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e ELEINEBSHOREWH 2 REX TABLE 1 PRELIMINARY DESIGN OF SPECIMENS
ASSUMPTIONS: 1)CONCRETE Fe= 180(kg/cm?)

by, X0, FELBUMECAET L 2)STEEL OMNWW%J
RODS 0y=3000{kg/cm?}
oo BHOR - BME RO EH 2 ERE L WAL THICKNESS To80(mm)
~ Tmax=30(k ) [Tmax =20 (kg/cm?
LT, BEOBIERMNEHEILL TF — A > DR CTYOR T807B0xa5x6 OTI-80750%3 2 5
o fer (t/end) 2.03 2.04
CeTs@ueNRE L. M, =L r B8 [T TN s 3.3
Ty (kg/cmé) 32. .5
HARDRE 5 NET I HALT 5 — O AKHE S e (o) H-80 802(6)8660H80 801§9é45
A-TYPE -80x80x6.0%6. -80x80x3.2x4,
] i fer (t/cm?) 2.22 2.25
RIS A 20 CHAER L FNE, [ @ (o 123 27
Tw (kg/em?) 30.2 21.2
Yy FOMEABERE 64, FME LS Y K (t/em) . 161. — 55 125.
M-TYPE H-80%80%6.0%x6.0 |H-80x80%4 ,5%4.5
s T LHRRUERTERBE 112D (o TH m pox (t/em) 2 2.
' Tw (kg/cm?) 26.5 20.3
R DORBETR oo K:, (t/cm) 126. 105.
P-TYPE PL-4.5 PL-3.2
§3 HEBREOHME FIG2ZIEBEDHE o e (t/cm?) 1.39 1.39
@ Qu (1) 2.4 38.6
_ 5 o s
BERT. RRALECELANHEZOT, Wi goo | (erem ) e 2
_ _ =55 =80
NpESERR L. OCFEFRCT — A |3 @ " s "5
_ - RCWALL 117 (kg/cm?) 30 20
BEBELIKBT, TOK - ZBHE T )T =—2000— 1Ky (t/cm) 1270 1270
bxD 20 x 25 20 x 25
Ly SA 2 VERBORMET INCELEL. 7 v Hec e | |0 ‘W 13.9 15.9
> H 7 | (kg/em?) . 9.92 9.92
72000 %K, (t/cm) 71.4 71.4

—~ZRBEXOX - 4 - MBOFNFANLIEEA
fcr: ALLOWABLE BUCKLING STRESS , Qu: ULTIMATE LOAD ,

3 T ma :301(; o — X AFE N Tw: AVERAGE SHEAR STRENGTH , Tyl YIELDING SHEAR STRESS ,

%ﬁﬁ:\jjg max g ) N N R Tc: AVERAGE SHEAR STRENGTH OF COLUMN , Ko: INITIAL STIFF-

NESS
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FIG. 2 OUTLINE OF SPECIMENS
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_TABLE2 PROPERTIES OF CONCRETE

TG 5 HE b EBOMBIEEmpIC L p | T [Conerete Mortar
(t7 %) (kg7axz) (kifp 2 |« 1o§i/; ?) (kayaxz) ( 1o§i/; ?)
CEE s - m g/cm g/cm x g/cm g/cm x g/em
HNEED S DN E SHE L. R X1,x-2 | 2.17 291 23.6 1.55 372 1.55
ﬂﬂﬁ@Hﬂﬁﬂ@\ iﬁi'ﬁ'@@@ﬂ;fﬁﬁmiﬁﬁ’ A-1,A-2 2.17 225 22.8 1.59 337 1.59
) M-1,RCS-1| 2.14 216 21.8 1.93 325 1.59
%ﬁﬁiﬁk%%bf‘ 7 i /@—‘jj‘%‘y P-1,P-2 2.14 247 22.8 2.01 325 1.59
T7F TR IRENEEL TS 4 RC-1 2.16 21 2118 1.89 325 1.59
[SHEAR
i S TEST 2.14 264 16.7 1.90 325 1.59
cMEBOROBUELZZERET L EXBHO
FHREET LW, EHZOMETIEWR, 7v—-x4 TABLE3 3) PROPERTIES OF RE-BAR
fé’,&ﬁ@ R C %@%Uﬁ@%% Vcﬂ\/\ Z <‘j %VC .l D N é‘% At {cm?) oy (t/cm?) | omax [t/cmz) Extension (%)
. a4 0.128 5.19+1 5.42 14,93
; =n _ _
RERACHRT A EE LK. )DP 1, P 2 s | 0.285 APYSY o 15 ~
M & d Tmax=30%442 ) — X CH OO 22 b0 | 0.710 3.90 4.60 16.0+3
_ . D13 | 1.270 3.27 5.04 17.9%3
R bo tOMIC, M5 A >0rO0HBERC -1
D16 | 1.990 3.26 5.02 18.1*3
EMT — A CHEBEHROIEES LARCS -1 (d D19 | 2.870 3.66 5.69 23.5%3
B #fER L %o b) PROPERTIES OF STEEL
Eﬁﬁ R C 5 — A Vi 2 {@@ﬁ%ﬁﬁ#%&;ﬂ L/& ﬁ; 1‘9 At (cm?) | oy (t/cm?) | omax (t/cm?) Extension (%)
= - - PL-3.21 1.25%2 . . .8 %3
Ot S EICAT, EBCAMBRBRKIIL 9tz 10 b -
PL-4.5| 1.76*2 3.03 3.96 24.2 %3
FECET 2 5 THRAAK. 3270 —FRUE=E PL-6.0| 2.96%2| 3.1 4.06 28.0 *?

nELDOER - FEEBRER T TABLE2IC, B RU
WO EMFIRABMBRE T TABLES TR T,
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LoDy O~ FEMEOSOT, WL EMELWAFH
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*1 Yield points were defined as 0.2% offset of o-¢ curves,
since the speimen didn't show the apparent yielding pla-

teau.

+2 The real steel area.

«3 Measurement length; 8D for re-bars, and 20cm for plate.

FIG.

4 STRAIN MEASUREMENT
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FIG. 5 LOAD VS. DIPLACEMENT FI1G.6 ENVELOPE CURVES
§ 5 EBERE FE % TABLE 4 TEST RESULTS
(TON)
R@HOFELT, TV -2 TENSION SIDE | COMPRESSION
GIRDER [STEEI
. o . MORTAR COLUMN SIDE COLUMN MAX
A — ” - .
17 1 &% 247P LOAD
_ [OSREGEECOREORESRIORIGEIORIOREVENC N RVR NG
1 % FIG. 5 1% 47
CRT R .1 |10.0[30.0135.0] — 135.0f — 140.0/60.0] — [75.0/35.0| — | — |75.0
OB ED. 2R O 20.0{20.0160.0|90.4|45.0[50.0]{70.0| — | — {65.0(30.0}90.0{89.0]{90.4
=
' x.p [10.0110.0/55.0] — [40.0[55.0[55.0/50.0| — |55.0/35.0/50.0 — }75.4
G BESINLEST, 5 35.0[15.0] — [73.4] — | — |70.0| — | — [65.0]25.0|65.0|74.2]74.2
A R T,
a1 |15.0[35.0155.0178.4|35.0145.0(50.0/70.0 — 70.0/30.0]40.0|77.578.1
2V A 2 AL EHE R = LT, 25.0]25.0(65.0] — |30.0{73.7]|50.0| — | — |73.7]30.0] — | — |76.1
.y |30-0]10.0[50.0}58.0[30.0140.0{50.0/60.0| ~— 60.0|30.0|50.0/59.6/59.7
3V A2 VER= Yy THE A 30.0{25.0{30.0}57.1/20.0{50.0{50.0|50.0| — [54.4]20.0| — |56.3{57.6
o 7 ) \.p [28-6/12.6(18.8{67.8132.5/64.1|48.8/57.0| — |67.8/24.1|76.5/74.1/79.3
MELBWL, TOBRTRER 15.9(15.9(47.4|73.4]20.0] — {32.5[70.7| — |63.5[11.2]70.7{70.7}78.6
. 20.2120.2]60.1168.8(35.1| — [52.0] — | — [86.1}35.1]83.4]56.5[94.1
THTHHEToOmBeBEL | P71 | 306 3.6]75.0{58.6]{22.4{66.4{56.7) — | — 174.2}23.4]86.7)79.0]88.5
, 20.3(20.3]60.5169.0(31.7{60.5[39.7] — | — |85.4127.9]74.5/90.0{91.2
oo XDOMOEBREOTHEHE D, | P2 |15.7|15.7[70.9]00.1|31.4[56.5|51.7] — | — |72.5}27.2{82.4] — |00.9
. . o . 6.1| 4.0[12.0{23.0{10.0{16.0[19.9]18.0[19.8[21.6|10.0f — | — |23.8
v — Y S
7 REAT ESAF A AAT RS o110 o 1201 16.1]2003]21.0] — |T6.0] 9.4| — | — [23.3
e T FIG. — oo ) 4.8 9.4| 9.8} 5.6| — | 9.8] 6.8] — 15.8
Zan 6T . B4 RC-1 6.1[12.6] 9.8} 7.2|11.3|10.7] 6.1] — 14.0
VENE Y — O (1)CROSS-WISE CRACK (5)FLEXURAL CRACKING LOAD
(2)DIAGONAL CRACK (6)FLEXURAL SHEAR CRACKING LOAD

NEERLL 7V —X + N F n
FOoREEHZ BRI DA
Lo BEELZMVOUDUF DN

(3)DETACHMENT BETWEEN STEEL AND MORTAR

(7)SHEAR "CRACKING LOAD

(4)DETACHMENT BETWEEN MORTAR AND CONCRETE (8)BUCKLING LOAD
In this table,upper row shows the possitive loads, and lower row the nega-

tive loads.
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KA, INbLed LW TTABLE4AWCRTX -1, X-24470ERECKRY, BHERCKLER
EEKﬁoCnM\7V—X%%%ﬁiﬁﬁﬁmﬁﬁﬁﬁLﬁ@fﬁﬁ%%ﬁﬁbf%ﬁLk#bf
Hhbo X- 1 DEHERLCETLIRRNTEL, AFNECESTEWORCOADTH S, FIGCTIC 4
—1EP- 102V A AR THBOVUFLNEERAZT . B@P T LERET V2 200U D
NE7 V= 2 BRCENT AR BROFHECREL TND DB Do KEREICH B0 T L
T HOBAMOUDNERKE Z > e 3EBERBBEIAVTEMZB IR TRRL S 6T, X,
TRBANT Y H =, RE L VEAMPEOFIHE, UHRBEZLRDHONT, RCTI— A EHEEHRO—
BHEERE TRAn. EREAOBERAW NEHEHOEREMNTH T ko

§ 6 MROMm 6.1 EBBLFRELIOHE EHORBERZAAL TROAEHEERK
ORI ROCMEOBEKRME L RBEHER L T TABLES KR Lo

RCo—AvOMIFOEOATN ( Pbe) HMEERIC L5
BIBRIE HEA L8 VFC CE L AROWEL RS LICLD
CAMIDU LN (Pse) WXL LD, EBETHD

(Poui)RUMBEANH N (Psw) BEPICRLAR, EOR

a) A-1
Bt Mu b QsummbENnEFnkovk. HTH IETwFn
AN N EE->A2DOT, TTZTREHEB LA, 7V — =
R o
OERBMND (Pa)d@Er ey it LTEARK I 5% kﬂf\l
\\\RLI;T TN >
RAAMOEBBHNEHEEBEALELEZ WL S Y 7 THEL N >z
" |
THLDTEAWBRHOBRE L Lo MK (Kod) (LR CHB < éﬁ
B
HEHBREOEL 2 VESHIC LA —hikr R L T, B 2 e
MCHEOME T ME L TRO o EEMEPbe & Pscld il R
Wit ERELARCI —AYOF{VPFONEOMHMELM LR FIG. 7 CRACK PATTERNS
TABLES5 THEORETICAL VALUES VS. TEST RESULTS
THEORETICAL VALUES TEST RESULTS
(RC FRAME) (STEEL) (RC FRAME) + (STEEL) (RC FRAME)+(STEEL)
Pbe Psc Psu Xo Pcr Ko Pbc | Psc Psu Ko Pbc Psc Per | Pmax Xo
(t) () (t) {(t/em) (t) | (t/em) () (t) () |(t/cm) ) (t) (t) (t) |(t/cm)
%1 | s.1| 11.9 | 15.4 1 100 | 63.0 | 242 | 17.3 | 40.6 | 78.4 | 342 | 30.0 | 40.0 | 89.0 | 90.4 | 320
x-2 | 5.1 | 11.9 | 15.4 ] 100 | 46.3 1 185 | 14.5|.33.8 | 61.7 | 285 | 25.0 | 50.0 | 74.2 | 74.2 | 260
A1 | 4.8 1009 14.3 835 | 56.8 | 251 | 16.1 | 43.7 § 71.1 | 334 § 30.0 | 40.0 | 77.5 | 78.1 | 270
Az b 4.8 1 10,9 | 14.3 83 | 38.5 1 177 | 14.8 | 34.0 | 52.8 | 260 | 20.0 | 40.0 | 59.6 | 59.7 | 240
M1 | 4.7 | 10.7 | 141 831 49.9 | 199 | 16.0 | 36.4 | 640 | 282 } 11.2 | 32.5 | 74.1 | 79.3 | 270
poy | 49| 11,2 1407 o1 | 79.4 | s00 | 31.7 | 72.9 | 94.1 | 591 { 22.4 | s2.0 | 79.0 | 94.1 | 360
p2 | 4.9 11,2 | 147 91 | 62.9 | 306 | 21.3 | 43.9 | 77.6 | 397 | 27.2 | 39.7 | 90.0 | o1.2 | 310
Res-1] 4.7 | 10.7 | 141 83 | — . 5.2 164l s 3 22 ea 60| - | 238 90
RC-1| 4.7 | 10.6 | 14.0 83 | — - 2.0 | 10.6 | 14.0 83| 4.8 9.4 — | 15.8 50

Theoretical values of members were calculated as follows ;

o [0.053Pt2-23 (180+Fc) ;
BEAM: Mu—O.9atcyd, Qbht (M/Q@}+0.12 + 2~7/PwS°wy xbxj

N fO 053Pt%-23(180+Fc)
COLUMN: Mu=0.8 . JRp—. LY. .
u at oy D+ 0.5ND [l bDFc]’ QShL M/Qd) 70,12 +2.7/Pwsowy + 0.log|xbxj

*1 R/C frame strenghened with the steel frame.
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PERCENTAGE OF DEFORMATION MODES

1/500 1/250 1/100 1/50 1/500 1/250 1/100 1/50

S:SHEAR DEFORMATION DEFORMATION ANGLE
F:FLEXURAL DEFORMATION

T - AMROBETEENBER CEEZRT SL:SLIP DEFORMATION
ORHL, “AVEEOBAEABBELCELS FIG.8 DEFORMATION MODES

Bo BAFIOMBIBELZD TBAFMLAZELELZ > TVRAHAADTE L.

6.2 BEBHELEDODWT BATAVAALLEAMNELTOTF2BETRALLOT, HHOEW
WHOBEL -7 EERIN, SBEHCHHO Y -7 EWHER TR LA. T/, REBRIKIK
WHETT20L8%<, EELARE—LRHERLELNA. FIGBHZ V- 22BOKTERT
HAWER LB T EREEAT AV 2 AVOIT NIV EMELFGTESETRLASO TS S 4-1, P
1 LD RANMERRTOREZTLED L2, BAHEAIVERAKRES Z 2B TNV EOHAN
WRET, T THEALAEAM 2 EFBRTHAERCHLAT LE2RLTWS,

6.3 BEETAMERICDOWT TABLESHIEAEN ALBEAHBSOMEANABROBR TH L.
WSO ORBECHELr ZVECHERNDXEER N EML /o M1~1IEEY KO, B12~19 X 7 Vv
— L RBAROEARLEAHHEOETF AV THEh,. ABGKLSOBR 1 ABdgRMOFmEEREZR L, B
BEg7v—-2@Eic, TEZ S ArHHBICHWA. 2/EBOP - MEEKREHIEEOKXH, 60~
MO@ﬁimfwbEy%.S&Dux5yP@%ﬂﬁ\Amtsﬁ»7yﬁ~%ﬁﬁw@@mwﬁ
BLATLERT . BRERINDCO, C THEAMZVHOMBEMNOFEELT TR T BRFOnld =E, F &
TINNDEFLDEBEERD L TWVWAH. M, EMRORBAOEN AL BERFMHOBEL 20m, £ 7
MEBEDORX £, FPEEL166, X2 TI90E Lce BREHBIBEOM D LB T, BHIC Tmax
Qmax/n HFTHMT 5 EEHBETX 2, FOMBICHT 5 EBRE 6L, BEANCHETSLE K
Bo: e RBEBOEH L TET LD THDLERBEORMDOLOIC AR sfce 7V — 2 EBRC T H2ELE
NEEBOBKRTFHLEABARE L tmax=50"4ToH h, BHELAMBROBEL tmax=427%417 2
2o ZV -2 DB BCHRCEOLINELAMNPEERECHN AT ENRNTEIN, REBELAN
BBOBAECHABRBACHITREHATNE LS T, HEOHMICELALNLK

§7 # % DEoz st @B RRalBid, KEEBRCEWTY, RCI — 4 &EBH
B EN - THCLI 92T RE LTEHE, 7v—-RFRLVWE A+ HROVWTNILCE
WTh, N - BESHSCHLIENARE T 20N, FCEEH NCEBORWEEORBIE
ELTCEHTHLEBOP ke 5%, ERAMLCHT CTECHRITEML THTETS S,



TABLE 6 RESULTS OF DIRECT SHEAR TEST

Qmax paTLURH Qmax 1 1
. L n h Qmax | T max {——— XX
SPECIMENS ISECTIO n nACE
(em) | (em) | em) | (ton) |kg/em?)| (ron; | MODE Y b
1|BP-1208-0 50.0[31.9020.0(3] 23.8] 23.8 | 7.93](1)(3)} 1.170
() 65) (1) STUD FAILURE
2|BP-1208-C 50.0(31.9]20.0[3] 30.5] 30.5 |10.17}(1)(3)| 1.170 | (2) RAPTURE OF STUD
3|BP-1205-T 50.0(31.9{20.0{3| 16.5] 16.5 | 5.50](6) 1.170 | 3 ;82?2&5510N FAILURE OF
4|BP-180S-0 65.0(51.9(20.0l3| 23.8) 18.3 | 7.93[(1)(6)] 1.170 | (4) TENSION FAILURE OF
[35)
= | 5(BP-120D-0 50.0131.9120.0{3} 25.61 25.6 | 4.27](3) 0.886 MORTAR :
5 (5) SHEAR FAILURE OF
% | 6|BP-120D-0 50.0(31.9(20.0]3] 27.7] 27.7 | 4.62{(1)(3)} 0.959 MORTAR
=)
=| 7|BP-180D-0 65.0{31.9420.0(3| 28.5| 21.9 | 4.75[(5) 0.985 | (&) ggﬁﬁ;ﬁ#FFAILURE OF
[9) ~
8|CP-120A-0 L{F—‘ 44,0120.5110.0[3] 16.5 18.8 5.50((4)(8) (7) SHEAR FAILURE OF
9(np-120s-0| b |50.0]31.9]20.0{3] 23.3] 23.3 | 7.77](2)(3 1.140 CONCRETE
. (2 (3) (8) SHIP FAILURE BETWEEN
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Experimental Study on the Strengthening
of Reinforced Concrete Buildings

Part 2. Strengthening by Steel Systems

by YASUTOSHI YAMAMOTO and SEISHI KIYOTA
Shibaura Institute of Technology

In general, the most effective strengthening method of existing R/C
buildings against earthquakes, 1s the addition of "postcast" shear
walls into frames. However, in case of buildings standing on the
soft soil, additional weight of shear walls may impose another
serious problem. If steel braces or panels are installed in stead
of postcast shear walls without adding extra weight over removed
non-structural concrete walls, the earthquake resisting capacity of
such existing buildings would be greatly improved.

The most important problem that should be considered 1s how to
construct the joint between existing concrete frame and the steel
framework for strengthening. Here, we adopted a new method that the
R/C peripheral frame was arranged with chemical anchor bolts and
conected with steel framework having welded stud bolts by means of

non-shrinkage grouting mortar.

Tests were carried out using the one-bay one-story models about
one-third of full scale structures(FIG.2). Number of bolts arranged
around the R/C frame was increased beyond the expected minimun
number, in order to prevent the premature mortar failure. Ultimate
strength of all test specimens was determined by the buckling
failure of braces or panel plate. Finally the transverse reinforce-
ment of columns was raptured. Nevertheless, decay of overall
strength was very gentle. No distress of mortar joint was observed
in these tests(FIG.6).

Theoretical load carrying capacity and test results for each
specimen are summerized in TABLE 5. A conservative design strength
may be obtained by-the addition of strength of existing pure frame
and steel system.

By these tests, it was comfirmed that lateral shear strength of
structure, and at the same time, deformation capacity can also be

improved with the addition of steel braces or panel.



