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Improvement of Earthquake-Resistant Performance
of R/ C Beam-Column Joint Constructed with
High-Strength Concrete Subjected to Cyclic Loading
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Abstract

With the increasing tendency to construct high-rise reinforced concrete buildings, 1t 1s required to use
high-strength matenals, smaller member sections, and larger reinforcing bars, [t is generally recognized
that under severe seismic loads beam-column joints may become more critical structural components than
other structural elements. In a ductile moment-resisting reinforced concrete frame, the connection of
heam-column must be capable of resisting the large lateral {orces caused by seismic actions.

The purpose of this experimental study 1s to evaluate and investigate the earthquake resistant perform
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ance of beam-column subassemblies constructed with high-strength concrete cast by the concrete of com-

pressive strength of 700kg /cm? subjected to reversed cyclic loadings.

New approaches for moving the plastic hinging zone away from the column face and preventing the di-

agonal crack in the joint region are adopted to advance the earthquake-resistant performance of

beam-column subassemblies using high-strengh concrete under severe earthquake-type loading. Exper-

imental results indicate that the modified new details which are introduced by intermediate reinforcement

in the beam over a specific beam length adjacent to the joint are able to attain the stable hysteretic

behavior and the enhancement of earthquake-resistant performance.

Keywords : high strength concrete ; beam-column joints ; seimic loads(reversed cyclic loading) : earth-

quake-resistant performance ; plastic hinge zone

diagonal crack ; intermediate reinforce-

ment ; closed strirrup ; hysteretic behavior ;. enhancement,

?2”1 "ILXH };‘:16 o }Oé—g,—}oq 2 gkl ollz] E

T1 e o il gl ;‘)\c‘)‘ EO’.' ‘I(Ug ?1
Bavt i &9 = = AEdol Axst

S re e w

ol

3
To s W HY Ve A ass Tk HEHE U
& zlekst dolel Ro yralAan olrhe Y weba 2
Aalps v 1gT %_’}1’.:1 NE B 715 3
A S R

A A8 el a7t
727} 420 kg /e o] &)
7)Y A gkl ek o
Hol| ahaled ol v} ol s
:17;}1}% =t 2 ACI-ASCE

‘

352 2l sfoll A AR AlASkaL Sl m1eiv 278
FL ou= T HlmIgplE pov)% AL 1z
e i )

dsol Wzt At A HoR T8 ool A o
A low, A el A AL AR R v
Aok, wa sl ool ek Az g
o W, A H0 G olaf Al B vk, we}
Mg At ie 12E IR 1% dE
o] A3aA BA i @ik g7z, A
sl A2 o) oA L

3 WAPH O FHELE o] 5

i

Filo] 7}

br ot

_‘
EA7) 5, WSS A7) wlrebiol] #1E

O T

2. 1T HIZIR|E H.7|E HERe U
Hds i 2 Uy

AzlakEE g W AT E YA s
ok 99l Wl el Wags e 9
atof, gt A A 2714 g F, wol 249
o] e H 14| PIakd | 7} 3l 6‘-‘11 o] H 7_:1.9] ol i‘L 1(13}1}\01] kY t:s]:

499 Aldetel 1L 54 sters g @,



Fol & G v Ao,

T

AR g A ¢ A5 ol 4 A

e MAE Heiol M ve] cRlel A Al A7 g
o]

e .’,\_Mz;) Z] ododo] ulEky W e Hla)e

: 44

(o)
Awel Wy g oy Mo Epe] hady flAY
63% ACI-ASCE 3rv$}$ 5] okl uhit H-7)
n) o” 0 }QL 2A L‘t).J’[Oﬂ 9] fi:’zﬂ
w2 yo] glch o] 9ol A4l A7} ¢

R 6{%«‘%91 ‘/PJ—;_Q} 7R O] 7k avh wRAREl 9t

2
‘@
O
w
g
o
L

i i
ol sk el et A9

Jotelic W) a0 Aol A s

#5rof $7o] o]l
ol A1 2} ‘{;LO] 3
LA sk wel Wi
7l an gl o) gt
g MA Aol k9l WER AL
Bertero®} Popov”! Scribnerel Wight's! Abdel
Fattah'" 5ol este] §l-pulo] 13 Aol Ads] /)
S g skh

AR st Slstel Figl
}5{}»)]{ OlOioﬂ}\] o]xo!/ 1] [H01 ,(] no] ]

sh= ol @

[

N

t
T D <o
Zlh ] D T

} | I i

| x ! I S B

b lien,

t

Lt

(a) Conventional design (b) New modified design

Fig.1 Locations of beam plastic hinge

mheb) B Q1 pol Al A g AL AL 2

B

2]

I 10
BAElE W=l AEeA g )5 ok el A A

O frAlatE], wel A ElAe] °l A5

il

W
Bl o] A17]7] 9lstel Fig.2 (d),(e) o} o] 41\l
73

,r] x —‘:J'ri o Jl L

ollsh seof 1 g Ael(1 S h, ho Mef Fel &7
At Frh ekl e, 1o g gt Wil A

w8 uvbakgloh,

Aghel vk ARl FelS wAlat

1L
-l

N1 s
|2

MaH 15, 1992.3

| it dutefol bAle o o

I ]
A

a) Speirnen 1~4 (b} Specimen 5

w

|

‘ | - Th
e y

' 1.5h ( 1.5h

i |

{¢) Specimen 6 (d) Specimen 7 e) Specimen 8
Fig.2 Typical longitudinal reinforcements of specimens tested in

this investigation

Fae A

fletol 2412 sl

34 AE

oM i’]v‘gj-» %!?}"‘.‘ AC] Bulldmg Code
( 318-83) (1w ACL-ASCE 352 91913](1985)%2] 4

phbdd

Loss |

SECTION A-A

(Unit = em)

SECTION B-8
Fig.3 Details of beam-column subassemblage

137



O]'O* U:’(L} A }1]5‘1 /\A-—“ﬂ 1

A}
<
i 542 Tabl

£A9 B- 1% HEtel
1

|
A& Fig. 39 veb ‘qu. Ze)an z A ) gy
e. 13} o}

Table.1 Design parameters of beam-column subassemblage

Table.2 Characteristics of reinforcement

Bar Size f,(kg /cm?) £, {x107%) E (t /cm?)
D 6 | 390 2,237 L9
D 10 4,150 2,354 2,004
D 13 4,220 2,256 2,050

Specimen | Concrete | Loading { Main Objectives &
Number | Strength Type | Design Method
(kg /o)
T Monotonic
. o o 719991@*7 + Evaluation of structural
2 Cyelic performance
loading - ACI Building Code and
’’’’ 3 Monotoric | ASCE-ACI 32
loading J Recommendation
o
s M0 Cwlc | - Prevention of diagoral
| loading i crack
6 |+ Anchorage method for
longitudinal bars of beam
) 77 : 771;4117106 gf beam phsim o
‘ hinge
Ty ‘ Inte:rge?dlagzﬁr;]forcermnt -

with or \mhout clo&d stlrrup

Fig.2 (a)¥ ACl Building Code (318-83)

ACI-ASCE 352 91

BN

3

138

o] a7k ﬂ—LL]E

212}(1985)

Algl =) A glEg W= ARy

of gt g kel wep HAE

B=7)g A AlgAeld,

oo sk AR S A
1

it relan

}
1 ¥
RN omow 0¥ s}&— EEEERE
dojzl w ytol MPgAIII ) Flet
el At S BEs él*)&l vk, Fig.2 ()% (d
:

o 9 it ASIROL 12 LA Yol
,A
fe)

Rk Ne]
E93
o1
AA -

. Fig.2 (d) = gl

stfol A 4445 SD

o, 8 Tl it

1, g7 1 152 DGl v

o] s B

LA

Table.2¢} 7ttt

2) A=A E L uj gt A A

FadEe] mge aytyE Aee A3 9 A%
¥ AR HH ARl b} dAlE e Fae B
w8l Table 39} 7ith, 121 2 E QPEAPLE
Aty Ysted 2 AgAle]l Aol EaglEe] e}
cRE NI B R T e

P AIFE XA S $100X200mm BSEE
A}E-8te] KSF 240500 we} g B 3/hZE 08 Uiro
P &S 253 bt A *M o}, g A A= A
F- FA l% & Hol g sl o), S AE
2874 Alglaleh Bdet oA kg HAE
t}. Table 30 viebut 2b Zrig i rs e bz}

AR 6/ 2] A T atel] el 3 st kot

e

N

1

Table.3 Concrete mix design

Material Quantity (kg /m!)

I il

7;1‘.\'pe [ Cement 55;% : 66_’

Fine aggregate 374 377

Water 223 198

Psi-supper i - 6.62
Coarse aggregate ‘ 1291 N 800

" Water cement ratio 0.4 03

Slump Hem . 218

3.3 AE A ] A Al okl

1w e AR e AF S4E stete]

9]3tol
dito] 2EAlSl Aol A AR B w—71% dahy
s agsh A #9849 80 delel A4 1
S oAbgEom, B, AuA, AWE, R S

SAlin Wb stas el 2 b Fakel Ul ¢
& arderbeAe) A A '/WEI 2/3 & e 3
1;1_ 7 H]H] 5]. ;o‘_ L}rﬂ K] 1 /; }17 L]—A] %u /}o

ul eha s,

R B Fo] g

s H

ohipel e 9 stol

FA, P A AL 2] ol
b 1elan Aol gl /1)

s

232|858 =0



& Ay

vehars

AT Wel 9902 Ash dalo] v

v}, orela B ﬂfﬂl z CHA 9.11:] o

Eb ek & 18l Ry H8hv)
A8k ,,.*_??5 Hol nefilo

9, 'ng‘ook}\]gl '\9:.. = 18°~19C & fr2|sksdch

304 AR A

D AR 2 Al 4
2t Aol 48t sl Aol
S Ao, N9 Fig sk 0o)

1

98 913 Qo) VS o el Hy
1
}

flated M, T, S,

oL e R I AR a1 S ] ‘}’-'&8]{? 452 Gl #
Wg et sEE rdebdl AE-sh
phi Evishgo] shGahi Mol Wi Mol ALY
ol 27 dem 9] S Yo 713k Actuator) 2] o
i Alla o) HAfeloll Mo HykG o] WED

o] g3k 7

st o,

17 A 7 o)

Reaction Wall

specimen

T:sb}\q B&Ja -

Simple Supported
Hinge System Details

ot

M.T.S.
Actuotor (50t)

Base Frome

] G AN | RV | O N I | I | { O

Fig.4 Schematic drawing of the testing frame

2) &% 4A 9 it
EA A G Eak B o) ahe =)y 4]
: SRR L
grgivhmol A8 it el el gy
Aitell 2478l 2EAS) Aol Fig.5ol 419} ¢1o]
Hobgtar, wol wotol 48ali she S £ e,
of 24814 GBI Qele] als 2467 9
sted 78] W A(LVDT)

3) A1EhE

el s dlekatr] 91k

kR

LTS
DERaR R A4 Wl dael ES

[cEE=N <

MaH 1z, 1992.3

/— STRAIN GAGE

|

(b
Fig.5 Locations of strain gages and LVDT in Specimens

- EY:
ot

= &
=

I 4

= 4
Sz
e <
=z obad
e k
& 2
O

I -4f
e ﬁE
g o
a _BE

0 a

CYCLE NUMBER
Fig.6 Loading history

dpetatr] glatod gl o] 2 Al§l Aol Vel W el
F(balanced axial load) 2] 50%% 2150 2l 4 &)
AR Al uh e]al Fig 49k ¢to] nle| watzlol] gl
A S aka vpeb ’l AHE-8ed gl gldlofol o]l s
(L‘ 6] g '[ /] o], - O /I 5? }] }lmo___]r{ H}" " ’]0|$‘
o} &leli= Fig. 6ot ’:"L“l Fig 6ol vhepvt g el e
tf dlolite] Faial Welol th ek Al o) Mg el

1

139



M2A golgth gRusle 3
o W Fo] guatde wel $E4E
Yol gk,

4. N8 B 2

SEEEL R RLERISEES BRI
Slstel VIR oA M F715ES W )
54, % o) A, oA 2, 24 Aels

4—6}04 o &, ol A4 Al ol A 5
) 3

ox to 1o
—;—L

[e}
o v#°ﬂ *1” *] @ x%l 1,3 Oﬂ retEs 7hete 7]
el BoFIo) BEe 2B Aol X9 v}

H goil ol w wo| shF Agde] grwels o
e Jl 7V& FHskalch c1ela Fig 6t ¢
& R F71EHES Theke] 2 Al A e Fig.7ub
b g3 el welete] MAE et
ek A olg AF ArNe FAE P, £ E
srep st W kel A b o] sl uha) & zjo]
= Jepglarn, 7t MPO] T oA mte} 7h Ajel )
of eluA] &4k g, 2w W sty v A 49l
Ach AEA 2, 4 = ACl Building Code ul
ACI-ASCE 352 91913](1985) 9] ¢ 4<tel uleh A%
wed,  #FadsE #uy b 420kg /om?
T00kg /cm?olth. AR A 2% Fig 63} 1+ wh 3014}
Fol AT w1 ke alel Fig7el ARl 8 o
rol /P ARl ol A& eI Al A 44 4
& ahgel Mol 7 olafel i glell A= qF F 9l o]
H S VR o, BgIiAlel 7 o) el Aat &
pENo A= FAE) Rl agbrislel] whit 243} & A

oﬂ L/l s PASNSL! /LH 2] 11 o]. L 7k et %Q}Zg &F
VERAIEE AlIAL 5, 6 2 2S- iEAE
of ujate] yhiy F7jsls A8A] HEY

o th 7t At & A Ao, AlEA 5 s 5e) 7

2
—+~
O
o
By
J(N

ol ) s&

G

-

Aol A g A ¢4

oo

ol glehm dirol A vjazel A Akl v} ubagshel
AGQ AAAGE Jehilon, A8k g 2 abe}
o A Atk el fha ARS e ety el of
A S VERRICE Al 6l oA B Alg A
Hlghed dieel 7hA @4RS vehl, olu =) Ak

140

% A2 vt 9 EE HYAAdd st 4
74 Zhge] AT ovA aabsdEe) hag yehy
e HEN gole] A Al dg Aol aEe

AR 72 EEAEA 4 off vlste] W o} ol 7] A4
Feel F7HE Hojn 9lon A AR ANS W

Al & dgEue M. T. S, o 284458 <3
o %71 elo] W g JHz Aol AU, 2]
Felol wag 4w 430 Asgonz 7] 2
! 2 oA S
PHS B S en, S8 wy 77)sEel W o

: 59 1w A @A) 7ol vlet

@ 6% wEA ASE uele %+ Ageh 9w
NG 7, 5 GE ARS Falol 24| o)%
o olEez qlato] g
st e Aol 4
Wl vlstol AL B wolol, M 4
o] FE) HIgs

o.

O_L:

= AH] AMEE A 1,234 9 8% £ 28
A sk el nAek 13E eaads w- g
A A9 wzskE 0 vy Fo)age] ARse
Fob BAYE sk 55wt el AU A
asl oz A g Be Foiria stelol LEFT

el A @A 59 62] B9 uke F718h 2] vk o
G 3ol w doo] thaFEe vl e
vEb ot Bt Z1E el AR s} waslel
R u.oﬂ Qe WA A9 2 W o

Aol AVH T Tl ZAag Bl R ol H“§°¥
k.

AARA) oleE nEd AFA 7, 8 e 27 A
A @Aol Fig.goll Mot o] 71gwolA Hel §aFs
a0l 2uf vk Wojl Ryt Ateldl A wAEk o,
FH F718kE o] Alg aEE F9t g Wizt 8o
&2 5 g o 7irh

A 7, 85 AQS mE AlgA A 7] gl

Al ael R & o] ArrtRe] g7 9o vhe] ol A%

1

3
& /2] Bsigon, o3 A48 8X) Gertele)

ial i

232|543 =27



Specimen 2

z
=
2 a
3

AT 20 . 7q
QISPLACEMENT (Mi)

£ N
Specimen 5 = !
2 301
Q
Py
-7 L0 0 3 7a

QISPLACEMENT (MM)

Specimen 7

LOAD (KN)
n
o
1

30— J
i ::‘--'n.l
-7 /i/‘{,/l/-{{/‘i/_‘/ fu
YA DISPUACEMENT (MM)

Ay
1

Specimen 6

QISPLACEMENT (MM)

70

Fig.7 Load versus load-point displacement

HaAH 15, 19923

141



Specimen 6

Fig.8 Damaged specimens at final of tests
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