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"OvDUy p=YD= pLt =D F |xOQ=w

G}=Dv |@=} RQ= "4"5
=@ |m}D=DU= |Q=PoQ=@ CUDwQU x=oDUO R= xO=iDU= =@ '=[a= |t=tD ?Yv R= TB
w u=Um} 'p=YD= 3 Qy |=Q@ V}=tR; \}=QW "OW p=ta= 2 8mm=min CaQU

%CU= xOw@ KQW u}= x@ p=YD= Qy |=Q@ =RHt Qw] x@ V}=tR; G}=Dv
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u=DU
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h}
QW

u=Qt
a|

UOv
yt

"|J}B |xOW C}wkD p=YD= |}=Hx@=H � Q=@ |vLvt "14 pmW

"|J}B |xOW C}wkD p=YD= u=QwO � u=tt |vLvt "15 pmW

"xOW C}wkD |J}B p=YD= QO CUmW |x_Lr "16 pmW

?UJ =@ |W@v p=YD= "3"4"5
|W@v QO p=YD= ?UJ '|m}D=DU= |Q=PoQ=@ p=ta= =@ '?UJ =@ |W@v p=YD= QO
"CU= xOW R=e; |}=OH CtUk u=ty R= w xOQm =OH =Q uwDU R= |}x}q '|v=kwi
|W@v QO |r=YD= ?UJ w xDi=} V}=Ri= ?UJ |}=OH 'Q}D |}=Hx@=H V}=Ri= =@
V}=Ri= OvwQ |xt=O= =@ "CU= xOQm uwDU R= uOW =OH x@ ẁQW G} QOD x@ R}v u=H
'?UJ =@ |W@v p=YD= QO "Ov=xOW =OH uwDU R= u=H w |v=kwi |W@v '|}=Hx@=H
|W@v x@ 'uwDU w Q}D =@ |W@v pt=m T=tD w |W@v K]U pm uOW Q}oQO Cra x@
|=yx}q u}@ QO xDiQ Q=mx@ u} RQ uOw@ h}a[ Cra x@ "CU= xOWv OQ=w |OH ?}U;
=OH uwDU |xvO@ R= p=YD= ?UJ =@ x=Qty uwDU K]U R= |}x}q 'uwDU Kr=Yt

"|J}B p=YD= u=QwO � u=tt |vLvt "12 pmW

"|J}B p=YD= CUmW |x_Lr "13 pmW
|oDN}Uo R= TB "CU= xO=O MQ |WWm |oDN}Uo |v=kwi |W@v QO 'C}=yvQO
V}=Ri= R= TB xm CU= xDiQo xOya Q@ =Q u=QwO ptLD Vkv u=H |W@v 'xOW O=H}=
xt=O= OvwQ u}= "CU= xO=O MQ |WWm |oDN}Uo R}v u=H |W@v QO 'Q}D |}=Hx@=H
Cra "CU= xOW |oDN}Uo xOQ=w |=yQ=@ CLD ut}Wv |W@v C}=yvQO w xDi=}
p=YD= |W@v QO h=}r= CyH w Q=@ CyH uOw@v =DU=Qsy 'Q}N= V}=tR; QO CUmW

"CU= xOw@
u=QwO � u=tt w |}=Hx@=H � Q=@ |vLvt �

C} wkD |J}B p=YD= u=QwO � u=tt w |}=Hx@=H Q=@ |xOW VR=Q@ |=y|vLvt
"CU= 15 w 14 |=ypmW j@=]t xOW

OwN Ctw=kt |xv}W}@ x@ uDw}vwr}m 3 3 Q=@ QO p=YD= 'Q}N= |=y|vLvt j@=]t
|mOv= R= TB w xO=O CUO R= =Q OwN Ctw=kt '|v=kwi |W@v TBU w xO}UQ
|xOwOLt QO w xO=O u=WvCtw=kt OwN R= ut}Wv |W@v w u=H |W@v '|}=Hx@=H
Vy=m G} QODx@ p=YD= Ctw=kt w xOW xDN}Uo R}v u=H |W@v uDw}vwr}m 1 5 Q=@
u=QwO |DNU w ?=k |DNU 'xOW QmP |J}B |xOW C} wkD p=YD= QO "CU= xDi=}

%CU= xOW u}}aD 8 w 7 \@=wQ j@=]t ?}DQD x@ p=YD= |x}rw=
Kframe = F

�
= 502(KN=m) (7)

K� = M
�

= 81 45(KN:m=rad) (8)

|J}B |xOW C} wkD p=YD= QO CUmW |x_Lr R= |Q} wYD '16 pmW QO
"OwW|t xOy=Wt
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"|@UJ p=YD= QO CUmW |x_Lr "19 pmW

"|}=Hx@=H Q=@ |=y|vLvt |xU}=kt "20 pmW

"p=YD= u=QwO � u=tt |=y |vLvt |xU}=kt "21 pmW

|Q}oxH}Dv "6
Kr=Yt |m}v=mt C=YNWt '|WWm V}=tR; s=Hv= =@ =OD@= 'Q[=L Q=DWwv QO
|=yp}iwQB p=YD= ẁv xU |wQ V}=tR; s=Hv= =@ w xOW G=QNDU= FRP |D} RwBt=m

%CU= xOt; CUOx@ G}=Dv u}= '?UJ w I}B =@ |D} RwBt=m
p=YD= w |J}B |xOW C} wkD p=YD= |Q@ Q=@ C}iQ_ '|Dtw=kt |=yQDt=Q=B Q_v R= "1
Q@=Q@ 2 u=R}t x@ w CU= xOw@ Q@=Q@ ,=@} QkD �|UQQ@ OQwt ?UJ =@� ?UJ |W@v

"Ovvm|t ptLD Q=@ '|J}B |W@v p=YD=

"|@UJ p=YD= |}=Hx@=H Q=@ |vLvt "17 pmW

"|@UJ p=YD= u=QwO � u=tt |vLvt "18 pmW

uwDU h=}r= |=yx}q u}@ QO QDU=|rB u} RQ R= QD|wk |v} RQ Qo = u}=Q@=v@ "CU= xOW
|=yQ=@ CLD p=YD= w xDi=} V}=Ri= uwDU QO =yx}q u}@ |oOv@UJ 'Ow@ xOW xO=iDU=

"Ow@ xOW xDN}Uo |QDW}@
u=QwO � u=tt w |}=Hx@=H � Q=@ |vLvt �

p=YD= u=QwO � u=tt w |}=Hx@=H � Q=@ |=y|vLvt '18 w 17 |=ypmW QO
w |v=kwi |W@v '3 1KN Q=@ CLD =yu; j@=]t xm OwW|t xOy=Wt |@UJ
|W@v TBU 'xDi=} Vy=m COW x@ |Q@ Q=@ C}iQ_ w xOW xDN}Uo u=H |W@v
xOW xDNU}o R}v ut}Wv |W@v 'Q}D |}=Hx@=H V}=Ri= =@ w xOQm Ctw=kt ut}Wv
j@=]t ?}DQD x@ p=YD= |x}rw= u=QwO |DNU w ?=k |DNU Cr=L u}= QO "CU=

%CU= 10 w 9 \@=wQ

Kframe = F
�

= 526(KN=m) (9)

K� = M
�

= 142 4(KN:m=rad) (10)

"OwW|t xOy=Wt |@UJ p=YD= QO CUmW |x_Lr R= |Q} wYD '19 pmW QO

=yp=YD= OQmrta |xU}=kt "5"5
=@ p=YD= u=QwO � u=tt w |}=Hx@=H � Q=@ |=y|vLvt '21 w 20 |=ypmW QO
xOW s=Hv= |=yp=YD= OQmrta xYqN Qw] x@ '2 pwOH QO "Ov=xOW xU}=kt Qo}Om}

"CU= xOW x�=Q=
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u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt "|@UJ w |J}B |=yp=YD= C}iQ_ |xU}=kt "2 pwOH

xv}W}@ u=QwO xv}W}@ |WtN u=tt xv}W}@ |}=Hx@=H |Q@ Q=@ C}iQ_ |DNU
�max(mrad) Mmax(KN:m=rad) �max(mm) Fmax(KN) K�(KN:m=rad) u=QwO Kframe(KN=m) ?=k

123 0 6 40 1 72 17 5 103 |J}B |W@v p=YD=
131 4 1 38 32 3 4 81 45 503 |J}B |D} wkD p=YD=

34 1 3 11 3 1 142 6 526 |@UJ p=YD=

uwDU w Q}D |D} RwBt=m p}iwQB QO =yh=}r= |}x}q u}@ |oOv@UJ uOw@ h}a[
"CU= xOw@

|m}v=mt OQmrta uOQ@ q=@ |=Q@ |}=yxOvvm C} wkD R= O}=@ '|J}B p=YD= QO "7
|oOv@UJ O}=@ 'Q[=L VywSB QO |UQQ@ OQwt |@UJ p=YD= QO w OwW xO=iDU=

"O@=} V}=Ri= xOvwWpYDt sUH |=yh=}r= u}@
=@ w xOw@ xR=U pm QO |D} RwBt=m Kr=Yt R= xO=iDU= 'Q[=L VywSB QO hOy "8
R= QDu}}=B xW}W h=}r= |D} RwBt=m Kr=Yt |Dtw=kt C=YNWt xmv}= x@ xHwD
|awv x@ "OyO MQ |D} RwBt=m |W@v QO CUmW CU= |y}O@ 'CU= sw=kt Q)B I}B
u}a QO xm CU= |D} RwBt=m |W@v R= |Dr=L w pmW p=@vO x@ 'Q[=L VywSB

"OyO u=Wv OwN R= |QDW}@ Ctw=kt Ov=wD@ 'uOw@ |O=YDk= w |oO=U
u=tR x@ R=}v w OwW|t xO=t; QD`} QU |J}B p=YD= 'p=YD=CaQU w u=tR ^=Lr R= "9
xv=NQ=m QO =Q =[a= u=wD|t |J}B p=YD= QO "OQ=Ov ?UJ p=YD= |Qw;pta

"OwW s=Hv= pLt QO O}=@ |@UJ p=YD= =t= 'OQm xO=iDU= pLt QO w M=QwU
p=YD= QO =t= 'OQ=O OwHw =[a= Z} waD w I}B uOW R=@ C}r@=k '|J}B p=YD= QO "10

"OvwW|tv =OH sy R= |DL=Q x@ =[a= |@UJ

w VNB \}Lt QO =Q h=}r= OQ+o '|J}B p=YD= '|]}LtCU} R |oOwr; ^=Lr R= "11
"Ovm|t O}rwD |@U=vt=v |}=}t}W |w@ w O=wt '|@UJ p=YD=

x@ w Q@=Q@ ,=@} QkD |@UJ w |J}B |xOW C} wkD |=yp=YD= ?=k |x}rw= |DNU "2
"CU= xOw@ |J}B |W@v p=YD= Q@=Q@ 5 u=R}t

'OQ=O =Q |v=QwO |DNU u} QDW}@ 'Q[=L VywSB QO |UQQ@ OQwt |@UJ p=YD= "3
"CU= |J}B p=YD= Q@=Q@ 8 w |J}B |xOW C} wkD p=YD= Q@=Q@ 1 75 u=R}t x@ xm
|J}B |xOW C} wkD p=YD= QO x}rw= |DNU w |Q@ Q=@ C}iQ_ uOw@ QDq=@ Cra "4
|D} wkD |xLiY OwHw Ov=wD|t |J}B |W@v p=YD= x@ C@Uv |@UJ p=YD= w
QO ?UJ \UwD p=YD= |W@v K]U pt=m uOW Q}oQO w xOW C} wkD p=YD= QO

"OW=@ |@UJ p=YD=
x@ C@Uv |QDy@ Q=}U@ OQmrta '|v=QwO w x}rw= |DNU ^=Lr R= |@UJ p=YD= "5
|J}B p=YD= x@ C@Uv |tm Q=}U@ u=mtQ}}eD =@ =t= 'OQ=O pmWsy |J}B p=YD=
|=yh=}r= u}@ xOW xO=iDU= u} RQ Qo = xD@r= '�OQD CUmW� OwW|t xDN}Uo
Ov=wD|t w OwW|t |wk =yx}q u}@ |oOv@UJ 'OW=@ |wk xOvwW pYDt sUH

"OwW |@UJ p=YD= QO OQmrta Ow@y@ Ea=@
Q=@ CyH uOw@v =DU=Qsy 'xOW C} wkD |J}B w |J}B p=YD= QO CUmW Cra "6
'|@UJ p=YD= QO CUmW Cra "CU= xOw@ p=YD= |W@v QO h=}r= CyH =@

=yCWwv=B
1. Polyester
2. Vinylester
3. Epoxy
4. Bank
5. Mottram and Zheng
6. Turvey and Cooper
7. Mosallam
8. Qureshi
9. Ascione
10. David Martins
11. American society for testing and materials (ASTM)
12. Waterjet
13. Servotest
14. linear variable di�erential transformer (LVDT)
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