
�13
97

u=DU
tR�

'h}
QWu

=Qta
|U

Ovyt
�| :v

iC
W=O

O=}�
'14

4�1
31

"X
'4/

1|
xQ=t

W'
34

�2
|xQ

wO

R
es

ea
rc

h
N

ot
eQ=DiQ OQw;Q@ |=yVwQ u} QDQ@Dat |}xU}=kt QwQt

w |}xrLQt l} pw=ODt R}r=v; CLD uD@ COtR=QO
|}xrLQt |]NQ}e R}r=v;
�|QDmO |wHWv=O� �|Q=Wi= xO=Rp}rH OtLt

�O=DU=� u}Or=Q}N |ra

u=vtU x=oWv=O 'u=Qta |UOvyt |xOmWv=O

=@ xtQ;uD@ Ovr@ |=yxR=U |L=Q] w =QH= |rta pL=Qt j@=]D swRr 'Q}N= |=yp=U |]
|r=wD Q@ j@]vt '|}xrLQt |]NQ}e R}r=v; j} Q] R= 'uD@ COtR=QO Q=DiQ uDiQo Q_vQO
u} QDsyt 'Q[=L Q=DWwv QO "CU= xOw@ u=QoWywSB O}m = |x}YwD OQwt xQ=wty CN=U

|ovwoJ u=}@ CyH |O=yvW}B \@=wQ w |iQat 'uD@ COtR=QO Q=DiQ |v}@V}B |=yVwQ
x�=Q= |L=Q] w p}rLD RwQ x@ hQ=aDt |=yQ=Ri=sQv QO QwmPt |=yVwQ |=yxYNWt p=ta=

'|oDiQ?; w VRN Q=F; |DUO |x@U=Lt |xw}W =@ |}=vW; CyH u}vJty "CU= xOW
w CN=U R= Oa@ w p@k |=ypwOH p}mWD =@ 'u=N w pDv}i VwQ j}kO |R=UxO=}B |xwLv
?U=vt j=@]v= pwYL "CU= xOW u=}@ 'OW=@ VwQ sy@t xwHw QovWwQ xm |D=Q}}eD ^=Lr
|UQQ@ OQwt p=Ft |x�=Q= u=mt= Qov=}@ 'OwOLt u=tr= |R=UpOt R= pY=L Q}O=kt =@ G}=Dv
"CU= |R=UpOt |=]N uw}U=Q@}r=m w |HvUCLY CyH O=vDU= p@=k |}xvwtv u=wvax@

jalilzadeh.afshari@semnan.ac.ir
kheyroddin@semnan.ac.ir
mgholhaki@semnan.ac.ir

'uwDU |oOWx=Dwm 'pw=ODt R}r=v; 'CN=U |r=wD |]NQ}e R}r=v; %|O}rm u=oS=w
"|v=UWm pwOt '|oDiQ?; 'VRN

xtOkt "1
QwmPt VwQ Ow@y@ XwYN QO R}v Q[=L VywSB |=yOQw=DUO 'VwQ Qy pt=m
pw=ODt |=yQ=Ri=sQv QO Q_vOQwt VwQ p=ta= CyH |O=yvW}B \@=wQ |x�=Q= =}
|x@U=Lt |xw}W u=}@ 'Q[=L Q=DWwv h=Oy= Qo}O R= "OwW x�=Q= |L=Q] w p}rLD
j} Q] R= u=N w pDv}i VwQ j}kO |R=UxO=}B =@ |oDiQ?; w VRN Q=F; |DUO
|D=Q}}eD p=ta= =@ xm CU= |}xvwo x@ 'CN=U R= Oa@ w p@k |=ypwOH p}mWD
G}=Dv ?U=vt j=@]v= pwYL R= TB w hQ]Q@ QwmPt VwQ sy@t xwHw 'xO=U
|OwOLt u=tr= |R=UpOt C}r@=k xm PCA x@=Wt VwQ R= pY=L Q}O=kt =@
|=]N uw}U=Q@}r=m w |HvUCLY CyH O=vDU= p@=k |r=Ft |x�=Q= u=mt= 'OQ=O
uwDU |oOWx=Dwm |xU}=kt 'Q[=L Q=DWwv h=Oy= Qo}O R= "OwW =}yt |R=UpOt
l} pw=ODt R}r=v; wO CLD '|UQQ@ OQwt |=yVwQ |x}rm |=Q@ u=Um} |r=Ft QO
CN=U u=tR R= RwQ 1000 CWPo R= TB CN=U |r=wD |}xrLQt R}r=v; w |}xrLQt

"CU=

uD@ COt R=QO Q=DiQ OQw;Q@ |=yVwQ "2
|}xrLQt p}rLD w |}xrLQt l} pw=ODt p}rLD CLD uD@ COtR=QO Q=F; |UQQ@
uD@ u=tR x@ xDU@=w |=yxO}OB p=ta= |=yVwQ CN=vW sRrDUt =OD@= QO '|]NQ}e

j} Q] R= =QH= |rta pL=Qt =@ xR=U |L=Q] j@=]D x@ xHwD 'Q}N= |=yp=U |]
|}xrLQt p}rLD ?r=k QO xR=U |L=Q] QO CN=U |xt=vQ@ QN-=D w sOkD uOQm OQ=w
Crie [2w1]"CU= xOw@ u=QoWywSB O}m = |x}YwD OQwt xQ=wty 'CN=U |r=wD
QO |Q=}U@ CqmWt RwQ@ x@ QHvt Ov=wD|t xR=U |}xrLQt |]NQ}e p}rLD R=
u=wD|t xOWQmP p�=Ut |xrtH R= "OwW x@DQtOvr@ |=yxR=U |L=Q] w p}rLD
'|ki= |}xR=U <=[a= QO |i=[= |=yQovr [4w3]'=yuwDU |atHD |oOWx=Dwm
w Qw=Ht |}xR=U <=[a= Cw=iDt |QwLt |=ypmWQ}}eD R= |W=v =yQ}D %Q}_v
[6w5]'|vD@ |=yQ}D R}N V}=Ri= '|}xR=U |=yu=tr= u}@ QO VvD xHwD p@=k VNB R=@
|=ypmWQ}}eD =@ |=ypv=B w |}xR=UQ}e <=[a= QO xOvwQV}B |=ylQD VQDUo
<=[a= |L=Q] QO xOWxDiQo Q_vQO C}iQ_ R= xO=iDU= sOa w uwoty=v |rkF
xDU@=w |=yxO}OB uDiQo Q_vQO xm OQ@ s=v |@ wr]t=v Q=F; u=wvax@ =Q [7w6'1]'xR=U
O}OWD x@ QHvt '�|oDiQ?;� |oOW`tH w VRN Q}_v '|vD@ |=yxR=U u=tR x@
u} QDQ@Dat =@ pt=m |}=vW; 'Q[=L Q=DWwv hOy wQ u}= R= "OvwW|t R}v =yu;
CN=vW ut[ xm CU= |}xvwo x@ p}rLD QO uD@ COtR=QO Q=DiQ p=ta= |=yVwQ

pw�Ut xOvU} wv �
"1395 11 23 VQ}PB '1395 11 13 x}LqY= '1395 8 24 Ci=} QO %M} Q=D

DOI:10.24200/J30.2019.1436

�Q=}Wv=O� |myrk O}Ht



"""O
Qw;Q@

|=y
Vw

Qu
}QDQ@

Dat
|}x

U}=k
tQw

Qt"u=t}U `=wv= |=Q@ �6 |r= 4� \@=wQ QO xDiQQ=mx@ ?}=Q[ "1 pwOH
u=t}U |Ov@xk@]

� s
CEB-FIP2010 CEB-FIP1990

32 5N �SL� Q}oQ}O �1 0 38
32 5R; 42 5N (N&R) Q}oOwR w p=tQv 0 0 25

42 5R; 52 5N; 52 5R (RS) q=@ Ctw=kt =@ Q}oOwR �1 0 2

|v=tR |xR=@ QO xm CU= �O=Qo|Dv=U x@� |DQ=QL xHQO T (�ti)w O@=}|t sw=OD
VwQ QO xO=iDU=OQwt \@=wQ |x}rm xm CU= sRq QmPD u}= "ODi=|t j=iD= �ti
w CU= O=Qo|Dv=U |xHQO 20 Q=}at w =v@t CQ=QL xHQO |x}=B Q@ CEB-FIP

|=tO |xHQO |=Q@ 6 |x]@=Q j} Q] R= uD@ |Q=PoQ=@ uU w u=tR |DQ=QL s}_vD
'�N � p=tQv V}=Q}o u=tR =@ u=t}U R= xO=iDU= CQwY QO w CU}v |QwQ[ QwmPt
"CU= (t0;T ) uD@ |DQ=QL pO=at |Q=PoQ=@ uU u=ty '(t0) w[a |Q=PoQ=@ uU

CEP-FIp1990 "1"1"2
|Q=WiCtw=kt |xOwOLt QO '|UQQ@OQwt VwQ |O=yvW}B\@=wQ |x}rm %VRN ��
100 =D 40 u}@ \}Lt C@ w]Q 'p=mU=B=ot 80 =D 12 u}@ xRwQ 28 u}ov=}t
QO [8]"CU= Q@Dat O=Qo|Dv=U |xHQO 30 =D 5 u}@ \}Lt |=tO w OYQO
u}ov=}t |Q=Wi Ctw=kt 0 4 R= QDlJwm |QwLt VvD jr]tQOk xm |}xOwOLt
Cr=L u}= QO "CU= |]N VvD w |WRN VvQm |x]@=Q 'OW=@ uD@ |xRwQ 28
%Ow@ Oy=wN 8 |x]@=Q j@=]t 'C@=F VvD x@ xDU@=w "c�(t; t0) |WRN VvQm
"c�(t; t0) = �c(t0)

� 1
Ec(t0)

+ '(t; t0)
Eci

�
= �c(t0)J(t; t0) (8)

'1=Ec(t0) xH}Dv QO w |Q=PoQ=@ u=tR QO |v=UWm pwOt 'Ec(t0) 'u; QO xm
u}@t w 3j=@]v= `@=D =} VRN `@=D 'J(t; t0) w VvD OL=w Q@ x}rw= VvQm Qov=}@
j@=]t �(t; t0) VRN Oa)@ |@?} Q[ "CU=VvD OL=w Q@VvD x@ xDU@=wVvQm

%OwW|t x@U=Lt 9 |x]@=Q
�(t; t0) = �0:�c(t� t0) (9)

%O};|t CUOx@ 10 |x]@=Q R= �0 'u; QO xm
�0 =

�
1 + 1�RH=100

0 46(h=100)1=3

�
:
� 5 3

(fcm=10)0 5

�
:�(t0) (10)

%O};|t CUOx@ 11 |x]@=Q R= �(t0) 'u; QO w
�(t0) =

� 1
0 1 + t00 2

�
(11)

%Ov};|t CUOx@ 13 w 12 |=yx]@=Q R= �H w �c(t� t0)u}vJty
�c(t� t0) =

�
t� t0

�H + t� t0
�0 3

(12)

�H = 150
�

1 + (1 2RH100 )18
�

h
100 + 250 � 1500 (13)

|Q=PoQ=@ R= TB VRN OWQ |xwLv u}@t ?} Q[ �c(t � t0) '=yu; QO xm
"CU=

x@U=Lt 14 |x]@=Q j@=]t '"cs(t; ts) |tQwD =} |oDiQ?; VvQm %|oDiQ?; ��
%OwW|t

"cs(t; ts) = "s(fcm):�RH :�s(t� ts) (14)

=@ OwHwt |=yVwQ u} QDxOWxDN=vW w u} QDsyt '=OD@= QO wQ u}= R= "CU= p}rLD QO
"CU= xOW x�=Q= l} Qy |=}=Rt w ?}=at w OQ@ Q=m |=yC}OwOLt u=}@

CEB-FIP "1"2
QO xOWxDN=vW |=yOm u} QDQ@Dat w u} QD|t}Ok R= |m} 'CEB-FIP |xt=vu}};
|oO=U p}rO x@ xm CU= uD@ u=tR x@ xDU@=w xv=oxU |=yxO}OB OQw;Q@ XwYN
u=QoWywSB |xO=iDU= OQwt |}x_Lqt p@=k Qw] x@ [9w8]'C=@U=Lt OvwQ w \@=wQ
wO u}@ QO xm uD@ COtR=QO Q=DiQ |v}@V}B QO |U=U= w xOta |=yCw=iD "OQ=O Q=Qk
|xv=o =OH VN@ wO ?r=k QO 'OQ=O OwHw 2010 w 1990 |=yp=U |rY= |xNUv
'=OD@= QO "CU= xOW |r=tH= |UQQ@ CEB-FIP2010 w CEB-FIP1990
OQwt \@=wQ |x}rm QO %Ov=xOW x�=Q= xOWO=} MUv u}@ lQDWt w u=Um} \@=w[
ts '|Q=PoQ=@ u=tR QO �RwQ x@� uD@ uU t0 '�RwQ x@� uD@ uU t 'wQ V}B |xO=iDU=
|Qw;pta |xQwO u=}=B =@ xm CU= sQwD =} |oDiQ?; ẁQW u=tR QO �RwQ x@� uD@ uU
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|=wy OYQO w OQ=Ov=DU= |xv=OR} Q OYQO 'OQ=Ov=DU= AtqU= 'OQ=Ov=DU= |@v=H

%CU= 44 |r= 39 \@=wQ j@=]t 'OQ=Ov=DU=

c(t0) = 1 25(t0)�0 118 (39)


c(RH) = 1 27� 0 0067RH RH > �40 (40)


c(�=s) = (2 3) f1 + 1 13 exp[�0 0213(�=s)]g (41)


c(sl) = 0 82 + 0 00264� sl (42)


c(�) = 0 88 + 0 0024� � (43)


c(a) = 0 46 + 0 09a (44)

Q@ |@v=H K]U x@ sHL C@Uv ?}DQD x@ '(a) w (�) '(sl) '(�=s) '=yu; QO xm
OYQO w uD@ |xv=OR} Q OYQO 'QDt|r}t ?UL Q@ uD@ AtqU= 'QDt|r}t ?UL
�QDt|r}t ?UL Q@ Th� w[a Ct=N[ R= xO=iDU= xm |ak=wt QO "OvDUy uD@ |=wy
x@ 'OW=@ QD|k]vt '=yp=O XwYNQO ,qFt |@v=H K]U x@ sHL C@Uv |=Hx@

%OQm xO=iDU= 45 |x]@=Q R= u=wD|t 41 |x]@=Q |=H

c(Th) = 1 14� 0 00092� Th t� t0 < p=U 1

c(Th) = 1 1� 0 00067� Th t� t0 |}=yv Q=Okt |=Q@ (45)

C@Uv u; QDxOQDUo OQ@ Q=m pLt w uD@ ?w]Qt |Qw;pta uOw@ swUQt x@ xHwD =@
uD@ ?w]Qt |Qw;pta \}=QW XDNt xm 45 |r= 39 \@=wQ 'Q=N@ =@ |Qw;pta x@
=@ |Qw;pta \}=QW |=Q@ QwmPt \@=wQ "CU= xOW x�=Q= Q[=L VywSB QO 'OvDUy
|v=tR C@Uv QO xm CU= sRq QmPD u}= [10]"OvyO|t x�=Q= Cw=iDt |Q}O=kt 'Q=N@
|=yQDt=Q=B xm =Hv; R= w xOWv l}miD xOvwWlWN w x}=B VRN Q=F; '37 |x]@=Q
X=wN =Pr 'Ov=xOW ZQi C@=F ?}=Q[ pmW x@ xOWO=} |v=tR C@Uv QO d w  
O=a@= w pmW Q}F-=D |=Q@ "O@=}|tv ?=DR=@ QwmPt |x]@=Q QO R}v O=a@= w pmW R= |W=v
d w  u}W}B Q_=vDt Q}O=kt |=Hx@ 46 |x]@=Q Q}O=kt R= 'VRN |vLvt QO w[a

%OwW|t xO=iDU=
d = 26 exp[1 42� 10�2(�=s)];  = 1 (46)

w |rm VRN R= x}=B VRN l}miD CyH |]@=wQ xm CU= sRq QmPD u}=
QO u=QoWywSB |NQ@ \UwD u=tR x@ |v=UWm pwOt |m}t=v}O |oDU@=w Q=F; p=ta=
|xO=iDU=OQwt Ov=wD|t xm CU= xOW xi=[= ACI209 VwQ |r}tmD MUv ?r=k

[6]"OQ}o Q=Qk u=Ovtkqa

x@ C@Uv |oDiQ?; =} VRN QO QF-wt \}=QW R= l} Qy pwOa w Q}}eD "OwW|t KQ]t
Q}O=kt QO ?}DQD x@ '|LqY= ?} Q[ l} ?Q[pY=L pmW x@ OQ=Ov=DU= \@=w[
Owtv \@=wQ QO '("sh)u |oDiQ?; |}=yv VvQm =} (�u) VRN ?} Q[ |}=yv
x=wNrO u=tR QO uD@ |xYNWt |Q=Wi Ctw=kt 'ACI VwQ \@=w[ QO "O@=}|t
�5|m}rw@ QB}=y `@=D pmW x@� 4|v=tR C@Uv ?Q[pY=L CQwYx@ '(f 0c(t)) t
h} QaD 34 |x]@=Q j@=]t '(fck) uD@ |xRwQ 28 |xYNWt |Q=Wi Ctw=kt QO
uD@ |Q=Wi Ctw=kt R= |a@=D CQwYx@ R}v uD@ |v=UWm pwOt |v=tR OWQ "OwW|t

"Ow@ Oy=wN 35 |x]@=Q j@=]t (wc) uD@ |tHL uRw w Q_vOQwt u=tR Qy QO

f 0c(t) = t
�+ �t

fck (34)

Ec(t) = 0 043� (wc)1 5pf 0c(t) (35)

?UL Q@ uD@ |tHL uRw w p=mU=B=ot ?UL Q@ |Q=Wi |=yCtw=kt '=yu; QO xm
|Qw;pta \}=QW x@ xDU@=w |=yC@=F � w � |=yQDt=Q=B w CU= ?amtQDt Q@ sQowr}m

"OvDUy 3 pwOH QO GQOvt Q}O=kt =@ |iQYt u=t}U ẁv w uD@
u}= x@ |oDiQ?; w VRN \@=wQ pwYL |=Q@ ACI VwQ OQ=Ov=DU= \}=QW
|=Q@ RwQ 3 =D 1 w ?w]Qt |Qw;pta |=Q@ RwQ 7 Q@=Q@ uD@ |Q=PoQ=@ uU %CU= Q=Qk
w[a |@v=H K]U x@ sHL C@Uv '\}Lt |OYQO 40 C@ w]Q 'Q=N@ =@ |Qw;pta
QDtm uD@ |=wy '�50 xv=OR} Q OYQO '|QDt|r}t 70 AtqU= 'QDt|r}t 38 (�=s)

446 =D 279 u}@ Q=}a =@ III w I A}D ẁv R= xO=iDU= OQwt |=yu=t}U w �6 R=
23 2 � 2 Q=}at |=tO QO xOWQmP \}=QW |x}rm "OvDUy ?amtQDt Q@ sQowr}m
|@v=H K]U x@ sHL C@Uv xm CU= sRq QmPD u}= "CU= Q@Dat O=Qo|Dv=U |xHQO
CEB-FIP VwQ |xO=iDU=OQwt |Q_v Oa)@ hYv 'ACI VwQ |xO=iDU=OQwt

"CU=
VRN "1"2"2

|]N |x]@=Q x@ xHwD =@ '�c(t0) C@=F VvD x@ xDU@=w "cr(t; t0) |WRN VvQm
%Ow@ Oy=wN 36 |x]@=Q j@=]t 'VvQm w VvD

"cr(t; t0) = �c(t0)
� 1
Ec(t0)

+ �(t; t0)
Ec(t0)

�
= �c(t0)�(t; t0) (36)

Qov=}@ 1
Ec(t0) 'xH}Dv QO w |Q=PoQ=@ u=tR QO |v=UWm pwOt Ec(t0) 'u; QO xm

Q@ VvD x@ xDU@=w VvQm u}@t w j=@]v= `@=D �(t; t0) w VvD OL=w Q@ x}rw= VvQm
x@U=Lt 37 |x]@=Q j@=]t '�(t; t0) VRN Oa)@ |@ ?} Q[ "CU= VvD OL=w

%OwW|t

�(t; t0) = (t� t0) 
d+ (t� t0) �u (37)

QO 2 35 Q@=Q@ �u w RwQ 10 Q@=Q@ d '0 6 Q@=Q@  'xOWKQ]t OQ=Ov=DU= \}=QW |=Q@
?} Q[ QO (�u) VRN |}=yv ?} Q[ xm CU= sRq QmPD u}= "OwW|t xDiQo Q_v
\}=QW |x}rm |Q=QkQ@ CQwY QO u; Q=Okt xm OW Oy=wN ?Q[ (
c) |LqY=
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UOv
yt

Bazant-Baweja B3 pOt "3"2
Q@Dat |=yVwQ u=}t QO xOWxDN=vW VwQ u} QD`t=H w u} QDpt=m Cv=R=@ B3 pOt
QO QF-wt |=yQDt=Q=B R= |a}Uw h}] |Q}oQ=mx@ =@ xm CU= uD@ COtR=QO Q=DiQ OQw;Q@
'QwmPt VwQ QO [11]"OvR|t skQ =Q |}xO}J}B \@=wQ 'uD@ u=tR x@ xDU@=w |=yxO}OB
xOvwWlWN w OwN x@ OwN |oDiQ?; R}v w xOvwWlWN w x}=B VRN Q=F; |x}rm
'=yVwQ Q}=U x@ C@Uv Cv=R=@ VwQ R}=tD xwHw R= |m} "CU= xOW ^=Lr \@=wQ QO
'CU= VRN Oa)@|@ ?}=Q[ |=RHt |x�=Q= uwO@ '|WRN j=@]v= `@=D s}kDUt |x�=Q=
OL=w =@ VRN j=@]v= `@=wD xv w� VRN Oa)@|@ ?}=Q[ R= xm |}=yQ=RisQv =@ =Q Q=m xm
pmWt '�ETABS2015 Ovv=t� Ovvm|t xO=iDU= |OwQw u=wvax@ �VvD Twmat
Midas2015 Q=Ri=sQv QO OOaDt |=y|R=UpOt s=Hv= =@ Q[=L VywSB "OR=U|t
`@=D 'VRN ?}=Q[ %pt=W 'VRN |OwQw `=wv= |x}rm R= xO=iDU= C}r@=k xm GEN

=Q xOWKQ]t pmWt 'OQ=O =Q VRN � u=tR |xOWxrwtQi CqO=at w VRN j=@]v=
xm CU= xOQm pL ETABS2015 Q=Ri=sQv u=Q@ Q=m |=Q@ |rLx=Q |x�=Q= ?r=k QO
x@ C@Uv Cv=R=@ pOt |xDUHQ@ |=yxYNWt Qo}O R= "CU= xOW KQ]t xt=O= QO
CyH u; R= =Q |oDiQ?; x@ xOvwWlWN VRN |oDU@=w u=wD|t '=yVwQ Q}=U
=Q xOvwWlWN VRN j=@]v= `@=wD u=wD|tv |oDiQ?; CqwyHt pwYL uwO@ xm
uD@ |xRwQ 28 u}ov=}t |Q=Wi Ctw=kt 'Cv=R=@ pOt QO [12]"OQ@ s=v 'OQm x@U=Lt
|x]@=Q j@=]t '(fck) uD@ |xRwQ 28 |xYNWt |Q=Wi Ctw=kt T=U=Q@ (fcm)

w 59 |x]@=Q j@=]t (Ecm 28) uD@ |xRwQ 28 |v=UWm pwOt u; |B QO w 58
CUOx@ 60 |x]@=Q R= '(Ecm(t)) t x=wNrO u=tR QO uD@ |v=UWm pwOt ,=@k=aDt

%O};|t

fcm = fck + 8 3MPa (58)

Ecm28 = 4734pfcm (59)

Ecm(t) = Ecm28
�

t
4 + 0 85t

�0 5
(60)

'0 85 =D 0 35 u}@ (w=c) u=t}U x@ ?; C@Uv |=Q@ Cv=R=@ pOt \@=wQ |x}rm
u}@ u}ov=}t |Q=Wi Ctw=kt '13 5 =D 2 5 u}@ (a=c) u=t}U x@ xv=OnvU C@Uv
Q@Dat ?amtQDt Q@ sQowr}m 720 =D 160 u}@ u=t}U Q=}a w 'p=mU=B=ot 70 =D 17

"CU=
|oDiQ?; "1"3"2

QO '|oDiQ?; |=yQDt=Q=B R= |NQ@ x@ xOvwWlWN VRN |oDU@=w x@ xHwD =@
|oDiQ?; VvQm "CU= xOW |UQQ@ |oDiQ?; |x@U=Lt x@ \w@ Qt \@=wQ =OD@=

%OwW|t x@U=Lt 61 |x]@=Q j@=]t '"sh(t; ts)

"sh(t; ts) = �"sh1kRHS(t� ts) (61)

|}=yv VvQm Qov=}@ "sh1 'C@ w]Q OYQO x@ xDU@=w ?} Q[ kRH 'u; QO xm
62 \@=wQ j@=]t '|oDiQ?; |v=tR OWQ |xwLv u}@t `@=D S(t� ts) w |oDiQ?;

%CU= 66 |r=

kRH = 1�RH3 RH � 0 98
kRH = �0 2 RH = 1
kRH = 12 74� 12 94RH 0 98 < RH < 1 (62)

|oDiQ?; "2"2"2
%OwW|t x@U=Lt 47 |x]@=Q j@=]t '("sh)t |oDiQ?; VvQm

("sh)t = (t� ts)�
f + (t� ts)� ("sh)u (47)

?w]Qt |Qw;pta \}=QW |=Q@ f '1 Q@=Q@ � 'xOWKQ]t OQ=Ov=DU= \}=QW |=Q@
w ?w]Qt |Qw;pta \}=QW |=Q@ ("sh)u w RwQ 55 w 35 Q@=Q@ ?}DQD x@ Q=N@ =@ w
?} QkD =@ "CU= 730� 10�6 w 800� 10�6 Q@=Q@ ?}DQD x@ Q=N@ =@ |Qw;pta
xO=iDU= |Qw;pta \}=QW ẁv wO Qy |=Q@ 780� 10�6 Q=Okt R= u=wD|t ?U=vt
OW Oy=wN ?Q[ (
sh) |LqY=?} Q[ QO ("sh)u |oDiQ?; |}=yvVvQm "OQm
CQwYu}= Q}e QO w 1 Q@=Q@ 'OQ=Ov=DU= \}=QW |x}rm |Q=QkQ@ CQwY QO u; Q=Okt xm
OQwt QDt=Q=B pwOa w Q}}eD QF= u}@t l} Qy xm CU= |@}=Q[ ?Q[pY=L CQwYx@

"�48 |x]@=Q� CU= OQ=Ov=DU= Q_=vDt \}=QW R= |UQQ@

sh = 
sh(ts):
sh(RH):
sh(�=s):
sh(sl):
sh(�):
sh(a):
sh(c)

(48)

w 
sh(a) ' 
sh(�) ' 
sh(sl) ' 
sh(�=s) ' 
sh(RH) ' 
sh(ts) 'u; QO xm
C@Uv 'OQ=Ov=DU=Cw]Q OYQO 'OQ=Ov=DU=|Qw;ptauU QO Q}}eD QF=?}DQD x@
sh(c)

'OQ=Ov=DU= |xv=OR} Q OYQO 'OQ=Ov=DU= AtqU= 'OQ=Ov=DU= |@v=H K]U x@ sHL
55 |r= 49 \@=wQ j@=]t |iQYt u=t}U OQ=Ov=DU= Q=}a w 'OQ=Ov=DU= |=wy OYQO

"OvDUy

sh(ts) = 1 202� 0 2337 log(ts) (49)


sh(RH) = 1 4� 0 0102RH �40 � RH � �80

sh(RH) = 3� 0 03RH �80 < RH � �100 (50)


sh(�=s) = 1 2 exp[�0 00472(�=s)] (51)


sh(sl) = 0 89 + 0 00161� sl (52)


sh(�) = 0 3 + 0 014� � � �50

sh(�) = 0 9 + 0 002� � > �50 (53)


sh(a) = 0 95 + 0 008a (54)


sh(c) = 0 75 + 0 00061c (55)

|ak=wt QO "CU= ?amtQDt Q@ sQowr}m ?UL Q@ u=t}U Q=}a c '55 |x]@=Q QO xm
x@ sHL C@Uv |=Hx@ �QDt|r}t ?UL Q@� �Th� w[a Ct=N[ R= xO=iDU= xm
u=wD|t 51 |x]@=Q |=H x@ 'OW=@ QD|k]vt =yp=O XwYN QO ,qFt |@v=H K]U

%OQm xO=iDU= 56 |x]@=Q R=

sh(Th) = 1 23� 0 00015� Th t� ts < p=U 1

c(Th) = 1 17� 0 00114� Th t� ts |}=yv Q=Okt |=Q@ (56)

u}= "OW=@ QDlJwm 0 2 R= O}=@v |Dr=L I}y QO (
sh) xm CU= QmP x@ sRq
w OwN x@ OwN |oDiQ?; Q=F; '47 |x]@=Q |v=tR C@Uv QO xm CU= sRq QmPD
'|oDiQ?; |vLvt QO w[a O=a@= w pmW Q}F-=D |=Q@ w xOWv l}miD xOvwWlWN

"OwW|t xO=iDU= f w � u}W}B Q_=vDt Q}O=kt |=Hx@ 57 |x]@=Q Q}O=kt R=
f = 26 exp[1 42� 10�2(�=s)]; � = 1 (57)
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Qw;Q@
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Vw
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}QDQ@

Dat
|}x

U}=k
tQw

Qt%Ov};|t CUOx@ 79 w 78 \@=wQ R= H(t) w q5 'u; QO xm
q5 = 0 757(fcm)�1 ���"sh1 � 106����0 6

(78)

H(t) = 1� (1�RH):S(t� ts) (79)

|oDiQ?; ẁQW uU R= QDlJwm |Q=PoQ=@ uU |=Q@ pOt C=@U=Lt OvwQ hkwD
xm =QJ CU= |[=} Q x=oO}O R= \ki xD@r= 'QwmPt VwQ ha[ \=kv R= '(t0 < ts)

Qw]u=ty "OwW|tv ẁQW u; |Qw;pta |xQwO u=}=B R= p@k w[a |Q=PoQ=@ ,qwtat
"OyO|tv x�=Q= =RHt CQwYx@ =Q VRN Oa)@ |@ ?}=Q[ Cv=R=@ pOt 'OW xQ=W= xm
pwOt xJ Q@ |WRN ?}=Q[ s}UkD R= j=@]v= `@=wD xm CU}v XNWt |DQ=@a x@
=yv; |OwQw xm |}=yQ=Ri=sQv u=Q@ Q=m |=Q@ QwmPt ẁ[wt "CU= xOW pY=L |v=UWm

"�80 |x]@=Q� Ow@ Oy=wN R=UpmWt 'CU= VRN Oa)@ |@ ?}=Q[
J(t; t0)ETABS =

� 1
E(t0)

+ �ETABS INPUT (t; t0)
E(28)

�
(80)

VRN |OwQw `=wv= VQ}PBC}r@=k xm Midas Gen2015 Q=Ri=sQv QO QwmPt pmWt
s=Hv= 'xOWQmP Q=Ri=sQv QO OOaDt |=y|R=UpOt wQ u}= R= "OwW|tv T=UL= 'OQ=O =Q
|oDiQ?; w VRN |OwQw R= |W=v =yuwDU |oOWx=Dwm ?r=k QO p}rLD G}=Dv w
|xOt; CUOx@ G}=Dv u}@ j=@]v= u} QDy@ pwYL CyH "OW CW=OO=} Cv=R=@ pOt
|xt=vu}}; |O=yvW}B |x]@=Q R= ltm =@ w ETABS 2015 Q=Ri=sQv G}=Dv w QwmPt
|v=Q@ Q=m |=Q@ |}xOWx�=Q= |xO=U VwQ =Hv}= QO ,=D}=yv 'u=UWm VvQm |=Q@ ACI

xOW O=yvW}B 'OvQ=O Q@ Q=m |OwQw pOt u=wvax@ =Q Cv=R=@ pOt =@ |R=UpOt OYk xm
R= '�68 |x]@=Q j@=]t� q1 |=Q@ 0 6=Ecm 28 Q=Okt R= xO=iDU= |=Hx@ "CU=
'67 |x]@=Q j@=]t |rm j=@]v= `@=D pwYL R= TB w xO=iDU= 0 84=Ecm 28 Q=Okt
81 |x]@=Q CQwYx@ ETABS2015 Q=Ri=sQv |=Q@ VRN Oa)@ |@ ?}=Q[ |OQwQw

%CU= xOW sy=Qi
�ETABS INPUT (t; t0) = [JBazant � (0 84=Ecm28)]:E(28)

(81)

81|O=yvW}B |x]@=QCLY"CU=uD@ |xRwQ 28|v=UWm pwOtE(28) 'u; QO xm
ETABS2015 w Midas Gen2015 QO |R=UpOt R= pY=L G}=Dv |xU}=kt =@

"OwW|t O}}-=D 'G}=Dv |OYQO 100 j=@]v= |xOy=Wt w

GL2000 pOt "4"2
"CU= uD@ COtR=QO Q=DiQ OQw;Q@ Q@Dat |=ypOt u} QDxO=U R= |m} '6QvOQ=o pOt
u} QDtm =@ uD@ u=tR x@ xDU@=w |=yxO}OB |v}@V}B 'wU l} R= pOt syt |xYN=W
"CU= CEB-FIP VwQ x@ u; Q=}U@Cy=@W 'Qo}O |wU R= w|D=@U=Lt\@=wQ O=OaD
"CU}v OwHwt |oDiQ?; R= pkDUt Cv=R=@ pOt Ovv=t x@ QvOQ=o pOt VRN ut[ QO
|xOWKqY= |xNUv 'CU= xOW x�=Q= QwmPt pOt OQwt QO Q[=L VywSB QO xJv;
p=U pOt QO xm 'CU= uD@ |Q=Wi Ctw=kt |v=tR OWQ QO QF-wt ?}=Q[ |NQ@
'|UQQ@OQwt pOt |O=yvW}B \@=wQ [13]"CU= xOW x�=Q= 7utm q w QvOQ=o 2001
\}Lt C@ w]Q 'p=mU=B=ot 82 =D 16 u}@ xRwQ 28 u}ov=}t |Q=Wi Ctw=kt |=Q@
QO "CU= Q@Dat 0 6 =D 0 4 u}@ u=t}U x@ ?; C@Uv w OYQO 100 =D 20 u}@
Ctw=kt T=U=Q@ (fcm 28) uD@ |xRwQ 28 u}ov=}t |Q=Wi Ctw=kt 'QvOQ=o VwQ
Ctw=kt u; |B QO w 82 |x]@=Q j@=]t '(fck) uD@ |xRwQ 28 |xYNWt |Q=Wi

"sh1 = �"s1
�

Ecm 607
Ecm(ts+�sh)

�
� 10�6 (63)

"s1 = ��1�2[0 019w2 1(fcm)�0 28 + 270]� 10�6 (64)

S(t� ts) = tanh
r
t� ts
�sh

(65)

�sh = 0 085(ts)�0 08(fcm)�0 25[2ks(�=s)] (66)

w Ecm 607 '?amtQDt Q@ sQowr}m ?UL Q@ uD@ ?; |wDLt w '=yu; QO xm
(ts + �sh) w 607 |=yu=tR QO ?}DQD x@ uD@ |v=UWm pwOt Ecm(ts+�sh)

'Ovm|t p=ta= =Q |oDiQ?; QO w[a O=a@= QF= xm CU= |@} Q[ (�sh) "CU= RwQ
C}U=UL sOa p}rO x@ |rwtat |=yR}r=v; |=Q@ xm CU= pmW QF= ?} Q[ (ks)

II 'I A}D |=yu=t}U |=Q@ �1 Q=Okt "OQm ZQi 1 Q@=Q@ =Q u; Q=Okt u=wD|t 'q=@
'Q=N@ =@ |Qw;pta \}=QW |=Q@ �2 Q=Okt w 1 1 w 0 85 '1 Q@=Q@ ?}DQD x@ III w
w 1 '0 75 Q@=Q@ ?}DQD x@ 'xOWC_i=Lt w j}=a |Qw;pta w ?w]Qt |Qw;pta

"CU= 1 2
VRN "2"3"2

|x]@=Q uDiQo Q_vQO =@ �c(t0) C@=F VvD x@ xDU@=w "cr(t; t0) |WRN VvQm
%OwW|t x�=Q= 67 |x]@=Q j@=]t VvQm w VvD |]N

"cr(t; t0) = �c(t0) [q1 + C0(t; t0) + Cd(t; t0; ts)]

= �c(t0)J(t; t0) (67)

x}=B VRN j=@]v= `@=D C0(t; t0) w VvD OL=w Q@ x}rw= VvQm Qov=}@ q1 'u; QO xm
%O};|t CUOx@ 69 w 68 |=yx]@=Q R= xm CU= VvD OL=w Q@

q1 = 1=Ecmt0 = 0 6=Ecm28 (68)
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CUOx@ 73 |x]@=Q R= Q(t; t0) w 72 |r= 70 \@=wQ R= q4 w q3' q2 'u; QO xm
%Ov};|t

q2 = 185 4� 10�6:c0 5:fcm�0 9 (70)

q3 = 0 29(w=c)4q2 (71)

q4 = 20 3� 10�6(a=c)�0 7 (72)
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"
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�
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#�r(t0)�1
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Z(t; t0) = (t0)�0 5 ln[1 + (t� t0)0 1] (75)
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Cd(t; t0; ts) = q5: fexp [�8H(t)]� exp [�8H(t0)]g0 5 (77)
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RSr =

�
�c(t0)"0c + "sh

�"0c

��
1� exp( ��n1 + �n

)"0cEc)
�

(Es"tot)�1 (90)
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QO uD@ COtR=QO Q=DiQ |v}@V}B u; u} QDnQR@ xm 'OQ=O |OOaDt ?}=at QwmPt VwQ
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pDv}i |xOWxrwtQi VwQ xm PCA VwQ x@ w Midas Gen2015 Q=Ri=sQv =@ p=Ft
Q=}U@ |}xvwtv u=wvax@ 'G}=Dv j=@]v= CQwY QO =D CU= xOW s=Hv= 'CU= u=N w

%OwW|t x@U=Lt 95 |x]@=Q R=

�sh =
NX
1

�sh;i =
NX
1
hi"s�s(1� �t) (95)

K]U x@ sHL C@Uv� O=a@= Q}F-=D u}@t ?}=Q[ �c w �s '95 |r= 92 \@=wQ QO
uUl} QO VRN =}|oDiQ?;C@Uvu}@t?} Q[ �t 'VRN w|oDiQ?; QO �w[a
QOuD@ |Q=PoQ=@uU QF=u}@t?}=Q[�ave w�a w|}=yvVRN =}|oDiQ?; x@X=N
'4�2e w 4�2d ' 4�2c'4�2b '4�2a|=yh=Qo R=?}DQD x@ xm 'OvDUyVRN
RwQ 28 |xS} w VRN ?} Q[ "0c;28 "Ov};|t CUOx@ Q[=L Q=DWwv QO [16]`HQt QO
"O};|t CUOx@ Q[=L VywSB [15]`HQt 3 h=Qo R= xm CU= VvD Twmat OL=w =@
|y=oW}=tR; |xvwtv |oDiQ?; Q=Okt s}UkD R= xm CU= |oDiQ?; |}=yv VvQm "s
|=yQ=@ |x}rm R= xOt;CUOx@VvD (�c)i "OwW|t pY=L �t Q@ x=wNrO uU Qy QO
pOt |R=UxO=}B |=Q@ VwQ u} QDy@ "CU= i|xk@] `=iDQ= hi w|UQQ@ OQwt R=QD |q=@
X=N |xk@] |R} QuD@ R= p@k |=Q@ 'pw= pwOH "CU= pwOH wO p}mWD|UQQ@ OQwt
CQwY QO "OwW|t s}_vD R=QD u; |R} QuD@ R= Oa@ |=Q@ 'swO pwOH w |UQQ@ OQwt
|v=tR |xR=@ QO C=k@] CN=U |=yu=tR |x}rm |=Q@ 'QwmPt |=ypwOH |R=UxO=}B
Q[=L VywSB G}=Dv pY=L xm xO=iDU=OQwt \@=wQ QO KQW u}= x@ |D=Q}}eD 'XNWt
|x}rm xm =Hv; R= "OyO MQ O}=@|t 'CU= xOW xO=O KQW 3 VN@ p=Ft QO w CU=
x@ 'OvwW|t O}k \w@ Qt pwOH QO OwN |Q=PoQ=@ uU w CN=U u=tR COt =@ C=k@]
xO=iDU=|}=yv Q=Okt x@ \w@ Qt 1?} Q[ R= '\@DQt\@=wQ QO (1��t)?} Q[ |=H
|}=yv |oDiQ?; w |WRN |=yVvQm pwYL R= TB w Q=m |=yDv= QO =t= "OwW|t
Qo}Om} =@ pwOH wO Q_=vDtC=k@]|WRN|=yVvQm 'Oa@ w Q}N= |=ypwOH R=pY=L
R= Oa@ pwOH Q}_v Q}O=kt R= 'CN=U R= p@k pwOH C=k@]|oDiQ?;VvQm|rw '`tH
OwW|t u=Q@H (1��t) |=Hx@ 1 |v}Wv=H QF= 'j} Q] u}= x@ "OwW|t QUmCN=U
"OwW|t QiY Q_vOQwt |xk@] CN=U R= p@k =D xO=ONQ C}ty=|@ |oDiQ?; Q=F; w

u=UWm pwOt "2"5"2
R=QD |q=@ |r=ta= |=yQ=@ QF= QO 'N R=QD |=yx=ox}mD u=UWm |@Uv |=yu=mtQ}}eD

%O};|t CUOx@ 96 |x]@=Q j@=]t N

�el =
NX
1

�e;i = P
NX
1

hi
EiAi

(96)

i |xk@] w[a pO=at `]kt K]U w |v=UWm pwOt ?}DQD x@ Ai w Ei 'u; QO xm
xOy=Wt xm Qw]u=ty "OvDUy |UQQ@ OQwt |xk@] |q=@ |=yQ=@ s=tD ẁtHt P w
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2. compliance
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4. time ratio
5. hyperbolic equation
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7. Lockman
8. Fintel & Khan
9. portland cement association

10. nonlinear sequential construction analysis
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