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(a) Member with an axial load.
(b) Idealized uniform stress distribution at an
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Equal and opposite forces between
plate and bolt, exerted over bearing surfaces.
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EX: Determine the average normal stress in each rod and the
average shear stress in the pin A .
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Two wooden members are joined by plywood splice plates that are fully glued on
the contact surfaces. Knowing that the clearance between the ends of the members
1s 6 mm and that the ultimate shearing stress in the glued jomnt 1s 2.5 MPa,

o F

determine the length L for which the factor of safety 1s 2.75 for the loading shown.
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The joint is fastened together using two bolts.

Determine the required diameter of allowable shear stress for the bolts is
110 MPa Assume each bolt supports an equal portion of the load.
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EX: Two wooden planks, each 20 mm thick and 160 mm wide are joined by the glue. The joint will fail

when the average shearing in the glue reaches 820 kPa, determine the smallest allowable length d of
the cuts, if P=7.6 kN.
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EX: Three steel bolts are to be used to attach the steel plate shown to a wooden beam_Ultimate shear stress
= 360 MPa and factor of safety = 3.35 . Determine the diameter of the bolts.
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EX: The rigid beam is supported by a pinrAaand wiresBD andCE. If the loadP onthe
beamcausesheendC to bedisplaced10 mm downward, determinghe normal strain

developed in wire€E andBD. WV b IOF
ALgp _ ALce b
3 7 T~ df %is%d b
3(10) _
ALgp = = 4.286 mm
ALcg 10 = :
Ecp = —— = —— = (.00250 mm/mm
/ 4000

B ALgp ~ 4.286
€80 = 71— = 1000

= 0.00107 mm/mm

EX: Nylon strips are fused to glass plates. When moderately heated the nylon will
become softvhile the glass stays approximately rigidDetermine the average shear
strainin thenylon dueto theload P whentheassemblhydeformsasindicated. YT o
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o = normal stress on a plane perpendicular to the longitudinal axis of the specimen
P = applied load

P o)
A = original cross sectional area o = ) & = 7
£ = normal strain in the longitudinal direction
& = change in the specimen’s gage length Tensile Test
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Ordinary glass is a nearly
: ideal brittle material,
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strain diagram which can be appr oXiyadra" A
Sol: Q Fn12hc PTH oMY T S
Normal Stress and Strain: The cross-sectional area of the hollow bar is 600 mm
A = 0.05% — 0.04 = 0.9(107%)m% When P = 100kN, n P

P n 250 50 mr

P 100(107)

1= A T 09(109)

= 111.11 MPa P M

From the stress-strain diagram shown in Fig. a, the slope of the straight line OA ']0( 5 0.05 ¢ (mm/mm)
which represents the modulus of elasticity of the metal alloy is 0.0012 G

250(10%) — 0 When P = 360 kN,

E=————=200GPa =
0.00125 — 0 P 360010%
72 = & = ooc0=) — 100 MPa
Since o; < 250 MPa, Hooke’s Law can be applied. Thus
From the geometry of the stress—strain diagram
oy = Ee;; 111.11(10°) = 200(10%)e, £, — 0.00125  0.05 — 0.00125
= — = T &> = 0.0305 mm/mm

. = 0 — 25 00 — 250
gy = 0.5556(107°) mm/mm 40 S0 S0e

When P = 360 kN is removed, the strain recovers linearly along line BC. Fig. a.

Thus. the elongation of the bar is parallel to OA. Thus. the elastic recovery of stra

5, = &,L = 0.5556(1073)(600) = 0.333 mm oz = Eeg; 400(107) =

in is given by

200(10%)e,

g, = 0.002 mm/mm

FMpa)
The permanent set is
o0 ep = £, — £, = 0.0305 — 0.002 = 0.0285 mm/mm
;=400
250 __h Thus. the permanent elongation of the bar is
E B Sp = egpl. = 0.0285(600) = 17.1 mm
G =il o P P ( )
é H ECmmfmm )
O Vo00125 Jé,, 005
& 181
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fone = F T 2700109

8 = By L = 0.0006288 (200) = 0.126 mm
£t = —VEjone = —0.4(0.0006288) = —0.0002515 — Y

Ad = gyd = —0.0002515 (15) = —0.00377 mm
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EX: A nylonthreadis subjectedo a8.5N tensionforce. Knowing thatE= 3.3 GPaandthatthe lengthof the
threadincre‘z&sbv 1.1%determine thediameter of the thread (d) .
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EX: A control rod made of yellow brass must not stretch more than 3 mm when the tension in the wire is 4 kN.
Knowing that E = 105 GPa_and that the maximum allowable normal stress is 180 MPa,Determine (a) the
smallest diameter rod that should be used, (b) the corresponding maximum length of the rod.

0 o T s 0o
” 6 p l-IJ T[ ,Q

T
, OO puympmnmpuarmnu Ot 8

- 1_0 PXPTIPT %96 4 8 0O
0 0

A ¢ NEBANMO



O KDZhUL { {valbeh{fym BF W3 beF /1B,

Poisson’s ratio 1s defined as

V_|laleralstrain|_ 5. &

_| axial strain |_ &, Eyx

ej Hil ¢ q Wl loj¢ ELLHIE b

oy Vi,
EI:_ 'E:Ez:__

E o E P

f 1 YaqlfVtGRoALLYIG R MR @Nd ¢ W6 RS 13 GaeRABI0 T WG UT 1
I RI JAqRYUKOW~ Yt quaYGaYUW ql eHqgel ¢ 0 WA
E N bM¥dtpB R hb F My B ¢OF w7 vS P ikehxg M b
_~amMTXBUFM MbwYTKIF bEBXBOF  uXiTCFAl bk uaf
whxfr th

(@
E\
<:
1
.
B
<
@
E
=
é
=
&
=]
e
é.
E

HO ddm ORt YidE ¥ G ERBE@IIR U Y (AHGM 1+ Rq 13t
bBcOF X1 3Ah unf tcHhHhROF IpEuvFeTHBES K

cYOYNUUINe & IRERETY N 1) (RiEed 6 1D WS GIGYt RqRY

GY RUq WR U lilley& 1Y WDANONII YO WG ¢ q 131 R Rd WMgd 1Y IGRIF D

bbl 3 wkK C vpise YWiet o HEsMEmES 4 M ¥h p o huiBik F Wil

b Ll J e YOFD YT M F B b AvithyfYfsT, KBEVim mikipidds g ThpRi
nNFtTbsvsF UWbHc W

cYayYnuouw ftYaql Y
. FNCFREMpIinmbTc Tt WT BT XF bT B IOEMblyx@
CCFTBTDBIOF UT bp b lOF FNbF 8 hoOTBNF T
WT CFTCT MEFthbsF pT NI

C.2BXIOF p T MhOF HF M@ pkal bl | HHOHHBWI F 1 ox 1 T

~ WX

deformed

force

Original undeformed

FFB N XT
w Tookifp I 1 BOF -Ni
MbmY BOF m b 0B

whxF tabveb bp-Ep
> bIB M3 IOF W
PFTHOULF D wBK

Gwe @ RIPY ) @Pgb b
A e U3 Rl sRE W
WIbpBIOF [

AWMLY G5 IOF  WTFv@THE® o T b x K FKrpBlaGFBHMW A ¢ NIEIANM O

PAb> 1w §¥ ¥ BeREvTs o0 et TABOUKR hF/ABT ¢ TRBXAMIENEEB
MFThb




EX: The elastic portion of the stréss$rain diagram for a steel alloy is shown. The specimen from vthicdsobtainedhad
anoriginal diameter of 13mm andagaugdength of 50 mm. When the applied load on the specin®ef0 kN, the

diameter i€12.99265 mmDetermineP 0 i s s o robtlse matarigli o

o MPa)
b — R L R E a0 T
- (6] Q (0] — ¢ TN
0 UTITT T s 5B e
” 6J “ po. X&) r]
oX%
- m p Yo |
. Y0 poe®oceu, oo i
Q po
8 8
O
8

_— = 300 pm
L= 500 mm /
\ -..\*
d= 16 mm 12kN

8, = —24um

Fig. 2.31 Axially loaded rod.

A 500-mm-long, 16-mm-diameter rod made of a homogenous,
isotropic material is oebserved to increase in length by 300 um, and to
decrease in diameter by 2.4 ygm when subjected to an axial 12-kN load.
Determine the modulus of elasticity and Poisson’s ratio of the

material.
The cross-sectional area of the rod is

A=zr =8 X 107 m)* = 201 X 10 °m*

Choosing the x axis along the axis of the rod |

P 12 X 10°N
g, =—= —— = 59.7MPa
A 201 X 160 "m~
S, 300 pm S8 > 16~
“= 7 " 500mm
o, —24um v
6, =—=_—F _ _150x10°°
: d 16 mm
From Hooke's law, o, = Ee,,
T, 59.7 MPa .
= —= D—w = 995 GPa
€x 600 X 10
€, —150 X 10°°
p=——=— = — 0.25
€ 600 X 10 _



EX: A 2.75-kN tensile load is applied to a test coupon made from 1.6- mm flat steel plate (E = 200 GPa, g 0.30).
Determine the resulting change (a) in the 50-mm gage length, (b) in the width of portion AB of the test coupon,

(c) in_the thickness of portion AB,(d) in the cross-sectional area of portion AB.
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Deformation of unit cubic

Unit cubic element subjected to

. element due to shearing stress.
shearing stress.
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Flg. 2.38 Cubic element as viewed in xy-plane
after rigid rotation.
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Fig. 2.39 Cubic element as viewed in xy-plane
with equal rotation of x and y faces.

A ¢ NEDNI O



AMXF YK 1 DF IHBS UMk MBdH KR O GOREY REMBOROFLhED T @l el BYPF o KF PR B |
AMNYIOFmM b

. Wt YFTop

W -”tﬁ
JYIOF ME 6ol D
CHUYIOF uml bAO Whr g KYS2 RdzA dza 2 HIK SR B Rl

JUIOF mERY%F gy

“'"Tr" : JUYIOF omUunpt ¥ BKYEH S K KLY KB) GHBRF HIOFA Folil

f IR O Y 1w 10 Gl é e O G ¢ ulidyR #A 0 R

f Ayt
-" o) v ’ __»yx
t
b BEFwhemip B IOF bls P ABOF n 8K ¥ Pi@ Y i 1xy
C 2XF T IOF # iaF BIOF B AU YiE bHiE B-EKO | + X
] JYKOF bBF /B |

——
Ay
CHUIF uml bA0 WhJ HIOF My
. ANYIOF MY wyRluH0O Bk HUH hmwriss MR
WpFBIF pl pxK bMAIOF c¢T pgMhAGF IR

A ¢ NOMNIV O



Ef 40Ml QIR ¢ G W0oiDd THUIE G ¢ IRl B & T gy 00 bl R QLEmP Wia) Ys RUND WG & & @ ke 8 M [l
cul AT et WWRUWI R Id 16 WY B WNIPRMOL GRIBUGESIECIID a6 16 WRIG ¥ ille 0 2 t 19N
q6 1JWa YT 2 0 e IiGIRE R I0R IUR @ilep Ry YIHDRY 1T Wa 6 13 LW

0 ) @ T T pT S 6 kN
" o O - O + 0 — o — _(
0 0 p T pUT PR
F g 4 Ri=A ad e —=%y e
( 5\ 0

- o A0 m@ycm

0 — .
- 1J0 pIpULT
o 8
° 5 C &
¢p 0L ¢p MU
T 8 4wt

_»0% 6 DI
EX: A vibration isolation unit consists of two blocks of hard rubber bonded to a plate AB and to rigid supports as
shown. Knowing that a force of magnitude P = 25 kN causes a deflection d= 1.5 mm of plate AB, determine the
modulus of rigidity of the rubber used.
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EX: An axial centric force of magnitude P=450 kN is applied to the composite block shown by means of a rigid

end plate. Knowing that h = 10 mm, determine the normal stress in (a) the brass core, (b) the aluminum
plates.

Brass core
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(E =70 GPa) P P ' /
J J W

; IF_ " IF_ \ .

r= r= I
p __ AEP p __ AEP

AE+AE T AE + AE 30 mm
00 0 T
o8 8 b
PTMULUTMMUMWM @ TT
00 0 omm -

— 8 — ol 7
(] Oo XTTMTIGUP T @ TT ||_ " ‘ -'“*\.\\ >\
od XPpP1pm 6 p@ WMWY m 6 0 ”‘” ||-=. Q (,,_ 60 nim

4 4 » h \\x_\‘/
ov 0] TUMTUITTT 40 mm™
h

F- 4
ly .

- 1 ; U 1
" Them 8 - h 8 A

pmmtorm

EX: The length of the assembly shown decreases by 0.40 mm when an axial force is applied by means of rigid
end plates. Determine (a) the magnitude of the applied force, (b) the corresponding stress in the brass core.
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EX: Two cylindrical rods, one of steel and the other of brass, are joined at C and restrained by rigid supports
at A and E. For the loading shown and knowing that Es = 200 GPa and Eb = 105 GPa, determine (a) the
reactions at A and E, (b) the deflection of point C.

Dimensions in mm
S 190wt 100 100 |
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If the temperature of the rod is raised by DT, the rod elongates by an amount dT that is proportional to
both the temperature change DT and the length L of the rod.
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Force P develops when the
temperature of the rod increases while end
A and B are restrained.
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EX: A rod consisting of two cylindrical portions AB and BC is restrained at both ends. Portion AB is made of steel
(Es =200 GPa, Us = 11.7 310/ |=‘]) and portion BC is made of brass (Eb = 105 GPa, Ub = 20.9 3 10/ |=J).
Knowing that the rod is initially unstressed, determine the compressive force induced in ABC when there is a

temperagure rise of 50, F . lA
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Solving Egs (1) and (2) yields

P,=2115kN P, = 773.10kN

Thus
Peon 773.10(10°) _
Ocon = = — ———— = 8.42 MPa
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P, 2115(10°)
Oy =—=—77"">7—= 613 MPa
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* Avoid abrupt and/or large-magnitude changes in cross section.
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EX: Determine the largest axial load P that can be safely supported by a flat steel bar consisting of two portions,
both 10 mm thick and, respectively, 40 and 60 mm wide, connected by fillets of radius r = 8 mm. Assume an
allowable normal stress of 165 MPa.

‘/rﬁ‘BMw‘
i . P T P
= E g —>HC FRbPFp /b <-{ D= 406 ] d |—n>
Q T 'L )
’ ‘ o
O oM & »bebib xp L
Q 11 bEmp b= 76 paves
L T i
5 MLV L
s TR Did =2
” T 71T p T ;’ \ \ /1.5
”_ ; \\ / /1,:
KRN A
NENRNS NS
2 Ty = by \\\
N I-Q‘é_ N 1] E\\\‘-\N:\:
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2r/D < 1 il ——=
(@) Flat bars with holes " (b) Flat bars with fillets "

Stress concentration factors for flat bars under axial loading. Note that the average stress must be computed across the narrowest
section: o,,. = P/td, where t is the thickness of the bar. (Source: W. D. Pilkey and D.F. Pilkey, Peterson’s Stress Concentration Factors, 3rd ed.,
John Wiley & Sons, New York, 2008.)
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EX: What is the largest torque that can be applied to the shaft if the shearing stress is not to exceed 120 MPa.
What is the corresponding minimum value of the shearing stress in the shatt.

T pqiin @
+ “Yi
0 T .
Yom Lo e do (;5\/[;.
pcnp8Tc pTr+ 8Ty prwd& a 18 YQ . W Fona
+ Y T8TY P C T . \|
0 p8tc p 1 bmon (1M

Yaqlla “

q BI0C | IV chuBMIL o+ L,

q GOR U R ddp YOl rodMI .t by,

Ao circular tube is subjected to torque Tat its ends. The resulting maximum shear strain in
the tube is 0.005.Calculate the minimum shear strain in the tube and the shear strain at the
median line of the tube section.
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EX: The torques shown are exerted on pulleys A and B. Knowing that both shafts are solid, determine the
maximum shearing stress (a) in shaft AB,(b) in shaft BC.

(a) Shaft 4B:

()  Shaft BC:
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o T (2300
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A6 mm ——s

an !11IIL—i--.r.

Tz =300+ 400= 700N m

d=0046m, c=0.023m

T (Y700)

ECT T 0023
= 36.626 10°Pa o =36.6 MPa

Knowing that an 8-mm-diameter hole has been
drilled through each of the shafts 48, BC. and

CD, determine (a) the shaft in which the

B N Ndep = 21 mm maximum shearing stress occurs, (5) the
( o magnitude of that stress.
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EX :Determine the torque T that causes a maximum shearing stress of 45 MPa in the hollow
cylindrical steel shaft shown. (b) Determine the maximum shearing stress caused by the same torque T in a solid

cylindrical shaft of the same cross- sectional area.
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(a) For the solid steel shaft shown (G = 77 GPa), determine the angle
of twist at 4. (b) Solve part @, assuming that the steel shaft 1s hollow

with a 30-mm-outer diameter and a 20-mm-1nner diameter.
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\ / The aluminum rod BC (G = 26 GPa) is bonded to the brass rod 4B
i

900 (G = 39 GPa). Knowing that each rod 1s solid and has a diameter of
Brass 12 mm,_ determine the angle of twist (a) at B, (b) at C.
% p T n?m Tt g »lim g
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CPpm <

A hole 1s punched at 4 in a plastic sheet by applying a 600-N
force P to end D of lever CD, which 1s rigidly attached to the
solid cylindrical shaft BC. Design specifications require that
the displacement of D should not exceed 15 mm from the
time the punch first touches the plastic sheet to the time it
actually penetrates it. Determine the required diameter of
shaft BC if the shaft 1s made of a steel with G = 77GPa and
7, = 80 MPa.
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The steel jacket CD has been attached to the 40-mm-diameter steel
shaft 4E by means of rigid flanges welded to the jacket and to the

rod. The outer diameter of the jacket 15 80 mm and its wall thickness
15 4 mm. If 500 N . m torques are applied as shown, determine the
maximum shearing stress in the jacket.
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EX: hollow steel shaft ACB of outside diameter 50 mm and inside diameter 40 mm is held against rotation
at ends A and B. Determine the allowable value of the forces P if the maximum permissible shear stress in
the shaft is 45 MPa.
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Chapter 6
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longitudinal neutral
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Maximum Stresses at a Cross Section
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Tensile stresses
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Compressive stresses
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Positive bending 1/ - = C, %" Negative bending
moment = 4 moment
: Ymin = —C2 =\ M
-y x [ - 7
Tensile stresses Compressive stresses
| a" _Mc _ _L\i, S = .l.. S, and S, are known
5 I 5y € as the “Section
x ] Muduli” of the cross-
o _MCc) M s _ 1 sectional area. (See
. I S, e Appendix E)
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oyl ghdall e yisall ezl o3 = M

A aic slg=Vl Gl shall ahaill (Il al=all jom=all o dslaall = 7
simy=ll ghiall (Moment of Inertia) (ulill allasll 3¢ = T

rdz =l bladl aic a3V gzl Ll
2V 5 lg=Vl oSy (el (w8 dhas asyl) 1C — 7 aic e
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HlgzVl Gosu (Jawll (b dahai asyl) 0O — = y aic o
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= =g —w

tdogeall iol=all

woysll ghaoll dsglio sl Hlubids lang (Section Moduli) "ghieall pgjc” awb 5l6y=5 25 g 15 o
=\



Example 5-4: Determine the maximum tensile and
compressive stress in the beam

|

I)
b= 300 mm .’

r=12mm

Cross section

- EA ...MaX- comp
A (0] o [w-wpe] o [ ad [w-poac] M| ZOSKNm
O |332] 6] 19812 | 39744 | 1248 | 515845 | 555,589
@, @ [960 2| 40 [38,400x 2| 512,000x2 |-21.52[444,586% 2| 956,586 x2
-
5,232 97,6 b . )
L n 2468761 L125 m P S \

F=cl =§%=18-48mma €y =h"‘c| =61.52 mm

{ =3,
Max. tension .

4
,,,,,,
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[, =2469x10° mm*

¢ =1848mm = § =-ii-=133,600mm3
1

6=6152mm = §, =-l‘-=40,100mm3
c

2

v=1.125m, M=2025kN-m

M 2025kN-m
2 =-152MP
. 5 133,600 mm’ ’

M 205KNm
20T 505 MPy
T 0 0mm ;

1=30m, M=-36kN'm

L L0 WYY, S
S 133,600 mm
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Beam transformed to material @

~ o e o - . T
NIl cUt nYl ullJl WEUJHAQRY U LW~
NIOWNI ¢ Ut nYIl GWaq6 IWHI Yt W DqRYUWY n We WHY G
F IAqRYUW Y nWe OWRGeNRUe! P WAPcaWRARYAGGYH T L
ql ¢Ot nY!l GHOT Wt WHRqRYU

AUT WpcFm WpfFB 4B VpoAMsh b go Ko o BUBFC cul® (
Obmc B FOF a Hh4y Ol
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bt MchIKF bBFK
KT ANY OF

Ey= E of STEEL
E,= E of ALUMINUM

-
ORIGINAL TRANSFORMED
CROSS SECTION CROSS SECTION
(ALL STEEL)

9. Y 1 O® QMIS plbFB/ARNA LY
AK26y® YYy2gAy3a GKI G

i K
YI EAYdzYA ¥ lidISé & £ dzY X y RS

bt dﬂnﬁig\ODNﬁ N& 2 RSR
S 60SIHY A&
AOANDMIS NJ & G NA LJ

¢ Tol BNACEEYHE ¥YMAFT p=T pugt®Mm chepHD

wB Cc IOF A WwHanbc A KQUp F B

Ey= E of STEEL
E,= E of ALUMINUM

—o—

n=EfE,

ORIGINAL TRANSFORMED
CROSS SECTION CROSS SECTION
(ALL ALUMINUM)

G§23S3G§KSNJ Gﬂz
0Syal bp 2ZHzRYS( SKNBYNRYT S

'[Z Zw o Z ZO'
CTo @z o 800
oT®
CT @ o@ ¢
TT ULV® O T o 0o
pC X CT W
= qu 4
. e 8 Al ‘6'!‘“‘ 1_6:5 Jrm— ;:nrm.
W=+= ‘_L { l o
Copper 61!nn T — ‘(T‘W"- —-_—; ﬂﬂ' —6'
L oupm @B I L 55 |
Lun 5 oD =+ P — Xy = 33.4em —
0w oL pPTT LB 1 Transformed section
q %0 ZURT_ gy
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BIHE BB KF aAr b K5 DNERASE O S

iKS & XSt YNEM W RYNGESE/RE K SRR T I

Est=200 GPa |\
Econc=25GPa 300

m'n

450mm
60kNm d{&

SOmm

25min d:amete; bars
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Bending Moments and Shear Forces in Beams

. v
._g: @ 5

Normal Stresses Resultant Shear Force from section of a transversely
and Shear Stresses  and Bending Moment loaded beam

TOH ¢KS { K&IF NJ C2 NI dz &

L

T Ir

W ——

.H.I=
t’'t he shear stress in the member at the poin
from the neutral axis. This stress i s assum

theraveragedss lohfe twhiedtnhe mber .

D 2O LLIIGRFXATY HF oM AYK pbsEns presteoveeBiB yw T F B n AK  w/ LU F mtOF
W N8 KK p
1

VIt he shear force, desecmionad fandm the met hce
the equations of equilibrium.

A CF Ha IDRHWgAR & & Cor oCTi/bHUE
|

ITt he moment oefntcinmessescitda omfalt e e a
calcul ated about the neutral axi s

. CTH jb@6K H € Y ® N FORYyCc BB bl DM BHX
b't he width of the member 6s whrediss tsechd odet amn

F. TOTOIE bty HRASKEDK Fis_ MY JHOY p/IVAWIEK pK

QI'y A whlérsethe area of the membéoédsbotoom)se
bel ow) t hewhelriesi ome apslyarseedt, hea nddi st anc et of rtohne tc
LI

WHWHEF TW abTt 283tc abUYOF ombbs (bYDHY mMY) n B
AB NADBMIF i AUYXxXIKF !'m



9 .
— — , o 28 KN/m
~9|.LI|.U:|'O:|_|LUt HOu 1 LWt |'O&L . T
v T
[o
25 mm
bk’ 1 ; .
] = — = —x25x100° = 2,083 x 10’ mm*
2 = I 14 kN 0-2m 114 kN

cal cul ated about t

he neutr al ax i

The Q for each section

Parabolic Distribution

Y5SUBRSAYSY RAYRK SIGNBEEND RG RNF ¢ GKS F

normal stressat  C  is

My 2.24 x p0ft N-mm x 25 mm
Oc=- =
I 2,083 x 10° mm*

= -26.9 MPa

bTFcBlOF O0dl

9 J1 A Y KOF
shear stress at  C, calculate Q, first v =

Ac=25x25=625mm’ yc=37.5mm | O E® oW
Oc = Acye = 23,400 mm’
Ve Oc 8,400 x 23,400
s W e 28 = ~ 3.8 MPa
b 2,083 x 10° x 25

=Y ji MIO= |
o1 M

+ |
N FHELHQE Wl M
& 1PILION Lu o

/ 0.2m 114 kN
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9.-Y ¢KS $22R{08I6YO0KISE MBI Ny adi NSIES KIBA YE EA Ydzy
OFy 06S LW ASR (G2 GKS ONRaa aSoOes2yo

P P
— CTMMCTT — TP T TT min
P C |L P C P P
T Y
W T E 50 mm 50 mm
6 (:)6 c (1)6 5”-1;' }—100 mm—} 8.
L
O TPFMANF PN b lIWFNMMMPNFE P N 0= ONi ........
WZYPYX LT - \ /
F
pCYp T AWl PMeP
8 'E IFpAn whHhBbIBH

E
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T Ed Wa W? 1Jomadd Wt REIIXEU LW alid O tiby 618 EIGHM BRIV o W& 6 W WHe Uq R
t DRqRrY Ul

(0.01)(0.05)(0.02) + (0.055)(0.07)(0.02)
= (103625 m
(0.05)(0.02) + (0.07)(0.02)

V=

J = é[u.m}[u.uf )+ (0.05){0.02){0.03625 — 0.01)°

I ]
+ Ecu.uz}[u.uﬂ + (0.02)(0.07)(0.055 — 0.03625)° = 1.78625(10°°) m*

_F}; = (1.03625 - 0.01 = (L02625 m

O = (0.02)(0.05)(0.02625) = 26.25(107%) m*

- Vo, 6(10°)(26.25)(107°)
I 1.78622(107%)(0.02)

"

= 441 MPa

Vel r \J

THOWE 6 ¢ | WpOIGYLE- LR @il xd FRed @R F BOA) b b

[ [ [
L l L

qf't he shear flow, measured as a force p.
A ¢ NYANMO



(o))

VIt he shear force, determined from the
equations of equilibrium.
[0}
ITt he moment cefntcireesescita omfalt mea ea cal cul
about the neutral axi s.
[0}
QI'y A wheset heectriossal ar ea coofn ntehcet esde g me
to thet beaen juncture where yilhse shear f|
the distance from theA.neutr al axis to
!
@ e

{ LI OALy 'af'm

yr
cr
{r
j T

4 B aKbauﬂJj
bi[ | YUGqldz R1J

p mc B IOF
bbbl OF

A

L m
c O




T Efalll WANCE G WRY WHYUL ql ef/gqlT Wnl YOGWa6e! WWIWAYe! Tt
Q6 W 6d13¢ | Wn Y #I1JLWRAILIDIE U LKA E iy MER & i adlé 10 LAY 6 o LUE
RIE W WOP LWt O

B 2 (0125)(0.25)0.025) + 0275 (0.35)(0.025)

_ - = (.18676 m
2 (0.25){0.025) + 035 (0.025)

I = [2}(1—1,_‘)[1[“5}[[].253] + 2 (0.025)(0.25)0.18676 — 0.125)

1 .
+ 75 (0.025 WO35) + (0.025)0.35)(0275 — 0.18676)°

= (0270236 (107 ) m*
Q0 = y'A' = 0.06176(0.025)(0.25) = 0.386(107) m’
VO 35(0.386)(1077)

g = = — = 49997 kN /m
! 02T0236(1077)

F = g(s) = 49997 (0.25) = 125 kN

9 - YLILD5{t!/ LbD 9
\
%
< “ x
4
N — |
I
Cross section Side view
| _ (2102808 _ (180)200)° vVQ (10_5 x10° 1864 « 103) N
12 12 f= = - — =343 ——
—264.2x10° mm* I 264.16 <10 mm
Q= (180)(40)(140 —20) 5-=£=-2—(810-)-'=46.6mm
=864 x10°* mm? f 343

|Use5mm |

.=|I=

j X — . (I
TIF

di 0 A ¢ NMIBNIM O



Find the spacing for each case

V=3.2kN F=250N

;_ (200)360)° _ (160)(320)°

12 12
=340.69 x10°* mm*

Q=(200)20)180-10) ~ Q=(160)20X180~10)

=680x10° mm? =544 x10° mm?
FI
s=2El 783 mm s=f1—=97.9mm
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