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0 425 0 34 80 2 xW}W 25 GA25-2 3
0 425 0 34 80 2 xW}W 25 GB25-2 4
0 55 0 44 80 4 u@ Qm 25 CA25-4 5
0 55 0 44 80 4 u@ Qm 25 CB25-4 6
0 85 0 68 80 4 xW}W 25 GA25-4 7
0 85 0 68 80 4 xW}W 25 GB25-4 8
0 275 0 22 80 2 u@ Qm 40 CA40-2 9
0 275 0 22 80 2 u@ Qm 40 CB40-2 10
0 425 0 34 80 2 xW}W 40 GA40-2 11
0 425 0 34 80 2 xW}W 40 GB40-2 12
0 55 0 44 80 4 u@ Qm 40 CA40-4 13
0 55 0 44 80 4 u@ Qm 40 CB40-4 14
0 85 0 68 80 4 xW}W 40 GA40-4 15
0 85 0 68 80 4 xW}W 40 GB40-4 16

� 0 22 80 2 u@ Qm � CA-2 17
� 0 22 80 2 u@ Qm � CB-2 18
� 0 34 80 2 xW}W � GA-2 19
� 0 34 80 2 xW}W � GB-2 20
� 0 44 80 4 u@ Qm � CA-4 21
� 0 68 80 4 xW}W � GA-4 22

uwO@ 'h=}r= Ct=N[ tFRP '=yxvwtv CN=U QO xDiQ Q=mx@ FRP C=LiY ZQa bFRP 'uD@ |}xv=wDU= |Q=Wi Ctw=kt f 0c OwW|t Qw;O=}
"CU= ��FRP = AFRP=Ac� uD@ `]kt K]U x@ FRP C=LiY `]kt K]U C@Uv �FRP w '?UJuDiQo Q_v QO

"FRP C=LiY VvQm � VvD |=y|vLvt "5 pmW

x@ p=mU=B=o}o 78 5 =@ Q@=Q@ GFRP C=LiY |v=UWm pwOt w p=mU=B =o}o
l}ORv Q=}U@ xOvR=U |xv=NQ=m \UwD xOW VQ=Ro Q}O=kt x@ xm O};|t CUO

"CU=
|y=oW}=tR; *hrDNt |=yxvwtv *VvQm � VvD |=yQ=Owtv 9 =D 6 |=ypmW QO
xm OQ@ |B xDmv u}= x@ u=wD|t QwmPt |=yQ=Owtv QO CkO |tm =@ "CU= xOW x�=Q=
?}W R= QDW}@ |Q=PoQ=@ |x}rw= pL=Qt QO uD@ pN=O FRP C=LiY |vLvt ?}W

"CA25-4 |xvwtv |Q=PoQ=@ pL=Qt "4 pmW

|=yxvwtv QO|vLvt ?}W u}vJty "OQ=Ov OwHw CFRP C=LiY x}q 4 w x}q 2
u=wD|t u}=Q@=v@ &CU= Q@=Q@ Qo}Om} =@ R}v GFRP C=LiY x}q 4 w x}q 2 |=Q=O
|DNU 'Qo}O |wU R= "OQm u}}aD =Q GFRP w CFRP C=LiY |v=UWm pwOt
xOy=Wt p@=k 5 pmW QO GFRP C=LiY x@ C@Uv CFRP C=LiY QDW}@
233 3 =@ Q@=Q@ CFRP C=LiY |v=UWm pwOt '=yQ=Owtv x@ xHwD =@ "CU=
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}U |xrLQt x@ OwQw w x}rw= |=ylQD |Q}opmW R= TB "CU= FRP C=LiY *|vLvt

pN=O FRP C=LiY *VvQm �VvD|vLvt?}W xm u}= OwHw =@ 'Q=O}=B|oOQwNlQD
QDsm VvQm 'OwW|t FRP C=LiY *VvQm � VvD |vLvt ?}W =@ Q@=Q@ ,=@} QkD uD@
OwHw |xOvyOu=Wv FRP C=LiY x@ C@Uv XNWt VvD l} QO =yxvwtv u}=
6 |=ypmW QO =yxvwtv s=tD |xU}=kt x@ xHwD =@ "CU= |WWm |oOvvmCNU C=QF=
|DNU 'x}rw= |oOQwNlQD R= p@k =D xm OQm KQ]t =Q |twta |xDmv u}= u=wD|t 9 =D
|=yxvwtv =@ xU}=kt QO p=mU=B=ot 40 |Q=Wi Ctw=kt =@ uD@ |=Q=O |=yxvwtv
=@ ẁ[wt u}= &CU= QDW}@ p=mU=B=ot 25 |Q=Wi Ctw=kt =@ uD@ R= xOW xDN=U
xOy=Wt p@=k Qo}Om} x@ C@Uv =yu; VvQm � VvD |vLvt QDW}@ ?}W x@ xHwD

"CU=

C=LiY Q@ uD@ |WWm |oOvvmCNU QF= u=R}t |UQQ@
FRP

CB-2 w CB25-2 'CA25-2 |=yxvwtv VvQm � VvD |=yQ=Owtv 10 pmW QO
|@ wNx@ xm OwW|t xOy=Wt pmW u}= QO CkO |tm =@ "CU= xOW xO=O u=Wv
FRP C=LiYVvQm �VvD |=y|vLvt u} Ro}=H =Q|]NxU|vLvtl} u=wD|t
R= XYM-N s=v =@ w u=Um} C=YNWt =@ xvwtv wO |=Q@ 'u}=Q@=v@ "OQm uD@ |=Q=O
C25-2 |vLvt 'p=Ft |=Q@ "OwW|t xO=iDU= XM-N s=v =@ |]NxU |vLvt l}

"OwW|t CB25-2 w CA25-2 |=y|vLvt u} Ro}=H
pw= |x]kv %CU= xOW xO=iDU= x]kv Q=yJ R= '|]NxU |vLvt Qy sUQ |=Q@
|xrLQt |=OD@= \=kv u}ov=}t ?}DQDx@ sQ=yJ w swU 'swO \=kv w C=YDNt -=O@t
|oOQwNlQD |xrLQt |=yDv= w Q=O}=B|oOQwNlQD |xrLQt |=OD@= '=ylQD |Q}opmW
|=y|vLvt ltmx@ p=L "OvDUy XBM-N w XAM-N |vLvt wO QO Q=O}=B
11pmW QO "OQm|UQQ@ =Q|WWm|oOvvmCNU QF= u=wD|t QDy@ 'u} Ro}=H|]NxU
l} QO |y=oW}=tR; |=yxvwtv u} Ro}=H *|]NxU *VvQm � VvD |=y|vLvt |t=tD
|oOQwNlQD VvD u=R}t 'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv Q=Owtv
|=yxvwtv R= QDW}@ |tm p=mU=B=ot 40 |Q=Wi Ctw=kt =@ uD@ |=Q=O |=yxvwtv QO
|WWm Ctw=kt p}rOx@ xm CU= p=mU=B=ot 25 |Q=Wi Ctw=kt =@ uD@ |=Q=O
25 |Q=Wi Ctw=kt =@ uD@ x@ C@Uv p=mU=B=ot 40 |Q=Wi Ctw=kt =@ uD@ QDW}@
|v=UWm pwOt 'uD@ |oOQwNlQD |xrLQt R= p@k =D 'u}vJty "CU= p=mU=B=ot
'�CFRP x}q wO w p=mU=B=ot 25 Ctw=kt =@ uD@ x@ \w@ Qt� C25-2 |vLvt

|=yxvwtv VvQm �VvD |vLvt =@ C25-2 |]NxU |vLvt |xU}=kt "10 pmW
"CB25-2 w CA25-2

"CFRP x}q wO |=Q=O |=yxvwtv VvQm � VvD |vLvt "6 pmW

"GFRP x}q wO |=Q=O |=yxvwtv VvQm � VvD |vLvt "7 pmW

"CFRP x}q Q=yJ |=Q=O |=yxvwtv VvQm � VvD |vLvt "8 pmW

"GFRP x}q Q=yJ |=Q=O |=yxvwtv VvQm � VvD |vLvt "9 pmW
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QF=u=R}t u} QDW}@ �"max '|vD@ |xvwtv u}ov=}tVvQm w FRP C=LiY xvwtvVvQm

"FRP '|vD@ |xvwtv u}ov=}t VvQm w FRP C=LiY xvwtv VvQm u}@ hqDN=
"CU= |vD@ |xvwtv u}ov=}t VvQm "m w 'FRP C=LiY |=Q=O |xvwtv VvQm

xvwtv u}ov=}t VvQm w FRP C=LiY |=Q=O xvwtv VvQm u}@ hqDN= V}=Ri=
u; R= u=wD|t u}=Q@=v@ "OyO|t u=Wv =Q |WWm |oOvvmCNU V}=Ri= '(�") |vD@

"OQm xO=iDU= w[a |WWm |oOvvmCNU QF= u=R}t xOvyO u=Wv u=wvax@
lQD |Q}opmW |xrLQt |=OD@= QO (�) |WWm |oOvvmCNU ?} Q[ Q=Okt
|=Q=O xvwtv VvQm u}@ hqDN= xJv=vJ w 'CU= 1 =@ Q@=Q@ (�" = �"max)

Q=Okt 'OwW l}ORv QiY x@ |vD@ |xvwtv u}ov=}t VvQm w FRP C=LiY
|WWm |oOvvmCNU ?} Q[ `k=w QO "(� = 0) OwW|t QiY =@ Q@=Q@ �
|WWm |oOvvmCNU QF= R= Q=Okt xJ '|Q=PoQ=@ u=R}t Qy QO xm OyO|t u=Wv
xOv=t |k=@ VWm CLD w[a QO =ylQD |Q}opmW |xrLQt |=OD@= QO OwHwt

"CU=
|=OD@= QO |WWm |oOvvmCNU ?} Q[ Q=Okt '16 =D 13 |=ypmW x@ xHwD =@
|=yxvwtv |=Q@ p=mU=B=ot 1700 VvD QO R}v w (�1) Q=O}=B |oOQwNlQD |xrLQt
|=yxvwtv |=Q@ p=mU=B=ot 1200 VvD w CFRP C=LiY =@ xOWKrUt |vD@
QO u; Q}O=kt xm CU= xOt; CUO x@ (�2) GFRP C=LiY =@ xOW KrUt |vD@

"OwW|t x_Lqt 5 pwOH
C=LiY =@ xOWKrUt |vD@ |xvwtv QF-wt |v=UWm pwOtEeff 5 pwOH QO
CUO x@ FRP C=LiY |v=UWm pwOt Eeff 'xOQwNvlQD |xrLQt QO FRP

C=LiY |=Q=O xvwtv VvQm u}@ hqDN= OYQO �"1 '|WWm |=yV}=tR; R= xOt;

"� w �"max '�" |iQat "12 pmW

|xrLQt QO G25-2 w C25-2 |=yxvwtv|WWm|oOvvmCNU QF= u=R}t "13 pmW
"Q=O}=B |oOQwNlQD

� VvD |vLvt =@ u} Ro}=H |]NxU VvQm-VvD |=y|vLvt |xU}=kt "11 pmW
"GFRP w CFRP C=LiY VvQm

|v=UWm pwOt R= QDW}@ OYQO 67 5 Q=Okt u}= xm CU= p=mU=B =ot 390877
u=R}t |xOvyOu=Wv xDmv u}= "CU= �p=mU=B=ot 233300� CFRP C=LiY
u}vJty "CU= uD@ |oOQwNlQD |xrLQt R= p@k =D |WWm |oOvvmCNU |q=@
wO w p=mU=B=ot 25 Ctw=kt =@ uD@ x@ \w@ Qt� C40-2 |vLvt |v=UWm pwOt
xm CU= p=mU=B=ot 444902 'uD@ |oOQwNlQD |xrLQt R= p@k =D �CFRP x}q
QDW}@ �p=mU=B=ot233300� CFRP C=LiY |v=UWm pwOt R= OYQO 90 6
|=yxvwtv� CFRP C=LiY x}q 4 |=Q=O |vD@ |=yxvwtv |v=UWm pwOt =t= "CU=
|v=UWm pwOt =@ |QDsm Cw=iD |oOQwNlQD R= p@k |xrLQt QO �C40-4 w C25-4
21 7 xm CU= p=mU=B=ot 284000 =@ Q@=Q@ ,=@} QkD w xDW=O CFRP C=LiY
xH}Dv u=wD|t u}=Q@=v@ "CU= QDW}@ CFRP C=LiY |v=UWm pwOt R= OYQO
QF= Vy=m x@ (�CFRP) CFRP C=LiY |oOWKrUt C@Uv V}=Ri= xm CiQo

"Ot=Hv=|t |oOvvmCNU
|v=UWm pwOt 'uD@ |oOQwNlQD |xrLQt R= p@k =D 'GFRP C=LiY OQwtQO
R= QDW}@ OYQO 114 2 Q=Okt u}= xm CU= p=mU=B=ot 187439 'G25-2 |vLvt
u=R}t |xOvyOu=Wv xDmv u}= &�11 pmW� CU= GFRP C=LiY |v=UWm pwOt
pwOt u}vJty "CU= uD@|oOQwNlQD |xrLQt R= p@k =D|WWm|oOvvmCNU |q=@
207598 pO=at uD@ |oOQwNlQD |xrLQt R= p@k =D G40-2 |vLvt |v=UWm
QDW}@ GFRP C=LiY |v=UWmpwOt R= OYQO 137 2 xm CU= p=mU=B=ot
=@ Q@=Q@ |oOQwNlQD R= p@k |xrLQt QO G25-4 |vLvt |v=UWm pwOt =t= "CU=
GFRP C=LiY |v=UWm pwOt R= OYQO 42 2 xm CU= p=mU=B=ot 111623
|oOQwNlQD R= p@k |xrLQt QO R}v G40-4 |vLvt |v=UWm pwOt &CU= QDW}@
C=LiY |v=UWm pwOt R= OYQO 69 9 xm CU= p=mU=B=ot 133365 =@ Q@=Q@
|oOWKrUt C@Uv V}=Ri= xm CiQo xH}Dv u=wD|t u}=Q@=v@ "CU= QDW}@ GFRP

|wU R= "OwW|t |oOvvmCNU QF= Vy=m Ea=@ (�GFRP) GFRP C=LiY
C=LiY x@ C@Uv GFRP C=LiY |v=UWm pwOt |wQ Q@ uD@ QDW}@ Q}F-=D 'Qo}O
xm OW=@ CFRP x@ C@Uv GFRP QDsm |v=UWm pwOt p}rOx@ Ov=wD|t CFRP

"CU= xOW GFRP C=LiY |wQ Q@ uD@ QDW}@ |Q=PoQF= Ea=@
|oOQwNlQD|xrLQt OQ=w xvwtv pw]QO|oOQwNlQDVQDUo R=TB =yxvwtv s=tD
|xrLQt QO xOv=t|k=@ |WWm |oOvvmCNU QF= u=R}t |UQQ@ |=Q@ "OvwW|t Q=O}=B

[3]%OwW|t xO=iDU= 1 \@=wQ j@] w � w �" |=yQDt=Q=B R= 'Q=O}=B |oOQwNlQD
� = �"=�"max; �" = "FRP � "m (1)

u}@ hqDN= �" '|WWm |oOvvmCNU ?} Q[ � '�12 pmW x@ xHwD =@� u; QO xm
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}U "|vD@ |=yxvwtv |WWm |oOvvmCNU Q}F-=D u=R}t "5 pwOH

|xvwtv s=v Eeff EFRP
Eeff=EFRP

�"1 �"2 �"max
(�1) (�2)

�FRP

u} Ro}=H �MPa� �MPa� ��� ��� ��� ���
C25� 2 390877 233300 1 675 0 045 0 033 0 142 0 316 0 232 0 275
C40� 2 444902 233300 1 906 0 064 0 040 0 198 0 323 0 202 0 275
C25� 4 284105 233300 1 217 0 012 0 01 0 038 0 315 0 263 0 55
C40� 4 284422 233300 1 219 0 017 0 013 0 051 0 333 0 255 0 55
G25� 2 187439 78500 2 142 0 085 0 069 0 358 0 237 0 193 0 425
G40� 2 207598 78500 2 372 0 119 0 080 0 419 0 284 0 190 0 425
G25� 4 111623 78500 1 422 0 025 0 020 0 113 0 221 0 177 0 85
G40� 4 133365 78500 1 699 0 043 0 031 0 19 0 236 0 163 0 85

|xrLQt QO G40-4 w C40-4 |=yxvwtv|WWm|oOvvmCNU QF= u=R}t "16 pmW
"Q=O}=B |oOQwNlQD

&OQ=O OwHw |WWm |oOvvmCNU QF= |vD@ |=yxvwtv |t=tD QO �hr=
Eeff=EFRPC@Uv �xOQwNvlQD|xrLQt� =ylQD|Q}opmW|xrLQt R=p@k =D �?
u} QDW}@ 'OwW|t xOy=Wt xm u=vJ "CU= |WWm |oOvvmCNU QF= u=R}t Qou=}@
x@ \w@ Qt u; u} QDsm w 'G40-2 |xvwtv x@ \w@ Qt Eeff=EFRP Q=Okt
C=LiY |=Q=O |vD@ |=yxvwtv QO Eeff=EFRP u=R}t "CU= C25-4 |xvwtv
KrUt CFRP C=LiY =@ xm CU= |y@=Wt |vD@ |=yxvwtv R= QDW}@ GFRP

C=LiY x@C@Uv GFRP C=LiY QDsm |DNU Ov=wD|t Qt= u}=Cra "Ov=xOW
"CU= xOW GFRP C=LiY Q@ uD@ Q}F-=D V}=Ri= Ea=@ xm OW=@ CFRP

Ctw=kt =@ uD@ |=Q=O |vD@ |=yxvwtv QO Eeff=EFRP u=R}t Qo}O |wU R=
&CU= |rwtat uD@ =@ xOWxDN=U |=yxvwtv R= QDW}@ |tm p=mU=B=ot 40 |Q=Wi
p@=k pt=wa Q}=U =@ xU}=kt QO |WWm |oOvvmCNU V}=Ri= QO Q}F-=D u=R}t u}=
|yHwD p@=k u=R}t x@ Eeff=EFRP Cio u=wD|t u}vJty "CU= |WwBsWJ
C@Uv '�FRP V}=Ri= =@ w OQ=O |oDU@ |vD@ |=yxvwtv |oOWKrUt OYQO x@

"O@=}|t Vy=m |O=} R u=R}t x@ Eeff=EFRP

|xvwtv VvQm u}@ xOWO=H}= hqDN= Q=Okt u} QDW}@ u=wvax@ �"max QDt=Q=B �G
|WWm |oOvvmCNU Q}F-=D u=R}t Qou=Wv FRP C=LiY |=Q=O |xvwtv w |vD@
|v=tR �"max `k=w QO "CU= FRP C=LiY w uD@ u}@ |oDUw}B R= |W=v
OwN Q=Okt u} QDW}@ x@ uD@ QO xOW ptLD |WWm VvD Q=Okt xm OyO|t MQ

|xrLQt QO G40-2 w C40-2 |=yxvwtv|WWm|oOvvmCNU QF= u=R}t "14 pmW
"Q=O}=B |oOQwNlQD

|xrLQt QO G25-4 w C25-4 |=yxvwtv|WWm|oOvvmCNU QF= u=R}t "15 pmW
"Q=O}=B |oOQwNlQD

'|oOQwNlQD |xrLQt ẁQW =@ pO=at VvD QO |vD@ xvwtv u}ov=}t VvQm w FRP

u}ov=}t VvQm w FRP C=LiY |=Q=O xvwtv VvQm u}@ hqDN= OYQO �"2
C=LiY =@ xOW KrUt |vD@ |=yxvwtv |=Q@ p=mU=B=ot 1700 VvD QO |vD@ xvwtv
C=LiY =@ xOW KrUt |vD@ |=yxvwtv |=Q@ p=mU=B=ot 1200 VvDQO w CFRP

|WWm |oOvvmCNU QF= u=R}t 5 pwOH QO OwHwt Q}O=kt x@ xHwD =@ "CU= GFRP

%OwW|t h}YwD u}vJ |y=oW}=tR; |=yxvwtv QO
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C=LiY R= x}q wO |=Q=O |vD@ |=yxvwtv QO OwHwt |=ylQD |xU}=kt "18 pmW
"Q=O}=B |oOQwNlQD |xrLQt QO GFRP

C=LiY R= x}q 4 |=Q=O |vD@ |=yxvwtv QO OwHwt |=ylQD |xU}=kt "19 pmW
"Q=O}=B |oOQwNlQD |xrLQt QO CFRP

C=LiY R= x}q 4 |=Q=O |vD@ |=yxvwtv QO OwHwt |=ylQD |xU}=kt "20 pmW
"Q=O}=B |oOQwNlQD |xrLQt QO GFRP

CQwY u}tyx@ "CU= CFRP C=LiY |=Q=O |=yxvwtv QO OwHwt |=ylQD ZQa
|=ylQD O=OaD R= QDW}@ GFRP C=LiY |=Q=O |=yxvwtv QO OwHwt |=ylQD O=OaD
w =ylQD O=OaD V}=Ri= u}=Q@=v@ "CU= CFRP C=LiY |=Q=O |=yxvwtv QO OwHwt
xU}=kt QO GFRP C=LiY |=Q=O |=yxvwtv QO lQD pY=wi Vy=m 'u; p=@vO x@
|oOvvmCNU QF= u=R}t QDW}@ Ci= Ea=@ CFRP C=LiY |=Q=O |=yxvwtv =@
|xU}=kt =@ xm CU= xOW Q=O}=B |oOQwNlQD |xrLQt QO '=yxvwtv u}= QO |WWm
VvQm QO xm OwW|t Qw;O=} xD@r= "CU= xOy=Wt p@=k 5 pwOH QO OwHwt �2 Q}O=kt

QO w �"max Q=Okt u} QDW}@ 'Cr=L u}= QO "OQ}o|t pmW lQD u}rw= w xO}UQ
|=Q=O |vD@ |=yxvwtv x@ \w@ Qt |WWm |oOvvmCNU QF= Q=Okt u} QDW}@ `k=w
GFRP C=LiY QDsm |DNU 'Cra 'R}v =Hu}= QO xm CU= GFRP C=LiY
GFRP C=LiY |wQ Q@ uD@ QDW}@ Q}F-=D xH}Dv QO w CFRP C=LiY x@C@Uv
Ctw=kt =@ uD@ |=Q=O |=yxvwtv QDW}@ |WWm |DNU p}rOx@ u}vJty "CU=
Ctw=kt =@ uD@ |=Q=O |=yxvwtv x@ C@Uv =yxvwtv u}= 'p=mU=B=ot 40 |Q=Wi
xO}O �"max Q}O=kt x@ xHwD =@ "OvQ=O |QDW}@ �"max 'p=mU=B=ot 25 |Q=Wi
"CU= xOW �"max O}OW Vy=m Ea=@ |oOWKrUt C@Uv V}=Ri= xm OwW|t
|xrLQt |=OD@= QO xOv=t|k=@ |WWm |oOvvmCNU QF= u=R}t Qou=Wv �"1 �O
C=LiY =@ xOWKrUt|vD@ |=yxvwtv QO R}v �"1 Q}O=kt "CU= Q=O}=B|oOQwNlQD
Ctw=kt "CU= CFRP C=LiY =@ xOW KrUt |=yxvwtv R= QDW}@ GFRP

p@=k Vy=m Ea=@ �FRP V}=Ri= u}vJty &OQ=O �"1 Q=Okt Q@ |mOv= Q}F-=D uD@
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