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?} Q[ k5 &h=}r= ẁv QF= ?} Q[ k4 &QwD=tQ; |xR=Ov= QF= ?} Q[ k3 &uD@ |r=oJ QF=
QwD=tQ; RmQt =D uD@ |HQ=N K]U u}@ |xrY=i u} QDtm dcs &QwD=tQ; |Qy=_ K]U QF=
Q@=Q@ 2 5 R= O}=@v w 'CU= xOW xrYw |=yQwD=tQ; RmQt =D RmQt |xrY=i swU wO w

"OwW QDW}@ db

xrYw |@v=H QwD=tQ; uwO@ |=yxvwtv "1"4
|y=oW}=tR; |oDUw}B Ctw=ktC@Uv Q=}at h=QLv= w u}ov=}t '3 pwOH 4 uwDU QO
|=yxvwtv |=Q@ (utest=u(4)) 4 |x]@=Q ltm =@ xOWx@U=Lt |oDUw}B Ctw=kt x@
[14]|r; [9]'G=}vw@= w |rH=Qy [2]'u=Q=mty w |rRwt |xrYw |@v=H QwD=tQ; uwO@
w �0 03'0 60� '�0 11'0 05� '�0 11'0 76� Q}O=kt ?}DQD x@ u=oOvU} wv w
'OQ=wt |xty QO 'OwW|t x_Lqt xm Qw]u=ty "CU= xOt; CUO x@ �0 52'0 86�
QwD=tQ; uwO@ |=yxvwtv |oDUw}B Ctw=kt Q=Okt [4] ACI 440 1R-06 |x]@=Q
|y=oW}=tR; |=yxvwtv|NQ@ QO xm |Qw] x@ "OvR|tu}tND q=@CUO =Q xrYw|@v=H
Q@=Q@ wO OwOL xOWx@U=Lt |oDUw}B Ctw=kt u}ov=}t Q=Okt �[3]G=}vw@= w |rH=Qy�

"CU= |y=oW}=tR; u}ov=}t Q=Okt
OwHwt V}=tR; G}=Dv w [9] CAN/CSA-S806-02 |x]@=Q |xU}=kt G}=Dv
Q=Okt "CU= xOW x�=Q= 3 pwOH 5 uwDU QO xrYw |@v=H QwD=tQ; uwO@ |=yxvwtv |=Q@
|@v=H QwD=tQ; uwO@ |=yxvwtv |=Q@ utest=u(5) C@Uv Q=}at h=QLv= w u}ov=}t
?}DQD x@ u=oOvU} wv w [14]|r; [3]'G=}vw@= w |rH=Qy [2]'u=Q=mty w |rRwt |xrYw

?r]t u}= "CU= xOt; CUO x@ 1 22 w 1 17 ?}DQD x@ xvwtv wO u}= |Q}PBpmW
'O=} R |xrY=i x@ xrYw |@v=H QwD=tQ; Qw[L =yxvwtv u}= QO xm OyO|t u=Wv
V}=Ri= ?@U |R}J=v Q=Okt x@ \ki w OQ=Ov u=mtQ}}eD � Q=@ Q=DiQ QO |v=OvJ Q}F-=D
=@� S10-40-NS |xrYw uwO@ |xvwtv x@ C@Uv =yxvwtv u}= "OwW|t |Q}PBpmW
CU= OQD =yxvwtv u}= Q=DiQ um}r "OvDUy QDQ}PBpmW �1 14 |Q}PBpmW XN=W
x_Lqt 7 pmW QO Qo}O hQ] R= "OwW|tv xOQw;Q@ |Q}PBpmW |rm \@=w[ w
- |xrYw uwO@ |xvwtv x@=Wt |Q=DiQ |=Q=O S10-40-S21 |xvwtv xm OwW|t
|xrY=i x@ xrYw |@v=H QwD=tQ; |=Q=O S10-40-S21 |xvwtv "CU= S10-40NS

"CU= xOt; CUO x@ 1 24 xvwtv u}= |Q}PBpmW XN=W "CU= QDt|r}t 21
21 u=R}t x@ |@v=H |=yQwD=tQ; |xrY=i Vy=m =@ xm CiQo xH}Dv u=wD|t u}=Q@=v@
xOW|W=BxU=t |=yQwD=tQ; R= xOWxDN=U |=yxvwtv u=mtQ}}eD � Q=@ Q=DiQ 'QDt|r}t
|Q}PBpmW XN=W |xU}=kt p=L u}= =@ "OwW|t xrYw uwO@ |xvwtv Q=DiQ x@=Wt
QwD=tQ; Qw[L xm OyO|t u=Wv xOW|W=BxU=t |=yQwD=tQ; x@ KrUt |=yxvwtv
QO xHwD p@=k |xDmv "OQ=Ov =yxvwtv |Q}PBpmW QO |}x_Lqt p@=k Q}F-=D |@v=H
XN=W xm CU= u}= xOW|W=BxU=t |=yQwD=tQ; R= xOWxDN=U |=yxvwtv XwYN
xrYw uwO@ |=yxvwtv |Q}PBpmW XN=W x@ C@Uv Q=OxrYw |=yxvwtv |Q}PBpmW
pmW 'CU= xOW xO=O u=Wv 2 pwOH w 3 pmW QO xm Qw]u=ty "CU= QDW}@
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yt|
v=WN

Qxr
r=Qyt \@=w[ w xrYw |@v=H QwD=tQ; =@ |=yxvwtv V}=tR; G}=Dv |xU}=kt "4 pwOH

"|}xt=vu}};
�1� �2� �3� �4� �5�
`HQt Beam K]U�

utest=u(4) utest=u(5)No. |Qy=_

[14]

6G50N-A8 SC 0 79 0 65
G70N-A96 SC 0 80 0 58
G80N-A106 SC 0 87 0 60
G110N-A116 SC 0 74 0 46
G70L-A256 SC 0 72 0 52
G70N-A266 SC 0 80 0 58
G70M-A276 SC 0 91 0 65

G70N-KW286 SC 0 70 0 67
G70N-FX296 SC 0 81 0 77
G70N-KX306 SC 0 80 0 58
G70N-PX316 SC 0 70 0 50
G70N-KY326 SC 0 89 0 64
G70N-KY336 SC 0 77 0 55

u}ov=}t 0 79 0 60
Q=}at h=QLv= 0 07 0 08

[10]

A460-1 Wrapped 0 91 0 67
A460-2 Wrapped 0 94 0 68
A540-1 Wrapped 0 65 0 45
A540-2 Wrapped 0 87 0 60
B-675-1 Wrapped 0 82 0 58
B-675-2 Wrapped 0 82 0 58
B-870-1 Wrapped 0 69 0 45
B-870-2 Wrapped 0 75 0 49

u}ov=}t 0 81 0 56
Q=}at h=QLv= 0 10 0 09

[3]

R1 25L20-C Grooved 0 75 1 00
T1 25L20-C Th-W 0 35 0 45

T2L20-C Th-W 0 42 0 36
u}ov=}t 0 51 0 60

Q=}at h=QLv= 0 21 0 35

u=oOvU} wv

R16-40-S150 Ribbed 0 72 1 15
R16-40-S100 Ribbed 0 94 1 50
R16-40-S50 Ribbed 1 16 1 86
R12-40-S150 Ribbed 1 11 1 77
R12-40-S100 Ribbed 1 32 2 11
R12-40-S50 Ribbed 1 60 2 55
R12-70-S150 Ribbed 0 81 1 30
R12-70-S100 Ribbed 1 00 1 59
R12-70-S50 Ribbed 1 29 2 06
S10-40-S80 SC 1 24 1 21
S10-40-S22 SC 1 37 1 33
S16-40-S55 SC 0 57 0 81

u}ov=}t 1 09 1 54
Q=}at h=QLv= 0 27 0 46

� SC=Sand Coated, Th-W=Thread Wrapped

\@=w[ =@ xrYw |@v=H QwD=tQ; uwO@ |=yxvwtv V}=tR; G}=Dv xU}=kt "3 pwOH
"|}xt=vu}};

�1� �2� �3� �4� �5�
`HQt Beam K]U�

utest=u(4) utest=u(5)
No. |Qy=_

[2]

B-G1-3 W-SC 0 82 0 72
B-G2-3 Ribbed 0 78 0 69
B-A-3 Ribbed 0 88 0 78
B-A-1 Ribbed 0 89 0 89
B-A-2 Ribbed 0 65 0 80

B-G1-1 W-SC 0 85 0 81
B-G2-1 Ribbed 0 73 0 69
B-G1-2 W-SC 0 60 0 71
B-G2-2 Ribbed 0 64 0 79

u}ov=}t 0 76 0 76
Q=}at h=QLv= 0 11 0 07

[3]

R1 25L15 Ribbed 0 55 0 88
R1 25L20 Ribbed 0 58 0 80

R2L15 Ribbed 0 55 0 63
R2L20 Ribbed 0 65 0 64

R1 25L30 Ribbed 0 48 0 54
T1 25L15 Th-W 0 53 0 66
T1 25L20 Th-W 0 31 0 38

T2L15 Th-W 0 50 0 44
T2L20 Th-W 0 32 0 28

u}ov=}t 0 50 0 58
Q=}at h=QLv= 0 11 0 19

[14]

6G70z-A23 SC 0 62 0 45
6G70z-A22 SC 0 58 0 41

u}ov=}t 0 60 0 43
Q=}at h=QLv= 0 11 0 19

u=oOvU} wv
R16-40-NC Ribbed 0 49 0 78
S10-40-NC SC 1 23 1 2

u}ov=}t 0 86 0 99
Q=}at h=QLv= 0 52 0 29

� W-SC=Wrapped | Sand Coated, SC=Sand Coated,

Th-W=Thread Wrapped

CUO x@ �0 29'0 99� w �0 03'0 43� '�0 19'0 58� '�0 07'0 76� Q}O=kt
[9] CAN/CSA-S806-02 |x]@=Q 'OwW|t x_Lqt xm Qw]u=ty "CU= xOt;
QO w q=@ CUO =Q xrYw |@v=H QwD=tQ; uwO@ |=yxvwtv |oDUw}B Ctw=kt Q=Okt

"OvR|t u}tND O=} R |oOvm =QB =@ �Q=DWwv u}= G}=Dv� OQ=wt |NQ@

xrYw |@v=H QwD=tQ; |=Q=O |=yxvwtv "2"4
|=yxvwtv |=Q@utest=u(4) C@Uv Q=}ath=QLv= wu}ov=}t Q=Okt '4 pwOH4uwDU QO
[3]G=}vw@= w |rH=Qy [10]'u=Q=mty w CQ=k}D [14]'|r; |xrYw |@v=H QwD=tQ; |=Q=O

21



"""|
Qt}r

B|
=yQw

D=tQ;
u}@

|o
DUw

}B|
y=o

W}=t
R;|

UQQ
@|=yQwD=tQ; x@ KrUt |=yQ}D QO w OwW|t |oDUw}B Ctw=kt V}=Ri= Ea=@

"Ovm|tv O=H}= |oDUw}B Ctw=kt QO |yHwD p@=k Q}}eD xOW|W=BxU=t
Ea=@ xOW|W=BxU=t |=yQwD=tQ; R= xOWxDN=U |=yxvwtv QO xrYw|@v=H QwD=tQ; "2
|=yxvwtv QO "OwW|t |oO}WmuwQ}@ x@ Ci=mW Cr=L R= CUmW pmWQ}}eD
V}=Ri= Ea=@ uD@ uwQO R= =yQwD=tQ; VRer '|oO}WmuwQ}@ CUmW pmW |=Q=O
Qw[L Q=OG; |=yxvwtv QO "OwW|t xrYw uwO@ |xvwtv x@ C@Uv |Q}PBpmW
Q}D |v=DLD CtUk x@ Ci=mW |=ylQD uOWOwOLt Ea=@ xrYw |@v=H QwD=tQ;

"OwW|t
l} ACI 440 1R-06 w CAN/CSA-S806-02 |}xt=vu}}; \@=w[ "3
x@ "Ovvm|tv x�=Q= Q=OxrYw |Q}D |=yxvwtv |oDUw}B Ctw=kt R= |k]vt OQw;Q@
uwO@ |=yxvwtv QO |}xt=vu}}; \@=w[ R= pY=L |D=@U=Lt G}=Dv xm |Qw]
xDU@ xrYw |@v=H QwD=tQ; |=Q=O |=yxvwtv QO w q=@ CUO 'xrYw |@v=H QwD=tQ;
"OvwW|t OQw;Q@ u}}=B CUO =} q=@ CUO 'QwD=tQ; |Qy=_ K]U C=YNWt x@

QmWD w Q}OkD
u}t-=D OyWt jQW u=t}U |=yxOQw;Qi CmQW \UwD KQ] u}= |=yxv} Ry R= |WN@
pQDvm pw�Ut 'CmQW u}= C} Q}Ot |xv=t}tY |Q=mty R= u=oOvU} wv "CU= xOW

"Ovvm|t |v=OQOk 'uD@ C}i}m

s�qa CUQyi
&xOWxrYw |WWm QwD=tQ; l} `]kt K]U %Af

&QwD=tQ; |@v=H VWwB %Cx
&QwD=tQ; |v=DLD VWwB %Cy
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w |rH=Qy w [11]'u=Q=mty w CQ=k}D [14]'|r;� =Q =yxvwtv Q}=U w O=} R |oOvm =QB =@

"OvR|t u}tND q=@ CUO '�[3]G=}vw@=
utest=u(5) C@Uv Q=}at h=QLv= w u}ov=}t Q=Okt '4 pwOH 5 uwDU QO
[10]'u=Q=mty w CQ=k}D '[14]|r; |xrYw |@v=H QwD=tQ; |=Q=O |=yxvwtv |=Q@
'�0 09'0 56� '�0 08'0 60� Q}O=kt ?}DQD x@ u=oOvU} wv w [3]G=}vw@= w |rH=Qy
'OwW|t x_Lqt xm Qw]u=ty "CU= xOt; CUOx@ �0 46'1 54� w �0 35'0 60�
QwD=tQ; |Qy=_ K]U C=YNWt x@ xDU@ [9] CAN/CSA-S806-02 |x]@=Q
xOW x�=Q= 4 pwOH 3 uwDU QO =yxvwtv R= l} Qy |Qy=_ K]U C=YNWt�
q=@ CUO =Q xrYw |@v=H QwD=tQ; |=Q=O |=yxvwtv |oDUw}B Ctw=kt Q=Okt '�CU=
|oOvm =QB =@ u}}=B CUO =} �[3]G=}vw@= w |rH=Qy [10]'u=Q=mty w CQ=k}D [14]'|r;�

"OvR|t u}tND �Q=DWwv u}= |=yxvwtv� O=} R
w [4] ACI 440 1R-06\@=wQ xmCiQoxH}Dv u=wD|t'OW u=}@ xJv; x@xHwD =@
xrYw |@v=H QwD=tQ; uwO@ |=yxvwtv Cr=L wO Qy QO [9] CAN/CSA-S806-02
|=yxvwtv QO =Q QwD=tQ; w uD@ u}@ |oDUw}B Ctw=kt 'xrYw |@v=H QwD=tQ; |=Q=O w
FRP |=yQwD=tQ; R= xO=iDU= |=Q@ u}=Q@=v@ "Ovm|tv |v}@V}B |@ wNx@ Q=OxrYw |Q}D
|m} "OwW x�=Q= =yv; |=Q@ |O}OH |L=Q] \@=wQ O}=@ Q=OxrYw |xtQ;uD@ |=yQ}D QO
FRP |=Q@ |Oqwi KrUt |=yxR=U |}xt=vu}}; \@=wQ KqY= '=yVwQ u} QDxO=U R=

[15]"CU=

|Q}oxH}Dv "5
|oDUw}B Q=DiQ QO QF-wt syt |=yQDt=Q=B QF= |UQQ@ hOy =@ |y=oW}=tR; |xt=vQ@ u}=
uD@ |Q=Wi Ctw=kt 'QwD=tQ; Q]k 'xrYw |@v=H QwD=tQ; %Ovv=t GFRP |=yQwD=tQ;
u}= |y=oW}=tR; VN@ QO "CU= xOW s=Hv= QwD=tQ; |Qy=_ K]U C=YNWt w
V}=tR; w xDN=U GFRP |=yQwD=tQ; x@ KrUt Q=OxrYw |Q}D |xvwtv 15 'VywSB
OwHwt |=yx]@=Q 'u=QoWywSB Q}=U |=yV}=tR; G}=Dv w G}=Dv u}= ltm x@ "OW
w |UQQ@ OQwt ACI 440 1R-06 w CAN/CSA-S806-02 |=yxt=vu}}; QO

%OW pY=L G}=Dv u}= 'xar=]t u}= T=U= Q@ "CiQo Q=Qk |@=} RQ=
x@ KrUt Q=OxrYw |Q}D |=yxvwtv |oDUw}B Ctw=kt QO |@v=H QwD=tQ; Q}F-=D "1
x@ "CU= xDU@=w QwD=tQ; |Qy=_ K]U C=YNWt x@ GFRP |=yQwD=tQ;
Q=OG; |=yQwD=tQ; x@ KrUt Q=OxrYw |=yQ}D QO xrYw |@v=H QwD=tQ; xm |Qw]

=yCWwv=B
1. �ber reinforced polymer rebar
2. glass �ber reinforced polymer

3. ribbed
4. sand coat
5. splitting
6. pull-out
7. load cell
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