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"�l} QrmQB VwQ � u} RQ |UmwB= QO |UmwB= <=RH=� ASTM D1652 1

\UwD C=a}=t |wQ u=Qo u}}aD � |W@vH |wQ u=Qo � ASTM D445 2

"�Ubbelohde GvUCHRr
"O}UmwB= pO=at sQo l} pt=W u} RQ |=ysQo O=OaD �

1Pa.s = 10 poise ��

"|iQYt u} RQ |xOvQw;pta C=YNWt "4 pwOH
C=}YwYN OL=w Q=Okt V}=tR; VwQ

x}=B uSwQD}v <=RH= � m/m 8� 6 ASTM D2896
(250C) |wQ u=Qo Pa.s 0 7� 0 5 ASTM D445

QvOQ=o nvQ �� 2 max ASTM D1544
uSwQO}y pO=at uRw g/eq 106� 102 calculated

|O=yvW}B C@Uv phr 58 calculated

(250C) sm =QD kg/l 1 04 ASTM D792

|xrLQt =D wC@=F |Q=PoQ=@CaQU =@ 'VtN uwtR; x=oDUO\UwD Q}D |=yxvwtv
uD@ |wQ ,=t}kDUt xm '|Q=PoQ=@ CLD Q=@ ptLD |}=v=wD QO O}OW Ci= w CUmW
\Uw u=mtQ}}eD x@ \w@ Qt G}=Dv |Q=PoQ=@ =@ u=tRsy w OvDiQo Q=Qk 'OW|t p=ta=

"CU= xOW C@F xv=yO

=yu; p}rLD w xOt;CUOx@ G}=Dv "5
RB =Q xOW|R=Usw=kt |=yQ}D w CB =Q xOWv|R=Usw=kt |=yQ}D CtUk u}= QO
CB-15 =@ =Q 15 MPa Ctw=kt x@ \w@ Qt pQDvm Q}D p=Ft |=Q@ "s}=xOQm |Q=Pos=v

"s}=xO=O u=Wv

"(kg/m3) Q_vOQwt |=yCtw=kt |=Q@ \qDN= |=yKQ] G}=Dv |xYqN "1 pwOH
55 45 35 25 15 |L=Q] Ctw=kt
714 595 510 439 362 u=t}U
222 220 218 217 215 ?;
688 762 821 893 987 xU=t
716 762 758 792 776 uW

"(Mpa) RwQ 110 uU QO |@amt |=yxvwtv |Q=Wi Ctw=kt u}ov=}t "2 pwOH
55 45 35 25 15 xYNWt Ctw=kt
63 58 53 42 36 xrY=L Ctw=kt

VwQ x@ |oOv@UJ Ctw=kt |Q}oxR=Ov= CyH |Rri |xv=wDU= ?Yv pLt "7 pmW
"�VJ}B�

|=Q@ u}vJty "CU= xOW ^=Lr QDt|r}t 75 uD@ AtqU= w QDt|r}t 10 xv=OovU
xO=iDU= Q}D uOQmxQ@} w CyH xOvv=RQr R}t R= ?U=vt C}i}m =@ |vD@ uOQw;CUOx@
u}vJty w |Q=Wi Ctw=kt pQDvm Qw_vtx@ |@amt |=yxvwtv CN=U "CU= xOW
2 pwOH QO =yu; |Q=Wi Ctw=kt xm 'CU= xOw@ Q_vOt \qDN= |=yKQ] R= u=v}t]=

"CU= xOW x�=Q=
=yu; uO=OQ=Qk =@ |Qw;pta |xrLQt 'Q_vOQwt |xtQ;uD@ |=yQ}D CN=U R= TB
K]U |wQ FRP |=yjQw uOv=@UJ |=Q@ "CU= xOW s=Hv= ?; |xJ[wL pN=O
l =N w OQo w xDW=OQ@ |t}U TQ@ \UwD uD@ K]U Ctw=kt sm |=yx}q =OD@= '=yQ}D
R= xO=iDU=CyH uD@ K]U =D 'CU= xOW xOQ@ u}@ R= ?w]Qt |}xJQ=B\UwD pY=L
"OwWxO=t; 'CU= xOWxOQw;4 w3|=ypwOHQOu;C=YNWt xmu} RQ|UmwB=?UJ
\UwD 5 pwOH QO xOWxOQw; C=YNWt =@ FRP |=yjQw 'Oa@ |xrLQt QO

"OwW|t xOv=@UJ uD@ x@ u} RQ |UmwB= ?UJ
|=yQ}D QDU@ uD@ x@ FRP jQw |oOv@UJ Ctw=kt uOQw;CUOx@ |=Q@
VwQ R= "�7 pmW� OQ=O OwHw jQw xm |DtUk |=yDv= wO QO 'xOW|R=Usw=kt
uOv=@UJ R= V}B =OD@= O}=@ Qw_vt u}= |=Q@ xm 'CU= xOW xO=iDU= �VJ}B�
O=H}= QDt|r}t 5 jta =@ |}=yxRet s}v 'Q_vOQwt |=ypLt QO |Rri |=yxv=wDU=

"OvwW
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w|
QO=v

OwtL
t "|iQYt CFRP jQw C=YNWt "5 pwOH

|}=yv VvQm OYQO |WWm Ctw=kt |v=UWm pwOt Ct=N[ ZQa C=}YwYNVWm R= |W=v h=}r= (MPa) (MPa) |WWm (mm) (mm)

1 7 3050 165000 1 2 50 CFRP CNU

"hrDNt |=yCtw=kt =@ xOWv|R=Usw=kt |=yQ}D QO Q=@ ptLD u=R}t |UQQ@ "8 pmW

"hrDNt |=yCtw=kt =@ xOW|R=Usw=kt |=yQ}D QO Q=@ ptLD u=R}t "9 pmW
xOvvmKrUt h=}r= =@ |=yQ}D \UwD xOWptLD |=yQ=@ xm 'p@k |xrLQt wO QO
Q=DiQ xm CU= xOW C@F R}v =yQ}D R}N 's}=xO=O Q=Qk |UQQ@ OQwt =Q =yu; uwO@ w
\w@ Qt G}o 'xOvvmC} wkD uwO@ Q}D QO "s}=xOQm EL@ VN@ u}= QO =Q xOWxOy=Wt
u=Wv =Q QDt|r}t 22 33 OOa 15 MPa |Q=Wi Ctw=kt =@ Q}D |=Q@ R}N C@F x@
'Ow@ xO}UQ QDt|r}t 20 08 x@ R}N 25 MPa |Q=Wi Ctw=kt =@ Q}D QO "O=O|t
pO=at |R}N 35 MPa |Q=Wi Ctw=kt =@ Q}D "CU= QDtm QDt |r}t 2 25 xm
�6 5 '25 MPa |Q=Wi Ctw=kt =@ Q}D x@ C@Uv xm 'CW=O QDt|r}t 18 78
QDt|r}t 17 74 '45 MPa |Q=Wi Ctw=kt =@ xvwtv QO "CU= xDW=O Vy=m
|xvwtv QO "CU= xOw@ QDtm �5 5 |r@k |Dtw=kt |xOQ x@ C@Uv xm s}=xDW=O R}N
Q=@ p=ta= R= pY=L R}N 'CU= 55 MPa |Q=Wi Ctw=kt x@ \w@ Qt xm 'QN;
pmWQ}}eD V}=Ri= Oy=W |r@k Ctw=kt |xOQ x@ C@Uv xm 'Ow@ QDt|r}t 18 33

"s}Ow@
'�10 pmW� xOWv |R=Usw=kt |=yQ}D QO xOt;OwHwx@ u=mtQ}}eD |xOy=Wt =@
|Q=Wi Ctw=kt V}=Ri= =@ |va} &CU= xOy=Wt p@=k 'CU= |rwRv xmv; |rm OvwQ

xrY=L pmWQ}}eD w Q=@ ptLD |}=v=wD "1"5
xOvvmC} wkD h=}r= =@ w xOvvmC} wkD h=}r= uwO@ KrUt |vD@ |=yQ}D VN@ u}= QO
xm 's}=xO=O Q=Qk |UQQ@ OQwt xOt;CUOx@ R}N w xOQ=w Q=@ ptLD u=R}t ^=Lr R= =Q
?Yv =@ w s}O=O Q=Qk VtN uwtR; x@ \w@ Qt x=oDUO pN=O =Q =yu; Qw_vt u}= |=Q@
=t hOy |rm Qw]x@ "s}OQm ẁQW =Q |Q=PoQ=@ 'xvwtv R}N C@F x@ \w@ Qt |=yG}o
'xOt;OwHwx@ |=yR}N Oa@ |xrLQt QO w ptLD p@=k Q=@ u=R}t u=}t xU}=kt s=Hv= R=
u}= "CU= xOw@ |Q=Wi Ctw=kt V}=Ri= =@ ?U=vDt =yu; C=Q}}eD OvwQ uOQw;CUOx@
wO R= pY=L G}=Dv u}ov=}t 'xOWsw=kt |=yQ}D x@ \w@ Qt G}=Dv xm CU= sRq QmPD

"CU= |Dtw=kt |xOQ Qy QO xvwtv Q}D
xHwD =@ "s}OQm |UQQ@ =Q xOvvmC} wkD h=}r= uwO@ KrUt |vD@ |=yQ}D =OD@= QO
|Q=Wi Ctw=kt =@ xOWv |R=Usw=kt |=yQ}D \UwD ptLD p@=k |wQ}v '8 pmW x@
OOa u}= '25 MPa uD@ |Q=Wi Ctw=kt =@ Q}D QO "CU= 42 KN '15 MPa uD@
uD@ |Q=Wi Ctw=kt V}=Ri= =@ "�5 pO=at |W}=Ri= |va} 'O}UQ 44 KN x@
|Q=Wi Ctw=kt ,=OOHt "O=Ov u=Wv OwN R= |Q}}eD ptLD p@=k Q=@ '35 MPa x@
C@Uv Q}D \UwD xOWptLD Q=@ &s}Ov=UQ 45 MPa x@ =Q u; w s}O=O V}=Ri= =Q
u} QN; QO "O}UQ 48 KN x@ w Ci=} V}=Ri= 4 KN Ctw=kt |xOQ u} QN; x@
Q=@ 'VtN uwtR; s=Hv= =@ 'CU= 55 MPa |Q=Wi Ctw=kt xm 'uD@ Ctw=kt |xOQ
Q}}eD w OW C�=Qk 45 MPa |Q=Wi Ctw=kt Q=Okt x@=Wt Q}D \UwD ptLD p@=k
KrUt |=yQ}D uD@ |Q=Wi Ctw=kt V}=Ri= OvwQ x@ |y=ov =@ "CW=Ov |UwULt
OvwQ u}= |rY=wi QO =t= 's}=xOw@ |OwaY |OvwQ Oy=W |rm Qw]x@ Cio u=wD|t

"CU= xDW=Po V}=Ri= x@ wQ ,=OOHt w C@=F
R= TB "OUQ|t xOvvmC} wkD h=}r= =@ |vD@ |=yQ}D x@ C@ wv 'Oa@ |xrLQt QO
uD@ |Q=Wi Ctw=kt =@ Q}D "OW C@F w C�=Qk \w@ Qt G}=Dv 'Q=@ p=ta= w =yu; uO=OQ=Qk
OwOL |R}J xOWvsw=kt Q}D x@C@Uv xm 'OQm ptLD 47 KN pO=at |Q=@ 15 MPa

46 KN x@ ptLD p@=k Q=@ '25 MPa |Q=Wi Ctw=kt =@ Q}D QO "CU= QDW}@ �12
=@ xOWvsw=kt Q}D x@ C@Uv w QDtm 1 KN |r@k Ctw=kt |xOQ x@ C@Uv xm O}UQ
|xOQ x@ \w@ Qt |Oa@ Q}D "CU= xOQm ptLD QDW}@ Q=@ �5 '|Q=Wi Ctw=kt u=ty
'CU= xOw@ 56 KN u; \UwD xOWptLD Q=@ |xv}W}@ 'CU= 35 MPa Ctw=kt
u=ty =@ xOWvsw=kt Q}D x@ C@Uv w QDW}@ �22 OwOL |r@k Ctw=kt x@ C@Uv xm
uD@ |Q=Wi Ctw=kt =@ Q}D x@ \w@ Qt Q=@ "CU= xOw@ QDW}@ �27 '|Q=Wi Ctw=kt
C@Uv w 4 5 KN QDu}�=B |xOQ x@ C@Uv xm OW C@F 60 5 KN '45 MPa

\w@ Qt xm |v=}=B Q}D QO "CU= xOW C�=Qk QDW}@ 12 5 KN R}v xOWvsw=kt Q}D x@
'CU= 58 KN x=oDUO \UwD xOWxO=O u=Wv Q=@ 'CU= 55 MPa Ctw=kt x@
xm s}Ow@ u; Oy=W |rm |y=ov =@ "CU= ptLD p@=k Q=@ QO Vy=m |xOvyOu=Wv xm
Ctw=kt V}=Ri= =@ xm CU= |}xvwox@ Q=DiQ '�9 pmW� xOW|R=Usw=kt |=yQ}D QO
wO u}@ |}xU}=kt =@ "CU= xOw@ |OwaY |rm CQwYx@ 'ptLD p@=k Q=@ OvwQ '|Q=Wi
p@=k |wQ}v =yu; |wO Qy QO Cio u=wD|t R}v xOWv |R=Usw=kt w xOW|R=Usw=kt Q}D
"CU= xDW=O V}=Ri= x@ wQ OvwQ uD@ |Q=Wi Ctw=kt V}=Ri= =@ |rm CQwYx@ ptLD
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"xOW |R=Usw=kt |=yQ}D R}N |xU}=kt "12 pmW

|Q=WiCtw=kt Q}}eD x@C@Uv FRP jQw|oOv@UJCtw=ktC}U=UL "13 pmW
"uD@

xOWxDiQo Q=mx@ FRP |=yjQw |oOv@UJ Ctw=kt "2"5
xOt;OwHwx@ R}N w|Q@ Q=@ u=R}t QOKrUt|=yQ}DuD@ |Q=WiCtw=kt QF=p@kVN@ QO
|oOv@UJCtw=kt QO |Q=WiCtw=kt QF= s}y=wN|tVN@u}= QO w s}=xOQm|UQQ@ =Q
u}= |}=OD@= |=yVN@ QO xm Qw]u=ty "s}yO Q=Qk EL@ OQwt =Q FRP |=yjQw
VJ}B VwQ R= |oOv@UJ Ctw=kt uOQw;CUOx@ |=Q@ 'CU= xOW xQ=W= Q=DWwv
uD@ |=yQ}D |}=yDv= |L=wv xm VJ}B uwtR; s=Hv= pLt QO =OD@= "s}=xOQm xO=iDU=
"s}OQm O=H}= |}=yxRet s}v |Q}oQm x=oDUO \UwD 'Ow@ FRP =@ xOWC} wkD KrUt
\UwD '?UJ uDiQo CyH sRq u=tR uOW|QBU w |Rri |=yxv=wDU= uOv=@UJ =@
"CU= xOW xv=wDU= uOW=OH x@ QHvt xm 'CU= xOW p=ta= |WJ}B Qw=DWo QDt lQD

"CU= xOt; CUOx@ xOQ=w VvD \@=wQ R= xO=iDU= =@ w C�=Qk =Q \w@ Qt Qw=DWo
5 08 MPa |oOv@UJ Ctw=kt '15 MPa |Q=Wi Ctw=kt =@ Q}D |=Q@
|oOv@UJ Ctw=kt '25 MPa |Q=Wi Ctw=kt =@ Q}D QO "CU= xOW C@F
MPa u=R}t x@ u; Vy=m |xOvyOu=Wv xm CU= xOt; CUOx@ 4 86 MPa

O}UQ 35 MPa |Q=Wi Ctw=kt =@ Q}D x@ C@ wv OvwQ u}= |xt=O= =@ "CU= 0 22
|r@k Ctw=kt |xOQ x@ C@Uv w OW 4 93 MPa u; |oOv@UJ Ctw=kt xm
u}@ |oOv@UJ Ctw=kt '45 MPa Ctw=kt =@ Q}D QO "CW=O |tm |r}N V}=Ri=
Ctw=kt x@ \w@ Qt OOa x@ C@Uv xm O}UQ 5 57 MPa x@ uD@ w FRP jQw
=@ Q}D |oOv@UJ Ctw=kt =yDv= QO "CU= xDW=O OWQ �13 '35 MPa |Q=Wi
0 49 MPa |r@k |xOQ x@ C@Uv xm OW C@F 6 06 MPa '55 MPa Ctw=kt
Ctw=kt Cio u=wD|t 13 pmW QO xOy=Wt p@=k OvwQ x@ xHwD =@ "Ow@ QDW}@

|=yCtw=kt =@ xOWv |R=Usw=kt |=yQ}D QO xOWO=H}= u=mtQ}}eD u=R}t "10 pmW
"hrDNt

|=yCtw=kt =@ xOW |R=Usw=kt |=yQ}D QO xOWO=H}= u=mtQ}}eD u=R}t "11 pmW
"hrDNt

"CU= Vy=m p=L QO |rmQw]x@ xrY=L u=mtQ}}eD 'uD@
FRP VWwB =@ xOWsw=kt |=yQ}D |=Q@ xOWC@F |=yu=mtQ}}eD VN@ u}= QO
pO=at |R}N 15 MPa |Q=Wi Ctw=kt =@ Q}D QO "s}=xO=O Q=Qk |UQQ@ OQwt =Q
=@ Q}D "CU= xOWvsw=kt Q}D R}N sQ=yJ l} OwOL xm 's}DW=O QDt|r}t 5 75
R}N =@ u; hqDN= xm 'CW=O QDt|r}t 5 81 R}N R}v 25 MPa |Q=Wi Ctw=kt
Ctw=kt =@ Q}D x@ \w@ Qt R}N "CU= sm ,=@} QkD 15 MPa |Q=Wi Ctw=kt =@ Q}D
QDtm �7 |r@k Ctw=kt |xOQ x@ C@Uv xm CU= QDt|r}t 5 42 '35 MPa |Q=Wi
xm 'CU= QDt|r}t 5 86 '45 MPa |Q=Wi Ctw=kt |=Q@ xOWC@F OOa "CU=
Ctw=kt =@ |v=}=B Q}D QO "CU= Q=@ p=ta= R= pY=L R}N OOHt OwaY |xOvyOu=Wv

"CU= xO}UQ QDt|r}t 5 5 x@ w Vy=m ,=OOHt R}N '55 MPa |Q=Wi
|OvwQ '�11 pmW� xOW |R=Usw=kt |=yQ}D QO xOt;CUOx@ |=yu=mtQ}}eD
X=N |wor= R= uwJ 'Ow@ Oy=wN |v=Uwv =yu; OvwQ |rm Qw]x@ w OvQ=O Cw=iDt
|R=Usw=kt Q}D wO u}@ |xU}=kt =@ "�12 pmW� Ovvm|tv C}a@D Vy=m =} V}=Ri=
R}N R= QDtm xQ=wty xOWsw=kt |=yQ}D QO xrY=L R}N Cio u=wD|t xOWv w xOW

"CU= xOWvsw=kt |=yQ}D
=yu; |oDN}Uo Owt |UQQ@ =@ '=yxvwtv |Q=PoQ=@ p=ta= R= TB |rm Qw]x@
w |WtN Owt QO xOWvC} wkD |=yQ}D |oDN}Uo xm OQm u=}@ Qw] u}= u=wD|t
|vD@ Q}D |}=yDv= CtUk R= FRP jQw uOWxOvm =@ xOWC} wkD |=yQ}D |oDN}Uo

"CU= xOw@ Q=@ ptLD |}=v=wD QO O}OW Vy=m xH}Dv QO w
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"VWm CLD uD@ VvQm � VvD Q=Owtv "15 pmW

|WWm |oOWCNU |x]@=Q "1"6
� VvD \=@DQ= l} 'ABAQUS QO KrUt uD@ |WWm Q=DiQ pt=m |R=Ux}@W |=Q@
|oOWCNU xm 'OwW|t xO=iDU= VWm CLD uD@ |=Q@ |oDN}Uo R= Oa@ VvQm
"�15 pmW� OQw;|t ?=UL x@ =Q uD@ =@ QwD=tQ; VvmQOv= w VvQm |oOWsQv '|WWm

%O};|t CUO@ 2 |x]@=Q R= |oOQwNlQD VvQm
"elot = �t

E0
(2)

'xO}Ov?}U; |xO=t |=Q@ Q_=vDt u=UWm VvQm "elot 'pm |WWm VvQm "t 'u; QO xm
"VvD �t 'nv=} pwOt E0

|Q}tN VvQm Q}O=kt R= xO=iDU= =@ =Q ?}U; |vLvt CLY 'ABAQUS

%Ovm|t |UQQ@ 3 |x]@=Q j@=]t (e"plt )

e"plt = e"ckt � dt
(1� dt)

�t
E0

(3)

"CU= ?}U; QDt=Q=B dt 'u; QO xm
|=y|vLvt |xOvyOu=Wv 'Vy=m p=L QO =}|ivt|WWm |Q}tNVvQm Q}O=kt
R}r=v; xmv}= R= p@k =]N s=e}B RwQ@ x@ QHvt CU= umtt xm 'CU= CUQO=v ?}U;

"OwW 'OQ}o@ CQwY

|Q=Wi VvQm � VvD |x]@=Q "2"6
%�16 pmW j@=]t� O};|t CUOx@ 5 w 4 |=yx]@=Q R= u=UWmQ}e VvQm

"eloc = �c
E0

(4)e"inc = "c � "eloc (5)

xO}Ov?}U; |xO=t =@ Q_=vDt u=UWm VvQm "eloc w 'pm |Q=Wi VvQm "c 'u; QO xm
"OvDUy

|Q}tNVvQm Q=Okt xmv}= R= u=v}t]= |=Q@ O}=@|LqY=|=y|Q}oxR=Ov=u}vJty
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e"plc = e"inc � dc
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"CU= ?}U; C=}YwYN dc 'u; QO xm

|=yjQw |oOv@UJ Ctw=kt w xOWptLD Q=@ |xv}W}@ u=}t |x]@=Q "14 pmW
"FRP

Oy=wN |OwaY uD@ |Q=Wi Ctw=kt V}=Ri= =@ 'FRP |=yjQw w uD@ |oOv@UJ
"Ow@

Ctw=kt w xOWptLD |=ywQ}v |xv}W}@ u}@ xU}=kt l} s=Hv= =@ u}vJty
Q}D u=wD 'OwW QDW}@ |oOv@UJ QOkJ Qy Cio u=wD|t '�14 pmW� |oOv@UJ
V}=Ri= =@ xm OQm CW=OQ@ Qw] u}= u=wD|t xm &OW Oy=wN QDW}@ R}v Q=@ ptLD QO
Q=Qk =t Q=}DN= QO xOWxDiQo Q=mx@ FRP |=yjQw R= |QDW}@ C}iQ_ '|oOv@UJ

"CW=O Oy=wN |QDW}@ |xiQY R}v |O=YDk= ^=Lr R= xm OQ}o|t
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xm CU= Ovtv=wD Q=}U@ |R=UpOt |=yxt=vQ@ R= |}xawtHt ABAQUS Q=Ri=sQv
=D xO=U |]N p}rLD l} R= p�=Ut pL C}r@=k 'OwOLt <=RH= VwQ Q@ |vD@t
Q=}U@ |=yu=tr= |xawtHt Q=Ri=sQv u}= "OQ=O =Q |]NQ}e |R=UpOt u} QDxO}J}B
pOt |R=Ht CQwYx@ =yu; \UwD u=wD|t =Q |}xUOvy ẁv Qy xm OQ=O |}xOQDUo
|R=UpOt QO xm CU= |O=} R Q=}U@ |UOvyt O=wt |=ypOt |=Q=O u}vJty "OQm
'=yC} RwBt=m '=yQt}rB '=yl}DUq 'C=Rri Q}_v uwo =vwo Q=DiQ w X=wN =@ O=wt `=wv=
Q}_v u}tR QO OwHwt O=wt u}vJty w xOvvmW R}v w |Qvi |=yswi 'xOWC} wkD uD@

[28w27]"OR=U|t umtt =Q |}q=@ C}r@=k 'nvU w l =N
xU R= s=Om Qy R= xO=iDU= =@ ?}U; |R=Ux}@W C}r@=k ABAQUS Q=Ri=sQv

%OR=U|t sy=Qi =Q KrUt uD@ u=tr= |=Q@ lQD pOt
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Q=Ri=sQv QO p}rLD x@ \w@ Qt u=tR sy w OvW=@ xDW=O |@ wN CkO G}=Dv sy xm CU=
|rw] QwD=tQ; '0 02 FRP '0 015 uD@ %OvDUy KQW u}= x@ xm OW=@ |k]vt

"0 011 |[Qa QwD=tQ; '0 11
|=Q@ |v=tR |=ys=o xm CU= EXPLICIT ẁv R= w |m}t=v}O 'pOt p}rLD
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