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DYNAMIC NONLINEAR EARTHQUAKE RESPONSE OF REINFORCED CONCRETE
STRUCTURES BASED ON STRAIN RATE EFFECT

5?;-iE‘i~;i= ':%§%:E2E;?:- 5?
. :--4‘-:I" , r , ":':?:I:I;I:i:1:‘. ii

.;E-.1 " : Z i;:" "=!§i§5Ii§§§§§ _ y ;“iIi$i5‘5""' 5E:.-J" ' . _;- ‘:.:»:,- 3:
%%v%%%%%w%%fi$ 5.- V: '- "-:-:~:‘:-:~-<:--:-:-:,>%opg,'-:-:-'. ;-':-:-: :- A 2%Ez2:2i2==:1:z=;:2=:%zizi§_= =5

":l-1:‘"2111:-:3§7:?¢1:‘:?:?'“':1-T$:!:T~ 313:1; "~I:l:':?:1:3:1:7:1$:i: 11'1"" ii
1:I:I::¢.-.-.1E1§I§1I'3I§?§-E Y " ;-EYFTZIEIEI‘ . : $15531: " 1¢E‘31§?i5§?":1§5§1 ‘E

5rErE=E=5¢§5§5§?§5fi@5§5§3§?§5§‘§"""'2""1§5§i555i}..-.-;55‘55§i;::I7??§5§?§5§§§§?§i§?§ 55
:1:1:1:1:11?:1:1:1:I:37:35'.!:21:3:?:1.’ 1 ~ . ' F:1:1:1:5"'f-':¢‘1'?' IIIEIEIEIEIEIE=EIEIE¢E1:!EF/ 41515151515 iv“ . :-i1?IEIY1EIE1EI51215215 E.:1Z1:IZIEIE=E=3=$??5E5€5€1EIE1E1ZIZIEIEIEIEI 1:53553;?525335353E5E5355;5%=E;E35;5;€;i;i;§;;;;;;;:;: 1 I .;.;-:;:;1:§=iii;E§E§i;E5§;Ej§2;i§§;E;E§E§E§E;E;E;E§E§i§€;E ‘<

-"‘ .4¢¢¢s»/
-:-:~:~:~:~:-:»:~:~:~:-:-:~:~:~:‘:-:‘:~. - +:-:-:-:\:~' ...-.-.-.-.-.-.-.-.-.-...-:-;-:~:-:-2:".~:-:-:-:-:-:-:-a:-:-:-:-:-:<:»:-:-:-:- :1:-:-:<:-:-:-:-:-:-:-:-:-:‘:-:-:‘:-:-:-:-: -:-: :-:~:-:-'-'-;--‘-'-:-'-:-:-:-:-:-:-':-'-' .‘;-:-:~:-:~:-:-:-:-:-:-:-:-:-:»:-:-:4»: -1

:-:-;-1-:-535553555553E55325553555E555E5£5E5E?E3i3E5E '.$5§’;T€5§:~:..~.4:-:~:.:1?E3§5§=?‘»E5£3:5:5i5i555E5555Fiiiiiiiiiiiiiiiiiiiii53====r==;=; ii
:1:i:i$:5:5:¢:?:=:5:1:12?:1:3:715:?:i:!:1:3:1:1:I"‘ 1:I:I:I:l;?:I.1:1:1:i:1:l;1:1:1:" "'.l:1:1:i:1:1:1:?:1:1:I:1:1:1:I:1:1:1:i:i:1:I:1:1:I:1: F

.;._._._._._.,:;:;:;:;:;:;:;:;:;:;:;:;:;:§:§:;:§:;:;:;:§:§:§:§'1V { "F'i'5'1:?’3‘!'¥‘1"$’555’ ‘ "I:§:§:§:§:§:§:E:Z:E:E:§:5:Q:§:§:5:5:E:E:§:§:§:§1;.;.-.;.;.;.;.-.;.;. I
:3:1%9:5:3:1¢3$§1$§5§5:1:1E5513351Eiiliififiililiififiilz’ ' ""2':51?’1'1:?:1:T§1§55'7' '""51715:!:?:1:i:i:1:1:1:1:1:1:1:1:5:1:5:¢:1:=:3§i:1:1:1:1:5:7:5_.-.;.;.;.;.;.;.;.;.;.;¢.-.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.-.-_ --.;.;.;,.;:;.;.;.-' ‘- "»:~:~:~:;:-:~:~:~:-:-:':-:~:~:-:-:-:~:~:~:-:~:-:»:-:-:;;:;_¢;;;;5.;.;.;,;.-.;.-.1;.-.-5:;.;;;.-:;;;.;.;.;.-.- .;.-//5,» » .».;.;.;.;.;,; _'o;z:‘/./-., . -'4'-~-:-:;:;:;:;:;:;:;:;q:;:;:;:-q:':;:-:-:;:;:-:9:

;¢-:-_:_;>:;$'5;:1'§-:1E?Z:§§1E;:5§:;:§Z- - ._,.;;;. ’E3W‘§-3' $15-1:i:I:¢:I:1:""$;' "7.;,'-._.».-.-.¢.-.§.<§;;,-.»' - , I , .4‘ »:=$ mg; . »'>-;:-'?#""$-r;:=~'-' /»-' > * ',= 15' -=:=:==r;=- '", i ' 2: ==z=z:=-'. . ff?»-r? J;$- /' 9;" 5 -- -5'/J‘. vraz -,.< 21;-,-:= '-1;:=- -.-:1 1.<~';.' .--> <.1:2-;>. -- I. ’ *Q . fiw/%§p@%fi%,£%mw% W%i'@%%%@%fi%%%
» af 1 ' *==:=:.;, .=§="<=:-;..===.¢ ~ ~,'a;>:= -< ,»;,:¢a-',z,~».s,=-».¢"~',-@=»<. =%2=:==-5 .+;===* ' 2-: ;:».>> 21$,-1. :-,g1.$$< meg ,<:‘:~:~:-12.. 4-_;.~: gig:-: ‘$~.-$7z.=:€>Z$31‘>5:,$:¢.§%'.-§§§'§{’ .'3 f / 411- <;5>','7_<»:,<,-$:-.';>.$$5§-,_-; -.21, -;=;==1;1:=:=;;. .=-.=y§-'<-:1,¢¢;>.;-=-;=-z<'<:=s-'==<$f;s;;;.I/3 (;-;;=§=z=- -I§ =s=:¢.'=@a=a:z:z=:==;=: .~ §s§2;;"==1.¢- a>.~ -<»;<,'.-<r:-=?;,».§==>.;>§g-,.<=_aer» .===;=;:2=s=2:1=z:.-==;23- ¢;>-a:=1#;fi=>', ,._»'>,1;<_';:,$>.;<:.-.-'g=g=;=;;;;5;gq;g$==;;.;f¢,g;=>.»=z:5a:f< '.1?2$:;=# ¢-s:=.+=- ’ ¢.-: -' . '- >".>'-9:2 :-:-:-. '1-'-:-:-:-:4‘:-:-'7 :3: -:- -:1:-:65.’ 1'55'§5:3"" 5 ' ' /"‘ 1

:= :>.¢i;;§¢:=a§z, <
'\\'-.\.~%

-\.-.\'-N

-:-'~:-.~.-l::"":f“Wm~"\‘§ %-~\~Qz<

Hiroshi MUTSUYOSHI Atsuhiko MACHIDA Kazuhisa TSURUTA

SYNOPSIS

It has been recognized that behaviors of reinforced concrete members under
dynamic loading are different from those under static loading due to strain rate
effect of materials (l,2,3,4). This paper describes the effects of strain rate
of reinforcing steels on the dynamic response of reinforced concrete structures
subjected to earthquakes motions. In order to obtain accurately the dynamic
response of reinforced concrete members subjected to earthquake motions, the new
force—displacement model was proposed based on the effects of strain rate of
reinforcing steels. The dynamic responses, especially accelerations, calculated
using the proposed force-displacement model resulted in satisfactory agreement
with the measured responses. Furthermore, the influences of strain rate on
real reinforced concrete structures subjected to actual earthquakes were
clarified using the proposed force—displacement model.
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