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(cm) 8 xQtv R= (cm) u}}=B (cm) q=@ (cm) (cm)

7 5 10 20 45 40 1
7 5 11 22 45 40 2
7 5 10 20 40 40 3
7 5 8 16 40 40 4
7 5 7 11 40 40 5
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|=yQ}D '=ypOt |x}rm QO [21]"CU= xOW|L=Q] CSA A23 3-04|vD@ |=yxR=U
?=k w 2 4 T/m =@ Q@=Q@ ,=awtHt 'hm w Q=w}O |xOQDUo Q=@ CLD '|@v=H |=y?=k
V}=Q} w |=v@t Q@ xrRrR |Q=PoQ=@ "OQ=O Q=Qk 3 5 T/m |xOQDUo Q=@ CLD |v=}t
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="hrDNt |=ypOt QO =yuwDU C=YNWt "2 pwOH
Cwt

=N h=b = 1 5 h=b = 1 25 h=b = 1 0 h=b = 0 75 h=b = 0 5

xk@] C}a
kwtQwD=tQ; ZQa pw] QwD=tQ; ZQa pw] QwD=tQ; ZQa pw] QwD=tQ; ZQa pw] QwD=tQ; ZQa pw]

(cm2) (cm) (cm) (cm2) (cm) (cm) (cm2) (cm) (cm) (cm2) (cm) (cm) (cm2) (cm) (cm)

T
8@

12
 5

23 33 2 49 8 25 38 1 47 6 25 45 45 28 55 8 41 9 30 75 1 37 8 1

uwDU10 33 2 49 8 12 38 1 47 6 12 45 45 14 55 8 41 9 16 75 1 37 8 2

|Q=vm10 29 5 44 3 11 33 8 42 3 10 40 40 12 49 6 37 2 16 67 3 33 6 3
10 29 5 44 3 11 33 8 42 3 10 40 40 12 49 6 37 2 16 67 3 33 6 4
10 29 5 44 3 11 33 8 42 3 10 40 40 12 49 6 37 2 16 67 3 33 6 5

T
8@

12
 5

30 33 2 49 8 25 38 1 47 6 29 45 45 30 55 8 41 9 33 75 1 37 8 1

uwDU15 33 2 49 8 15 38 1 47 6 17 45 45 18 55 8 41 9 20 75 1 37 8 2

|v=}t12 29 5 44 3 12 33 8 42 3 14 40 40 15 49 6 37 2 17 67 3 33 6 3
11 29 5 44 3 10 33 8 42 3 12 40 40 13 49 6 37 2 14 67 3 33 6 4
8 29 5 44 3 8 33 8 42 3 8 40 40 9 49 6 37 2 11 67 3 33 6 5

"MU=B K]U VwQ j@] sRq |=yR}r=v; "3 pwOH
4 pt=a 3 pt=a 2 pt=a 1 pt=a h}OQ
D : Spc: C : long: B : Co A : h=b

1 1 1 1 0 875 0 75 1
1 1 0 75 0 5 2

1 1 0 9 0 875 0 75 3
1 1 0 75 1 5 4
1 1 0 75 1 5

0 8 1 0 75 1 6
0 9 1 1 0 625 1 25 7
1 0 8 0 75 1 8

0 9 0 9 0 875 1 25 9
1 1 1 1 0 875 1 25 10
1 1 1 1 11

0 9 0 9 0 625 0 75 12
0 9 0 9 0 875 0 75 13
0 9 1 1 0 625 0 75 14
1 1 2 0 75 1 15
1 1 0 625 1 16

0 9 1 1 0 875 0 75 17
1 1 1 1 0 625 0 75 18
1 1 0 9 0 625 0 75 19
1 1 0 9 0 625 1 25 20
1 1 1 1 0 625 1 25 21
1 2 1 0 75 1 22
1 1 0 9 0 875 1 25 23
0 9 0 9 0 625 1 25 24
0 9 1 1 0 875 1 25 25

C@Uv D =} 4 pt=a "OQ}o|t Q@ QO =Q 1 2 =D 0 8 Q}O=kt xm 'CU= 2 pwOH j@]
Q}eDt u}= xm 'CU= 2 pwOH j@] sRq Cwt=N |xrY=i x@ OwHwt Cwt=N |xrY=i

"Ovm|t Q}}eD 1 2 =D 0 8 u}@ R}v

|]NQ}e p}rLD "4"2
u}DUNv xm IDARC |}xv=}=Q |xt=vQ@ R= |]NQ}e p}rLD s=Hv= |=Q@VywSB u}= QO
Oa@ |=yp=U QO TBU w u} wOD =yxR=U |]NQ}e R}r=v; |=Q@ 1987 p=U QO Q=@
Q=DiQ |R=UpOt QO xS} w Qw]x@ QwmPt Q=Ri=sQv "CU= xOW xO=iDU= 'xOW xO=O xaUwD
|x@U=Lt QO |Ovtv=wD 'u; |=y|oS} w R= w CU= Ot;Q=m xtQ;uD@ |=yxR=U |]NQ}e
T=U=Q@ 'Q=Ri=sQv u}= sQ=yJ V}=Q} w QO [25]"CU= nv= w lQ=B |@=QN XN=W
CU= xOW s=Hv= |O=} R C=LqY= |y=oW}=tR; |=yVywSB |=yOQw=DUO u} QN;

[22]"OQ=O |y=oW}=tR; G}=Dv =@ |@ wN j=@]v= u; G}=Dv 'p}rO u}ty x@ w
Q=@ CLD w |R=UpOt IDARC Q=Ri=sQv =@ '3 pwOH QO xOW|iQat pOt 25
=yv; |wQ |]NQ}e R}r=v; '3 pmW j@=]t |DWoQ@ w CiQ |@v=H |}=Hx@=H w |rkF

"CU= xOW s=Hv=

|}xR=U p}rLD G}=Dv "3
QN; |xk@] |}=Hx@=H ?UL Q@ x}=B VQ@ |vLvt "1"3

QN; |xk@] |}=Hx@=H ?UL Q@ x}=B VQ@ T} RQDU}y |vLvt '=ypOt |x}rm |=Q@
xO=O u=Wv 4 pmW QO u; R= xvwtv l} xm 'CU= xOt; CUO x@ u; VwB w s}UQD

"CU= xOW
|=Q@ s=@ u=mtQ}}eD ?UL Q@ x}=B VQ@ |vLvt VwB '8 |r= 5 |=ypmW QO
QO xm Qw]u=ty "CU= xOW s}UQD |}=yvD x@ xv=o 4 pt=wa R= l} Qy |xU}=kt
C@Uv Vy=m =@ sy w ZQa x@ pw] C@Uv V}=Ri= =@ sy 'OwW|t x_Lqt 5 pmW
p}mWD |QDnQR@ T} RQDU}y |=yxNQJ pmW`@ Qt Cr=L x@ C@Uv 'ZQa x@ pw]
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"""w
u=yH

|ra
'u}O

r=Q}N
|ra

hrDNt |=yC@Uv |=Q@ s=@ u=mtQ}}eD ?UL Q@ x}=B VQ@ |vLvt VwB "7 pmW
"|rw] QwD=tQ;

hrDNt |=yC@Uv |=Q@ s=@ u=mtQ}}eD ?UL Q@ x}=B VQ@ |vLvt VwB "8 pmW
"=yCwt=N |xrY=i

Ctw=kt V}=Ri= Ea=@ xm 'CU=yxvwtv u}= QO =yuwDU |rw] |=yQwD=tQ; Qovr |wR=@
"OwW|t QwmPt |=yuwDU |WtN

'|oOWQwYLt ?} Q[ Vy=m =@ xJQo = xm OwW|t x_Lqt 6 pmW QO
T} RQDU}y |=y|vLvt VwBum}r 'OwW|tpY=L |QDnQR@T} RQDU}y |=yxkrL
QO `k=w QO "OvDUy j@]vt sy Q@ ,=@} QkD '�3 5 R= QDW}@ |=y|}=Hx@=H QO
Vkv ,qta 'uD@ QO xOQDUo |oOQwNlQD p}rOx@ '|@v=H |}=Hx@=H V}=Ri= QF=
C@Ft Q}F-=D '�3 5 R= QDtm |=y|}=Hx@=H QO =t= "O@=}|t Vy=m |oOvvmQwYLt
x_Lqt 7 pmW QO "CU= xOy=Wt p@=k |SQv= lqyDU= QO |oOWQwYLt
w T} RQDU}y |=yxNQJ uOWQDnQR@ Ea=@ |rw] QwD=tQ; V}=Ri= xm OwW|t
C}iQ_ '|rw] QwD=tQ; u=R}t V}=Ri= =@ xm =QJ "CU= xOW xR=U Q=DiQ Ow@y@
"ODi=|t Q}N-=D x@ |Q}tN pYit O=H}= w O@=}|t V}=Ri= =yuwDU |WtN w |QwLt
=@ T} RQDU}y |vLvt VwB 'OwW|t xOy=Wt 8 pmW QO xm Qw]u=ty u}vJty
|xrY=i QO Q}}eD |DQ=@a x@ &CU= xOQmv |v=OvJ Q}}eD '=yCwt=N |xrY=i Q}}eD
xR=U Q=DiQ QO |UwULt QF= '|UQQ@ OQwt |xOwOLt QO =yuwDU |=yCwt=N

"OQ=Ov
|Dw=iDt Q}F-=D 'pt=wa R= l} Qy xm OwW|t XNWt 8 |r= 5 |=ypmW R=
|=Q@ =Pr "OvQ=O QN; |xk@] |}=Hx@=H ?UL Q@ x}=B VQ@ T} RQDU}y |vLvt QO
xm 'OwW xO=iDU= |Q=t; p}rLD R= O}=@ 'xR=U Q=DiQ QO jwi pt=wa p@=kDt QF= |UQQ@

"CU= xOW xDN=OQB u; x@ xt=O= QO

%C=YNWt =@ pOt |=Q@ QN; |xk@] |}=Hx@=H ?UL Q@ x}=B VQ@ |vLvt "4 pmW
"h=b = 0 75; CEFF = 0 875; As=As0 = 1 1; Sp=Sp0 = 1 1

hrDNt |=yC@Uv |=Q@ s=@ u=mtQ}}eD ?UL Q@ x}=B VQ@ |vLvt VwB "5 pmW
"uwDU ZQa x@ pw]

hrDNt |=yC@Uv |=Q@ s=@ u=mtQ}}eD ?UL Q@ x}=B VQ@ |vLvt VwB "6 pmW
"|oOWQwYLt ?} Q[

QDlJwm ZQa x@ pw] C@Uv XwYNQO xD@r= "CU= xDi=} Ow@y@ xR=U Q=DiQ w xOW
QDW}@ =yuwDU CL=Ut '=ypOt |x}rm QO |UQv}= u=tt uOw@ Q@=Q@ CyH x@ 'OL=w R=
'h=b = 0 5 Cr=L QO u}vJty "CU= xOW Q=DiQ Ow@y@ Ea=@ Qt= u}ty xm 'CU=
Cr=L QO |rw &CU= xDi=} Vy=m CaQU x@ xR=U |DNU '�3 |}=Hx@=H R= TB
'h=b = 1 5 =@ pOt |=Q@ u}=Q@=v@ "CU= xO=Ov MQ |}xr�Ut u}vJ 'h=b = 1 5
V}=Ri= R= |W=v xr�Ut u}= "CU= xOW pY=L Q=DiQ u} QDy@ 'QDtm CL=Ut seQ|ra
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=kC

tw=k
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y=m
w|
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XN

=W|
@=}RQ

=

"|oOWQwYLt ?} Q[ hrDNt |=yC@Uv |=Q@ |DNU Vy=m |vLvt "11 pmW

"|rw] QwD=tQ; hrDNt |=yC@Uv |=Q@ |DNU Vy=m |vLvt "12 pmW

"=yCwt=N |xrY=i hrDNt |=yC@Uv |=Q@ |DNU Vy=m |vLvt "13 pmW

G}=Dv =@ G}=Dv u}= "CU= xDW=Ov |DNU Vy=m |ovwoJ QO |v=OvJ Q}F-=D '|UQQ@
"OQ=O j=@]v= VwB |=y|vLvt

|@=QN XN=W "3"3
4 w 3 '1 5 |}=Hx@=H QO xrLQt 3 |] =ypOt |x}rm |=Q@ 'pm |@=QN XN=W
u}= "�4 pwOH� CU= xOW |Q}oxR=Ov= IDARC Q=Ri=sQv \UwD pm `=iDQ= OYQO
u=mtQ}}eD C=QF= 'CU= xOW x�=Q= 1985 p=U QO |WywSB QO xm |@=QN XN=W
Q_v QO 1 |x]@=Q j@=]t =Q <=[a= |=yDv= QO xOWlryDUt |SQv= u=R}t w |@v=H

[25]%OQ}o|t

x}rw= |DNU x@ C@Uv pOt |DNU C=Q}}eD |vLvt "2"3
R= =ypOt |x}rm |=Q@ |Q=PoQ=@ s=o Qy QO 'x}rw= |DNU x@ pOt |DNU C@Uv C=Q}}eD
|vLvt w u}}aD QN; |xk@] |}=Hx@=H ?UL Q@ x}=B VQ@ T} RQDU}y |vLvt |wQ
=@ xm CU= QmP x@ sRq "CU= xOW s}UQD QN; |xk@] |@Uv u=mtQ}}eD ?UL Q@ u;
|x}rw= |DNU '=ypOt |x}rm QO =yQ}D w =yuwDU |UQv}= u=tt uOw@u=Um} x@ xHwD
|DNU Vy=m |ovwoJ |Q=t; |UQQ@ Qw_vt x@ u}vJty "CU= u=Um} =ypOt x}rm
�1 5 =D �0 R= |@Uv u=mtQ}}eD |xOwOLt� x}rw= |]N CtUk ?}W '=ypOt QO
9 pmW QO |vLvt u}= R= xvwtv l} "CU= xOt; CUOx@ |]N VR=Q@ =@ �`=iDQ=

"CU= xOW xO=O u=Wv
?UL Q@ x}rw= |DNU x@ |DNU Q}}eD |=y|vLvt '13 |r= 10 |=ypmW QO
'�1 5 |}=Hx@=H R= TB '=y|vLvt u}= |x}rm QO "CU= xOW sUQ |@Uv u=mtQ}}eD
=@ xm 'CU= xO}UQ x}rw= |DNU �30 OwOL x@ w xDi=} Vy=m COW x@ xR=U |DNU
|R=Ux}@W pOt Q=@Da= |=vat x@ u}= w [6]'CU= x@=Wt uw} w nv;wy VywSB G}=Dv
Vy=m MQv 'ZQa x@ pw] C@Uv V}=Ri= =@ xm OwW|t x_Lqt 10 pmW QO "CU=
?} Q[ C=Q}}eD xm OwW|t xOy=Wt 11 pmW QO "CU= xDW=O |rwRv OvwQ |DNU
x_Lqt 12 pmW QO "OQ=Ov |DNU Vy=m |ovwoJ QO |v=OvJ Q}F-=D |oOWQwYLt
QO "CU= xDi=} Vy=m |DNU Vy=m MQv '|rw] QwD=tQ; u=R}t V}=Ri= =@ xm OwW|t
OQwt |xOwOLt QO =yCwt=N |xrY=i C=Q}}eD xm OwW|t xOy=Wt R}v 13 pmW

%C=YNWt =@ pOt |=Q@ x}rw= |DNU x@ |DNU C=Q}}eD |vLvt "9 pmW
"h=b = 0 75; CEFF = 0 875; As=As0 = 1 1; Sp=Sp0 = 1 1

"uwDU ZQa x@ pw] hrDNt |=yC@Uv |=Q@ |DNU Vy=m |vLvt "10 pmW
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"""w
u=yH

|ra
'u}O

r=Q}N
|ra "|Q=t; p}rLD |=Q@ Q=Ri=sQv x@ xOW|iQat |]NQ}e R}r=v; R= xOt;CUOx@ |=yMU=B "4 pwOH

4 MU=B 3 MU=B 2 MU=B 1 MU=B h}OQ
Stiff: Degra DIDrift = �4 DIDrift = �3 DIDrift = �1 5

50 467 0 507 0 373 0 182 1
51 113 0 476 0 363 0 144 2
56 017 0 759 0 536 0 21 3
51 167 0 607 0 41 0 151 4
62 472 0 746 0 475 0 174 5
59 277 0 712 0 497 0 176 6
50 303 0 425 0 313 0 164 7
56 941 0 801 0 572 0 276 8
55 851 0 591 0 453 0 193 9
50 45 0 441 0 307 0 166 10
57 028 0 756 0 445 0 176 11
53 8 0 701 0 503 0 216 12

52 951 0 806 0 57 0 233 13
49 98 0 56 0 365 0 14 14
50 405 0 479 0 342 0 17 15
55 456 0 654 0 445 0 158 16
50 392 0 467 0 341 0 177 17
50 098 0 454 0 358 0 153 18
53 25 0 712 0 395 0 2 19
53 858 0 609 0 443 0 183 20
50 375 0 46 0 3 0 161 21
65 333 0 752 0 491 0 184 22
55 977 0 636 0 485 0 201 23
55 782 0 631 0 495 0 199 24
50 352 0 461 0 324 0 167 25

"CU= xOW pY=L G}=Dv u}= w xO=iDU= MU=B K]U |Q=t; VwQ R= pt=wa p@=kDt

�1 5 |}=Hx@=H QO |@=QN XN=W u}tND "1"4
|}=Hx@=H QO |@=QN XN=W u}@ |x]@=Q u}}aD |=Q@ 'R}r=v; G}=Dv R= xO=iDU= =@
|rY= CqtH pt=W wO xHQO |vLvt 'u; QO Q=PoQ}F-=D pt=wa =@ '�1 5 |@v=H
'AC 'AB p@=kDt QF= CqtH w D2 w C2 'B2 'A2 swO u=wD 'D w C 'B 'A
h} QaD Design Expert Q=Ri=sQv QO |R=UpOt |=Q@ CD w BD 'BC 'AD
u; G}=Dv xm 'CU= xOW s=Hv= � = 0 1 |Q=O|vat K]U =@ Tv=} Q=w p}rLD w

"CU= 5 pwOH j@=]t

DI = dm
du

+ �
Vydu

Z
dEh (1)

CLD u=mtQ}}eD dm 'CN=wvm} |Q=PoQ=@ CLD pmWQ}}eD C}iQ_ du 'u; QO xm
?} Q[l} � w xOWlryDUt |SQv= dEh 's}rUDCtw=kt Vy '|m}t=v}O |Q=PoQ=@

"CU= C@Ft Oa)@|@

|Q=t; p}rLD G}=Dv "4
p}rLD QO MU=B u=wvax@ |@Uv |DNU Vy=m |vLvt ?}W w |@=QN XN=W Q}O=kt
QF= |UQQ@ Qw_vt x@ "CU= xOW x�=Q= 4 pwOH QO u; G}=Dv xm 'Ov=xOW h} QaD RSM
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"""?
=kC

tw=k
tV

y=m
w|

@=QN
XN

=W|
@=}RQ

="�1 5 |}=Hx@=H QO |@=QN XN=W |=Q@ ANOVA uwtR; |x}rw= |xH}Dv "5 pwOH
P-value Prob>F F-value Mean square df Sum of squares source

0 0001 12 78 1 462E � 3 14 0 020 model

0 3088 1 15 1 316E � 4 1 1 316E � 4 A : h=b

0 0298 6 41 7 338E � 4 1 7 338E � 4 B : co

< 0 0001 93 93 0 011 1 0 011 C : long:

0 7983 0 069 7 881E � 6 1 7 881E � 6 D : spc:

0 1136 3 01 3 441E � 4 1 3 441E � 4 AB

0 1308 2 71 3 099E � 4 1 3 099E � 4 AC

0 7850 0 079 8 984E � 4 1 8 984E � 6 AD

0 1589 3 2 652E � 4 1 2 652E � 4 BC

0 9854 3 501E � 4 4 006E � 8 1 4 006E � 8 BD

0 1718 2 17 2 479E � 4 1 2 479E � 4 CD

0 0791 3 82 4 373E � 4 1 4 373E � 4 A2

0 8293 0 049 5 608E � 6 1 5 608E � 6 B2

0 0006 24 06 2 753E � 3 1 2 753E � 3 C2

0 3988 0 78 8 889E � 5 1 8 889E � 5 D2

1 144E � 4 10 1 144E � 3 Residual

24 0 022 Cor Total

"�1 5 |}=Hx@=H QO |@=QN XN=W |=Q@ ANOVA |}=yv uwtR; |xH}Dv "6 pwOH
P-value Prob>F F value Mean square df Sum of squares source

< 0 0001 30 38 3 842E � 3 5 0 019 model

0 3096 0 09 1 379E � 4 1 1 379E � 4 A : h=b

0 0115 7 82 9 897E � 4 1 9 897E � 4 B : co

< 0 0001 96 81 0 012 1 0 012 C : long:

0 0131 7 49 9 469E � 4 1 9 469E � 4 A2

< 0 0001 31 06 3 292E � 3 1 3 929E � 3 C2

1 265E � 4 19 2 403E � 3 Residual

24 0 022 Cor Total

|=yQDt=Q=B?UL Q@ �1 5|}=Hx@=H QO|@=QNXN=W 'R}r=v;G}=Dv R= xO=iDU= =@
%CU= xOW xOR u}tND 2 |x]@=Q CQwYx@ |OwQw

Damage IndexDrift=�1 5 = 1 58903 + 0 19585h
b

+0 043539CEFF � 2 85306 As
As0

�0 10272(h
b

)2 + 1 31352( As
As0

)2 (2)

QO C=Q}}eD �86 |DQ=@a x@ "CU= 0 86 =@ Q@=Q@ Adjusted R2 Q=Okt 'u; QO xm

'AC 'AB 'D 'A CqtH |=Q@ P Q}O=kt xm OwW|t x_Lqt 5 pwOH R=
� = 0 1 |Q=O|vat K]U QO =Pr w CU= 0 1 R= QDnQR@ D2 w B2 'BC 'AD

"Ov=xOWv xO=O X}NWD syt
s=Hv= Tv=} Q=w p}rLD ,=OOHt w hPL MU=B `@=D R= jwi CqtH 'swO s=o QO =Pr
A swO u=wD uOw@ Q=PoQ}F-=D X}NWD x@ xHwD =@ xD@r= "Ov=xOW |UQQ@ P Q}O=kt w
QO R}v A |xrtH '|R=UpOt pwY= C}=aQ CyH x@ '|}=yv pOt QO �A2 |va}�
QO "CU= 0 1 R= V}@ u; p-value xm OvJ Qy &CU= xOW ^iL |[=} Q pOt

"CU= xOt; CUOx@ 6 pwOH j@=]t 'pw@k p@=k pOt 'C}=yv
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"""w
u=yH

|ra
'u}O

r=Q}N
|ra "�3 |}=Hx@=H QO |@=QN XN=W |=Q@ ANOVA uwtR; |xH}Dv "7 pwOH

P-value Prob>F F value Mean square df
Sum of

source
squares

< 0 0001 37 51 0 13 1 0 13 model

< 0 0001 73 51 0 13 1 0 13 C : long:

1 754E � 3 23 0 040 Residual

24 0 17 Cor Total

"�4 |}=Hx@=H QO |@=QN XN=W |=Q@ ANOVA uwtR; |xH}Dv "8 pwOH
P-value Prob>F F value Mean square df

Sum of
source

squares

< 0 0001 16 76 0 092 3 0 28 model

0 2280 1 54 8 437E � 3 1 8 437E � 3 A : h=b

< 0 0001 40 79 0 22 1 0 22 C : long:

0 0102 7 97 0 044 1 0 044 A2

5 470E � 3 21 0 11 Residual

24 0 39 Cor Total

Damage IndexDrift=�3 = 0 90215 + 0 61212h
b

�0 73292 As
As0
� 0 33331(h

b
)2

Adjusted R2 = 0 83 (3)

�4 |}=Hx@=H QO |@=QN XN=W u}tND "3"4
QO u; |}=yv G}=Dv xm 'CU= xOW s=Hv= ANOVA uwtR; 'R}r=v; G}=Dv R= xO=iDU= =@

"CU= xOW x�=Q= 8 pwOH
?UL Q@ �4 |}=Hx@=H QO |@=QN XN=W |x]@=Q 'R}r=v; G}=Dv R= xO=iDU= =@

%CU= 4 |x]@=Q R= CQ=@a |OwQw |=yQDt=Q=B
Damage IndexDrift=�4 = 1 01888 + 1 26203h

b

�0 96417 As
As0
� 0 66851(h

b
)2

Adjusted R2 = 0 66 (4)

xR=U |DNU Vy=m ?}W u}tND "4"4
"CU= xOW x�=Q= 9 pwOH QO ANOVA V}=tR; G}=Dv 'R}r=v; G}=Dv R= xO=iDU= =@
|=yQDt=Q=B ?UL Q@ xR=U |DNU Vy=m ?}W |x]@=Q 'R}r=v; G}=Dv R= xO=iDU= =@

%CU= 5 |x]@=Q CQwYx@ |OwQw
1p

Sti�ness Digradation
= 0 43812� 0 10756h

b

�0 14893CEFF � 0 42251 As
As0

+ 0 053433(h
b

)2

�0 094712(CEFF )2 + 0 22601( As
As0

)2

Adjusted R2 = 0 71 (5)

|oOWQwYLt ?} Q[ w |rw] QwD=tQ; C@Uv p@=kDt Q=F; swyit V}=tv "14 pmW
"�1 5 |}=Hx@=H QO |@=QN XN=W QO

l}ORv "CU= |v}@V}B p@=k 'xOWx�=Q= pwtQi =@ �1 5 |}=Hx@=H =@ |@=QN XN=W
Q= QDt=Q=B u}= sm |Q}PB Q}F-=D =} |Q}PB Q}F-=D sOa |xOvyOu=Wv 'QwmPt OOa uOw@ 1 x@
'pt=wa |rN=OD QF= R= xvwtv l} u=wvax@ "CU= �xOWv|UQQ@ |=yQ}eDt� pt=wa Q}=U
|}=Hx@=H QO |@=QN XN=W QO |oOWQwYLt ?} Q[ w |rw] QwD=tQ; C@Uv Q}F-=D

"CU= xOW s}UQD 14 pmW QO '�1 5

�3 |}=Hx@=H QO |@=QN XN=W u}tND "2"4
xm 'CU= xOW s=Hv= ANOVA uwtR; 'p@k VN@ x@=Wt 'R}r=v; G}=Dv R= xO=iDU= =@

"CU= xOW x�=Q= 7 pwOH QO u; |}=yv G}=Dv
Q@ �3 |}=Hx@=H QO |@=QN XN=W u}tND |=Q@ 'R}r=v; G}=Dv R= xO=iDU= =@

%CU= xOW xO=iDU= 3 |x]@=Q R= |OwQw |=yQDt=Q=B ?UL
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=kC

tw=k
tV

y=m
w|

@=QN
XN

=W|
@=}RQ

="xR=U |DNU Vy=m ?}W |=Q@ ANOVA V}=tR; |xH}Dv "9 pwOH
P-value Prob>F F value Mean square df Sum of squares source

< 0 0001 10 76 7 546E � 5 6 4 527E � 4 model

0 7538 0 10 7 115E � 7 1 7 115E � 7 A : h=b

0 1124 2 79 1 955E � 5 1 1 955E � 5 B : co

< 0 0001 28 69 2 013E � 4 1 2 013E � 4 C : long:

< 0 0001 33 22 2 330E � 4 1 2 330E � 4 A2

0 004 10 57 7 415E � 5 1 7 415E � 5 B2

0 0008 16 17 1 134E � 4 1 1 134E � 4 C2

7 015E � 6 18 1 263E � 4 Residual

24 5 790E � 4 Cor Total

QO uD@ |oOWQwYLt ?} Q[ w ZQa x@ pw] C@Uv |rN=OD QF= 'xvwtv l} u=wvax@
pw]C@Uv '|ki= |=yQwLt u; QO xm 'CU= xOW s}UQD 15 pmW QO |DNUVy=m
C=Q}}eD |vLvt ?}W 's�=k QwLt w uD@ |oOWQwYLt ?} Q[ w uwDU ZQa x@

"CU= |DNU

Q}UiD w G}=Dv |xU}=kt "5
`=iDQ= �1 5 |@v=H |}=Hx@=H QO |@=QN XN=W u}tND |=Q@ xOt;CUOx@ |x]@=Q
pY=it O=OaD u; |] w CU= xR=U |]N Q=DiQ |xOvyOu=Wv xm '�2 |x]@=Q� xR=U
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