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A STUDY ON THE VIBRATIONAL CHARACTERISTICS OF RIGID-FRAME BRIDGES
AFTER THE HYOGO-KEN NAMBU EARTHQUAKE

(Translation from Proceedings of JSCB, No.550/V-33,November 1996)

; -_1¢1_ I. ..-.-:--.; ».
/ f, 1 . ‘P.’-;:1a:;

I ' -1+: 5:; -' ‘I 5"-‘--I';*.;f;2. _ I f
1 .~ ;'-'-¢;1r-:=.'.=:';- / ’ I N-..- - .-.-;-:_,I;i-.'f'-1-!:\‘/-;‘;_-_- g;. 1:-:1 I -’;:- - = ;=1;';§§:-'_:;:-3;-;.:1 - ~ ;;:_'.;.-:= ._ -*4"-,:_::'.r;.. -:'I-Z1;-'_' _-?I- .r ' .-:.-: . _~'.'-' '-:':- 1-'-1 :;- l.3:1-::-‘.-1'.-. ' ' -, -1-:___;__<,1;_:.-:‘.,_;. .'__- _ ;/ ___.-.;.-;.-.;._.g\;;.:.g;.-

»~ -1-<:==:=1=-3'=-z<<;»-.i::,=.=.:-_;. » » - -; 2-._ I 1-. -5.-.-2-2 -,1:-,=_;-;;=.=:1:-1:-=>-e;.:;._=;.:;..-._ J,f, -_-1-g-;E".;-1;-' 1 "I:':'- 1"-I-'l.».?TiE‘;:$E:fit':§1l:}§§?ii_E'fi$5L5fEE§ ,. 13‘ ‘ -'.=.__:-';:'--"-'- 1.=.;'-;%§'_;='-:"F:;.=:-311;T}
’ :5-;:'“-r;-_. 1' rj._ _;~':-; 2~",a=5%;£§%1EféE=;'rf.3-.Y.&¢:;a';.1';=_£,;;;j;§¢%:i;g~t{; '15: A ?;rf<.=>' _;-5-:".= -£1\jI;3I~‘=‘->;‘?,o1‘¢F$:g1>f"-?-1-.

-- :-:-.~;-'>:;>:$; -.-" . I.‘ /.;~;-“-r-=.<*,-":1:-sf:f=-£;::-§.e:::<=;r::<;~:.¢-t- I ;'->1 "1-->>.<’¢-;-;1-12;-:»#-=<»?t:>7*>,<~ ‘ - ~I-~',' ‘.'§§'{.3,4:3T;I_~;ifQIfi:I§;$;;-'_\ ‘:5 -:-_;-;.;=_ 1::-_;-_: I -,‘.§.r.-_ .-:1 +;$:-’r->:PJ.~‘=-é:'<'§:Eérf.;<13=?.<£1$:1:&!;2;%f;>E. -’ Pf.’ “*"‘¢'?/Si‘?-'-E;",_,*E§\§§1I§,"' ¢' .1 E. = 5
.-t '~--‘ -'1-_, '\'~+'-“'+" ~ 1‘ 5 .;:,~I:j 2 1:g,g§§i§:¥3‘3-R15:F12131;:5:_:?:;:y;:§;e;;;:;:;,§;';:.:§:;;-;{3.1;-‘:1 <f;;t_ --.j;;:'I; '\-/f.3-gt-:;._§>_1;->_:>>‘£ ._. _;§¢"._‘_‘;; ', I/ ,9 _ \ __-¢_._,_ rh .;.§¢1 .;.__._\__;_:‘,\j%__%;£2 .-.-:q:~r»-;-t._ .-.,¢;»\_-._<»_§1.»-.- - ;-. ;_:-.-A1-i-in;-:~<>->:§#»:a¢<?< .<=:-:r- "-:;::-".~ - - - -,-»~ . .-.- - -~, _. . _ -~ -.::-=2..;-1=1:;.;:"=: .>>a§'---'=-'r5:':¥=i=‘; ’»~ i===%=:-’:>_t=::-: 1"-:l;' "K;-L--.e,_£;,;~_;;.:-_;-:1,__¢_~._-;-_:-;-.¢-_~,§-:->,~'-,-/ ,.; ;-;.-.;4.;.--_:gr;-;a;q,» ,2-1->1 ..;:--';’-,;._-.;.-q>;»:§3¢-.-.; _._._.—,. 1, _::;.;.-are .~.~:-pr-;-.; '._ _;;-;-: . W?“ . - ..-in:__.._ K“ _.,_...c..,.>.._ -.~,,/ . .,.. .. . W __ _»_».g,/:.._.._/,a_,, 4|‘ .,,. .._ _. , ~. .,...._\\ .. . _ ..> .~..\, _ _ ,_ .

:-6;-;;'.Ir.-:1’it-:1:{'z<I§i1;-ti-Q‘-? / 1;I;';:<'. .-,'+‘\%-"" "-5*-'/r$:5'§,-1-"'-‘I-"'-‘ ‘*‘~ -I-r-r<:;r.¢.¢; :1.-':?‘.t§.-:4 '; 1.1;: 12>.-3: -L-||,"\A.;._ __/ - ,;-.;;.»,, »_ - .;:;;-,-3-7;;-;;.;:_<§.-1; 1-;;»._~.-,, 14%,v:¢».»;¢, ~;,;::_-';.~;¢'-:-. --:->:-.~c-;- .. . -11, .5 2 -I11-1:;:-;.~.-_ ¢1;;:;;..;.- *--.~,;¢.a;:~ .--.1.-.-, ,-.-_-:-;3;;-;~;-;.1<;.;;. _;//;_f.;. /,- _.-.;._=-.-;-.-1.~'/\ o $E?;?,\’-tI-1- -,- -; -1- ,-}_- -, ., v;,.1;.'\_- i ->_.;1_-.3.
rt:1~'~r-‘»-:Iré:<:1;:'-:I:-.':i§';Y§;f3:;2;:§.<;1:-12$ ,1 _1,,‘§i,"1EErI5:gT¢.¢f~;1§-%‘ii<;';¢:1:53:22-r§.=-$3;-;;»Ea31) :i>j-';=€?-:iY<}r;§:;?. =.¢._-_:,_" I%-1:'1'-;=§1.?Z=i- I'.-' -=q:~?<-:':_<'5'$‘;...-5 ‘W.,.;.v».:.-.._~ .- - .-- ~r<§;¢.,- .,.--\ . ,._.; -IT'S‘.-_' .., -. .,_; .- .,¢..>-on-_ ,1’,-q 4'-»~_ - - v ._._.,A-.=.-:4;:~.‘::!¢:=r;:-:3:-:3:""- -’/f-P;a?$-.<,:>;n:;<,':4nEi£f§<;r>Qé¥=+.a* .~>ét;¢-:<:¥:-a=:-::1_I;1:>:- "air-.*»‘=‘:‘»':i ’ '5+»::-v=:1:=;1¢-=:=;2=:I~€<->:-r-;>-.-:,b>-=1-was .-,'-:---<<IcE1;<~:=-> =31-1‘:3 '+i;~':?*>‘=:1'-'<.§>-1=§-.,,"‘ '“' at "- I:'~:1=1-‘fin-.-‘.-:1.“
'.‘~:>.I;5&§:l-l-,';I;1;!;:-';;{:- Q -;‘¢Z/’,>.;i;-,r'1\£:/'-1‘c_-.'_=tI:F¢":'-?-£52313’ ' :<:51;1"'>i';;§:",¥;';-_'$.~“‘-‘"'"' 1-f;;&J'1\'.?~':Y7:1.'<-_ _-"‘Q1t>.l5.~&'.;1;:;;;:;>_:§:52§:-Lg,.-§;:;.$;lf-$.51-,;_-g.-‘-’ '-fr‘_';;;';l-':.'?i:':-:._.¢.. 2;‘,-T1}; _____-',;¢,¢-:1>j.§>'- 't;- e‘:-,, ,4; ' -M. ~.>§.?:§;<:T:‘:;':;:l::;.’§-__ _?;.*-25:1:s<a*3;\\g=€:n;‘,n;€e*:§?§:;;;s;== ‘:3:I:?5%¢§331<?,§g§‘§§£1“§?E§23-'-e.-3;»-s,§g1g§fiI§i;§:3.i’=?f§:5*£3?1.-1:E3l§'i -111}rf15§;I~z::?;cI:$2@§:;:1-\.$.fflf ~§s?>=f;.t<==::>.?;at:-s;=a§.-.-;--1-I\. 1-1.-~:-r~-r‘-' .'-\ . . '-I-'-\'-I .-.-'->1-" 53- '1"-.~.‘:;~r~:< 'riT\<:'Q"//,»"';§"4',‘ “\_.;-i.-;:»:-4%. _ .'.':,¢' ---:~>.-:-;-2-.-1-'--3-'1 -L‘.-.-: ‘:-.-P-1-"or->1-sin.-';- -- .. ‘:<".f- ' .. \ -;‘_-"-1-‘---'-'0' :-.12»?7~:~:5;::'<-:-:-:-:-_-:-:-;.3;- E1:-52*-.',c§;s~<!Z'-'5~+,#-3fi.\42'.d-:->?$.~:51»:-Q-':°:1>::1':§¢v-:~¢;.;._.< *5.-.~-.-.¢,'+£-> :51-/4 \.;.,rr.,-».~;.-;-:-:-i.'~:-.-<-c-.---:~'§o-, :c-;-;~-;.;.;.;.,:t; _.<'.-/I1‘1.-5‘-;;-w'<\':<-‘f1‘ : - “- .1.._,.;¢_~' e<_<:-[/a‘k;-:-.;R-.-.;.-.._ - . ~. , 1,-_ 1 .....--\ - -. .-,_.».\., 2 ... ,~ ~../ \ r\.\J\.\.I\\\'\J-7-/4 . . \_--r‘..,.»!. __ / --;.n_\ -_/A»..>.,,.\ . 1 .~\y». ../!.i\,.,. I-\F~_.;,;;_¢_¢_.;_\;_-,;-;-pf;-;.; ; -.;Q.-. .3: ;..>;,§~;§1.</'/.1\;;.’;~,;:§,-3.;?5->;.->,’2/ ,;.§;.-r.'.~»,.',- /,;¢~£_'v,—». f'\.\--52‘-?-.;.-1.»)-1-.6-I/;-c-_=;-vr/\» -1-“-_-:1-;-3.;--..-.-:.-,1; <-.13,-Q,::~_1.-4,-;.;,;-/q-;-qt - - Q 4/-:§\.)7,'7;-.,>. _aQ;\"1; :0.-;-1-1*:-2*}-.;;1:é1:1;s:1-;-:=:~1‘:~#15:=.¢;=;2d?E,<{¥<<e°§-rt-:%'Me€’i\6‘:<.g=%5~‘¢';'sin: q.~'>;:€f;:-:$">"$@I-§¢"§l<;$££’1-ta:-a*;aj5g{;;fi"\r"1;:t;>:;;;+:-:1;Ig.:1;-E-31;: L13;-§?3\§J:1f7<"I:?T'?"?-RE-it »:% \ ~* 3);‘,->_;§:Q3)\‘;2-.-_‘¢%I:-'1-.-1=-':~~~_-:-_-_-I-_-rs:--2:-L" -t Q2':’q;|';-§)_\“*-"1;/\:'|,";“'::?/-:9 ~>--y-t*<:g§,-,€§‘ w , .. F s:~;,_-;~;.__§ .- . -_.-.;>_ 9 ~ I \ .5- ' - \'\;i;..;l-I-5I§'.rI¢:'TrL\l'Z 1!?."-:»:s<¢~.1-+"§»"_:-'1->»~;-av ‘.-_v;.;*$:-31--.;:.;._;:.-'~_;4:;.;r»,g_

~»~"?ji‘~»\§ \ v _,{;,&

.1 _.
;~_>_:~?_~1;1-:-1>_:-;*.»‘-:'-it-;al;I~ ,,-> *.-4- -+1.-'-.- -<'.a-:~¢,~.-- '.;*.;-:1:I:J:I:2Yi;?;_»i5_-=-- \~,:.;-.--.~.-.~'<'/ii it-'5 . ~'.~-ac -_ \~1--fie:-;~'-v <-_='5.~<1-;-;-:1_/%;;'-:5/.%-~‘-'~:- -..¢.1.:.;-9-1;.-.; ;§.-.-ml_<:;.;.-1./1,,.}3E1iE’€-‘-I~'i1?1~';%l?§5'-II-?€51‘1§1?'5%¥?:'?¥-?E=~:E=§-f~§~§<aa.;;¢./}-.i1-;§Z5l¢1~=$i,' "Z "‘~‘~‘;;'.¢‘/R -?=>:=2>?=r:=a.&>;;&fs?i:-3-€~3~:?_=:-‘;-_.’-4.7;?-2;:-1<¢1;;:-_ _-: I \.;~_¢.;'<,', Q-_:;§5-.\<_\., ~;-’-:_,'-j ./\\'_-§Z;>' .1;'.:.'I<Ct;~',":~_-;';’;~:r:-:-:-.-" X .._, .v :9’:-.~;;<.'-_¢3:». p-g:¢1;._M<.,-,_w,\.-:<;'-‘I _ _.1I;:;:-r-:-.~<;<;-_'-------5' <13}?\-“-I-.;I;.-'3.-‘\‘\-"335" :1‘lj-‘{‘.‘,)-— - 2'-‘£2-I-3!-I-.'._'Z'l;-§jJ£,1;l'-:4: .\-‘,.~K-_,.-_~f .{\"\\‘.1:_2<)";-2;.-1;-'._¢~-,~;~~».~;-;~;_-.1>;_:_:\~‘~.\i.-:.-_ -- ~>w~;.-1.,-;,;.,_,~>_1 q¢.1i¢~.,-.§-;:;,\ ~ ">3§j'j3'/{'-Lji‘:1vr¥?T{._'-f.-I-_1 .w=:»,/ ,_/w .._.-.<.-; -.'.:_.-1‘_ .4-;-;,1\>\;.--.';,,;-;-_r_?§' .--;:-;~_.;-_.- '»_-'\,;.-1-3,-A’-.5f\».1,'.P$<\,-‘;:-, ;-1-1:1-_-.:-:-;..¢_'.-.4.-,'..;.-.; , _";¢§'-l_/.5:-_~:\\“,:-¢ -\.'-,1-.1.-_-. :.~.»_-_-;--_-_._-.-.'.-,.~~.»-.- -_ -\,.~.,, \..{-.-.r.-,-_-.;r-,-- -we / .-\~-».7,,.¢_¢,_\-/_._c- .., ,,.-t £-_<,_-,-K ,; _.-.. .._-/ :~.t~_.~...-1 “.11-.; r ¢._;.,r _- .._ _._\.\.'\, =\\-\_._-..;.->\,5,,_.-\;g¢:;;.;.;_;_-.;:;.gr;:;:;;:_:;:_A-,:.;._ ,-‘_\5;»_E>-“<-:1-:-:»_»: I =~._ . _.1,1:;-;-:.;;.;;.;:;;;£-Q;-3:-;#;< 4'1:-“.-;,.<»;;-.<.-;~'.~¢;{§»:,--.':_-:-;.:;:-‘ ’\;;»;\—:- "5".-'-:-':-:,;-¢ _-'4I-;;:-'_;-'.1.'§1.‘d- -1-I.¢-§§:;¢'/_Y-§;~?~Y.-%\‘>-- _--.- -;7;.;I)7;1;L;'§§-:'_7'7.'.5Z“Z"-'L-""' : '~."$'-:%'¥Y¢~.{*<<-¢"?<.-_<j¢-11-
€§1:?§3§'§§§?'3535l?§l¥?§il€T¢§3?;-'2 >"°“:::$:3'§'€i¢5:§"'*§;"§ 1§.55'i-%-'2§€§:5Z:§-?5¥?§3}§??5?§I§TE?F3 RE-52131315‘.-:.».~,,1.:1.--;-‘£51511-if-1:1'jIigI'jE§:1?""“"< / T’-5-‘:~?3§$:51€‘“'-' = l" ' 5-’ {Ra '7“I?T,;?:1il'.3i551§‘-' $5;$.§;g;1;‘;13:;§;l:§:j:§:;li:§§:§Q'§g;§€§§1-;- an -‘>‘4>~'»“ é ,"~';:;>¢;1;.§<523j;%§$;§¢1:55:32; ‘é,;‘.{~;,§.'/,:;:»;3;:¢!¥;‘.-1:14 -\>;.".::5:;1:§*$'1::1315;r;===_:~;F-3=:§:;:_;:;§ "-11;:-1;§. " /* P“ ~_-___~.;:-~~';.1_$..-. £1:-)_~\. '_f;,:.;;:;.~;-1-= _ ~~.\r¢.:»2'f-!;\\~:-”"'__i-_ / .1 ,1 at/. ,. _ “J (‘#1, _ . ._..\Q..,,,.‘._._._._¢.)....,. ._q._..r / . ~. . - \.~, . .~ ‘~. t .-_.;ac-.-_-f-'4-§$='-"-'-"-iv-<-;"<-."- -. 11/ '-.~.~/f V"-$5‘-“‘.'."'.‘-I\\I-J "'-*‘(r."l'f-‘/fa)‘ _- ‘:3-.-)‘<-.1‘-'-1;;-.-.*_'_~_.,:-_-1~.-.-:;' '--"‘- /"' ----.-_'- -- -.,, ';- $I~‘-.‘- '- -'>§'/4"? V.-~ "‘ _- -;-~_<~:-:.~.;.5-,;;.;;:;:;1;;¢r-:-:-:-_\€-- ._ ,(,1¢"¢.- ;,./5“. 4;», .1‘/}~_:'-/,-5 '"'-5;!>';.~;:2-5:-:4-:-:-;_ // :.-<z~_~;».- .1- <15;-'-:>-:~:‘;:-4.51:-1:54:-1;-:-3-r ~ -\;_-' '-::?.~‘;-.,,~./<;/4.-'.-.,c; V ». .:.-.3
.j;_?,';';';7;jt>;;>§;.j¢.;.:-:<"" - ¢;.;5,; ‘~, ;.‘;_-:-.5 » , 5* ;,;- “ _—' -' t~»1;;.g2I;;2;ig.';1;2;:t ‘ 4%" .;;.'_\ :>.95-1-up.1;-.;;;Z;.§.-:-"-,-""-V_. / / ',_\;_~‘ '; f._"_-,:<>.§]L"','1;::»i)@"{\f/-4-5 7- -"_-'<';:_/.;:;:_;-}:i:‘;;?;.‘-1‘ - f; ‘:23-f-{S}-_3if_:{-__1:'§|::;;i,:{ . -";»‘I[.Fl§T>' :_— ‘ —:I= / e. A _ wt‘?-it-. 1'-5*-"';¢ '-l "‘F- -5*"-:-:4-' '?-aft-I; ,~'!>.3t-9 ~' :_ ‘ 1e _. __ .\.‘»'fT H-,.,-,._ ,_~.~'»>./.-N, » _ V. _- -.~*,-»:-to‘ . T _;_ ~ -' t;-;-1,’;--\:\ ;/ <_.>\;( '~:~3-‘:*-:.,~_-.'--t _ -V -,4" . '-:-.~'-' .- " , 1; .11‘ ',_ »'_ . ', t _ -¢.;:.--1;: '.,,.-_<-A-_;_,';;_‘ ‘;:e'__‘" 1:#,:.». ' -_.-s ' - .;-;.;-_<_:_-,,':;:1:-..14:;,.:.,:;¢;:;:;;:-;;>:»_ fig,” . ,1" ;t» -':_._:- -.._’.-.» -"". :.-,;.-._.;.-.».;.;:-:-.-.--'c-2.;-;-;.;,-s:-.r» »», . ;—.. -_-_-:- -

$5 » ~ my
M /+ - " 1*<1=~’<'<:r<r;:: -“'*’-”"~’ " - 1 - =.- -:t=:>a-1.-' ~*:=?>¥t:'/~: =—_~ :\___,;-'~ ;>,\ V . 4) _ .. -.»-.~F-¢- -»,-wt»:-to Y. ,

’ '51 #31311‘3171::-Y13?-'~':>§<1ft-311$'7~I=?-211.. . ... - — ' , ’ :‘i' -‘J"<5:~"" -"St! " I Iiv =1: =<;=:=:tz:x;f:j-gait‘*=:$*$-<:I<.¢r;;W =1 =>Z-'l~-.51;-:-i ,1 1‘-'1 -=;=-?:¢:=:~-:-I = r: '- en‘.-.=i ~"3-; V ;;'_;;,; < .=;-_§:;:;:y_'¢>'§.'j -; I,‘--_:__:_;'_-2}‘ (,1: — __ 3;,‘ = _-1, <;.;;_c;I»';:' :4,-» ,‘e§.'¢,: 11—-.;‘- >—;.--:3’
» - -' 1-.-‘ T7 :=:iI~’-‘~=~"';i’:» “ .-. .. 1 ’ 111135‘-5:‘ ii-;'$?:7:I:T'$.f ' " ‘- "-“=" -7

Masaki Seki Kenta Mizuiani Akihiko Nishimura Satoshi Nakano

Some of the elevated rigid-frame bridges on the New Tokaido line were damaged by the Hyogo-ken Nambu Earthquake.
Alter restoration, the dynamic percussion test xfias performed by the authors on the Shinl<ansen's rigid-frame bridges
throughout the disaster area.

These tests were intended to ascertain the bridges‘ natural frequencies in order to check their serviceability. Some of
the bridges tested had suffered a decline in the natural frequencies as a result of the earthquake. Suspecting that this
was caused by either a decrease in the column rigidity of the bridge or the bearing capacity of the soil, eigen-value
analysis was conducted by the authors to deterrnihe the cause of the decline. ~

Additionally, the authors selected a rigid-frame bridge that had an increased natural frequency as a result of the
restoration work, and ascertained the cause of this increase. Then it was found that the serviceability of rigid-frame
bridges could be evaluated through the use ofnatural frequencies by the dynamic percussion test.

Keywords: earthquake damage, rigid-firame bridge, naturalfirequencjv, afimamic percussion test, serviceability
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