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q=@ sm =QD =@ |=xW}W h=}r= R= xDyH wO w xDyH l} |=yVt� hrDNt |=yCi=@
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xLiY R= GQ=N Q=@ uwO@ |Q=PoQ=@ pw= xNQJ 'u=mt Q}}eD xvt=O Qy QO xm CU=
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92



4|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt xiQ]wO Vt =@ xOW C}wkD w xOW |R=U=OH xvwtv %swU xvwtv "3"3"2

TRC

x@ 'pt=m CN=U R= TB "CU= xOW xDN=U 1 xQ=tW xvwtv Ovv=ty 'Q=w}O xvwtv u}=
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CQwYx@ [26]VywSB QO xr=Ut u}= "OW=@|tv |=xR=U Q}e |=yOQ@ Q=m QO XwYN
u=Wv G6 pmW QO 3 xQ=tW xvwtv |rm |=tv "CU= xDiQo Q=Qk |@=} RQ= OQwt pt=m

"CU= xOW xO=O
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"|i=}r= Vt =@ xOW C}wkD 3 xQ=tW xvwtv "6 pmW
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lwr@ Q=w}O |=yDv= =D ?}DQD u}ty x@ "OW |Q=Po}=H Q=w}O w uwDU u}@ |=[i QO
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|rm |=tv "CU= xOW x}@aD Q=w}O CtU wO Qy w hQ] wO Qy QO |w=Ut pY=wi QO
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xm@W 'OW s=Hv= |v}J lwr@ pw= h}OQ wO xmv}= R= TB "OW=@ xDW=O OwHw uwDU
"OW =QH= u; |wQ Q@ u=t}U xU=t Cqt w OW x}@aD QDt|r}t 4 Q]k x@ QDU@ OQor}t
OQor}t xm@W R= h}OQ wO Qy QO w s=Hv= |v}J lwr@ Q=w}O |=yDv= =D ?}DQD u}ty x@
|=[i QDt|r}t 30 Q=w}O |q=@ QN; h}OQ QO "OW xO=iDU= Q=w}O K}rUD CyH QDU@
x@ 6 xQtv |W@v OOa wO 'Q=w}O xLiY R= GQ=N Q=yt CyH w OW xDiQo Q_vQO |r=N
2 xQ=tW xvwtv |rm |=tv "OW x}@aD |v=}t swU l} pY=wi QO QDt|r}t 100 pw]
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"QDU@ OQor}t =@ xOW C}wkD 2 xQ=tW xvwtv "5 pmW

93



u=Q=
mty

w|
kR=Q

O}L
w/

"""|
}=v@

|=y
Q=w}O

|=
xNQ

JQ
=DiQ

|y=
oW}

=tR;
xar=]

t
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R� =
�1 1R


0

�
� 1 3! R� = 1 3 (5)

&2800 OQ=Ov=DU= j@] xR=U Q=DiQ ?} Q[ : R

"2800 OQ=Ov=DU= j@] xR=U |=Q@ Ctw=kt xi=[= ?} Q[ : 
0
|ki= CQwYx@ wQ}v u}= w OW xO=iDU= |@ QU C=a]k R= Q=@ u}= p=ta= |=Q@
C=}�RH j@=]t `@ Qt QDt|r}t 1500 QO 1500 O=a@= x@ pmW `@ Qt xOwOLt QO
pmDwQB j@=]t xLiY pN=O |Q=PoQ=@ "OW p=ta= Q=w}O \Uw QO hr=8 pmW
Q}}eD \UwD xOvwW pQDvm CQwYx@ |Q=PoQ=@ u}= xm xOW p=ta= ?8 pmW |Q=PoQ=@
|@v=H |Q=PoQ=@ xNQJ 23 O=OaD 'xLiY pN=O |Q=PoQ=@ |wor= QO "OW=@|t u=mt
�0=1 |@v=H |@Uv u=mtQ}}eD R= =yxNQJ u}= w OW xDiQo Q_v QO xOvwW Twmat
wO |Q=PoQ=@ xNQJ Qy "OQm =O}B xt=O= OYQO �4 |@Uv u=mtQ}}eD =D w ẁQW OYQO
xLiY R= GQ=N Q=@ x=Qty x@ xLiY pN=O Q=@ 'OQi |=yxNQJ QO xm OW Q=QmD Q=@
|Q=PoQ=@ "OW p=ta= xvwtv x@ xLiY pN=O Q=@ =yvD GwR |=yxNQJ QO w OW p=ta=
Kr=Yt Ctw=kt V}=Ri= QF= =D OW s=Hv= u}}=B Q=}U@ CaQU =@ =yxvwtv x@ xOW p=ta=
|m}D=DU= x@W VwQ s=v x@ V}=tR; VwQ u}= "OW=@ xDW=Ov |Wkv =yxvwtv MU=B QO

"OwW|t xDN=vW

EL@ w G}=Dv "3
"CiQo Q=Qk |UQQ@ OQwt Q} R G}=Dv 'xOW s=Hv= C=W}=tR; R= pY=L C=aq]= T=U=Q@

|=xNQJ Q=DiQ "1"3
"CU= xOW xO=O u=Wv 9 pmW QO =yxvwtv T} RQDU}y Q=Owtv

uw@l@ |vLvt "2"3
"CU= xOW xO=O u=Wv 10 pmW QO 3 w 2 xQ=tW |=yxvwtv 9uw@l@ |vLvt
0=2 |@Uv |}=Hx@=H =D =yvD �1 xQ=tW xvwtv� Oy=W xvwtv |Q=PoQ=@ 'G}=Dv T=U=Q@
u=mtQ}}eD w |@=QN Q=JO xvwtv '|@Uv |}=Hx@=H u}= QO w Ci=} xt=O= OYQO
R= TB V}=tR; xt=O= u=mt= |@=QN COW p}rO x@ xm OW xLiY R= GQ=N O=} R
'�QDU@ OQor}t =@ xOW C} wkD xvwtv� 2 xQ=tW xvwtv QO "CW=Ov OwHw xrLQt u}=

|Q=PoQ=@ pmDwQB "5"2
"OvW=@|t xLiY pN=O w xLiY R= GQ=N |=yQ=@ pt=W Q=w}O x@ xOQ=w |=yQ=@
xNQJ wO u; xvt=O Qy xm OW=@|t |=xNQJ CQwYx@ Q=w}O xLiY pN=O |Q=PoQ=@
Q=@ =OD@= 'OQi |=yxNQJ QO xm OW ?=NDv= |=xvwo x@ |Q=PoQ=@ "CU= xOW Q=QmD
GQ=N Q=@ Qw[L QO xLiY pN=O Q=@ u; R= TB w xOW p=ta= xLiY R= GQ=N
=yvD 'GwR |=yxNQJ QO "OW p=ta= CWoQ@ w CiQ xNQJ CQwYx@ xLiY R=
|wQ Q@ xrRrR QF= Cr=L xU Qy '`k=w QO "OW p=ta= xvwtv x@ xLiY pN=O Q=@
QO xrRrR |wQ}v QF= '|}=yvD x@ Q=w}O |=DU=Q QO xrRrR |wQ}v QF= %R= OvDQ=@a xm Q=w}O
xDiQo Q=Qk |UQQ@ OQwt Qo}Om} =@ wO u}= u=t=wD QF= w |}=yvD x@ Q=w}O Q@ Owta |=DU=Q

"CU=
\@=w[ j@=]t xm OW=@|t Q=w}O Q@ OQ=w xrRrR pO=at Q=@ 'xLiY R= GQ=N Q=@
Q} R \@=wQ R= xO=iDU= =@ w [27] ASCE7�2022 |=xR=U Q}e |=RH= |=xRQr |L=Q]

"CU= xOW xDiQo Q_v QO uDw}vwr}m 9 =@ Q@=Q@ w xOW x@U=Lt

FP = 0 4A(1 + S)WP IP (Hf
R�

)(CAR
Rpo

)

= 0 4� 0 35� (1 + 2 5)� 1623
�9 81� 1� (2 25

1 3 )� ( 1
1 5 )

�= 9000N = 9kN (1)

FP min = 0 3A(1 + S)WP IP

= 0 4� 0 35� (1 + 2 5)� 1623� 9 81� 1
�= 5850N = 5 85kN (2)

FP max = 1 6A(1 + S)WP IP

= 1 6� 0 35� (1 + 2 5)� 1623� 9 81� 1
�= 31200N = 31 2kN (3)

:q=@ \@=wQ QO xm
&xrRrR |@v=H |wQ}v : FP

&xrRrR |@v=H |wQ}v pk=OL : FPmin
&xrRrR |@v=H |wQ}v QFm =OL : FPmax

&x}=B ?=DW : A

&|i}] ?=DW ?} Q[ : S

&RH C}ty= ?} Q[ : Ip

&|Q=OQ@xQy@ u=tR QO u; C=} wDLt =@ x=Qty |=xR=UQ}e RH uRw : WP

OW=@|t x}=B R=QD R= RH sQH RmQt `=iDQ= R= |a@=D xm wQ}v |}=tvnQR@ ?} Q[ : Hf
"OwW|t x@U=Lt 4 x]@=Q T=U=Q@ xm

"OwW|t x@U=Lt 5 x]@=Q T=U=Q@ xm |Q}PBpmW R= |W=v Vy=m ?} Q[ : R�
"RH QFm =OL ?=DW x@ x}=B ?=DW QFm =OL p}O@D |=Q@ O}OWD ?} Q[ : CAR

Hf = 1 + 2 5
�
Z
H

�
= 1 + 2 5

�1
2
�

= 2 25 (4)

&x}=B R=QD R= u=tDN=U s=@ \UwDt `=iDQ= : Z

"x}=B R=QD x@ ?Uv |=xR=U Q}e RH p=YD= pLt `=iDQ= : H
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1. Fiber Reinforced Polymers (FRP)
2. Textile Reinforced Concrete (TRC)
3. Textile Reinforced Mortar (TRM)
4. Fiber Reinforced Cementitious Matrix (FRCM)
5. Inorganic Matrix Grid (IMG)
6. Manually
7. Sprayed
8. Multi�lament
9. Backbone Curve
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