HTCOS2E o.neeveiieierecnreeirreereesnseescentaseresses (14-2)

Ved
Ty=—o

25 A Slaludd) g ¢ Apas M clalual gunse yaasy dad Ja¥y

do
¢ s de” Ahdl sabd o} W cany ¢ galiall 33 gandt alga) b

T ) claludd) b ¥ @iy ¢ |jia To dpuled) chileaW! 55k of 5
o— Al Olaluall (Do 4yl aaadly . Audes lalgal 225 Y
;A AD e Juas opilall G

O'a,—O'ﬂ .
Tsm 20 +7cos 20, =0

(A126, S 2 oo 15-2)
O'ﬁ—O'a,

ol gl ¢ Ay gand) Sl g maliall Aol e Jgaall,
¢ (13-2) Dlall 5 (15-2) Dl o Ly f W gy s gns ¢« ol
Ol g8 Gy Jlasiaad g A g 30 A0l 3 iy AARN A (ylap g5 gy S

115



Al D e Juans Aagy Dysal sac Segy ¢ 4y jaall iR
P Cua gl ) Clolgalh aail

iS5 (16-2) AR i | jioa (g 5bas G gandl Cialgall aal S 1y L
: N padll o

d*o.
il Sea o e sl Ly Jg7 A Ak las,
Oy =05 058 F bod e 0: Ayl 5y L M daluadl i gy )
6,490 Ay 5 daluwdl i Sad ¢ A Lt aleatn U

LS ¢ T el Mea) Lesle 008 o (Say I (5 gal) il 2t L
duilly (14-2) ADRY 4 dana gall Asaall Junlis Cigas 0 4y 40 ) aiia
P o1y jheally Jualith 138 (g gludyg ¢ 0 35430

-d—f=(aa —aﬁ)cos 20 - 27sin 260 =0
dé

h eaill il S a5 1 B o8 05
tan200,=%(0'a—0'ﬂ)/‘r ........................................................... (18-2)

Uy ety g Ay gl I cua g plad caay alall AR DAl Hladiulyg
Gisa ylo Jyantl (Say (14-2) D i (18-2) ADAY i g el

o) a0 Cum el il slea slag
116



o2 a Lghd 55 A dpud ) Slaluall guiagay dpud l gVl i
. Shalgalyl

(12-2) Jta
ol gad! Jafaaagl ¢ (25-2) BN b Al dga¥) Ala i

c halgadt o3 Led 555 AN At ) Clabisdll auz ey Apaa Sl

g~ 200ngfcm*

\ T
T ' T=100np/cm®
61__I_- NS ""'TM‘W:
T~ ‘
t 99'31'45'

Omin=138 2

/ —~r |
Omax ~362xg/cm®
[
(25-2) Jsai

: Jeall
Pl Jeani (16-2) A padius Lpwd ) lilgal) aia yaas)

_0.%0, ]
—= 7 \/ —aﬂ P +4r2

max

min

117



o, - 3% ;200 +-;— (300 - 200 )’ +4x100

= 250 +112
=362 Kg /cm?

_ 300 +200

2
= 250-112

=138 Kg / cm?

-%\f(300—2()())’+4><1002

min

tan 260, = 27
20,-0,
_ 2x100
200 -300
=-2
20, =-63°
@ =31.5°

Oa=300Kg / cm? sl_a¥ s camad B ol ek 430 5 L))
3 Aalise e % Omax of 22318 . debdl e oy e elasly

c 0+ 90° 44y i dalus e 5% Omin « 0. =31.5° 44l )

gl Agate T ulad cialgallt culS 4l ad ) s LaY1 jaas,
clalsaddl (Plye sl ol Wl pracad 3 uledd slealt ¢f (ol Sl

118



o Lo dun ¢ Bl = 315 Lyghose paatly Wil it Liad Hunet )
Y Al clalea¥l aie oKy e Aellll olie o sl SeSlaall ala!

»allall sla gﬂ ey
(13-2) Jie

P e andd (26-2) JSA 3l s ualad lalgaY) Al
lealal s At W cilatgaNt L1
lgle unt A Gl i) Gl g g sadl) (el Silileal 2

100MPa
50MPa
50MPa
75MPa
75MPa ‘

50MPa

* 50MPa

v 100MPa
(26-2) J<al

: sl

P ol an a3 Bl 5580 sa 0 iy el iiane e

0,=15MPa , o, =100MPa

, T7=50MPa

gasenll SlgaYl aniy (16-2) 4D aaitid das ) ShalgaW) Ay (1
Plua a8

119



C,+0,5 1

[ =—2—+?\/(¢rm—a’ﬁ)’+412
=E_+5£0£_+%\[(75 - 100 )2+4(50)2
=87.5+—;- 625 + 10000

=87.5+51.5
=139 MPa .

i a Sy ADL iy edlad OSa siuall (g2 genll Slgall U

T R
Unﬁn—g—tz&-l\r aﬂ)2+4r
=7i+5‘9‘l-5ﬂ75-1oo)2+4(so)2
= 87.5-51.5
= 36 MPa .

Lgle doaas 50 4 ) (Olabldl) @b budl Slalad dlagy
tua (15-2) ADkall paiius 36 MPa y 139 MPa Leiad il Clalgall

tan 26, = _2r
Op—0,4
_ 2x50
~ (75-100)
=4
tan 26, =

30‘-‘?-"4-"‘3

26,=75° , 256°

120



: CJ‘_,
6,=38° , 128°

P ADA) sl p ALl AN Lot S hsall

al(oa +0, )——;—(aa -0, )cos 20, +7sin 26,

ol AU aedly sl r 3 pe Gy =38" oy puilly,
:uhda.AAJ 7, % 9%

Q
"

-12—(75 +100 )- (75 - 100 )cos 76 ° + 50 sin 76 °

139 MPa

i ) A2 (i pma g dpuh ) Claluaal) slod 3 e el lan
C(27-2) JSE L e 3p LS Waalay) o5 3

139MPa 35MPa

36MPa
139MPa

(27-2) <)

o obeall (g skt Gl gl Gl e il clalgal of U 3 LAY i

121



: Cua (19-2) ADal) axiius Lpally (5 guall il calgal Sl (2

F‘
B8
]
H
g
Q
-]
[N |
Q
A~
S
+
a8
~

p
e BT

+ 51 .5 MPa

I
-+

Lgle ¢anad ol il sl o) G ) laluall clalasl o)
Pl Jeanid (18-2) Adall andius (5 gadll asll Clalgal

tan 26’0,=—;—(0‘a—0‘ﬁ)/r
tan 290,=;—(75 - 100 )/50
= -0.25

: ol Sl
26,, =tan"' (- 0.25)

26,.=166° , 346°

6,=83° , 173°
Clistaae 30 45 o ad il sl y clalusall &b o cps 6, Al
o BNy el (g2 gandl Alea)
122



223 W f U ge 837 (5 il o el sgad oS L 1Y 3aatly
: Cua (14-2) Al
o, -0

a

T,=—2—"f sin 20 +7cos 260)
2

T, O 5 O ol slandl ol oo =83 o mypuilly
:u_lc.gjaaai

Tg= (@] sin 166 ° + 50 cos 166 °)
= —-51.5MPa
G sall sl iVl e 4ay pall deal of Al s LAy L
- g il
Agal Sl Jo Lagaall hilgall Lo Jpunnll iy )l
P AN ADaY alasiuly olly lgde Wlias A (5 guaill (el

o, =%(cra + crﬂ) —%(cra —aﬁ)cos 20+7sin 26

O ass B Asled) i sin 26, , €08 26, o e pasmillyy

D gy g2 sanll gl
50=2(0,+0,)
=%(75 +100 )
=87.5MPa .
o e syl pa B il gal ale 355 A ianlloladl
. (28-2) Js

123



1+ B7.5MPa

57.5MPa
57.5MPa
| 87.5MPa
87.5MPa l
57.5MPa
57.5MPa
87.5MPa '
(28-2) J<ul

" aga 5o " Lgilaladl g Laead T calgal) 3l At A6, hatt 13.2

lalga! Cluay Aalal) Gl c¥aleally DY paes S (Kay
pay S8 e Ly Lalaladl y (5 suaill il ilgnl s ¢ i) 30 paal
gkl oda ceuig ¢ (Mohr's Circle) o—a s s auly oy by
pd le Jyamnl Jeu e 5% G o (Llaadadall) Al 46 Ll
55500 Clalaall Ao pana (je ddpkll 33 Jadiuly Lolalady Clalgal)
ol 2l
el galy G jsaa Lo Logaadl Clalga¥! i " sga 0" i
T, O0gs Op il ga¥l ooy ¢ gagad jpadd o il
e 1S e sSg Ll 33gy a3 0 a5 dlld gy daly ans )y by
N EEYRON

124



e Qi ghaday ¢ dpalilly g0 530 pu) AAS 3y rnia il
il gal ard o Jpeaall 630 Hhl oda paidiad el aclud
b el y Lo sole (e o jad aleadld Adlalt Allal 32k ¢ LgSlalash y dguas M

. (29-2) Jsa
. llo-ﬂ
. T ¢t
"t "
T
—_—
T4t
(29-2) JS&

D A0l Unudl) < ghaall o Lol Aal 03] 90 5,80 auy poii
Ty » O, dusgaal Clilgal) B i ¢ lBanY) 5 opan anisi 1 3
Al y ¢l W sl Je T paill Chilgaly ¢ @Y e Job e
con WS sl o ool A opady uiliey 3aly aay oubie 3k

. (30-2) Js
inge (35S0 Gall) holgal o pon 3 LY £ 3aia) pasis 3 LS
Gdee o Adley ¢ delull @lie oladl B juaiell (f He0 Je Cidee 13)
ATl i el easadl Y kil . el oo lie e o e
e se oaill cslgal of s ¢ (29-2) JS2T b 5 sl Slgadd ddlal)
aal algal oes oL 4@ aa W e Al ¢ dnd ) aa g e

- Al izl Cilaleat s dan g

125



¢ (0a) ksl W Yl Sl 0, G o d Akl ol 5 LIS

¢ N el e By (ad) el (o A e RS T Gl Sga)

pa b My L g O el 358 A0 Apd 1 a1 Jle T 00085 S
. (30-2) JSA d Akl e Juasi 1368y ¢ dun ge dagll oda

(30-2) Js

) Sl Oy pun s iy ¢ ABlLea iy @ AN g g cpni ¢ layl
A 4 V1 e T gl dlgal of sy - SUnedd) Lgiasiy (Ob) il )
¢ (be) Y yaall Jind Lagl 538 au i 18 Ll 0, e iy 3

o € dadll e Juaas dlly,

126



ol il e ey (30-2) JSa o N el Laa aaoy
c0p=0s ) dpdeas s Gkl of 2 0 Je o O™ 0,

83 payiy ¢ € At Caatial cgeiy ¢ (de) Boal au it Lalsh
J_’-—A'D_}—'I‘JL_-G-;lhdlk;laJ:‘l‘J“ oSAJ.CdLA‘)HMJCAhLbjS)n
. (30-2) Jsa

: o L epin s iy (Moher’s Circals) jye 5 i by
clolgal) (e W @Y Sk Jeb e ko L gk (]
05(0,+05) Alus Je oo ¢ Akl of Jaad ally By 5 . Lol )
(G5 - 0g) s ab ball Jsh iy ¢ bl JUall Jua) dkais

I JECE TP EUPC LKA AU

(cd’ =(c)’ +bo"

t ) aas il 23 e ym gailly g

c_e=ﬂ0.5(oa —o,)| +2?

oc+ sl (L) U:i.:ﬂ",nm Gl i ck=cL=¢j : o Lass
b b W Lgline )5S0 lalga ) Raud gy ol g iy paly oL

05(c, +a,)+ 050, -0, ) +7°

c(16-2) A Bl 3 LS al¥) ol Slga W & AW o3y
(k) Adaiill @Y1 HaaVh 0)s8 Sy AV gt Y eV aas Jallyy
: Joc-ke s

127



0.5(O'a +aﬁ)—\/ﬁ.5(cra —aﬁﬂz +7?

koo L b i Rallyy . S st Seall 4 DD oda
o aY) peaiell 880 gm gall At N Claleall) DS
eb .
Ay T ol (boe) Ly piledt of Liad Bl iy (2
D it hand

tan @ = 4
? 70500, —a;)

sle G ¢l BCE=20, Ly o o D Gita 1 e

o At G giadll Fiadhh KL il s de bl e deba) oo lie

A e A Ol il g G . g ) Sl Lo aaas
X BT ad sl (e 0, la jlsia

Ay A ulieg e iy L sk A psesfha ol i tisag
lalga¥) e Blaes Ao ganal 33l pu ) Wiy Cua Al Cilalgal)
@il el Yl b Bdua ol , 0k ld e G5 0p5T

c G085 T i) b paiiandl gl e iy g M ilalgal)

1V ce g e s ki cial of Lad o (30-2) OS2 J (3
TR

ce = J[O.S(O’a 'Up)P +72

128



5 Simsna (5 (e B lga) ey Llaby ¢ a1 il ga) bl
¢j , cf bydadll ;e o g Sy Hses ) ol 3 MaalL
N (30-2) JS2ll oo L 1Dy LS (5 gl paill slga APias
Ay i o W sty Ny ¢ 20, Ay sk €67 Ayl
ij et gl Slgal i gns 5 BV (50 ganl Mga¥l i ae
45° (5§ oa®V Gl holgal Gl ius () 293 138 ¢ 90° (5 s

. 6yl 300 gaall Clotgatt Gl fne e

Cmlat¥l 83 Sadl ClaleaV) (DG de il il ki o (4
Ofilgill il I L LYY ety ¢ Ofulall y (gagandly X Y
e cllgal (MG (de g 20 A4 dany 2 ) fig Jie ki Y
OV Baadl el 15 3iadly . X (Y el Je O laiey diey (5 fus

P Al AL daey g ddadill SV Saa)

oc +ch=0.5(c, + 0, )+cg (cos 26, cos 26 +sin 26, sin 26)
: dc_.aig_),as_)‘sl.\",jcbe ¢|ﬁdti...|_,.1ga_,

T

in 20, = —p=—=—=—
M 1/lO.Sitﬂ—cr;)]z+‘rz

0.5 (cra —aﬁ)

20 =t e
RN X7 SR e

oleall 3 Nl Al e 0505 =, ) 5 T oo el

s o) aas AGL

129



O'=0.5(O'a —-O'ﬂ)"—O.S(Ga —Jﬁ)COS 28 +tsin 28

0 Ad i dier 5 st o (52 5aad dgal! danally & ADall o4
oo a1 e Gl 2l i e S LS X Y gl e
DAY Ay daed g Aadill ud N Slaa¥) W ¢ BEIY 5 5k
r:§t=c,_gsin(29p —20)
=E§(sin26’p c0s26—-c0s20, sin 29)
=J|_O.5TO‘Q —a;)]z +77 (sin2¢9p c0s20-cos20, sin29)

5 (20:2) 5e 050, =0, ) ¢ T ol o imssuillyy ABlen iyl
: o) 2 Aoleal 024

T4 =7COS 29+0.5(aa — 0y )sin 20

sl (1 B Ay e 5 e e il dlga Janully 134 5
bty Lo g adadi clfian] of aad 1 . Ll adlml 6 LS x !
dar (5 siane oo o T Chalgal s A3 sanll Cilalga¥! i ) 50
X G e e By

o Aasdtudl LY claMacal o sl 5 e 5 LY cany |l
pua i 3gdy ¢ Al Joruall cibalgad 5 dan e 220 Clalgal s j5e 3 s
Sl e Duall cilolgaly Juat¥) Al ey e ole a2l cilalgal
Lls Ll clalgal Luailly W ¢ (30-2) JSa Cpu LS5 Wil U 30 LS
o &) el seaiall g e yibee hed o A g 550
Glde e paill s Je clae J AL ¢ Aol e ol
Al

130



(31-2) Jedt

sl Bnge gab ilgal (31-2) JSA A pnddl peaiall (S, 136l

(e e 401 AR (- AEY) Za W) o ALy ¢ A b a W)

5 il ga @l ol gaty ¢ Leslalad s A M halgall slay dws
- lgde Giaad Al Gl gl Clalast

(14-2) Jia

500 pladiuly . Sl (e jme (5 S peale Cpy (32-2) JSal
Pangd e
- Leolaladt 5 A S cilalgatyh L1
ede Saad A Sl ) claladl s g palll Gaill claleal 2

‘f 200MPa
100MPa ¢
100MPa
} 150MPa
150MPa {
100MPa
——>p 100MPa
200MPa ¢
(32-2) Jed

131



3 BN

Pt il ¢ e s eliy g Aalally AEL il gl gLl
mainll A da Y1 e el cilaleal o ass syl 2 Uaul
e Claleal) 23 0 5S5 Laiy D g (32-2) JKEN B Cpasall 5 (5 sl
T, =150MPa cAgal pu s oo lly e 2l . Adlu 28831 40 5Y)
Ay Jeaadl ¢ guaiall pd N aa W e agagall 7=100MPa
by taunyr ol By de ool oy ol s d il e
aa¥ Jde hagasde T=-100MPa ; 0,=200MPa i
e dhdl o @y Jaad ¢ (g simall juanall dY

150MPa
d
f
100MPa O wssal 4l
kK 26\ \ bt 7 R
t >
0 a ¢ 26, ra
26 1} 100MPa
0. =T2MPa 4
e
i
200MPa
o, =2718MPa
(33-2) Jsa

132



L1 2wy b M aw . € Al ay Jaddl Mgy Chialiall dadi daag

SJ._;iauJ:;ULm.ﬁg,SJeﬁngLngS)ac,Cd=C€ ohad Caal

oliia 33} cany 4 ) U 5 LSYY Haads . (33-2) R (o LS 50
Al sl Slea¥h o) aad 5 Canlic dal g au

f b ledaad s plall oda B
Al bl a9 o5 LS ¢ L gk bl At 5 clalgat Biai 11
DR EW I I [ Y Y O [ 00 SRR KIPEQ {REVEVE T VPR P
Sad G oo Wl el 3y sl Gibie (g sl (33-2) Je
o Gua ¢ 175Mpa (g st 4l M e s3I 5 ¢ Al EY Y
: o Cun €€ lall Jgh 203 4ies 25Mpa (s s cb

ce=+/(25)* + (100 )* =103 MPa

P g st 3 (V) ot ) Slga) aad 4

G = Ok
= oc —ck
=175 —103
=72 MPa

t g st el )l e U
o, =ol=oc+cl
=175+103
=278 MPa

133



MYl s Pli e i Glalga) o Lo Uloaa 13K
FUPR R F5{ BEC PR T 5\ I LICH I PR VR FU N P PR KEC W
slo el el Gl Gk o Waanad ey il ol of Y s 5]
gl A e lead Glalga¥ 23a cilaladt WL el sl ulide

: L"-'"'.'-“" 29[1
tan 20p =199?
26 = tan™ —(QO—)
g (25)
6, =3¢ t ol aad asag

At phaiiuly prop s N el Al @l e Jgeandl (S LS
el i M gt ) L iy Us ey e e 500 8 50l
X (Y el e 38° Jgey (g sie e iy L ALl
cldlgal of pedaly 058 Cun ¢ Apat ) oY) o (34-2) JSaN
ol i L 5 K ik of Cun | jis g s ey gnd) @b e adl
- osa s ol G e

278MPa 72MPa

72MPa 278MPa:
(34-2) Jsin

134



Dby 3 ¢ Al g a8 Al eal Bl g dlea) ueg .2
Aty 103MPa (55t Gl ) i CE Ll Ciaoms f Liasy 5,
Gl fwadl claladl Wl . 103MPa (g sy (el aill dlgal of o5
Aldl Gl W Lede Jgeasdl (Sad 20, 44 1 gl Legle Giaan 3
i sl o 90 Adlaly sl o ¢ (33-2) JSAH 3 sl sl (e
A BaMy . 6,=83 ,20,=166" o U o3 baad 5 30 26,
s e el slgal domy My ¢ L ga j abaiilly Braall el slga]

Aol i ol (b jealsdl (s ) 83 (5 sinal

Fias 138 5 ¢ 175MPa 3 5805 e § adaiill &Y Haal) ()5S LS
JSal Oy e sl Saill dgal Clyfiae e Silall (g3 genll gal!
. Eyalll Gadll chieal (35-2)

17?MPa

103MPa o __|

103MPa

175MPa
—— 175MPa

v
103MPa
83°

——

J"“* 103MPa
175MPa

(35-2) J—san

A ad gl gt yand ol o Gl B 138 Jay 13Sa
alast Ll Lpde Gaaat 3 i gisal) Clala® 5 adll sleal s ¢ Letlalad

135



L BDall ahasi s dglalt 48 5l (e Sgaal  ge 33 Azl Ay yhall
c ol 13 e Gl sl e b 4S0a dika)

" dah sEl daladl diall T CLAN 5 clalgal) oADMY 14.2

& s Ol dacdl DY o) GLSH 1 e J Gl G
B s s jgaall gl slgall Al b gl sl 2l Alla
: Aisll
£ =
E
Glaladl 3 & 5 & Apuil (s o) CVLiY) yas Jal
¢ (36 -2) JE b ol adadl Sgalt Alla 8 Lt ) cilalgal!
P g el A phall VLY G ADNAY hadid

g =—ue

% NUIT

I
) a— — 0,
l
(36 -2) Jsa

136



D g stdioany O Slga¥l L8l o Al ) Al AW o e

0-2
gn_'E
:L.‘;_,Lul;luali:lcwa‘_ﬂto‘-'p:N‘ "‘j_,
o
A

: U.lc J gt Lii€ay Y Laisl) 000 &y

g, g,
e e = o irets eeirerees cvmaeernne srereennne sesesenns 21-2
o = ( )

e e L it ireeseneenassnns saatnseens aaenaeenas perrnnenns 22-2
E M ( )

Chilga Ula 5 dya ol Adladl Ganall o jead DU 2
DAagiul ALl e Jaaslly 0, , 0) Slalgad

137



E

O'1=1_ﬂ2 (£|+ﬂ32)
E

Gz-‘-T—T(gz + g )
— H

A0 0 3l ey Lar e Aalal) Al 8 Ryl iy
‘a_.&.'M:IJO'I,O'z,OFJ BJ__ALLEA_,E_):&_A:IA:___\JJAG t;l'.\l.&;‘
O Laladl Lipall Je Juans il Je £, , £,, & YLyl

RPN
Ll an)
er=loy-uoy+,)]
£2=—é—[0'2—u(a3+cr,)]

G - Aeeaall dgal¥ A Mal Gladl Sga 558 Sid Dl o3 o
Leald A ) Clalgaf) Clalad! B 5% Laaic €, &, & YL
e Ao i QYL | pand

138



Crmt o 15,2

25 ol dyina Clane g b o2y BMIM 08 cliall (e el t 1
s aie San cllin S Ll e L 138 00 100m o ¢ Al
e ¢ ollll AU oo - ollll Jiudl! Goskd (e 4sd 23 1.5KN

.E=200.G N/m’ ;& cduall 45540 a3t o,

cilS 13 ¢ Sm alshy ¢ S0MM’ i) i) o il il daluay
2oy, 2mm i 40 KN o jlaie dea il cuns 0 20y
v ol 138 530a) 05 el Jalaa

b8l ayme Im 4dshy Smm dalia Jsh Glall (0 aa y0 il ¢ 3
oA A otad aed) 83030 Caual L 250 KN W e 5 ) 9ae 33
.u=03 5 E=200GN/m? & Jlie! o Jeall 134

Gawal L 4mm i jaiadl dadaie daliey 20m A gh ilia Jay )b 4
b Ldde . 50 KN 530 a8y Al gk JalS) Joy 20 20 Alls 8 ALY
CE=200GN/m’ &y il saled 45 el Jalaa

¢ Amm s 85 300mm 4lsh calall (e Craran 5 A Capind ¢ 5
200mm 4 gh sia¥l pulaidl (e aye el lgs (A ADkay Cadie
D ha e ad il Gusigh ptadl ob We . 15mm aslis Jhy
O A dat—afl 3 e 3KN W laie 2y saefal 348 < 13 ¢ sl
o e 13 ¢ 4o genall KN A Y2 sl il gl
il Gl aill, B =200 G N/ m? sa il all iy, Jalae

.E=90GN/m’ s

139



usﬂuaFj30mma)h§wM\wMg)‘Ju§m§:éuﬂ
L&sﬁ@‘!@@@mﬂ\ﬁ@ﬁmwﬁo KN 452
Ol Galaas E=00GN/m? s el ulasll 55 50l Gelea o

- u=028 a

255l yayray ¢ 20mm okl gk g piia Y (e poliias Gapal 2 T
E=90G N/m’ iy, Jalea of cade 13 . 45 KN W_faie 4 ) gas
P leangd o =025 ol g Jalaay o

. 20mm o _jaie uld Jsh b AU 1

. lgaY) tany 2

o Jmatyl 3aa 4 .3

a3 gy amas ¢ 40m At gk py i) (e s Sl t 8w
pompial¥1 30l Ay el Jalas of cidle 13 < 85 Mpa 4_Sied
¢ @=25x10" K™ 5 _bal sacll Jdasyc E=70G N/ m’s
:Q.\gla.\_;)

- Sl g Ay L1

o ALY el Gageny 38 1 5 pall A el L2

gD phaie Aalise aliliie a0 paiue phaie 9 Cliall o Cyplal 1 9
A sl iyl U ey ¢ 2m 1S 4 Y5k y ¢ 400mm’
15 KN o_laie N as Jaasy bl Gloe. E =200 G N/ m? (5
358 Lag v (37-2) JSall fny L (5 paill  Jildl ailes die
Jan 5 AV A bl o3 4 358 S5y ¢ 10 KN W jlada 4

s omadl] 0K AN aa gl L SKN o jlaie

140



HITTHT TN

LO.Sm lO.SmJ 1m_1

T
!

15KN

(37-2) J-s20

o Cade 13 . 1000mm” aal wue (g jaiue abaie 4} ¢ (38-2) J<3
Vxi¥ 22l . E =90 GN / m® (5 gbny sl ulasll 23g pall alas

. Lanadll ot FR
48KN 6IKN  10KN 9KN
] —— +— —

L_ 1m | 1.5m 0.5m
(38 -2) J—<au

bl Log—aann lifle Jia¥l ulail (o g ypdie Glypnal 2 11w
il . (39 -2) JEH e L& 3 a2k Y gen 2l e peay
13 L Al A0S AU Ao gendl pbilie (e pdile S b SleaY!

E=90GN/m’ s jinal¥ Lubadll 530 &y pall Jabes of cadle

141



; l

]

. » 5KN | 6KkNe——  20mm — 15KN
1

' !

L 750mm 250mm | 300mm

30mm
SHELEEEIILEEEEEITR2EIERIRERE

(39-2) Jost)

Lgle 5y c daitll die Juaia) beo Ducie 3 il o lapuind 112
Gl M A a5y 2 ad . (40-2) JSa) Gan LS 250KN W sk 3 g8
g3l S a3 5 Y Cuny laaill adaie dabus aa gl ¢ ¢ il
il salal A gl Joalaa o} < dde 13 ¢ 100Mpa (o Lagsd

. E=200GN/m’ s

AN 450 aso \/ B

c
P = 250KN
(40-2)J-55

LS dbua B ga b 4l e Beluany Cafia 3V gl (o Capuia 113w
Aal ey ¢ 4m 4T sh aliiie (yla pelies pdale 41y ¢ (41-2) JSEN iy
Giay ¥ 300K 5 s das xie . 2000mm” (st in jaiaall 4akie
5l a0 il 1Y Cuall b SlgaW) caa) L Ganalll  algal

. E=200 G N/ m?® 3¥ il 50 Jalea oo Wle ¢ 275K Y

142



&

[l I

FOH R HTIT

4m

|

!

(41-2) s

@b ooy idiay la (Dlsie aine olasal (42-2) JS&I 114
OB e g his dabus g3 el Guladll e ) canalll ¢ kil g
e—hie ol e 93 o ia W1 o el canadll s ¢ 400mm” (g s
a bl Al e e 1), 650mm’ sl et
E =70 GN/m” »smaly ¢ @=20x10°K™ ; E = 90 GN/m’
¥l L dgad pae Alla b sl ofy ¢« @=25x10° KT

. 20K o _jlaia 5 yad) a3 3 bgss an 1Y capiad JS A (52 panl)

JHEHNTHN NN
T

| 250mm___|_ 550mm |

(42-2) Jsad

¢ (43-2) JSAN b Aapddl SalgaM] (o jme pun (b Sl yuaic 1150w
- Lgalalad) g At I Sl (a
e Zaaad AN Gl sl Claladl y 5 geail) el Cisteal (b

143



& 125MPz

*5MEa
f 175MPa
IT5MPa E
75MPz
pocuce—p  TEMPa
125MPa &
(43-2)0<a)

oie (44-2) JSa b Al Slalgadl o jes Sina uale 160
PR TR

- Lerlaladt y duad M Sialealt L1
e Gaad Al O diaadl Claladl g s guaill il clalga) (2

125MPa 4

p——p 45MPa

45MPa
60MPa
60MPa
45MPa
45MPa «

¥ 125MPa

(44-2) J—sa
CJ\.)L_Q_:\M e ) xa o (e & g}:\_uu ————aC 17‘_}1

s e« T=65MPa ,0,=0,0,=45MPa
e 45° Jiar (5 e e 3a5a sl il calgaly B0 gandl cilalgal)

.X_)_,:sa

144



(45-2) JS81 & Al Shalgadl (s jrs puun (B giese yuaic 118
- lgtalant g dous N Clalgad L1
Agle Giaal A Gl fiall SlaleTl (g pall adl Sldlga) 2

—p 60MPa
60MPa
40MPa
= =
60MPa
60MPa «
(45-2) J—sa

padiuly cpe (46-2) JSAN B Lpall Salgadd i jea jeaic 119
Pl bt sa s it Al Ay jlall

- Lgtaladt g dat M chalealt L1

agde Gaaad Al il fall Claladly s gl alll Chsleal 2

80MPa
45MPa 4—1—'
45MPa N
} ' I €5MPa
E5MPa

45MPa

—_— 45MPa

80MPa

(46-2) J—say

145



Al A0 geel) Chgad) i pra (5 tus uainsl [ ga b0 pu ) 120
gV [y 3,03 e e &« 05=1T5MPa , 0,=175MPa

L X Jsae e 307 Ll dha (5 e o 3 Sl

bsus A gend i o5 15mm aalia Jsha o je uladll (e cuniad 121 (g
paill il gal s Ao gand) Salga¥l sl L 75KN o jlaie 5 ) 5as
. :\T_l_)‘,;.d\ C.iy}oa.“ )ﬁthw25od_+nggjmulc3_)5_‘,a“

21 g8 Al Ja el e ot Al 48y Hkll Hlasauly 122

b (45-2) JSa g A Al Jaael Hpe syt Alasauly 124
18 & sl

T,0,,0, O dldace il pe s i’ il JBa 86 125
(47-2) S ol

L O o5l dgalf!

Ty ]

) T

|
i
T 5
al'rnx

(47-2) J-s2

146





