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h=}r= w OQor}t =@ xOWK}rUD AAC |=ylwr@ R=
GFRP |Q=BU@
�Q=}Wv=O� �|}wmU=|v]w QeY=

�OWQ= T=vWQ� � |rwqt |OytOtLt
u=QyD |�=HQ O}yW Q}@O C}@ QD x=oWv=O 'u=Qta |UOvyt |xOmWv=O

=@ (AAC) xOWwqmwD= l@U uD@ |=ylwr@ R= xOWC} wkD |=yQ=w}O Q=DiQ VywSB u}= QO
Ctw=kt |xvwtv 6 |wQ Q@ G}=Dv "CU= xDiQo Q=Qk |UQQ@ OQwt |Q]k V}=tR; R= xO=iDU=

OQwt AAC |xOQ =@ xU}=kt QO Cqt |WQ@ Ctw=kt uOw@ QDq=@ Qou=}@ 'xS} w Cqt |WQ@
1200�1200�250 O=a@= =@ xvwtv 9 '|Q]k |Q=PoQ=@ V}=tR; QO w CU= xOw@ xO=iDU=

w |Q=BU@ h=}r= =@ xOWC} wkD |xvwtv 3 w Oy=W Q=w}O |xvwtv 3 pt=W xm QDt|r}t
'Ov=xOw@ QDt|r}t 200 w 100 hrDNt |=yZQa =@ w |QO@ Q[ CQwYx@ xOW|R=Usw=kt

R}v Qo}O |xvwtv 3 w &Ov=xOW Q@=Q@ 21 w 12 9 ?}DQD x@ |SQv= ?PH V}=Ri= ?Hwt
?PH Q=Okt w �32 =yu; |Q]k VWm Ctw=kt xm Ov=xOw@ OQor}t =@ xOWK}rUD |=yQ=w}O

"CU= xDi=} V}=Ri= Q@=Q@ 28 2 u=W|SQv=

asvatani@gmail.com
mmm.mollavali@gmail.com

|=yQ=w}O '|}=v@ Kr=Yt u=tDN=U '|Q]k VWm V}=tR; 'AAC %|O}rm u=oS=w
"Cqt |WQ@ Ctw=kt 'FRP 'xOWK}rUD

xtOkt "1
xm |rwYLt u=wvax@ u=wD|t =ylwr@ u}= R= Q=m u=}=B QO |v=tDN=U |xr=Nv Ow@v

"OQ@ s=v =Q 'CU= Q=oR=U Ca}@] =@
"CU= sm |r}N pwYLt u}= |x}rw= O}rwD |=Q@ |SQv= ��

1�AAC� xOWwqmwD= Q=O=wy l@U uD@ xRwQt= 'xOWu=}@ |=y|oS} w p}rO x@
QO Q@ Q=@ |=yQ=w}O w |}xR=UQ}e |=y?=kv=}t |=Q@ ?U=vt Kr=Yt R= |m} x@
xmv}= x@ xHwD =@ [5]"CU= xOW p}O@D x@DQt x=Dwm |}=v@ Kr=Yt =@ |=yu=tDN=U
|wQ}v Vy=m ?Hwt QY=va uRw R= |W=v |xOQt Q=@ p}rkD w u=tDN=U |R=Ul@U
Q=O=wyl@U |=yuD@ CqwYLt R= xO=iDU= Q@ Qo}O |r}rO 'OW Oy=wN xrRrR R= |W=v
w C}iQ_ V}=Ri= CyH "CU= xOW R}NxRQr j]=vt QO �pv=B � lwr@� xOWwqmwD=
QO xm 'KrUt |=ypv=B R= xO=iDU= xrtH R= |irDNt |=yVwQ Q=w}O |oJQ=Bl}
"OQtW u=wD|t =Q [11�6w2]'CU= xOW K}rUD |Oqwi |=yVt R= xO=iDU= =@ xv=NQ=m
u}= QO "O};|t ?=UL x@ KrUt |}=v@ Kr=Yt =@ Q=w}O R= |Dr=L l} OQwt u}=
w |v=UWm ?} Q[ Cw=iD x@ xHwD =@ uD@ uwQO |=yOQor}t |oOQwN Q@ xwqa Cr=L
xrtH R= sDU}U OQmrta QO |ia[ CU= umtt 'Q=O=wy l@U uD@ w Oqwi Ctw=kt
VwQ "OwW =yOQor}t |kr Ea=@ w O=H}= OQor}t =@ uD@ lQDWt pYi QO |oO}yr
KrUt uD@ s�=k w |ki= |=yhqm R= xO=iDU= 'CU= xO=U ,=D@Uv w QDG}=Q xm |Qo}O
OwW `=@W= ,qt=m Q=O=wy l@U uD@ |=ylwr@ K]U O}=@ Cr=L u}= QO [13w12'5]"CU=
CQwYu}= Q}e QO "OwWv hqm uD@ Ctw=kt h}a[D Ea=@ 'hqm ?; Vmt =@ =D

'u=t}U '|RDQ=wm |xU=t ?}mQD R= xm CU= |rwYLt �AAC� Q=O=wy l@U uD@
R= "CU= xOW p}mWD 'OwW|t sHL O=}OR= Ea=@ xm sw}v}twr; QOwB w ?; w 'ly;
|=yu=tDN=U |=Q@ |}xR=U sDU}U u=wvax@ �AAC� Q=O=wy l@U uD@ |=ylwr@

[4�1]%OwW|t xO=iDU= =y|oS} w u}= =@ x@DQtx=Dwm
x]@=Q QO '?amtQDt Qy QO sQowr}m 600 |r= 450 OwOL QO sm |r}N |r=oJ ��
'OQ=O ?amtQDt Qy QO sQowr}m 2500 pO=at |YwYNt uRw xm |rwtat uD@ =@
QO xrRrR R= |W=v |wQ}v Vy=m u}vJty w u=U; pkv w ptL Ea=@ Ov=wD|t

"OwW 'Ovvm|t xO=iDU= pwYLt u}= R= xm |}=yu=tDN=U
uRw Vy=m Q=vm QO xm OQ}o|t Q@ QO xQiL =Q u; sHL OYQO 90 |r= 3 OwHw ��
|rwtat uD@ =@ xU}=kt QO |@U=vt |DQ=QL w |DwY j}=a Ov=wD|t pwYLt u}=

"OwW
Q=R@= w |rwtat |xQ= =@ u=wD|t xm |Qw] x@ 'CU= xO=U |r}N u; =@ uOQmQ=m ��
|Q=mM=QwU u}vJty 'OQw; QO w xO} Q@ Q_vOQwt |=ypmW x@ =Q u; xO=U |Q=Hv

"CU= u=U; R}v u; QO
O}rwD\N x@ ,=OOHt 'OyO MQ uD@ ẁv u}= O}rwD Ov}=Qi pw] QO xm |D=a}=[ xvwoQy ��
Cra x@ u}vJty "O=O Oy=wNv MQ R}v =wy w ?; QO |oOwr; xvwoI}y "OOQo|t Q@

pw�Ut xOvU} wv �
"1393 3 27 VQ}PB '1392 12 24 x}LqY= '1392 7 23 Ci=} QO %M} Q=D
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QQ@

"Cqt |WQ@ Ctw=kt V}=tR; QO |Q=PoQ=@ |xwLv w O=a@= "1 pmW
"Cqt |=Q@ xOt;CUOx@ |WQ@ Ctw=kt "2 pwOH

Cqt |WQ@ Ctw=kt xOQ=w |}=yv Q=@ xvwtv |xQ=tW
(MPa) (kg)

0 742 2740 xvwtv 3 u}ov=}t

pY=L G}=Dv u}ov=}t w s=Hv= xvwtv 3 |wQ Q@ =yV}=tR; "CU= xOW x�=Q= 1 pmW
"CU= xOW x�=Q= 2 pwOH QO xO=iDU= OQwt Cqt xvwtv 3 |wQ Q@ V}=tR; R=

AAC |}=v@ Kr=Yt Q=w}O |Q]k VWm V}=tR; "2"3
|Q]k VWm Ctw=kt V}=tR; 'Cqt |wQ Q@ |WQ@ Ctw=kt V}=tR; s=Hv= R= TB
Ctw=ktV}=tR; u}= QO "CU= xDiQo Q=Qk |UQQ@ OQwt AAC |}=v@ Kr=Yt |=yQ=w}O
p=ta= \UwD QDt|r}t 1200�1200�250 |xa]k l} |Q]k VWm =} |WQ@

[24w20]"CU= xOW u}}aD u=tr= Q]k pw] QO |Q=Wi Q=@
w 2 \@=wQ R= [24]'ASTM E 519 T=U=Q@ |}=v@ Kr=Yt Q=w}O |WQ@ pwOt

%CU= x@U=Lt p@=k 3
Ss = 0 707P=An (2)

An = ((W + h)=2)t (3)

An '�N� |r=ta= Q=@ P '�MPa� Xr=N K]U QO |WQ@ VvD Ss '=yu; QO xm
t '�mm� xvwtv `=iDQ= h '�mm� xvwtv ZQa W '�mm2� Q=w}O `]kt K]U
|WQ@ VvQm w CU= Q)B wD Kr=Yt OL=w K]U R= |OYQO n '�mm� xvwtv Ct=N[

%O};|t CUO x@ 4 |x]@=Q R=

 = (�V + �H)=g (4)

�H '�mm�s�=k Q]k pw] Vy=m �V '�mm/mm� |WQ@ VvQm 
 'u; QO xm
|WQ@ pwOt "CU= �mm� s�=k G}o pw] R}v g w '�mm� |ki= Q]k pw] V}=Ri=

%O};|t CUO x@ 5 |x]@=Q R= R}v
G = Ss=
 (5)

VWm V}=tR; s=Hv= |xwLv '2 pmW [24w20]"CU= |WQ@ pwOt G 'u; QO xm
|Qw] t = 250 mm Ct=N[ =@ =yQ=w}O u; QO xm 'OyO|t u=Wv =Q |Q]k
hebel CmQW |O=yvW}B Q=Okt =@ Ct=N[ |=Q@ QwmPt Q=Okt xm Ov=xOW ?=NDv=
x@ xO=iDU= OQwt |=ylwr@ [2]"OW=@ xDW=O |v=wNty |QDt|r}t 2750 Q=w}O |=Q@
Ct=N[ QDt|r}t 3 =D 2 =yOv@ Cqt "Ov=xOw@ QDt|r}t 200�250� 600 O=a@=

xO=iDU= 'Q}N= |=yp=U QO "OwW|t O=H}= hqm =@ lwr@ lQDWt pYi QO |oDUw}B=v
V}=Ri= =Q =yxvwtv pmWQ}}eD w |Q@ Q=@ C}iQ_ Ov=wD|t =ylwr@ pN=O QO h=}r= R=
C=a]k x@ w xO} Q@ =ylwr@ xm |t=ovy Ov=wD|t h=}r= R= xO=iDU= xJQo [15w14]"OyO
w |DQ=QL uOw@j}=a C}Y=N u}vJty w OR=U wQ@ wQ pmWt =@ =Q 'OvwW|t s}UkD
GFRP w CFRP uwJty |Q=BU@ h=}r= R= xO=iDU= 'OyOVy=m =Q =ylwr@ |DwY
V}=Ri= =Q Q=O=wyl@U uD@ |=ylwr@ R= pmWDt |=ysDU}U |Q@ Q=@C}iQ_ Ov=wD|t
xOWxDN=U |=yQ}D |WtN C} wkD x@ h=}r= R= xO=iDU= =@ OQ=wt QDW}@ QO [19�16]"OyO
h=}r= \UwD Q=w}O C} wkD uwvm =D w xOW xDN=OQB Q=O=wy l@U |=yuD@ |=ylwr@ R=
|=Q@ OQor}t R= xO=iDU= 'Qo}O OQwt "CU= xOWv xOy=Wt |v=yH `H=Qt QO |Q=}U@
EL@t |=yQ=}at j@] u=tDN=U |=QH= pLt QO xm 'CU= |vD@ |=yQ=w}O C} wkD
|aU [21]'Q=O=wy l@U |vD@ |=ylwr@ QO xQiL O=H}= =@ [20]'|rt C=QQkt sDWy
"OwW|t =yuD@ ẁv u}= R= xOWxDN=U |}=v@ |Lr=Yt =@ |=yu=tDN=U C} wkD QO
Ov@ QO Ovw}B ẁv QO Q}}eD =} w =yRQO pLt QO OQor}t ?Yv w Q=}W |x}@aD =@ xJQo

"OW=@ QF-wt =yQ=w}O OQmrta QO Ov=wD|t [22]'=yQ=w}O

AAC |}=v@ Kr=Yt u=tDN=U |L=Q] "2
Qw_vtx@ AAC u=oOvvmO}rwD R= |[a@ '|}=v@ Kr=Yt |=yQ=w}O |L=Q] QO
R= QDtm O}=@ =yu=tDN=U `=iDQ= %xmv}= p}@k R= |}=yx}YwD '|L=Q] uOQmQDxO=U
6 O}=@ =yp=O QF-wt |xv=yO |xv}W}@ &OW=@ 5 kN/m2 R= QDtm xOvR Q=@ w QDt 20
2750mm R= V}@ `=iDQ= =@ Q@ Q=@ |=yQ=w}O Ct=N[ |xv}tm u}vJty &OW=@ QDt
|xv}W}@ =yQ=w}O QO �perm R=Ht |Q=Wi VvD w &OW=@ 250 mm R= QDnQR@ O}=@

[2]%Ov=xOQm x�=Q= 'OW=@ 1 |x]@=Q QO xOt;CUOx@ Q=Okt
�perm = k�0 (1)

[2]"CU= xOvy=m ?} Q[ k w R=Ht |x}=B VvD Q=Okt �0 'u; QO xm
[23]'OvwW|ts}UkD 1pwOHj@=]t xOQ3 QOASTMT=U=Q@AAC|=ylwr@
pt=a xU u}= x@ xDU@=w R}v k Q=Okt "CU= Cw=iDt xOQ Qy |=Q@ R}v �0 Q=Okt xm
"3 &�Vv=tm Ct=N[ w pw]� Q=w}O |Qeq "2 &uOw@|}x}=B RQH =} Q=w}O "1 %CU=

[2]"CU= hkU |xv=yO pw] R= pY=L |WtN Qovr

V}=tR; s=Hv= |}=B Q@ w C=}�RH "3
Cqt |WQ@ Ctw=kt V}=tR; "1"3

|O=yvW}B OvwQ T=U=Q@ lR=v |=yOv@ =@ Cqt|WQ@Ctw=ktV}=tR; 'VywSB u}= QO
Ct=N[ x@Cqt =@ xOWxDN=Ulwr@ xa]k3uOv=@UJ =@ [7w6]'ACI523 wTanner

QO xOWV}=tR; |xvwtv O=a@= w |Q=PoQ=@ OvwQ xm 'CU= xOW s=Hv= QDt|r}t 3 |r= 2

[23w2]"�0 R=Ht |x}=B VvD |x}=B Q=Okt "1 pwOH
�0 |Q=Wi Ctw=kt u}ov=}t |Dtw=kt |xOQ

(MPa) (MPa)

0 6 2 5 AAC-G2
1 1 5 AAC-G4
1 5 7 5 AAC-G6
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xOW K}rUD |=yQ=w}O |Q]k VWm V}=tR; "3"3
3 |r= 2 OL QO Ct=N[ w AAC |=ylwr@ \}=QW |=yj@=]D w =y|UQQ@ R= TB
"OQm O=H}= |rt CQ=Qkt sDWy EL@t =@ x@=Wt |]}=QW O}=@ 'Cqt |=yOv@ QDt|r}t
"CU= xOW xDN=U V}=tR; |=Q@ u=Um} |=y|oS} w =@ xOWK}rUD Q=w}O xvwtv 3 =Pr
pO=at '=yOQor}t uO=OOvw}B CyH QDt|r}t 3 Q]k x@ pwDit xDWQ 3 Qw_vt u}ty x@
|x}rm QO [25]'u=Q}= u=tDN=U |rt C=QQkt sDWy EL@t QO 6 xQtv |=yOQor}t =@
R= xm |Qw]x@ 'CU= xOW xO=O Q=Qk Qo}Om} R= 200 mm |xrY=i =@ |ki= |=yOv@
u=tDN=U QO 250 mm |xrY=i =@ 6 xQtv OQor}t pO=at ,=@} QkD `]kt K]U Q_v
x@ 'Ov=xDW=O |QDt|r}t 3 =D 2 C}OwOLt '=yOv@ Ct=N[ |iQ] R= "Ov=xOw@ |QH;
=ypwDit pw] xm |Qw] x@ 'CU= xOW xO=iDU= 3 xQtv pwDit xDWQ 3 R= p}rO u}ty
'OwW Q}o QO CwQo =@ ,qt=m =yM=QwU uwQO QO QDt|r}t 200 smCUO =D QDt 1 50
=Pr 'OW=@ pO=at sy =@ pwDit w OQor}t |m}v=mt C=YNWt xm CU= QDy@ uwJ =t=
|R} QCwQo u=}=B QO w xO=iDU= Q=OG; 10 xQtv OQor}t OOa l} 'RmQtsy |=yxQiL QO
'4 pmW QO w QwmPt VwQ =@ xOWK}rUD Q=w}O C=YNWt '3 pmW QO "CU= xOW

"CU= xOW xO=O u=Wv u; |=QH= |xwLv
|Q=Wi Ctw=kt pt=W =yQ=w}O u}= CN=U QO xO=iDU= OQwt Kr=Yt C=YNWt
|}=yv Ctw=kt w OQor}t s}rUD |WWm Ctw=kt u}vJty w 'CwQo w 'Cqt 'lwr@
|=yxvwtv O=a@= "CU= xOW x�=Q= 3 pwOH QO =yV}=tR; QO xO=iDU= OQwt pwDit
T=U=Q@ CwQo w Cqt w [23]'ASTM C1386 T=U=Q@ =yV}=tR; u}= QO uD@
3 |wQ Q@ V}=tR; T=U=Q@ 'Ctw=kt u}ov=}t w xOW s=Hv= [26]'ASTM C109

"CU= xOw@ xvwtv

FRP =@ xOW|R=Usw=kt |=yQ=w}O V}=tR; "4"3
|xvwtv wO pt=W |Q]k VWm Ctw=kt V}=tR; CyH xOW?=NDv= |=yxvwtv
=@ w 100 mm |=vyB =@ (GFRP) xW}W h=}r= R= FRP =@ xOW|R=Usw=kt
Q=w}O |wQ Q@ 6 w 5 |=ypmW j@=]t |QO?Q[ CQwYx@ xm '200 mm |=vyB

"=yQ=w}O |xvwtv QO xO=iDU= OQwt Kr=Yt C=YNWt "3 pwOH
Q=Okt xYNWt

3 2 MPa f `AAC lwr@ uD@ |Q=Wi Ctw=kt
12 MPa Cqt |Q=Wi Ctw=kt
48 MPa CwQo |Q=Wi Ctw=kt
340 MPa fy OQor}t |WWm s}rUD Ctw=kt
360 MPa pwDit |}=yv |WWm Ctw=kt
230 GPa xW}W h=}r= |v=UWm pwOt
0 23 mm Ct=N[

"|Q]k VWm V}=tR; s=Hv= |xwLv "2 pmW

"xOWK}rUD |=yQ=w}O QO =yxQiL C}akwt w C=YNWt "3 pmW

"Ov=xOW |WmOv@ |QDt|r}t 2 VmOv@ =@ w Q)B |ki= w s�=k |=yOv@ |x}rm w xDW=O
�LVDT� GvUu=mtQ}}eD OOa wO pt=WV}=tR; QO xO=iDU= OQwt |Q}oxR=Ov= p}=Uw
Q]k wO |kqD |x]kv QO 2GvUVvQm OOa wO &|ki= w s�=k Q]k wO |=DU=Q QO
|=DU=Q QO xDiQoQ=Qk 3GvUwQ}v OOa l} w &�VvD u} QDW}@ =@ |}x]kv u=wva x@�
xOW u}}aD 6 |x]@=Q R= =yQ=w}O |WQ@ Ctw=kt "CU= xOw@ Q_vOQwt |Q=PoQ=@

[7]%CU=

FvAAC = 0 15F 0AAC (6)

MPa w AAC R= xOWxDN=U Q=w}O |WQ@ Ctw=kt FvAAC MPa 'u; QO xm
"CU= AAC |Q=Wi Ctw=kt F 0AAc

"=yQ=w}O |ki= w |Owta K}rUD |xwLv "4 pmW
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w}O

Q=DiQ
|y=

oW}
=tR;

|U
QQ@"AAC hrDNt |=yxOQ R= =yQ=w}O |WQ@ Ctw=kt "4 pwOH

|WQ@ Ctw=kt u}ov=}t |Q=Wi Ctw=kt u}ov=}t |Dtw=kt |xOQ
(MPa) (MPa)

0 375 2 5 AAC-G2
0 75 5 AAC-G4
1 125 7 5 AAC-G6

%OQm ZQi AAC-G2 |xOQ
V = F cos 45 (8)

Fv = V=A (9)

K]U A mm2 w Q=w}O ptLD p@=k |WQ@ Ctw=kt u} QDW}@ Fr �MPa� 'u; QO xm
'�4 pwOH� xOWs=Hv= |=yV}=tR; j@] Cqt xmv}= x@ xHwD =@ [26]"CU= Q=w}O `]kt
AAC Q=O=wy l@U uD@ R= xOWxDN=U |=yQ=w}O x@ C@Uv |QDW}@ |WQ@ Ctw=kt
Q=DiQ xH}Dv QO 'OQ=O 4 pwOH QO xOWGQO 2 5 MPa |xOQ |Q=Wi Ctw=kt =@
sm =L xHvB QO |Q=Wi w |Q]k VWm CUmW |=yOt w xOWpQDvm wQ}v \UwD Q=w}O
Q=w}O |wQ Q@ V}=tR; u}= |=yVywSB QO xOt;OwHwx@ |=yVvD u} QDW}@ w 'CU=
xv}W}@ =yVvD Q]k wO |kqD |x]kv QO =} [22]'CU= xDiQo CQwY |}=v@ Kr=Yt
CmQL w Cqt RQO QO |WRer u}=Q@=v@ "OQ=O =Q Q=Okt u} QDW}@ =yxHvB QO =} w CU=

[20]"OyO|tv MQ pmWQ}}eD \UwD xOvwWpQDvm |}xQ=wyo
CQwYx@ w OvDiQo Q=Qk |Q]kVWmV}=tR; OQwt Oy=W |=yQ=w}O |xvwtv 3 =OD@=
CQwYx@?}U; O=ONQ sR}v=mt "OvOW |Q=Pos=v WALL3 w WALL2 'WALL1

"CU= xOW xO=O V}=tv 7 pmW QO xm 'CU= xOw@ |Q]k VWm
lQD V}=O}B "1 %CU= OQ=wt u}= pt=W Oy=W |=yQ=w}O QO CUmW sR}v=mt
�xHvB QO Q=Wi� x=ox}mD |m}ORv QO R} Q |=ylQD O=H}= "2 &wQ}v p=ta= |=DU=Q QO
=@ x=Qty |v; CUmW "3 &wQ}v p=ta= |=DU=Q QO pY=L lQD =@ |kqD uDW=O w
CUmW =@ u=tRsy |}x_Lqt p@=k Qw] x@ w wQ}v O=ODt= QO VQ@ w Q=w}O ?} QND
100 |=yxvwtv R= |m} w 200 mm |Q=BU@ h=}r= =@ |D} wkD |xvwtv QO xHvB QO
|=yxvwtv hQ] wO Qy QO u=Um} CQwYx@ =y|@=QN "4 &CU= xOw@ |QDt|r}t
W-R-3 w W-R-2 'W-R-1 |=y|Q=Pos=v =@ OQor}t =@ xOWK}rUD |=yQ=w}O

"CU= xDiQo CQwY
VWm |Q=PoQ=@ CLD =Q xOWK}rUD |=yQ=w}O |=yxvwtv CUmW '8 pmW
pt=W xOWK}rUD |=yQ=w}O CUmW QO xOy=Wt p@=k OQ=wt "OyO|t u=Wv |Q]k
CQwYx@ lQD w wQ}v p=ta= =@ |R=wt |=DU=Q QO |}=ylQDV}=O}B "1 %CU= OQ=wt u}=
QO |}=yv CUmW x@ uO}UQv w u}}=B x@ q=@ R= lQD R=e; w |v; CUmW "2 &|vLvt
|x}rm QO =ypwDit |oDN}Uo OL QO |Q}PBpmW w |Q=PoQ=@ |xt=O= u=mt= w xvwtv
&|Q}PBpmW C}Y=N |xt=O= w |oDN}Uo pmWQ}}eD VR} QwQi x@ uO}UQv '=yOv@
QO xv}W}@ VvD O=ONQ p}rO x@ |v=}t |=yOv@ R= |]=kv QO =ypwDit |oDN}Uo "3
=yOQor}t uO}UQv "4 &Q=O=wyl@U uD@ R= xOWxDN=U |=yQ=w}O |=yQ]k |kqD pLt
sOa w CwQo QO xHwD p@=k CUmW w lQD uOt=}v OwHwx@ p}rO x@ |oDN}Uo OL x@

"u; QO OQor}t VRer
|=ys=v =@ QDt|r}t 100 ZQa x@ FRP =@ xOW |R=U sw=kt |=yxvwtv
s=v =@ QDt|r}t 200 ZQa x@ FRP =@ xvwtv w W-F-10-2 w W-F-10-1
CUmW QO xOy=Wt p@=k OQ=wt |rm Qw]x@ "Ov=xDiQo Q=Qk |Q=PoQ=@ OQwt W-F-20
uOWxOvm "1 %�9 pmW� CU= OQ=wt u}= pt=W FRP =@ xOW|R=Usw=kt |=yQ=w}O

"FRP Q=QkDU= |xwLv w O=a@= "5 pmW

"|Qt}rB h=}r= =@ xOW|R=Usw=kt |=yQ=w}O |xvwtv "6 pmW

xO=iDU= p}rOx@ FRP |=yxvwtv QwmPt O=a@= ?=NDv= "CU= xOw@ 'OvOw@ xDiQo Q=Qk
?} Q[ uDiQoQ_vQO =@ w Q=w}O C}iQ_ |xv}W}@ Q=@ ZQi =@ w 9 w 8 \@=wQ R=
R= TB sDU}U Q=DiQ ?} Q[ xJQo [27]'CU= xOw@ QwmPt |=yxR=U |=Q@ 1 5 Q=DiQ
|UmwB= ?UJ ltm x@ =yxvwtv u}= uOv=@UJ "CU= xOt; CUOx@ 2 OwOL 'C} wkD
x@ 'Ov=xOW xOv=@UJ Q=w}O x@ hQ] wO R= GFRP |=yQ=wv w CU= xDiQo CQwY
GFRP QF-wt VvQm "OvW=@ xDW=O |v=WwBsy QDt|r}t 100 |xv}tm xm |Qw]
wO |kqD |x]kv QO GvUVvQm R= xO=iDU= x@ xHwD =@ xm [27]'CU= 0 002 Q@=Q@
|@v=H |wQ}v 'xDiQoCQwY |=yV}=tR; u}ov=}t x@ xHwD =@ "CU= C@F p@=k Q]k
|WQ@ Ctw=kt Q=Okt "CU= 139 3 kN =@ Q@=Q@ |Qt}rB h=}r= =@ xOW C} wkD Q=w}O

[28]%OwW|t x@U=Lt 7 |x]@=Q R= Q=w}O (V )

V = Vm + Vfrp (7)

"CU= Q_vOQwt FRP |WQ@ Ctw=kt Vfrp w Q=w}O |WQ@ Ctw=kt Vm 'u; QO xm

=yV}=tR; G}=Dv |UQQ@ "4
xOWxDN=U |=yQ=w}O |Dtw=kt hrDNt |=yxOQ |wQ Q@ 7 |x]@=Q R= pY=L G}=Dv

"CU= xOW x�=Q= 4 pwOH QO AAC |=ylwr@ R=
xOt; CUOx@ 0 464 MPa =@ Q@=Q@ |WQ@ |WvD 9 w 8 \@=wQ R= xO=iDU= =@
QO =Q =yu; u=wD|t 4 pwOH QO xOWx�=Q= |Dtw=kt Q=}at uDiQoQ_vQO =@ xm 'CU=
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"|Q]k VWm V}=tR; OQwt |=yQ=w}O |xvwtv QO CUmW |xwLv "7 pmW

"|Q]k |Q=PoQ=@ CLD xOWK}rUD =@ |=yxvwtv CUmW |xwLv "8 pmW

"FRP =@ xOWC}wkD |=yxvwtv CUmW |xwLv "9 pmW

"OW=@ xDW=O OwHw CUmW |=yOwt s=tD p=tDL= 'Cqt |WQ@ Ctw=kt |=yxOQ
QO xOWK}rUD |=yQ=w}O x@ \w@ Qt s�=k w |ki= u=mtQ}}eD � wQ}v |=y|vLvt
|=yQ=w}O x@ \w@ Qt s�=k w |ki= u=mtQ}}eD � wQ}v |=y|vLvt w 13 w 12 |=ypmW
p}rO x@ "CU= xOW xO=O u=Wv 15 w 14 |=ypmW QO FRP =@ xOW|R=Usw=kt
p}rO x@ ,qwtat '=yQ=w}O s�=k w |ki= |=yQ]k |kqD |x]kv QO VvQm uOw@x@=Wt
Q]k wO |kqD QO VvQm Q=@ Q=Owtv |x�=Q= QO |aU 'Kr=Yt R=Ht Ctw=kt uOw@C@=F
QDt|r}t 100 ZQa x@ FRP jQw R}v w Oy=W |=yQ=w}O |ki= w s�=k |=DU=Q QO

"CU= xOW 17 w 16 |=ypmW QO
|Q}PBpmW|xOwOLt xm OQm xOy=Wt u=wD|t Oy=W |=yQ=w}O OQmrta x@ xHwD =@
x@ FRP =@ xOW|R=Usw=kt w xOWK}rUD |=yQ=w}O w CU= sm Q=}U@ =yQ=w}O u}=
=t= &Ov=xO=O u=Wv OwN R= |@U=vt |Q}PBpmW |QDt|r}t 200 w 100 |=yZQa
u}= 'QDt|r}t 100 ZQa x@ FRP =@ xOW|R=Usw=kt w xOWK}rUD |=yQ=w}O QO
pY=L Ctw=kt QO |v=OvJ Q}}eD u; ZQa uOw@sm p}rO x@ |Q}PBpmW V}=Ri=

O=H}= =@ x=Qty |WWm Q]k FRP uOWxOvm "2 &|Q=Wi Q]k QO FRP uOQmxv=tm w
pmW x@ lQD w wQ}v p=ta= |=DU=Q =@ xHQO 45 OwOL w ?Qwt |=DU=Q QO lQD
|Q}PBpmW w xvwtv QO |}=yv CUmW x@ uO}UQv "3 &=yCtUk |[a@ QO |vLvt

"=yxWwo |=yDv= R= FRP uOWvxOvm w u; QO
11w10|=ypmWQOOy=W|=yQ=w}O x@\w@ Qts�=k w|ki=u=mtQ}}eD � wQ}v|vLvt
|xOwOLt Ok=i sDU}U u=mtQ}}eD � Q=@ |vLvt 'Oy=W |=yQ=w}O QO "OwW|t xOy=Wt
C}Y=N uOw@sm w Kr=Yt |OQD p}rO x@ Qt= u}= xm 'CU= xHwD p@=k |Q}PBpmW
|=yQ=w}O |wQ Q@ xOWs=Hv= |=yV}=tR; x@ xHwD =@ "CU= AAC QO |Q}PBpmW
sm Q=}U@ Oy=W |=yQ=w}O |v=mtQ}}eD |Q}PBpmW ?} Q[ xm OwW|t xOy=Wt Oy=W
OL u} QN; x@ uO}UQ |x_Lr QO =yQ=w}O u}= pt=m |oDN}Uo w CU= 1 OL QO w
u}= QO x_Lqt p@=k |Q}PBpmW OwHw sOa =yv; u=mtQ}}eD � Q=@ Q=Owtv w |a=HDQ=
AAC R= xOWxDN=U Q=w}O xm |DQwY QO OwW|t |v}@V}B "Ovm|t O}}-=D =Q =yQ=w}O
u; x@ Q=w}O |WQ@ Ctw=kt uOw@l}ORv p}rO x@ 'OvW=@ QDq=@ |Dtw=kt |=yxOQ =@
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"xOWK}rUD |=yQ=w}O s�=k u=mtQ}}eD � wQ}v Q=Owtv "13 pmW

"FRP =@ xOW|R=Usw=kt Q=w}O |ki= u=mtQ}}eD � wQ}v Q=Owtv "14 pmW

"FRP =@ xOW|R=Usw=kt Q=w}O s�=k u=mtQ}}eD � wQ}v "15 pmW

"=yQ=w}O V}=tR; G}=Dv |=Q@ =yC@Uv u}ov=}t Q}O=kt "5 pwOH
�v=�vy �h=�hy xvwtv

3 76 5 8 WALL1;2;3 (avg)

17 2 33 W-f-10 (avg)

45 57 5 W-f-20
41 5 53 W-R (avg)

"Oy=W |=yQ=w}O |ki= u=mtQ}}eD � wQ}v Q=Owtv "10 pmW

"Oy=W |=yQ=w}O s�=k u=mtQ}}eD � wQ}v Q=Owtv "11 pmW

"xOWK}rUD |=yQ=w}O |ki= u=mtQ}}eD � wQ}v Q=Owtv "12 pmW

Ctw=kt V}=Ri= |=Q@ FRP Q=Okt u}= Cio u=wD|t xm |Qw] x@ 'CU= xOQmv
|UQQ@ |=Q@ "OW=@ QF-wt Ov=wD|t xOQ=w |=yQ=@ |SQv= ?PH QO |rw 'CU}v |i=m
|}=yv |=ypmWQ}}eD C@Uv R= |}xU}=kt 5 pwOH QO '|Q}PBpmW ẁ[wt QDW}@
|Q}PBpmW |=Q@ |Q=}at Ov=wD|t xm '|}=yv Ctw=kt �30 pO=at |=ypmWQ}}eD x@
lQD ZQa T=U=Q@ |ki= |=DU=Q u=mtQ}}eD �h 'u; QO xm &CU= xOW x�=Q= 'OW=@
u=mtQ}}eD pO=at |}=yv Ctw=kt �30 pO=at u=mtQ}}eD �hy 'Q]k pw] Q}}eD w
w lQD ZQa T=U=Q@ s�=k |=DU=Q u=mtQ}}eD �v "CU= |ki= |=DU=Q s}rUD
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"=yQ=w}O |ki= Q]k QO Ctw=kt w |DNU |xU}=kt Q=Owtv "18 pmW

"=yQ=w}O s�=k Q]k QO Ctw=kt w |DNU |xU}=kt Q=Owtv "19 pmW

Q=w}O Q=Owtv W-R w QDt|r}t 200 ZQa x@ FRP =@ Q=w}O Q=Owtv W-F-20
"CU= xOWK}rUD

x_Lqt xOWK}rUD w Oy=W |=yQ=w}O |Q]k VWm V}=tR; |xU}=kt QO
'xOWK}rUD |=yQ=w}O |Dtw=kt u}ov=}t Q}O=kt x@ xHwD =@ Ctw=kt Q=Okt xm OwW|t
w 'Ov=xO=O u=Wv OwN R= Ctw=kt V}=Ri= OYQO 33 5 pO=at xm 'CU= 186 kN

|WQ@ pwOt w Vy=m |ki= w s�=k |=yQ]k QO OYQO 13 w 9 u=R}t x@ x}rw= |DNU
QO xm '9 |x]@=Q x@ xHwD =@ R}v |Q}PBpmW |UQQ@ QO "CU= xDi=} Vy=m R}v Q=w}O
|Q=Wi Q]k |=DU=Q QO u=mtQ}}eD x@ VR} QwQi R= p@k u=mtQ}}eD C@Uv |xv}tm u;
Q=Okt x@ |WWm Q]k |=DU=Q QO w Oy=W |=yQ=w}O Q@=Q@ 12 OwOL x@ |va} 12 Q@=Q@
w 22 mm x@ lQD ZQa xm |�=H =D 'CU= xDi=} V}=Ri= |}x_Lqt p@=k Q=}U@
|=Q@ |@} Q[ w Q=}at u=wvax@ =Q u=mtQ}}eD u}= Qo = xD@r= "CU= V}=Ri= p@=k QDW}@
xDi=} V}=Ri= |O=} R Q=}U@ u=R}t x@ |Q}PBpmW Q=Okt 's} Q}o@ Q_v QO |Q}PBpmW
2877 8 N.m Q=Okt x@ |vLvt Q} R K]U x@ xHwD =@ xm |SQv= ?PH u=R}t "CU=
s�=k |=DU=Q QO VvQm u} QDW}@ "CU= xDW=O V}=Ri= Q@=Q@ 28 OwOL 'CU= xO}UQ
|=DU=Q QO w 41� 10�5 |oDN}Uo |x_Lr QO Oy=W |=yQ=w}O Q]k wO |kqD QO

"CU= 21� 10�5 Q]k wO |kqD QO |ki=
FRP =@ xOW|R=Usw=kt w Oy=W |=yQ=w}O |Q]k VWm V}=tR; |xU}=kt QO
|=yQ=w}O |Dtw=kt u}ov=}t Q}O=kt x@ xHwD =@ Ctw=kt Q=Okt xm OwW|t x_Lqt
Q}}eD QDt|r}t 100 ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O QO xOWK}rUD

x@ FRP w Oy=W |=yQ=w}O Q]k wO |kqD QO s�=k VvQm � wQ}v Q=Owtv "16 pmW
"QDt|r}t 10 ZQa

x@ FRP w Oy=W |=yQ=w}O Q]k wO |kqD QO |ki= VvQm � wQ}v Q=Owtv "17 pmW
"QDt|r}t 100 ZQa

u=mtQ}}eD pO=at |}=yv Ctw=kt �30 pO=at u=mtQ}}eD �vy 'Q]k pw] Q}}eD
|xvwtv 3 u}ov=}t |va} WALL1;2;3 (avg) |=Q@ xm 'CU= s�=k |=DU=Q s}rUD
=@ xOW|R=Usw=kt Q=w}O |xvwtv 2 u}ov=}t |va} W-f-10 (avg) w Oy=W Q=w}O
FRP =@ xOW|R=Usw=kt Q=w}O |xvwtv W-f-20 w QDt|r}t 100 ZQa x@ FRP

xOWK}rUD Q=w}O |xvwtv 3 u}ov=}t W-R (avg) w |QDt|r}t 200 ZQa x@
"CU=

|xvwtv QO =yxWwo |v=WwBsy CtUk QO FRP uOWxOvm OwR Cra x@
xm OUQ|t Q_vx@ 'CU= xOW xvwtv u; |SQv= ?PH Vy=m Ea=@ xm 'W-f-10-1

"OwW|t l}ORv sy x@ G}=Dv |v=WwBsy pw] V}=Ri= CQwY QO
QO xOt;CUOx@ C=YNWt Q}=U w |DNU w Ctw=kt |=Q@ '6 pwOH Q}O=kt
"OwW|t pt=W =Q =yV}=tR; G}=Dv R= |}xOtaVN@ xm 'CU=yQ=w}O |=yQ]k |=DU=Q
pY=L G}=Dv |xYqN xm 'OyO|t u=Wv =Q =yQ=w}O pY=L G}=Dv u}ov=}t '7 pwOH
|WQ@ pwOt G '=yxvwtv Q@ OQ=w |}=yv |xOQ=w Q=@ Fv =yv; QO xm 'CU=yV}=tR; R=
Q]k QO x}rw= |DNU kC '=yQ]k QO |SQv= ?PH ẁtHt Q 'V}=tR; R= pY=L
ZQa T=U=Q@ s�=k |=DU=Q u=mtQ}}eD �h '|WWm Q]k QO x}rw= |DNU kt '|Q=Wi

"CU= |ki= |=DU=Q u=mtQ}}eD �v 'Q]k pw] Q}}eD w lQD
QO ?}DQD x@ =yQ=w}O Ctw=kt w |DNU G}=Dv |xU}=kt '19 w 18 |=ypmW QO
WALL =yu; QO xm 'CU= xOW xO=O u=Wv |rm Qw]x@ s�=k w |ki= |=yQ]k |=DU=Q
w QDt|r}t 100 ZQa x@ FRP =@ Q=w}O Q=Owtv W-F-10 w Oy=W Q=w}O Q=Owtv
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"=yQ=w}O |=Q@ xOt;CUOx@ G}=Dv Q}O=kt "6 pwOH
�v �h kt kC Q G Fv xvwtv

(mm) (mm) (kN/mm) (kN/mm) (N.m) (Mpa) (kN)

1 2 0 13 1178 97 88 102 5 463 56 123 WALL1

1 4 0 15 1242 114 101 318 85 135 WALL2

1 46 0 175 1329 148 112 504 32 160 WALL3

7 1 03 1131 101 5 642 8 280 118 9 W-f-10-1
12 72 2 135 706 49 62 1964 220 138 5 W-f-10-2
21 58 2 53 1324 126 8 3161 7 240 190 2 W-f-20
1 58 15 1115 5 108 1741 364 6 164 2 W-R-1
25 3 22 1098 106 3232 254 9 188 2 W-R-2

21 11 17 1107 2 116 3660 295 3 205 5 W-R-3

"=yQ=w}O V}=tR; G}=Dv |=Q@ u}ov=}t Q}O=kt "7 pwOH
�v �h kt kC Q G Fv xvwtv

(mm) (mm) (kN/mm) (kN/mm) (N.m) (Mpa) (kN)

1 35 0 151 1249 66 119 96 105 1 428 91 139 33 WALL1;2;3 (avg)

9 86 1 58 918 5 75 56 1303 250 128 7 W-f-10 (avg)

21 58 2 43 1324 126 8 3161 7 240 190 2 W-f-20
16 18 1107 110 2877 8 304 93 186 W-R (avg)

"CU= xDW=O V}=Ri= 'Oy=W Q=w}O x@ C@Uv |ki= Q]k QO VvQm u=R}t w
|xOwOLt u=mtQ}}eD � Q=@ |vLvt w CU= OQD ẁv R= =yxvwtv QO CUmW
K}rUD sOa CQwY QO =yxR=U u}= QO |Q}PBpmW xD@r= 'OQ=O |tm |Q}PBpmW
QO xm [29]'CU= R=Ht 1 5 =D |xv}W}@ u=R}t x@ '=y|L=Q] QO ACI530 j@=]t

"OQ=O KqY= x@ R=}v ?} Q[ u}= |R=Usw=kt w K}rUD CQwY

|Q}oxH}Dv "5
=yQ=w}O CUmW xm CU= XNWt pY=L u=mtQ}}eD � Q=@ Q=Owtv x@ xHwD =@ ��

"CU= sm u; Q}PBpmW |xOwOLt w OQD
OYQO 44 Q=w}O |Q]k VWm Ctw=kt u=R}t xOWK}rUD |=yQ=w}O VwQ QO ��
smCUO u; s}rUD u=mtQ}}eD x@ VR} QwQi R= p@k u=mtQ}}eD C@Uv w V}=Ri=
28 Q=Okt x@ |vLvt Q} R K]U x@ xHwD =@ |SQv= ?PH u=R}t w V}=Ri= Q@=Q@ 12
Q@ xwqa 'xrRrR QO xR=U s=HUv= ut[ QwmPt VwQ QO "CU= xDW=O V}=Ri= Q@=Q@
=ypwDit R= |[a@ xmr@ 'OR} Q|tv wQi ,qt=m O=} R |=yu=mtQ}}eD QO Q=w}O xmv}=

"OvwW|t xDN}Uo 'OUQ|t |v=QL@ OL x@ Q=@ xm |}=yOv@ QO
Q}}eD QDt|r}t 100ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O QO Q=w}OC}iQ_ ��
200 ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O QO =t= 'CU= xDW=Ov |v=OvJ
u=mtQ}}eD C@Uv u}vJty "CU= xDW=O Ctw=kt V}=Ri= OYQO 36 'QDt|r}t

200 ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O QO =t= 'CU= xDW=Ov |v=OvJ
xO=O u=Wv OwN R= Ctw=kt V}=Ri= '�36 pO=at 190 2 kN Q=Okt x@ 'QDt|r}t
ZQa x@ FRP =@ |=yQ=w}O QO |Q=Wi w |WWm |=yQ]k QO x}rw= |DNU "CU=
w |WWm |=yQ]k QO w xDW=O Vy=m OYQO 26 w 37 ?}DQD x@ QDt|r}t 100
OYQO 6 w 6 ?}DQD x@ QDt|r}t 200 ZQa x@ FRP =@ |=yQ=w}O QO |Q=Wi
u=mtQ}}eD C@Uv |xv}tm 'Q=w}O |WQ@ pwOt Vy=m ut[ QO "CU= xDW=O V}=Ri=
ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O u=UWm u=mtQ}}eD x@ VR} QwQi R= p@k
QO w Oy=W |=yQ=w}O Q@=Q@ 5 76 OwOL x@ |Q=Wi Q]k |=DU=Q QO QDt|r}t 100
|xv}tm w 'CU= xDi=} V}=Ri= Q@=Q@ 5 75 Q=Okt x@ smCUO |WWm Q]k |=DU=Q
xOW|R=Usw=kt |=yQ=w}O u=UWm u=mtQ}}eD x@ VR} QwQi R= p@k u=mtQ}}eD C@Uv
|=yQ=w}O Q@=Q@ 8 OwOL QO |Q=Wi Q]k |=DU=Q QO QDt|r}t 200 ZQa x@ FRP =@
"CU= xDi=} V}=Ri= Q@=Q@ 8 16 Q=Okt x@ smCUO |WWm Q]k |=DU=Q QO w Oy=W
=@ QDt|r}t 100 ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O |SQv= ?PH u=R}t
Q@=Q@ 12 Q=Okt x@ xm 'CU= xO}UQ 1303 N.m Q=Okt x@ |vLvt Q} R K]U x@ xHwD
ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O |SQv= ?PH u=R}t w xDW=O V}=Ri=
'CU= xO}UQ 3161 7 N.m Q=Okt x@ |vLvt Q} R K]U x@ xHwD =@ QDt|r}t 200
s} Q}o|t xH}Dv R}v |WvQm |=y|vLvt R= "CU= xDW=O V}=Ri= Q@=Q@ 31 Q=Okt x@ xm
w xO}UQ s}rUD OL x@ 120 kN Q=@ QO QDt|r}t 100 ZQa =@ FRP QO VvQm xm
33 4� 10�4 x@ |ki= Q]k QO w 41 7� 10�5 x@ s�=k Q]k QO VvQm u} QDW}@
CU= 0 002 QF-wt Q=Okt x@ FRP VvQm uO}UQ Qov=}@ Q}O=kt u}= xm 'CU= xO}UQ
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xOw@ 33 4� 10�4 Q@=Q@ w s�=k VvQm |Q@=Q@ u}L QO Oy=W |=yQ=w}O Q@=Q@ 15
"CU= xO}UQ 0 002 Q=Okt x@ FRP QF-wt VvQm Q@=Q@ 1 5 x@ xm 'CU=

QmWD w Q}OkD
l@U uD@ |=ylwr@ uO=OQ=Qk Q=}DN= QO Qw_vt x@ =Q; T}r}U CmQW R= xr}Uw u}O@
|}=HQ O}yW Q}@O C}@ QD x=oWv=O |WywSB Cvw=at R= w T}r}U Cqt w Q=O=wy
s=Hv= QO x=oWv=O u}= |xrRrR w xR=U x=oW}=tR; u=vmQ=m w |O=t |=yC}=tL CyH

"OwW|t |v=OQOk w QmWD p=tm =yV}=tR;

x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O u=UWm u=mtQ}}eD x@ VR} QwQi R= p@k
|=yQ=w}O QO w xDi=} V}=Ri= Q@=Q@ 5 75 Q=Okt x@ smCUO QDt|r}t 100 ZQa
'|Q=Wi Q]k |=DU=Q QO QDt|r}t 200 ZQa x@ FRP =@ xOW|R=Usw=kt
|SQv= ?PH u=R}t w "CU=xDi=} V}=Ri= Oy=W |=yQ=w}O Q@=Q@ 8 OwOL smCUO
K]U x@ xHwD =@ QDt|r}t 100 ZQa x@ FRP =@ xOW|R=Usw=kt |=yQ=w}O
FRP =@ xOW|R=Usw=kt |=yQ=w}O |SQv= ?PH u=R}t w Q@=Q@ 12 8 |vLvt Q} R
"Ov=xDW=O V}=Ri= Q@=Q@ 21 '|vLvt Q} R K]U x@ xHwD =@ QDt|r}t 200 ZQa x@
|v=QL@ |x}L=v |va} Q]k wO |kqD QO s�=k |=DU=Q QO VvQm u} QDW}@ Q=Okt ��
'|ki= Q]k QO |oDN}Uo |x_Lr QO QDt|r}t 100 ZQa x@ FRP |=yQ=w}O

=yCWwv=B
1. autoclaved aerated concrete
2. strain gauge
3. load cell
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