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xOWC} wkD |=yQ}D CUmW ẁv QO Cw=iDt \}=QW Q}F-=D |UQQ@ Qw_vt x@ xOWs=Hv=
QO Q=@ Q=DiQ |rm Qw] x@ xm CU= xOW xO=O u=Wv xOQwNlQD |=yxvwtv |wQ Q@
QO xm |}=yu; w OvQ=O Q=Qk |D@ w]Q \}=QW QO xm lQD =@ |=yxvwtv |=Q@ R}N Q@=Q@
ZQat QO xm |}=yxvwtv |DNU |rw 'CU= x@=Wt 'OvOW |Q=Oxov lWN j=D=
C@ w]Q ZQat QO xm |}=yxvwtv R}v w &O@=}|t Vy=m |mOv= 'OvQ}o|t Q=Qk C@ w]Q
w |r@k |xOWO=H}= lQD pLt R= =} jQw |oOW=OH 'OvDW=O Q=Qk xDiy 8 COt x@
R}v '2006 p=U QO |WywSB QO [13]OW R=e; |WtN |xOWO=H}= |=ylQD pLt =}
|]}Lt ?wr]t=v \}=QW QO C} wkD R= V}B xm |}=yxvwtv w xOQwNlQD |=yp=O R=
pt=W 'Cw=iDt \}Lt OvJ QO =yp=O xm |Qw]x@ "OW xO=iDU= 'OvOw@ xDiQoQ=Qk
x=}U |=} QO w u=ta QwWm |=y\}Lt '|mtv |=y\}Lt 'x=oW}=tR; |a}@] \}=QW
CFRP R= xO=iDU= =@ =yxvwtv TBU "OvDiQo Q=Qk |Q=PoQ=@ QF= QO x=t 4 OwOL QO
QO u=}=B QO =D OvDiQo Q=Qk QwmPt \}=QW QO p=U 1 OwOL |=Q@ xQ=@ wO w OvOW C} wkD
�70 OwOL =yp=O |}=yv C}iQ_ "OvQ}o Q=Qk |}x]kvxU |Q=PoQ=@ V}=tR; ZQat
R= \ki w OvOw@ xOvvmW w OQD ,=twta =yCUmW "Ow@ �|Q_v� xOW|v}@V}B u=R}t

[14]"Ow@ xOW xO=iDU= CFRP C=LiY |}=yv VvQm �30
FRP jQw w uD@ u}@ |oDUw}B |}=}=B |UQQ@ |=Q@ u=QoWywSB |NQ@ u}vJty
|}=yV}=tR; QO 'xvwtv |=Q@ "Ov=xO=O s=Hv=|}=yV}=tR; '|Q=PoQ=@V}B =@ |=yxvwtv QO

74



3/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

"|WtN lQD |Q}oxR=Ov= |ovwoJ "2 pmW

"=yV}=tR; QO u}}=B R= |Q=PoQ=@V}B x=oDUO "3 pmW

|Q=PoQ=@ CLD u} Q} R K]U R= Q}D `k=w QO "CU= xOW xO=O u=Wv l}D=tW CQwYx@
QO QwmPt C=Q}}eD "OW=@ Q}D |v=kwi K]U '|WWm K]U =D CiQo Q=Qk |}x]kv 4
\rUD =Q} R 'OwW s=Hv= |QDW}@ C}i}m w CkO =@ C} wkD C=}rta OW Ea=@ |Q=PoQ=@
u=tR CWPo R= TB u=}=B QO "CW=O OwHw C} wkD s=ovy QO Q}D |wQ |QD?U=vt
x=oDUO QO |Q=PoQ=@ CLD =yxvwtv '�RwQxv=@W 7� ?UJ |Qw;pta |=Q@ R=}vOQwt

"OvDiQo Q=Qk |}x]kv 4 |Q=PoQ=@ CLD |oDN}Uo |xrLQt =D V}=tR;

|Q=PoQ=@V}B w |L]U C@w]Q "4"2
QO xm OwW|t |}=yxvwtv pt=W 'OW |UQQ@ Q[=L VywSB QO xm |Dr=L u} QN;
TB "Ow@ �90 Q}D |L]U C@ w]Q u}ov=}t '|WtN |=ylQD OwHw =@ C} wkD u=tR
0 4 mm ZQa =@ |WtN |=ylQD |xOy=Wt w |Q=PoQ=@V}B Ov}=Qi s=Hv= R=
�90 x@ |L]U C@ w]Q xm |t=ovy "OW pQDvm xDUw}B Qw] x@ |L]U C@ w]Q
|}=yv VQ}o x@ ?UJ xm RwQxv=@W 7 R= TB w R=e; Q=@ Q} R QO C} wkD C=}rta 'O}UQ

"OvOW xDN}Uo |}x]kv 4 |Q=PoQ=@ CLD =yxvwtv 'O}UQ OwN

CFRP jQw ?Yv pLt w C=YNWt "5"2
MPa|WWmCtw=kt 'Sika wrap�200C |Q=HD s=v =@ xO=iDU=OQwt|D} wkD jQw
u}vJty "CW=O 0 11 mm Ct=N[ w 230 GPa |v=UWm ?} Q[ '3900
"CU= xOW xDiQo Q_v QO QDt|r}t 1000 w 100 =@ Q@=Q@ ?}DQD x@ jQw pw] w ZQa
jQw VRer R= w OQ}ov Q=Qk x=ox}mD |wQ xm OW ?=NDv= T=U= u}= Q@ jQw pw]
R= V}B Q=@ p=ta= \=kv w =yxvwtv C=YNWt "OwW |Q}owrH xvwtv |wQ CFRP

"CU= xOW xO=O u=Wv 5 w 4 |=ypmW QO l}D=tW CQwYx@ u; R= TB w C} wkD

xO=iDU= QDtm O=OaD =@ |rw 'QDCWQO |=yQwD=tQ; R= pw= ẁv hqNQ@ '�?1 pmW�
CU= QmP x@ sRq "Ow@ QDt|r}t 12 Q]k x@ Q=OH; OQor}t OOa 2 pt=W \ki xm 'OW
=@ Q@=Q@ ?}DQD x@ QDt|r}t 12 w 10 '8 |=yQ]k x@ |=yQwD=tQ; |=Q@ s}rUD VvD
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 u}vJty "CU=
mm Q]k x@ Q=OH; OQor}t OOa 3� QDW}@ O=OaD |rw sm Q]k =@ |WWm |=yQwD=tQ;
|WWm |=yQwD=tQ; |xOvyOu=Wv 2 w �10 mm Q]k x@ Q=OH; OQor}t OOa l} w 8
'1 pwOH "CU= �12 mm Q]k x@ Q=OH; OQor}t OOa wO� sm O=OaD |rw O=} R Q]k =@

"OyO|t u=Wv =Q =yxvwtv C=YNWt

|L]U C@w]Q "2"2
�90 u=R}t x@ =yu; |L]U C@ w]Q xm OvOW C} wkD |]}=QW QO =yxvwtv R= |O=OaD
COt x@ |vD@ |=yxvwtv =OD@= xm OW s=Hv= CQwY u}= x@ QwmPt |=yxvwtv C} wkD "Ow@
=yxvwtv uOQm GQ=N R= TB "OvwW `=@W= ,qt=m =D OvOW xO=O Q=Qk ?; QO xDiy l}
w OW|t pQDvm xDUw}B Qw] x@ GvUC@ w]Q \UwD |L]U C@ w]Q Q=Okt '?; R=
|Q}oxR=Ov= "OW s=Hv= C} wkD Q=m 'O}UQ �90 u=R}t x@ |L]U C@ w]Q xm |v=tR
"OW s=Hv= MS-7003 pOt 1|L]U GvUC@ w]Q x=oDUO \UwD |L]U C@ w]Q
u=tR COt CWPo w Q}D |WWm K]U x@ FRP jQw uOv=@UJ R= TB 'u=}=B QO

"OvOW xO=t; V}=tR; |=Q@ =yxvwtv '�RwQxv=@W 7� ?UJ |Qw;pta |=Q@ sRq

|Q=PoQ=@V}B "3"2
=@ |DUO lH R= xO=iDU= =@ |}x]kv 4 |Q=PoQ=@ CLD C} wkD uwO@ |=yQ}D =OD@=
ZQa xm CW=O xt=O= |}xrLQt =D |Q=PoQ=@ xD@r= w OvDiQo Q=Qk 100kN C}iQ_
|xv}W}@ =@ Q@=Q@ QwmPt Q=Okt "�2 pmW� OUQ@ 0 4 mm x@ |WtN lQD u}rw=
'ACI-318 |xt=vu}}; j@] |rwtat \}=QW |=Q@ |WtN |=yQ}D R=Ht lQD ZQa
Q}D |xv=}t |Q=PoQ=@ '|Q=PoQ=@V}B u=tR QO =yQ}D C} wkD s=Hv= Qw_vt x@ [17]"CU=
3 pmW QO Q=@ p=ta= \=kv w xOWs=Hv= |Q=PoQ=@ C=}�RH "OW s=Hv= q=@ x@ u}}=B R=

75



"""u
=tR

QO|
Q=Po

Q=@V
}Bw

C@w
]Q

Q}F=D
|U

QQ@"|y=oW}=tR; |=yxvwtv C=YNWt "1 pwOH
��� |L]U C@w]Q |Q=PoQ=@V}B C}wkD xvwtv |Q=YDN= s=v h}OQ

35 OQ=Ov OQ=Ov 1�C-1 12�C-1

35 OQ=Ov OQ=Ov 3�C-2 24�C-2

35 OQ=Ov OQ=O 5�B-1 36�B-1

35 OQ=Ov OQ=O 7�B-2 48�B-2

35 OQ=O OQ=O 9�P-1 510�P-2

35 OQ=O OQ=O 11�P-2 611�P-2

90 OQ=O OQ=O 13�M-1 714�M-1

90 OQ=Ov OQ=O 15�M-2 816�M-2

90 OQ=O OQ=O 17�PM-1 918�PM-1

90 OQ=O OQ=O 19�PM-2 1020�PM-2

x=oW}=tR; |]}Lt \}=QW "6"2
|=Q@ 'C} wkD u=tR QO x=oW}=tR; \}Lt |=tO w C@ w]Q '|L]U C@ w]Q Q@ xwqa
Cr=L Qy |=Q@ xm OW sy=Qi u=mt= u}= 'u}=Q@=v@ "OW xDiQo xR=Ov= =yxvwtv |t=tD
=yu; Q=F; 'swRr CQwY QO =D OW=@ TQDUO QO ,qt=m |]}Lt \}=QW '|UQQ@OQwt
C@ w]Q u}ov=}t w 310C \}Lt |=tO u}ov=}t "OW=@ |@=} RQ= p@=k G}=Dv QO R}v
xvwtv Qy K]U R= '|L]U C@ w]Q |Q}oxR=Ov= |=Q@ u}vJty "Ow@ �35 =@ Q@=Q@ \}Lt
|=yxvwtv QO |L]UC@ w]Q u}ov=}t "CiQo CQwY �C�=Qk 5� |OOaDt |=yC�=Qk
"OW xOy=Wt �90 |L]U C@ w]Q =@ |=yxvwtv QO w �33 |L]U C@ w]Q uwO@

|oDN}Uo V}=tR; s=Hv= VwQ "3
\�UwD xOWC} wkD |=yxvwtv '?UJ |Qw;pta |=Q@ sRq u=tR COt CWPo R= TB
2000kN C}iQ�_ =@ |m}rwQO}ylHl} R= xO=iDU= =@ |}x]kv 4VtNV}=tR;
OW ?=NDv= p}rO u}= x@ |}x]kv 4 VtN V}=tR; "OvOW V}=tR; '�6 pmW j@=]t�
QO "Ovm|t O=H}= C@=F Qovr =@ |}x}L=v ,=}v=F w CU= |Q=PoQ=@ pwtat VwQ l} ,qw= xm
CQwYx@ |Q=PoQ=@ u}vJty "OwW|t xOy=WtV}=tR; s=Hv= |xO=t; |xvwtv '6pmW

|xrLQt QO Q=@ p=ta= \=kv w =yu;C}wkD pw] '|vD@ |=yQ}D|UOvy O=a@= "4 pmW
"|Q=PoQ=@V}B

|xrLQt QO Q=@ p=ta= \=kv w =yu;C}wkD pw] '|vD@ |=yQ}D |UOvy O=a@= "5 pmW
"|Q=PoQ=@ |}=yv

76



3/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

R}}=B
�h

}QW
u=Qt

a|
UOv

yt "|rQDvm |=yxvwtv |=Q@ V}=tR; G}=Dv |xYqN "2 pwOH
|}=yv Q=@ u}ov=}t Q_=vDt u=mtQ}}eD u}ov=}t |rw] QwD=tQ; V}=Q; ẁv�kN� �mm� |}=yv Q=@ =@
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2. linear variable di�erential transformers (LVDT)
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