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Experimental Study on Load-Displacement Properties of Steel Shock Absorvers
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HF Biixx KB Eriikk

Osamu Kaneko and Syogo Ohtake

ABSTRACT In case that seisimic isolation system is introduced to bridges, shock absorber s-

might be effective to decrease displacement responses of bridge girders. Rubber type absor-

ber have been employed for the sake of absorbing seismic energy since the Hanshin-Awaji E-

arthquake. This paper describes experimental results to clarify the effectiveness of steels

hock absorber 1o mitigate the impaci effect of severe earthquakes on bridge girders A ser-

ies of static loading tests were carried out for several specimens modeling shock absorber

which were made of either rubber or steel and load-displacement properties were measured.

Through those experiments the effectiveness of sieel type shock absorbers were confirmed
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Abstract In case (hat seismic isolation system is introduced to bridges, shock absorbers
might be effective to decrease displacement responses of bridge girders. Rubber type absorbers
have been employed for the sake of absorbing scismic cnergy since the Hanshin-Awayi Earthquake.
This paper describes analytical results 1o clarify the effectiveness of steel shock absorbers (o
mitigate the impact effect of severe earthquakes on bridge girders. A series ol FEM dynamic
analyses were carried out for several specimens modeling shock absorbers which were made of
steel and load-displacement properties were obtained. Through those analyses the elfectiveness of
steel type shock absorbers were confirmed.

Keywords : ARflF3¢(E, WRELERN, WEXA

shock absorbers, impact response analysis, seismic design

1. BUSHIC
AEEL, WEBICEHTE S5y bHEVIIEHTE A b g = L DEFENFH—RELHEID.
:wﬁ%uioT%E?6EEl$W¥—%WWT6EmﬁﬂﬁénéﬁﬁﬁﬁtLf%%%mm6
HAKITH12bDTH S,
mﬁ%%ﬁﬁ%”fu\ﬁ%t%%ﬁﬁﬁWitmﬁﬁ#6ﬂm\%Tt&wtbwﬁﬁﬁmﬁﬁ%
ﬂﬁféxﬁuﬁbrwtﬁ\%%ﬁm%wmm%uﬁwfkw%ﬁ%iﬁf\m&#u%ﬁmmm
Euiofﬁﬁ%%ﬂttwotiwm&ﬂ%uowfumﬁfé:tﬁfé&#ot? o LR
ﬁﬁ%w%fd\ﬂﬁ%@%%ﬁ&E@ﬁ%ﬁ%%ﬁ@k&m%ﬁitt.:n%%HT%%%K&
%éntﬁ%%%ﬁ%“ﬂtﬁ%ﬂﬁﬁé%%&%%wﬁﬁ%%%uLTWH#M&%%%E%E\
%ﬁﬂm%%\ﬁ%%t%ﬁ#%&5%&%&?1%A«&m¥ﬂént
—ﬁ,ﬁ%%u%,ﬁ%uﬁﬁﬂ%ﬁ%@muﬁménfwéﬁ,:@%%,ﬁﬁ@%ﬁﬁké(
&6tbumtﬁé%%éwMWﬁiwﬁme%m%mﬂfétb@ké&@ﬁﬁiﬁﬁgt&5.
:;—V—?yFuﬁwfu%%WQ%ﬂﬂ%Té%,1ﬁtﬁﬁ®ﬁﬁﬁ@%ﬁ%ﬂﬁéntﬂﬁ
5599, bHAETRVELRIABRKTH 5.
&@%Ewﬁﬂ&tfu,%mwmﬂ%ﬁ%M%twﬁﬁﬁ#ajAﬁﬁgféétwﬁﬁ%bb
%“ﬁ,ﬁﬁ®ﬂ@%mwfﬁﬁﬂ%ﬂﬁﬁéh@,ﬂﬁ%%ﬁ(ﬂi%:&ﬁfé,itk?%@%
f%%.it,ﬂﬁzﬂ—1%¢é<T6:tﬁf§nﬁMILﬁﬂT%6.é%K\GEW%%K
ﬂﬁxx-xﬁm%n%%ﬁ?%étb‘1%»?—%$®Ewﬁﬁ%ﬁ\T&b%‘ﬁi~%&%
%Kﬁwfﬁﬁﬁ%fK%fﬂﬁkul6%ﬁﬁHﬁELTI%W$~ﬁ%kT6%ﬁﬁ%iLwﬁ,
jA@ﬁﬁ—%ﬁﬁﬁuﬁfté%mxafm&woL#L&ﬁ%,%ﬂﬁ@ﬂ@ﬁi%ﬁﬁ%@%
Ltﬂ%uﬁﬁvu%%t%f,%%%%wmﬁﬁmmﬁulD%@%ﬁ%&ﬁﬁ%mETéltﬁ,
ﬁAﬂﬁ@Htwmﬁuﬁwf,%@%%W@ﬂ%ﬁ&%ﬁ?é:&ﬁﬁéét%iana
%:f,xﬁ%vu,ﬂ%;bﬂﬁéntﬁ@%ﬁ%ﬁ%ttf,#ﬁ%@ﬁﬁ@%ﬁulb,
E®WEE%%%,Eﬁliw¥—WMﬁ%K0wfﬁﬁT5:tulof‘%ﬁ%mwtﬁﬂﬁ%
@ﬁiﬂi%%&flo
+  REETAFIFREATER (7192-0397 AEFHEKRR1-1)
w RETERFTFBREIATER (7158-8557 HEA X ER 1-28-1)
wex HERE ELHERR A (7 100-0013 THAXEE R 11-4-1)
wexr (FR) MG A V74 v 7 (T273-0026 ARAETTLLEFAT 27)
werssNKK (BE) (T210-0855 ST IG X AIiE BT 1-1)

—217—



Journal of Constructional Steel
Vol.7 (November '1999)

+-1 SS400 SROMEIEE

HEEH  [FFE
{7 R (R AL 206 10° MPa
= K7y 0.3

R | FRARIG 321 MPa
L-- il d BXiGh | 636 MPa
J:.EBI?’D-J//" : WIRVT 7 | 07
N FHITovh
B-1 AREEEEOEEAD
HEBAA-Y
2. MR Stress (MPa)
21 MBS 500
R RIL, WO VTR /
EESNERUEEHEETSHA. 108 400 N TN
BRHEEBOREB S A—HYRT. # | ' \Q
TIE T SS400 LD DEBELZ. 300l C
MHEEBRLR-1VIIRT. F72, BIFICH
CARMORIESD-HEMREL, 1 WEIE 00|
EERER»L BN AHIEH-DHE
BIRE-E E—EOEHEDL ETE 100
W) -BLERMRICEIR L TR 72 DM,
-2 i2OTRLAZHATORN—VTA S i
SEHVT, YT IALTTEFL 0 02 04 06 08 10
kL7 B2 BEoh-EZEMEF*RE-3 Nominal strain
Y. WRICIBERENREGERTS E-2 SS400 BOAKISH—I %0 ¥ #R%
fEEr T L TER L, : :
-4 2B R & L 7o 3B o~k True stress (MPa)
EREZRT. Thoo~FEizo2WTI, . —r .
HBREPELSICEE LIFE OIS, 600}
BHRELILTLURFHEEB L IZIZFAL
KB EHERELE. ' 500}
22 MBI HIE 400} .
AREZHHCEMITICIE, HROR
Fia— FT&% PC/LS-DYNA-3D %\ 300r
2. BRERSEIPLEFETHY, B
%) 2 I BOREE D&MD 5 BEIIC 200}
RESNS,
RW/CEFRIT 3 RITHEEZE F (sotropic 100¢
elastic-plastic with failure) TH 5. ZDEE L . , . .
. BIEERE L LT, MUBHOT A 0 0703 06
RRBHOTAZTBZAEEL., AT True strain

NHERFICH* LRIABED O KT
LTWwa, ThoDEBIZEULEERE
i3, BITLEBREN S,

-3 BACAVWEERNT—BUOTARHE

—218—



AMEFERRIRESE
7199 € 11 A)

_ —_ ol * -
ey < -
2 e
[ i ] & [ ! J o
1 T
B-type (1- 64 70X6 STKMI3A) C-type (1-[J50X6 STKR)
17.5 1.5
! ,6
1 o
i ] q l ! J ‘r:*
. i .
i 3 : - (OIL_I 1] X i ol =
wl . D = - T e— | =
E S [ ‘
i il 12 )
t Y
l i J i h 4
' 20120
D-type (1-L100 X 100 X7 S§400) D-type (4-L50X50X7 SS400)

H-4 MATRE LAREEEETT IV

M-5 (CBEREZETFNERT. &kl
HBETNOLTEMEOFMTIRA Z
ARSI E L, i lidie LT, S
LA % HERHIOIC G X B )ik, T 9BKN
OWE%E 80cmisec DMIETHEIEH)T
R M BT, BT T ik, 2
T AR LI

23 fEMER
2.3.1 BFBYIEMEEAT

-6 (CEEMBMICBIILEIAT
DHE—EMEFEEFRYT. T2 T, Bhiiid
BEEBLTOHRTROHENENTH .
kB, @HiCiE, PEER L cimERIC
Lo THONAHE-ZEMERS B
TR RIET A2 ORL, Fh, T
LEBRHEBEORMERIZL - TiRLN
M E—EMEE Y RO HIZR-7 12
ETY. hB, TAEHESSs o oo
Ly ITAT, FiEid 150X150X50 TH 5.
%7, E-8 IZI3ANBEHEBOEELIK
DR Z T

(a)B-type

MR Iz o AR B DY, BT -5 EFXEnNE
20mm %@ ELEAHS S, BEBOVINH
Ak, 2B TLUONPE L Tk e
2ok BRI, BREMIZIZZEDL

UNERF A E IR L 7. W E — KL

I 1T
7771

Z

) -

7
177777

—219—



Journal of Constructional Steel
Vol.7 (November 1999)

Load (kN) Load (kN) Load (kN) Load (kN)
1000, y 100 T 100 : 100 T T
L C)”J +1 ﬂr_‘* : % , i
a0 - 3 8004 800/-- ML ] 800 i e—
600 600 } 600
400, Analytical 400 | analytical + 400 1 400
/ - Analytical
\__r_ -4 Analytica II
2 S ol wof - - 2N
A {1~ Exper imental T !
Jif.1 Exper imental N tl-A-—1Exper imenta, - I
Geudags EH InREEEE itk &5 { (T2 0
T l [ L{ 1t L :
e R . = ‘» % % 4 = 60 O %0 40 60
B-type C-type m Displacement (mm) Displacement (mm)
Loaa D-type E-type
LIl , .
N : H-6 SNEHmEBEBOWE XM
8
A
l{ 24 : 25mm 2543z - 20mm
200 .
}
yi
. - 1 i
0 4h

20
Displacement (mm)
-7 TAD
frE—ZALRAGR

FRi, BEMERE IR & TR
BAMEBEY, TO®RE
HERBEF-—THEEZE-T

>
-

25431 : 50mm

B-type

W5, BiOIC S Dt %44 - 30nm % i1 : 20mm

fh 7= b, MEERS
Bz L TV 5. AN
X SOmm(AME D TO%MRE &

Teot-.
(b)C-type
B-type DFEIWT —F7T ZE {31 60mm 241 : 40mm
Y av b EEORRTC, B D-type E-type
B RERE LD '
ZH LT, ZOBRTHL E-8 |ARBWEREOEHHK

A S, WECERLE. EEOABITIZIERSIC YA, LToABEAEERICE SN
WO OIS LEMMBE-TWS. ME-EMBRICOVTIE, BRLE%, FEES#EELT, Lk
FOERAEMTE - L2k Y, WEEZSEICEMUE. BREEL B-type LIZIERBETHY, &
ALY 40mm SMEHED 57%) BBRE Lo T-.

—220—



MBS ERGIRESE
FET7TH(99E 11 A)

Load (kN)
[: f/ -1
. 1000} /’
Load (ki)™ T L T -
120¢- / I
)} X /
100¢- ] 5001 Vi \ A
800~ - P - (‘.\
600+ . ’ g
400— ] 0[ \ , \ / \\ /h‘v__ S e
- 1 L ( oY
200;/ 1 \/
0 S PUNEN 500 ‘
0 20 20 60 80 i y

Displacement (mm)

0 20 40 80 80
Digplacement (mn)

B-type C~-tvype
E-9 EHesBEEEFICHITIWE—ELBE

(c)D-type

FE OEERDOER D
LRV CH#AY, Wi
i o THMUIZ B E
LTW5. 20%, L&
DOEEROEMEZELT
sEelz oSN ®, BE
DRI VIR ->TWD.
ME—ERMBRIZOWNT
i%, B-type &[REk, BIK
ZEF—EMEERLT
Db, EEIZE-T-. &
K faf B X B-type DEHND
20%RETHo. &K
BRI FOFA LY
* %< 55mm ATk
D 79%) BELRZ>THY
5.

(d)E-type
I A WEIZ A -
T A, ETOBEER B-type C-type
OEEENREL LW — e P
©. TR E-10 #HMS1EREHICETIEREK
LTRUEZBRBIZEY, ERITENUEEERLS 25, LEDBLT, BEREAMIMDO ORIV G
&L 35mm OMEHED 50%) BRELZ2-oTWD, HE-EMERICOVTAE, MR L7k, WE
EABE LT, PROAEPEMT L LICLD, fEETRFCHEM L. BRAET B-type © 65%
BRETH-T-.

2.3.2 EHSIEBAT
BT ESMOMITER, D, B-type 33 £ Ut C-type MBHEHEE & L CIMEAMENHE D L HBTS s
t&)%h%@ﬁmaﬁﬁﬁkhﬁémﬂﬂﬁ&fmLth9L%h%h®ﬁﬁ TR ETRT.

—221—



Journal of Constructional Steel
Vol.7 (November 1999)

Load (kN)
800 T T T T ' ‘if\'_, -10 L: li’%ﬁ?ﬂ'ﬁk
i R
a0l (2)B-type
L TOBEERCEE S

nTWain, EiRixH
NHAEME, &L TER~
EBITLT, BEMIZE
HIEMEEOE R KE
25T, &I
LTW5. EREFOS
Azt LT, BRFEIT
BIER L TH B, TD
wWwET LR KT, &

400}

200t

0.02sec
-200

HH

‘400" 1 1 1 1 1 jﬁﬁihﬂ%ﬁﬁﬁw SF_FII-
" .04 008 Ity REICETELT, &
AN ISR 5 TR

B-12 ERHEMICHET D LT3, WO E
B-type DT B —HF AR X 20mm (SHEHEO

30%) BREL/hEV.
(b)C-type
B-type DFE L RN RZ D Z LT L DBVERITIE, EF
RIVIIFETHD. £, ME—EMBERIZOVTH, BREDOA
B3, B-type DBEAICIIEFEMAZOII LT, Z0F4( TDEE
IR CHAMNZIE U AR, ZERBROBEREZR L.

233 EREH

E-11 {2 B-type DP& OEREROMARE LT, Z ORI
53, W OEEEEE b BEA 0%k, EREEBRL-, E
12 I E R AR T, FEEIXEZEL S 0.03sec BEE T
F—EEEFHR->TEY, BHEFICBOTREINEOLFREORL
RIFINAF—RERERT Z ENT0N5.

B-13 12, &% A ZIHOWOTHEIEOMEE ORFRIEEE RS, W
FTHROEEICH, B2 LB L F 0.04sec FRE X CHIEAED M T
EENIHDLDD—TEKEERF > TNDH I N5,

3. BR
BIFEMMTIZE BV I 2L —va VOKE

HHEEEMT IO T AW E - EMERL L OCERERROHEBIC S
WU, ERERLBITEREHE L. B-type DB ST OVNTIE,
CUNEEREL D L X HEN—AETT3RBIIMT CIIER
SnTWEN. ZOREEIESWTIERERTCEAATHEN, Avy

M-11 BFRERCBITD aNEIOKE, BMEIEFIEDOFM O S, MHEHFFEORER
B-type DI EEHIBE ERRNVEFNZRV. LALRRE DL, EOMIZONTHE, 4l

ELTE—EMO LMW TRTRIRIIRAFICEREER L S
2l—bPLTEY, BHOZYUERITT I ENTELLEEZTWA.

3.2 TRAX—RINERE

BOEGEFICH L TELNE - EMERD LA EMERIZBIT 2 RE XL —RINES R
HLk. 22C, REIAX—RNERHFE-EMHEROTOEEICL > GHEL . B-14126F06
NERBEIRIAF—RINE L EMOBREENLEN T, WThOBEICH, BREOMEOE L
INEWZ EDD, BRI —RINEIIEMOBIMMI L THEAIIIEMLTEY, BEFRLR

—222—



MM EFRRUBESE
o BTH(1999 11 A)

E—RINERE X A L Acce%eration 1(G) . Accgleration‘ ()] [
Twh, FfiZ, B-lype K '
C-type 2DV TIEAED
AL T AV F — Y
[,'C‘/‘é j*Aa)l},, I,
I7T%Lfi7k1k 2
o] W) A &
ZLnh, HHRE i’C 3t
PRAEE RwvE LR
NE—RINA e Sl

W EMG, B EIE 2
l,\x_f W, S 724 7
EELTHEYT 241 :
N DOEEHD» S T 1
E—RNEITI L RS
Pz T X B G BLAE fli 3
' E?@J\iﬁ#‘%ﬁb L . : . e 0 0‘102 0.104 s
B Time (sec) Time (sec)

B-type I C-type

EBEBTOBERLD . Acceleration (0 celeration {G)
- HREOED T A LF S ! r 5 : ,
- LR RE O MR L D-type . | E-type
CEBEFEMEBCI L

Lo THEIEHETE, 4 4L

BRIV ERII kAL
Bahol, ST, &
T EE ORI F L
B9 AR AR 0 A5 YL % 1
WAL L TERIR A B P X4
WEs & Llo BT
ERERROIDIFEIK
WEIT LA T 595, £
EHRrEEL & ‘v‘lr
SREMOREE &
B-Type @ﬂ#l‘h‘fliﬁzﬁ
B 10~151/sec T k s X .
ReiE 1L R LR L Tine (sec) ' 0T g oos

T ®-13 BEEHIC & 5 EHEEO MRERFLIE
3.3 W KT E O FH 1 Energy (m 15 Energy_(ki-n)

B-type {IDW T, ——— g
BEOHMHS e 10 [ 10— e yoe
AT aMFE—2> 81— | oo e [ [ -
FEXM THRT S 6 ool o - /

8

...... 6
/ / 0. 4

2

ENTE, &¥EETE 4 -

— XA brERQ2) T ) {{/,.}/, y / .ﬂ' e

BHRTE D LTI, gﬁ':;,,.,_‘---/-—--"'—'""'”' rﬁzii_'——- T

G ICL Y BAH 0 10 "207730 40 50 60 0 1020304050760
Displacement (mm) Displacement (mm)

ExEHTES.

RERIGR» 5 OFFME BT » S DFR
H-14 @RFEICHIIBERNI XX — EERLOBER

—223—



Journal of Constructional Steel
Vol.7 (November 1999)

) M
m=F M =L o p=20r (3

) (11} 4 max
3 fo4 ¢

ZIT, PREWH, e @Y — Finilh oM Iimo o
PO E TORME, dEEBEE, tRIETHL. smax jiown  R-2 BEEEICLY
TIRIAEOTIRREATH & NARIET ORAME 1o, Rk RESNERATE

- C-type B U E-type O e KAl T2 &5 LR-2 1273 L 7. -6 O4iif Tt Type | ie ko & (kN)
LR £ OB E Y, IR CRASTANIITE Tne — —aee e
Z tf)‘%?b‘% if;. f.'?l"iﬁ?l"}i(ftxﬁ‘C)i'ffi“)(i'l‘ﬁﬁ@ioi%0)11117& C 255
AT & 570, RIKEOWEMEAIIIT—ElE % b b6 0if E 142

WY DT F L F—RIRE AT E 2.

4. BS

SRIE, TEAEBHIEHISHOBEMIZ TLA TEIEEN TV ADIZH LT, KWFETIE, IhETIIHD
WSROI ERET LTS, JEME - SI0R - S MEAT 2 47V OV F — IR R T BRG
I DOWTRARAEIEAS, FEFICEORVI AN F—IRIUSEHLSH B B ot TLOD
BA, MBI AVNES CRECFLTABICAENTORMUNX LR TS, 7, FEHMEGEESEME D
TP R YV OERE ST ZLOHOTRICIZIRAZLAYHETE S, T LT, WREH
BT, DRMEBCICDIIRRFZEO —E F I TR L F = Ao LMz Bu»
THIARY V MIZHEMT 5.

FHEZL TR TLORNI AN F -2 KELTAHIENTRETHEH, GLATLDBEIZIZF
DIEAGBHMREM D S AALELFEDL Z EDE T L LWERSICER L, MEBESDGEIZIE, I
NEHZLZEXFIRELT, BEOKZVWHEBOBRENRLIF/LEL I LIINENTHELEDN
5.

K THOWAMEEHEHIITHROBMBALHCTEA SN TE Y, BEBRZRIAIIZAIENTE,
FLAFLESTH AL, T/, TLHEEMH EHBKLTL, REAN—A2/IhSILTLEIENTES
Sk, LIEARTHS. MEBRHH 2 EBICBEAT 5 21) v MIKEL, Z00EEHIERKEVE
Bbns, 1, BEMFICLDGHEEGLOHEETELIILERLAI L, HRERI ZTLY
BOIERTELRVIENS, SBREROLDIZEIZGEMNERIL TIT L TROTESENKEVE
EZAH. BB, BYRLWEIBWTED L) LEBWINHREZ R TNEIERLKRFTEETH Y, 4
HOFEE L.

[RE] AU, SBEHNIRZORBERRENARZICBIHEPHO—HE L TIThRIHED
MRELXTELDHLLDTHD. BLITHEZ LTWLE, THHLTWIRW/ICHR S B ISR
LEFET.

(€ 2741y

) BARERBE ERERAE - FHSH, VIREEEE, 1990.2.

2) RIS CHE © EBPIEEBOTBICARME L L URGHEICH T 2%, XBMAHENRBRMBE K
BF%E, 1997.3.

3)TE)IFORE, A EE EBREOXAMEE S L UBEEIIE > 27 4, L REEHTEEL, Vol.39, No.2, pp.62-67,
1997.2.

HBAREEGS  EBRERAE - FES, VIFEREE, 1996.12.

SYHMEE, MOk —, FEEZ  REBIER/ v /4 7RBOBHEIC B AREEE L BARNE
SETEOKRE, LARERHLE, NoSO/I-29, pp.153-1161, 1994.10.

) NBE—F, Eal%  HEBEREEHLY A7 0L aHMEEOBENRBRYR, T R¥EELH
%, No.612/1-46, pp.129-142, 1999.1. ‘

NEEIEE, RBHE, HEER, KTATE, 76  HERGRBEOWELEMSHIIMET 2ERY
BEt, $EERRIHREE, No7, 1999.11(3%fR+).

—224—



FRSERBIMESR
HE8% (20004 11 A)

JLXIIREREHER R/ T 5 RRIBOHRFNER)IZES T 255
Seismic behavior of base-isolated bridges with rubber or steel shock absorbers

I OB EEn e Oss K RIS sugt
Masaru MINAGAWA, Takeshi TOYA ,Taichi TAKASAKI and Fumio NAGASHIMA

ABSTRACT In case seismic isolation support systems are introduced in girder
bridges, displacement response may exceed the limit displacement and result in
collisions between adjacent girders or a girder and the abutment supporting the girder
during a large earthquake. This paper describes a numerical result to investigate the
effectiveness of steel pipe shock absorbers to mitigate collisions. A series of nonlinear
dynamic frame analysis was conducted for a base-isolated bridge with rubber or steel
shock absorbers. This study confirms that steel shock absorbers are superior to rubber
type absorbers from the view point of energy absorbing capacity.

Keywords : fEf#i3E, &2RE, BHUCERT

Shock absorbers, Collision load, Dynamic response analysis
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