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HYBRID EXPERIMENTS FOR STIFFNESS DETERIORATING PROCESS OF REPAIRED AND
STRENGTHENED RC MEMBERS DUE TO EARTHQUAKE MOTION
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By Yoshikazu YAMADA, Hirokazu IEMURA, Kazuyuki IZUNO and Osamu OHMOTO

The seismic behavior of repaired/strengthened RC structures is defficult to analyze
theoretically. However, this paper will show that analysis can be effectively done by us-
ing the so-called HYLSER (HYbrid Loading System of Earthquake Response) system.
Three repairing/strengthening methods were considered : (i) the epoxy resin grouting
method; (ii) the reinforcing bars welding method; and (iii) the steel plate covering
method. Obtained stiffness deteriorating processes were verified to be almost the same

as those of the original ones if adequate repairing methods were performed,

Keywords : hybrid experiment, repaired reinforced concrete, earthquake response

1. BU®IC

BEDaY 7Y — MEEYICH - T, EEREIZL
H5VUDLNOEBEEOAHT, HBIZLVBEZHE >
BETH, TAX VBB LSEE - HESiThbhTn
5. UL, BEDHOBENSHEBD EICKE 23
&, TNEIFRF VRIBOA» THIET S 2 LITIIBERN
HBHEFHEINDE. TORFEMBLELEBIT, KEH
ERSINBEDBETEIC VW TLBEEMxs 2 &
i3, THMICEBRTHS. £, EBEICk->TiEE%
ZI1EEYY, BOHMBHEEZHI L5 +9EAH
ha. 20HE, BEOFE - TEOBWVCLZIEEYE
ROZEFIVBELTHBL CEDPEELORETCH B, £2
TERETENA 7Y v FERTHONIZERED» S, B
1 - FRBEREORERIC B 5 B(LBIROEE - #E
T

NATY y FERE I, FHEBIC L SEERR oS

*ERE T RERERE TESIARIER
(7606 AKX & FIHT)
** ERE T FEEAEHHEE TESTAT¥R
(RE)
= ESE T mBEAEBFE TESALRIER (RAL)
e ERR L mrhEdoRE B
(T541 KERTTERIXAEFEr 4 TH 27)

T AR, BROES - RO ERI OV HT
HFITN—F v 2B DTHBY. “OFEOKRET
BEEIROLS>BETHS.

@ #BEPOETHRENESZ, BENETNMZESZE
<, ERICRAIBICERITICRYAL &S TE
5.

@ HEMETFVEREST S EORERNEE (12&
ZEERNUTHREL TV HERERCHHM L)
ThH, BRIHOES &5 Tx 5,

® EROBETHBHCHIET 2 BIGE2ERICE
HTE, 2HIFDRECHRTHIELWVETLH %
HTx 5.

@ HEAESEEZZUSBEZFMIIBETES.

® RIEOHLEMOMBINE & 2980 THRE
THIENTES.

FECOREDS 5, B2V 7Y — MBI DM
BREHIEILZILDORBDELTNA TY v FEER%
FAWIEE S OMEX L I NBEREZZ T VA, £
7z, RCHEMOEE - MmICBIL T, EBROBER
2RI UY, Z< OPARM-EBEFIPPE SR TNHE D,
L L, NATY v FEBRIZ & 5 EEHHOERHI,
BXFEFRBHEFED ™ 2L 05b51 3 TEFORIL
EhHThizn. 28, BE - @RCAVLILBEIRF



408

SISO NFRMBE LB LTI, MRZOSE 2L
HLOLHMESITHORATNBED,
KMXTHES, BE- - HRRCEMEAVLZNA
7Yy FEBROMEIC>WTHIAT S, &kic, RitEIcE
BUTHEMOLLBREOFMEZTYH, chkd RCH
MORBEICEL TERZED .

2. EBRBRE

AHFETHEA U SRR Fig. 1 ITRT LS5 IC
10X15 cm OEBFEMEESHET, B|FHA /S Eid 150
cm THBH. TANERDLYD, BR6mm DAY —F
7% 0mm BB TRBELTVS. EE&EHELT,
DI0REHE #FHk p=1.1%) BLUDI16 (p=
3.1%) o2 @EABWI. BEW, BRTE L ICH
ZEEEBHOEEZSEICLTVA®. 2V s ) — &5
DOHFENREE, £heh Tablel & Table 2 (2573,

v IA4A VEBTRWIIER, MERSTE % Fig.2
IZRY. 78V aviE8 ¥y bd TRS-80, HAHEE N
4 FoEsEBgsERAI N TWS, SHOBERIC
LT, BEERBEMEYY YV —L0RBYRT A
(Fig.3) #HVTWVS. ZOVYAFLTEHES, av

100 1900

150
130

Fig.1 Cross section of the specimen.
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Table1 Concrete strength.
Compression 300 kgf/cm® ( 29 MN/m’)
Tension 30 kgf/cm® (2.9 MN/m’)

Young's Modulus 1.4x105 kgf/cm® ( 14 GN/m*)

Table 2 Mechanical properties of reinforcing bars.

D10 D16
Nominal Diameter 0.953 cm 1.590 cm
Area of Section 0.713 cm’ 1.986 cm’
Yield Stress 3800 kgf/cm® (373 MN/m®)

Young's Modulus 2.1x106 kgf/cm® (205 GN/m®)

S e T

1. Specimen

Z. 0il Cylinder

3. Steel Spring
Accumulator

4. Alr to 01l
Pressure
Converter

$. Air Pressure
Regulator

6. Alir Compressor

Fig.3 Axial force generating system,

Natural Period T
f

Ocn , Oem

Experiment T = T'

Qe = Ocn

= 0104
Natural Period T en /G v/ Ocu

Analized Model

Fig.4 A bridge pier and its modeling for experiments.
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No. | steel | axial | initial second loading after repairing ultimate
ratio | force
P N loading loading type I | type II | type III | loading
1 100 H - 250 E - -——~=mm—-m-mm—mm -+ 100 H -—|= 250 E
2 150 H -~ 200 E -- 150 H
3 250 H -4———-——=~——~— = 250 H
4 300 H - —J————=--~—— = 300 H
4.0t
5 1.1% 150 E -~ 300 E --f——==—m——-——————= <+ 150 E - 300 E
6 200 E -o-~=mmmmme— - 200 E
7 250 E -q—-=-~—me—m = 250 E
8 300 E ~---—---—--~ = 300 E
9 2.0t 150 E -~ 300 E ~—}-=---—~ -+ 150 E
(N=4t)
10 150 E - 250 E ~—---——=--o-——————- - 150 E ——= 300 E
3.1% 2.7t (N=4t)
11 300 E ——-————mmmmm e -+ 300 E
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Fig.5 Repairing process of steel plate covering, (a) Dam-

aged segment, (L . Length of damaged segment) (b)
Repair using sand and epoxy resin, (c) Put a steel
plate on it and bond it by epoxy resin. (L, : Length of
the steel plate) L,=L(No.5) L,=2 L(No.1 & No. 10).
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Fig.6 Skelton curves of original and repaired No. 3 specimen
(Repaired by epoxy resin grouting method).
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(c) No.8 specimen (E1 Centro 300gal)

Fig.7 Hysteresis loops of original and repaired specimens
(repaired by epoxy resin grouting method).
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Fig. 10 Hysteresis loops of original and repaired No.5
specimen. (a) Initial loading. (max. 150gal) (b)
Second loading. (max. 300 gal) (c) Loading after re-
pairing.  (max.150gal) (d) Ultimate loading.
(max. 300 gal).
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Fig.11 Hysteresis loops of original and repaired No.10
specimen (steel plate is longer than in No.5
specimen) , (a) Initial loading (max.150gal). (b)
Second loading (max. 250 gal). (c) Loading after re-
pairing  (max. 150 gal) (d) Ultimate loading

(max. 300 gal).
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Fig.12 Stiffness-time histories of original and repaired No. §
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Fig.13 Stiffness-time histories of No. 5 specimen. (a) K, (b)
K., (initial loading : max, 150 gal, second loading :
max. 300 gal)
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Fig. 14 Stiffness-time histories for some cases. (a) No.4
specimen, (Hachinohe 300 gal. Repaired by epoxy
resin grouting. ) (b) No.7 specimen. (El Centro 250
gal. Repaired by epoxy resin grouting.) (¢) No.11
specimen. (El Centro 300 gal. Repaired by reinforc-
ing bar welding. )
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Table 4 Deteriorating ratio of the stiffness (type I : epoxy resin grouting method;type II

: reinforcing bar welding method; type [l : steel plate covering method;E : El
Centro NS (1940 Imperial Valley Earthquake, U.S.A. );H : Hachinohe NS (1968
Tokachi-oki Earthquake, Japan) ;digits (100 ~ 300) : maximum acceleration

(gal)). ,
No. | steel | axial | initial second loading after repairing ultimate
ratio| force
P N loading lecading type I } type II | type III | loading
1 100H -~ 250E -—f----— - 1QOH -—- 250FE
(0.73) (0.54) (0.67) (0.50)
2 150 -—p#=— 200E --{3= |50H
(0.58) (0.48) (0.83%)
3 250H -=p-=-==-—---= L= 250H
(0.46) (0.35)
4 300H ~~f—====-=--] L= 300H
(0.46) (0.58)
4.0t
s | 1.1% LSOE ~-[®= 300E ~—f———===w—fomeou_l_ = 1SOE --- 300E
(0.56) (0.31) {0.59) (0.59)
6 200E ~-f=--—~oeo- = 200E
(0.46) (0.48)
7 250 -—f-mcommmmm [ 250E
(0.40} (0.68)
8 300E ——f-—---—--— e 300E
{0.35) (0.40)
9 2.0t 150E -—|#= 300E -~F--~-----3 = 150E
. {0.46) (0.32) (0.85)
10 150E -—l®— 250E ~—b——-moeop = [S50E ---=— 300E
3.1% 2.7t (0.80) {0.50) (0.85) (0.36)
11 300E --f-=-—=—— e - 300E
(0.30) (0.59)
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TOBHE - WEstEART, HEEIPELZ->TNS.
No.1 ftifkcd, BEMNLVZLERERSE R EZ> TV
500, HELTEEFNEERSZER SV, £2kE
U TR ERERE, BEICERTRIEOSES DL
BBHENZED.

TYPEI (=A% YRIEEA) I & 5EEHEARKE,
BERICHS, FHHIEBOTRE0%E RN DHON
HERZRLTWS. UL, 20BOHZLLIRETA,
AV VFNSERE ZIFRICEERLTWS. FY TS
RSO LLE AT INEE DA X = S BBEER
20, BEHHEKCEBRILLEI TR RV, &2
&, Fig.12 (a) & Fig.14 (b) L2 H#3 5L, £ VY
¥ B T 12 EL Centro 250 gal % A L 72 Fig. 14
(b) OB HHLHIHLL. LL, BEERETIEEL
Centro 200 gal # A H L 72 Fig. 12 (a) OFHHBHILL T
5. Table4DLH{EERIZ>NTH, EFLERSGES
Whs. BERELTIE, BHEOBEIZLS TEF VIS
BEABOERZEIZE-T, HattkoIZaERIcS3
5DXNBEIEHIELLND. '

TYPEIN (E##5#8), TYPEN (SRiRES) it&5
BEERE, 556649 VP LREKIZH~THIL
BN WEmICH 5 (Fig.14 (c)). Thix, MG
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BHEZIC S 2RIEORIERIZ 100~110% TH - 7z

6. # E ]

PlEAmRcd, SOFRATIRBY 3 T 8F Ve
AZEREHEBE - RRCEMHOMEBREESERER
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5. BontAERELTICRTY.

(1) BEE - FRttREohZisE:, +) U5
VA KEDHBICE > TRRBERD LD 12/ 5.

O ZAFYBIEEAICE > TBEL 8K, B
KIADH L35 HEmL, RS 3EASEET
B. 120, CABORERSEDED L. ik
BV ERL EREBEL2ZITVEESE, &
EAEMMEU W,

@ EBBHOREICLVEEL HRAEORIEILES
KEHE L, RKMABMKRT 5. £, CAMIC
WTHEIET S, 1217L, ZOTEREEICTFE%
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IREWDH 5.

® HWREB T L->TEBE - BRL-HREKE, Bk
WHH»K L7465, RIELH L1 E8Ems 5. Ly
U, CABIRAY DT LBELDBETLTVS. &
OLHEZERT HRICIE, WROEXORTEICL+S
ERFEAPKETH S.

(2) REoHLBEE, BRI (BRWEBEEK

TRERIEROES) TL->CEEBNICSHEicx 5.
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