
2 

3 
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Ti 5T (engineering design) 

(spring-ball model) RRIO ARTT6 fOR 

TrT 

) D, 

) V. MMMM), 

9.2 feea (Elastic CiTb 71k efozis RA Behaviour of Solids) 

TC TEIR (intermolecular) 
&R (interatomic) F 
RAIAN 9 fR AII (stable equi- 

17RTD (Robert Hooke, 1635-1705 AD) aeA 3I eo P-R 

librium) RiCE| (5D aO 
aoRA 

(Hooke's law) IA I 

(deforming force) 0A AN T ET 
NF (Boyle's law) TICE Fe 
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9.3 efebt ts (Stress and Strain) 

I1 alb1 RTT|b- 2it951 (compres- 
sive stress) Aal 3 I C7R aA49 1 k 

(statie equilibrium) g T 1, Cof bi ob1 I(tril1 tnij efobta 

SC4 _le NTDI agfoa fa1n fr (longitudinal stress) glae oat I 

i uinsi fapfo (longitudinal strain) 

fef = L (9.2) L 
42112 (restoring force) 2 RAI « 

1ba 9.2 (b)o 701 RAO TA 1 5SIDM 

forming force) AR R s 

efobT (stress) CA1 | a1 41 

(9.1) 

ac51 R (S.I) g Nm21 

INm2 CA (pascal) giqe oi V 

T23 5 37 Pa' I 

INm2= 1Pa 1 AMiaT eo 3 (dimen- 

sional formula) [ML'T2]| 

afost (tangential or shearing) 1 

g (shearing strain) a AaI R| 5U, 

7 fpf= tan e (9.3) 

afeb1 uvf-aHTa elfebt (tensile stress) 



312 

76(Robert Hooke) 
(1635-1703 AD) 

t7 (Boylean air pump) fa1re (U$ Ë 7 ROAI 25IC 

efe aca bRa irea ferba (Curator of experiments) 

CE TORIE RT Qfea TATAa q* EaBI 34OTOTE (orion constel- 

ITDE Ci T 1667 5 *1 1682 btT DRT brentiG ®TRifAAIz TRTp|RÍTTR a13 R 

ee STTR-Ut tensio, sic vis (R the distortion, so the force aefie fgfo Ra e 

fo, tan6 = 0 (9.4) 
zIGUTA }BI 9.2 (c) 1ba 2te ea1 zraI 

F 

L+AL 

(b) (c) (a) (d) 
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fba 9.2 (d) ABI (TB1 18 fens T Tito| s1fste, 

1 afobr= Kx aglo 

4 (9.6) K z FA od 
3I 2z17 R (modulus of elasticity) 

(9.6) 

i3 RTIbA (hydraulic compression) gl 

a i (internal restoring force) 12 9.5 efos1A-fap1s (R (Stress-Strain Curve) 

3 il4 afobi (tensile stress) 1 

T efo51 (hydraulic stress) Aal 3 

AV 
AT o (volume strain) = 9.5) 

9.4 (Hookes Law) 

44 (deformation) XA RA e519 
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AAA 1a 1s (ultimate tensile strength, S) 

R (brittle) AI I zR fy 1 (E 

FTT3 (ductile) 

AT D 

E 

BC Be Oy *** 

A B T U ao51 

I ARUE B Atok 

(yield point) fzI AAI (elastic 
30% 

limit) 7 RT aobti7 nec0 

f 1fa (yield strength a) e131 2 
Tb 9.3 94 7g4 Aa-ya (typical) 

D R 

(elastic tissue of aorta) afcsia Rpoa A 9.4 

HTI RgE (permanent) ie A 9GZA 
Rgfor a12 aplo (plastic deformation) k qAt3 Af ura ATRI T4, aTIN 
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9.6.1 e UtRE (Young's modulus) 
1.0 

14 RT STT (J-27141 afo51 (tensile 
stress) 1 �kj aRTAI5-i a514 (compressive 0.5 
PH41 afe511 (o) (I1 RRI5A 

0 
0.5 I.O AE ik (Young's modulus) AlC 3 U 

Y- (9.7) 

T71 9.1 (o 31Ca) U H 1 9.2 (e 

tomers) gla AI I 

_Fx 
(A AxAL 

9.6 tztozii UR (Elastic Moduli) Y 
(9.8) 

9.23 OA ) 1 4KT 

structural and manufacturing engineering de- 

8 R 9PT Nm2 1 Pascal (Pa) 
tfr 9.1 A MI4A1 IR, 

aB75 (characteristic property)| 

x 10° Nm2 x 10° Nm-2 x 10 Nm2 

70 18 20 

120 20 40 

CF1 (51) 190 17 33 

200 30 50 

16 2 

12 (Cm RT15-)) 9 
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100 x 10'N 

a0ISR3 Ra RbI(i 0.1cm2 3.14 x(10 m 

3.18 x 10* N m2 

a i 2000N aaie (b) iea (9.8) 41 ai4 'AL' 
aga (0.1cm?) u , 1E AL = (F/A)L 

Y 

(3.18x 10*N m2)(1m) 

1 690N, 900N T 1100N 2x 10'N m 

= 1.59 x 10 m 

= 1.59 mm 

AL 

O ATAR 1 33OE (hecavy (1.59x10 m) 
Im 

duty machinery) U 5 O (structural de- 

sign) TRI 4R 2| 1D, Y, <le6 
= 1.59 x 10-3 

ETt 9.2 2.2m HA UTHA C TU 

ETRR 9.1 1 RTA 3RT RR 

FS gTR U 10mm 1.0m 

100kN a 

(b) n epIR (c) fRpf A Ref 
A1 u R E 1 2.0 x 

1011 Nm2 

T41 (9.7) 71 II 

A Tr? = 3.14 x (10 m) = 3.14 x 10 m? sfore, afob1 

-Yx (aL IL)=Y.x (alIL) 



N 8LOI == 

N9SI= la E ÁE blAtbiA?3 

N 9SIT 

S/uu 8'6 x ByOT7 
= 

a b a|ls 
BNOT7 = 

Ibol 1Le I( et S6 g) 2 Bx09 08T= 

|3H09 

N z0I * 8'1 = 

u 
-0I 

x 
0T 

= 
Tv l 

-0I x 0'S = TV 

u 
-01 

x 
0'L 

= 
TV + TV 

ST 

) 
wN 101 x 0'T 

= 
A WN I01 

x 
I'l =A 

ug' = 7 uTT 
= 

7 l 

La (12Is ) splal a (1addos) 

LIE 

WUSSH ATIUO 
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A B 

Y=9.0 x 10 Nm2 | 

TE C L = 0.5m 

J r = 2.0cm = 2.0% 10m 

TY 2zTRT P, A = Tr2 

Tt(2.0 x 10-2m)? 

= 1.26x 10m2 

(9.8) 1 ateyPUA RTY ARTPI5A 

AL X L) 
(Yx A) 

M 
1078 x0.5 

m 9.0 x 10" x 1.26 x 10) 

= 4.75x 10-3 cm 
88 8 

0.00095 1 0.00095% 

(Determination of Young's Modulus of 

the Material of a wire) 

T18 7 b 9.6 

B) 



9 b
o

 

9 

V
 

Y
 



-



2 
D

 

2 V
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9.4T fea aqa afob1, fago, 

HTR 9.5 RI194 Y 1 

a73 3000m 4 I 3TRE z1M 2.2 x 

10 Nm2 24, (OR C RAISI TE 

AV R 1oAY-5 fa faMst (structural engi- 

1(3 IC g = 10ms) 

Ce83000 m5U A 

P =hpg 
3000 m x 1000 kg msx 10 m s 

= 3x 107kg m-l s? 

=3x 107Nm-2 
y74 44 (pulley and motors) 2T3 9 

rel FAU 10 A a1 10 CaTsba (1 

Ca = 1000kg)I t GAMA aT 

3x10' Nm? 

2.2 x10°Nm 
= 1.36 x 102 1 1.36% 

9.7 14 fafezl I5<©4 eH1 (Applica- afst7R (mild steel) afT afd-a A 

(S)a73 300 x 10 Nm? (Ulfo1 9.1 41) tions of Elastic Behaviour of Materials) 



H
 

-

a 

V
 

V
 

N
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ARAR fba 9.9 (b) (73G 41 CS 

CRTTCD al-CaTa1 31 a14aR (buckling) A7i 
I-C3T1 STST CAT P4a FI 15a 9,9 

shearing stress) AI UIAUS 

R 1 I 9.10(a)® 7CT 

R(distributed) Di Ca1 RT 
9.10(b) C1 9.10(a) (ea 

10 N m2 TY YTY 30% 10kg m 
hpg oI A 30 x 107 N m-2 a 

hpg 30 x 10' N m2. 

30x 10'Nm 
h 

Pe 

30x 10'Nm2 
h 

(3x 10 kgm x10ms) 

(a) (b) 10 km 

foa 9.10 Aa A7 7gfor YT 7 D (a) aAT 
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1. 

7gf) aark AI ZI2473 afosrt fofi ea (a) i-aPm1 afosr (tensile 

3. 

4. 

F 
AGx L 

5. 

p-B4 



326 

1. 

2 
3. 

5 

6 

7 

8. 

9.1 4 MB EA PU 4.7m 7 E 3.0 x 10 m2 earRT ER U gUTA aH 

9.2 
R (b) AITO97 (approximate) iopidnR 
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300 

250 

2 200 

150 
100 

50 
0 

0.001 0.002 0.003 0.004 

fba 9.11 

9.3 1 A SG A UF B a 9.120 afbi-fpfoa cst aqsaT CRTR 

A B 

ba 9.12 

(a) 

9.4 

9.5 

1.0m 
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LLL 

1.5 m 

4.0 kg 

1.0 m 

6.0 kg 

fb 9.13 

9.6 

9.7 

A arsRFCDI FE4 7RTAIEA RT (compressional strain) A RD A 

9.8 15.2mm x 19.1mm a PRUBRT ET R 9TE 44,5000N 7 2CT1 

9.10 etoA 2.0m rA foAU RO 15kg R T U 7afafosA STATA CAIT 

9.12 vq IYR AÍ T NA eRP AA R - 100.0 litre, bi 

a = 100.0 atm (1 atm = 1.013 x 10° Pa), O = 100.5 litre 1 D 2K 
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9.13 A BTN 9oo 1 80.0 atm R ETE 3AY P? T5 R q7a 
1.03 x 10 kg m| 

9.14 154 5TDI Et D 4TU 10 atm 51 EA PAA UATAUAA TK RAUR T 

9.15 10 cm b D D 940 7.0 x10 Pa iAIT ETI Bi aT311 ON 

9.16 51 fA ZyIT 1 0.10% TTAI5A PR A ? 

9.17 T5 B113 1 be a Rat 4-D4 (single crystal) A1 AATE U 

R 5TAo 0.5mm| RTV 50,000 N AI 7RKbRI q7 

b 9.14 

GTTATR CRYAI �ZTR| AUJi UR (UR A) URA 4 U UA (SR B) gaATAIN AA 
B a7CRA TA 1.0mm2RS 2.0mm21 afo reUtN PA ZA'm' 7 D 
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B A 

1.05m 

fb 9.15 

9.19 1.0m rsa UT 0.50 x 10 cm2 arzRTA GU R OR D F AI f}TOTI AM 

sT917 3T 6.0mm G MT ZOTPTDTA TU z TA afo51 AA 6.9x 10 Pavt RR 

9.21 13TIA 1TET CARAI (Merina trench) AA 7II T JO T 9FA SRU 
4DR a 11km 37 UOE AR 51 2 1.1 x10* Pal 0.32m3 7 R1 37 D 

. 


