LFORIPEeE D0l Egl #FESEE
AlS0[259| d5tM EMo|| it ot

/71 o

Mechanical Behavior of Construction Joints in Reinforced
Concrete Structures Filled Internally with Cement Pastes
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Abstract

Grouting internally with grout materials can repair the micro—cracks and micro-voids of
construction joints more efficiently than injecting grouts from the surface of cracks. A new
internal grouting method using perforated bundled—cables was developed in this study to
enhance the structural integrity of the construction joints. The extensive experiments were
performed to examine the mechanical behavior of construction joints which are repaired
intemally by the developed method. The tests were conducted for rectangular—shaped box wall
structures and straight wall structures. The strength and permeability tests at grouted
construction  joints were conducted to evaluate the structural behavior of  repaired
construction joints. The present study indicates that the internal grouting method developed
in this study enhances greatly the performance of construction joints and may be efficiently
used for the leak—tight integrity of construction joints in concrete structures.

Keywords @ construction joint, concrete structures, crack-repair, leakage control, perforated
bundled cables

1. M 2 e BFAETt 78S 43 WleAs g1l
Wio] glom REXF7E FdsA FYEA=A
JZoE A|Fo|SHe WY FAL 9ETHE] A o] gtk @] Utk ol9) HHE AlF
dEe Fol FIYRE FIAFVAE Fe ¢ =t 2ol wde] AR SXel v =
g PO olge  oRaREe] FURFAR HeAes 92 5 ole 790 sle Aol &
* 39, AgUgtn ELIST) g E-mail : civilcon@gong.snu.ackr 02-830-7350
s AL ES 3T} AR oR wRo] U@ EolT 20034 39 3YAA sEE mi)
s 59, U= EAF T E o)A FAE 20039 79350 E2ATRE AAsAEY

ror

I2pxErcEs M7 Mises. 1) 217



7} =o] S we WRERE JEaeeEoR By o] WA o]F f{FACIETIRAS Fle] AREA
ARE FQAE BEAEIL GRE olter 2 9 BAARE IS VAT iATES
2 B3o neAEs 79 L MAEIS FANN ARSAAT BAARst 995 A58 olF Algol
AE IR & lon, 74 Addl| 2 BFAart SHAA ZoPAHE AHFtY AMFe] FolAlHTY
Fq9r) P D FrH 5L AR AFelerel 93

2 =RollME o8 o] YREREH FERFAR A Asg vl E45
5 FUY A9 AFolee d3A AT 545 B
Nt AA HEFsAS AESAT YEREEE B . wa7lo|Sctekatof ot A|IZo|SF
FE ATl Aot A5 HES] SsiA A Lol olMs= 2 4
Folgns e A2ge 4713un gAY 4B
HARPAY, Wrsrt PAET e AT F3ACNE chre gLt vHETo] ol sl
z2o dPHEAPL FPAAY. oledd vy  2IE URel BN el skl ZLolt 33
3 RFAPARA NN HHY AVSL Sape], YR o] MAolF Teked WAS FJste] vAlEEelt
RE wgE AFolgRe) 4w, F44, raAlols 33e FAAYIES TAEQAY. FEA ol EThRTe
o BAsAH Fig. 1914 He ule} o] I2-E HjE&Fo| HF

B APME YERIZEE BREQES 39477 H UIY a-ERAY O 9FH Y A8H 4
A PAEE B FEEAo] dAdEE AlFoleF et F=AA el ofsl AEE 4 e ddeA T
of AolE thighs wig] wjdsle] Fag|Evt 43l ZEE PWE AolEE A Ax oue 2wy
1 Fatd 9 AxeE Bl o8 wAlEFet #d 2 Ao R wiEEe Sl Pt

L LT B g: :II E /—' AwET
JHEEF e 1II f'r
S " N et

JHREF LN 0 rvannal W M)

SRNCET T

iy

Fig. 2(a) 22t98 237t efzoz Fold mf ciehah "at

I

218 SRR TERICHSE| M7H M15(2003. 1



FEAol BT ZIEE EMIE o thdae
AR EB 57 darge o) agk-ER
o] WEFe ZAYE o3) TE]A] YEE Howa
JE dejelM 1ekeE WAk ohdste] aEER
o] WlEFS Bt el s deueH $35Ubs
St o] FAEa JH9E FE7F GEjuA gt
S8 237t vA 35 2 79 S Ha v F
oz FRFEI, agkeE gEo] TUEHW £S5
to] 44358 HuA FA4RAE ol DRE F
e 2EkeE "ae] IFE Adste] aekeEo] ¢
AeEe Y82 As¥d(Fg 2), Fig 2b)z=
SE B39 F9] AL AlFo| SR wAE Eo
JEE 237 fEEW o] g9 g EF

32 AMlEA M=

AT 2T AFol Lo
|

a=y A J=
A g dFe] st} REFE Fd B VA

9 AlFol SRl g5ty A%5S Wrlehr) fIsiA AA
NFHI QE AsptaTzEe] ¥AE BAE 4 9l

A GAS AZatgnt. AFAE AAEE
A AEHL e 2AYE wWFL ARG
nlg B e} AR o]Rod Aahuata Tz
< mAET HANGAE HH azed
a9 WS AR st F9 DA wEe
Table 29} Zo] Dalsle] A72EW 2o A7|2 3
M7F Az Ak

oluj wx|e] Hwjze A 1)
FEZNA AgH1 JE dukHel 2L o) &
Atk EE A1FF HA RN FALTAFSA
S o|zdoz #AEs] Yste] WA YR LEA o]
, BgEA fEgEA HAIWHEANA S& )
Adatel Azl w2 Wsigke AZslsith suHet
wo] BlE Zales A4 AN As Aoz
FE vl FRE AF Al AMEL Qe WES A
gaion HPEde RBY PEATIL 20kg/end,
£dAZ 15molw WjFEE o}#] Table 13 2o} o
AR AHSE Table 29 2o} EE W7 A
2] 715tk EALS Fg. 3o Uil niel 2ok
w3 AA 557} 2Hesle Bl faAolRT)
Hhh] o)) WRRRE o] HayH AT SR
LSS A8k sl 471 Felel AgAE Al
Astgich. APAE 2 o] FHAFolerel 279
FANZO|GRE A, A BL BE 5 JE 3
Bz AZEom Aol ek
o]F g7le] BS Y azhedez A% W A4

& Bk

rr

= =

)

ol
tlo
>
>
ofr ol ofk

Table 1 #x AIEA uigE

Ege B EEREEE EOE A oA
- Al E ) (kgf/m’) (kgf/m’) (kgf/m’) (kgf/m’)
HEAHE 0.45 387 175 815 989

Table 2 A AlEA 2l AlEHS

A WE A& o)(m) L 8ZZo|(m) 3£°](m) SUEF A a2ke-H 439 E/ARE Bl(w/c)
1 10 10 1.2 0.38% 50%
2 5 15 12 0.38% 70%
3 10 10 1.2 0.76% 90%

sEEx=ERCEs M7A Mi150003 1) 219



1200

600

2700 2700 2700

£ Tig. 4, Table 3¢
HAFA 40em(AE),
DemBF)e F Mo BFPo=Z AUk AEA

127 49A 2 4
How, 7t AlFolgide AlFeAld wEk o

rr
k3
I
3
o
e
o,
1B
__):1_1"
—
=
Lo,

Gxol WA on, BREe ¢ EAERH

20cm ol Ao Thilgg &4 STk B T
N@Ae] AFolgRe V)& HAaE FAE ¥ o’ —— g

e 58T zoh7)(chipping)E 34 ekl Tl '

A WA= A Fsklth

Alm

150kr

=] i

=
dem 1
w i

-

Jilwm

H

2

] <

9 00 Fo) thid a8k E F Fig. 4 #& =2 40cmel 87| Algx|

IS g}

3}

A

hl

AAS e
ME H8sel 1 BT TS, o Table 3 w4 45 Alge gt Pxe v
$8 3ol A4d 7R AT wigTRie A
& 3

W P2E AFHGeE AFFd BEHE} A AER b=
Ao WAl A&How BAT AT Y AT Adem e
gk Fgo] Az+s] BAEl= L7k} thaA ol e 1= 2%

£ 3ol Aed ke Awe] REeE % R R 40cm 60cm
Hpo) g FEE 4] AsiM AdolE R (Delay ATHEEE(m) 3m




JonhE Fol ¥eiste Ag #ELAS WAk
HHH AEol g TS A8t thd#e A9

H(Delay Joint)e} 7]1E9] HAAP]L] AlFolSHF
01] Ax o] AHo)LR(Delay Joint)7} 3] A3}
g o]F thw o] AMEE Ade BENRE
Fhate] F47E BAEaL Qe AlEolgite] R4
o] A5g A th(Fig. 5, Fig. 6, Table 4)

HdE4d 232 E

Fig. 6 232|E EtMd M2 Delay Joint Al ¥ £e2HE A3
Ol Fof MxE ctara

WRERE BeE AFlgRel 484 4y Bt
SJojcl AREFo] 943 BB ol 4712
1 BIPAY ATA2 o} P

£ Apere gaole FHAFEASTM Cl1202-91
¢} AASHTO T205689¢] "ol oAste] ik
2RE R AlFo|3Re BFASE B8t

AlE AHE 3249 EIAFAS] 29EE Al
Tl FoAHS AFASY Sem FAE A
sto] AUEE B%ol e FAAZ o]F FIARS
a8l A¥A] AlEES Applied Voltage Cellol
NAFATAL BZ AL T Fig 7S g4l F
HAIFY] AFIZE AWt Utk AF/RE SHs=
WHoRE VA AFAE 2 Adste] Ak
SAFo N BS & g ojdd AMgEE Ao
2Ze TAYE A HLHe AYel dFo] =&
3t7] 98t 7hedt 22 M-S AREshed 2 AY
M= 0208 AHE-3I L

Table 4 siZAEo| ME8E Oz2tfE L3 viE E4
) (kg/m')
9 Fx FAR Ll W/C AulE = - e
co - ° E34
ujchg 1’? i%liﬂg 315 4 1,303 536 % 13
5';}%?%‘3 ﬁgg ] FAAEA = 11 £F 79
w g | VEOIER | velaz AuE 2% 45 | 1,267 | 570 | % | 13
- Dglay J(‘)j* ﬁgg j FAAEA = 11 EF FY

IPxERCHElE M7 Miseos. 1) 221

ot



60V

NI
[coo] ©

Power Source

0.20) Resistor

2 o

0.3M NaOH ] 3% NaCl

DATA LOGGER

1

............................ i

AFEPHS AVCelld (A 3.0%2 NaCl
o [e)

LA A (HAFZE= 03N NaOH &9
S Atk AN &d9 7] 2EE 20~25T9
Boll slojof dn APFolE thr]d LS 20~
BCE FARIEE ity &g AdF 899 255
DT3P} =S 3tk

A@Z 0ErI} 0200 Zels A¥E Data logger
2 ZA3le] 7159tk 3799 ke T Aol oJste
HAFA 2 skt

I= % = ff% ()

o714, T = AF(amperes, A)
V = HK(volts, V)
R = A3Hohms, )

Q = 900X(IO + 2130 + 2160 +
+ 2[330+ ]360) (2)

222

rot

=R x=EZITsES| H73 A15(2003. 1)

AN Q = H2E EAHD AHHO)
[ = AYAAE no] FUaAL

wj o] HF(A)

A AYe ARIEEY] HEeHE Bk 9
st AFeAA T AR 324 AlAE B
A GA Q] AlFolF-ot HHRe] FoAHE ¥
ot AHEZY] ARdeE WE AT AR
NAlglzsl SAlElz2 U$-olxth SAg=E bem
o dFFAAE wdFoz 2ol whAFe] Al
Aole HELEWE AMEEZ FHAZHOM wi

Hl= 50%°|th. 933~
sk

A HEyE AlFolgie] E4s HES] S8
A 3249 EIAFA Y 28, A o]F AlFe]
SR} AARLIN Fots AH 3,
23}t

7188 ARAY] 22k ARIEES] wes 100%
o, BARY AFA ] 1eE AHMEES] w/iee
50%, 70%, 90%= uvFolith AAMg Al@HT=
Table 59} 2t}

=

A AJHL N series2 3k

v

Table 5 20| 2FIAIE AlHH S

w4 ARAA =P

N1, N2, N3

A FTAA

S1, S2. S3 Lk AA Wrho g dgto]d H

PV1, PV2, PV3 | WAIEA R T2IE

PHI, PH2 WA GA FEAFEIE

PN1, PN2, PN3 | @Al guky

HAAGA, w/eH 50%9] AHMEES

WAL, WA?2 =95} A|EZOIE
W | ST et T A
weL we igg%ﬂg—gécg 90%2] AHEZS
WNL WN2 BAAFA Gut




4. o

14

41 AlBol282 4
FSAE AP AAE
Table 67 2tk Fig. 8& &7138] A ol
_r]l\],lq_,] C‘>:}-7-7]-\: /\1‘6‘-] éjl].o]]:q’ Flg 9= ‘i}i]/\]??_ﬂ

Aesld Fg 8 Fig. 9,

o FEAEE Hlud g S & 5 Ao
42 Nsol5F2 Fr4
AMEZRE A EAHe By ARE

Table 7, Fig. 109 YJepAth A3 Table 7,
Fig. 100]4 B nls} o] AWIEZR o]SREZ A

~ ZA|Z] Al HY ARy = F3IYE AHe B4
A s =7 ol —H 1} ‘]‘4']-);]\:}‘!—0]' Bt }Aqﬁl |He &
< A9 Aol7} s ¢
Table 6914 & 4 Axo] AFolSHY YSA= me
T AR d5ATe & 81%AHTd 3FEshed]
Tgo] TS A Fo|FRE AMEZE R4 A w2
WCH1
BH2
WB2
BH1
WB1
BV2
BV1 39 W A2
£
BS2
W A1
) BS1
a’ WN3
Fl AH2
AH1 WN2
AV2
WN1
AVA1
0 100 200 300 400
AS2 %4=2 = (kg/cm?)
AS1
. o0 200 200 00 Fig. 9 HAAIEH | AIZ0|S% BopAIHe| A=2T u|D
A=2= (kg/cm?)
5000
Fig. 8 S7ISEl AI&X|Q] AIS0|SF FopHe| SFLE H|w
. 4000 |
Table 6 1M (ol J2IRElE AlZo|SHe| A4EUE H|R O
— 3000
. - L a0
%—7]%5]] A]?ﬁ*ﬂ ‘iﬁl/‘]‘é‘ﬂ] TO_ 2000 F
A4 | A% | a4 | A% 7l
¥ | olew | wel | olew 1000
ol=x=7)
JW% 278 223 201 241 0
(kg/cm’) NMON2 N3 S s2  s3
AR
Agos ‘4(/%) 803 82
LR Fig. 10 AIHEZZ M&lst FA|HS| Ga0|25F1M AsAnt
Table 7 AIHEEZEZ Mzt SFA|H| H20|2F3M AdZD}
RE: N1 N2 N3 N4 N5 N6
=08 A3l 3552.4 3722.1 4343.1 31796 3662.2 4062.1
sRP=EFCHES| M7H AM15(003. 1) 223



Table 8 7|2 HAIEA 2 AlZ0l5

Bl
]JO
k>
k=
o
m
=
>
ook
[N
A=

Al PN1

PN2

PVl

PV3 PH1 PH2

SoE et 25335

2646.9

7901.5

6500.2 6890.2 6500 6612.5

Table 9 #HAZHAIHA 2 AlSol8F Fool2Foad 21t

Al WN1 WN2 WAL WA2 WBI1 WB2 WC1 WC2
S35 A 2873.3 2640.6 5252.0 4525.0 5468.1 6816.0 7678.0 7826.0
8000 - 8000 —
— 6000 | —~ 6000 |
O &)
40 4000 50 4000 1
I} T
R 2000 H H K 2000 H H
0 s . 0 ‘ ‘
PNT  PN2 PVI  PV2 PV3 PHI  PH2 WNT WN2 WAT WA2 WB1 WB2 WC1 WC2

F}= Table 8 Table 9, Fig. 11, Flg 12

Table 8, Fig. 11& &7]2% A1gA 9

N ARG Tobe] F4AY
Fig. 12 AA #A=23ge]

sole] £AG Asfolth. §712Y

AlEols

S A AHRA] M3 $ ol
SRoI | 2 Helgke nefFa gk
e dsele ¥3 dgase du
aed AR we B 38 Sl

°
1}]__ o} z,: ol

OERE ASS sHA717) YeiAe

FAAZ AR HsiM =

o] F4o] T3 AFS wAY, E3
wo} agkeE AR At F83] vAlS
) o

Y 5 Y o)

3ol
ERLED

]%ZE?_EOH
EZo] 7

18—r

Avto]r, Table 9,

gwsh 4

o.u‘.

AR

/\1 %4 7:1

o]

SR CIEEER

224 SR EERICHES| HM7AH ®M15(2003. 1)

Fig. 12 MM 2 EAIEH 2| AIS0|SF HLo0|2Fntals Znt

7b w@Fe] 1/3018k= Holok AdE FA7Fssith
g F St A AHE BEEEWE ARIES
WA=7= HiEdAdol 0mP e, HhdA=Z7]=
1008 =olct. ol vt S4® AJdAe) FIFS

005~02mm(50~200ﬂm)2i AMES] At

40,

Gl FAH7IE v L gde ¢ 5 ATH).

wje},
HAA -
2 dAFET A 3349 'R mETE A

FUAE nEY AWEBTYE : dm A
0mz WA BS Gl g Ao
E

A AT Aol $58 Ao Ye,

43

Delay Jointe] vheigh £32E B8 5% chy
# 3k E WS A83ly] Mo 8otoz ol
o

FHE £ Je T s 9Tk oA
E

ByMgAEe 53 AZolgRol
s4rof M5 HE

130]]}\1 He H]’ﬂ' = ] —‘:51—"0“] ]:]}-E]-_J} }\]_J_o] =) %—SH}\‘1

A=y

=

[e]
il

ol
o

it mlolv

ST e Aigier) JEg B rie



&

£ AA A

AEE FYste]

It o [T

e fE T o Y

o ohlel FANYel 2A 7Y HFARE
A7 & Qe el gtk B, B dy
A7l AL 437
1% AuEA e

ol
>

o

_ﬁ
2

> 12
(E=RC S A

o170 &

ARt 7]t

o] 953 AL AEE
Hepd, 2AE AspaT

oluf FEtd A,

3 Aol A

ARERE HEFARE FUsE PHe AT B8
4 = AN % 9 s
2TEE Fo FEUAH

S 488 & 9L Qo Amdr.

e
e
i
Hu
i)
[

@3, 1980, ZAYES TEERAL B
Kl

AN,

&
HI
o
N
e}

’

2.4 9, ‘RC T2E BF - B B3 x4 4
T, A=A 7)1EATY, 1997.12.

3 WA=, 1997, “EAYE FREY HFRP.

4, AARER 2001, “AFTERE HEy - BRTHY A5
Hrtel #3F A7

5.2 WE = &7, A 4, A 4], A &2
HE ol &8 FIEAYEY YR d5S 9T Al
2 7Y A7, 23YEI =&y, A8A Abg,

19969 10€, pp.201-209.

6.2 WE A AV, A F4, F B4, FAYEY FF
4 33 9 2AFFAY FIYEY M A7, FIHE
st3] =83, A’ AbE, 19%6d 10¥, pp.189-200.

7. Stratton, F.W.,  Alexander, R., Nolting, W. "
Cracked structural concrete repair  through
epoxy injection and rebar insertion”, PB Rep
[PB 291459] 61,1978.

8. ASTM CI1202-91 “Electrical indication of concrete’s
ability to resist chloride ion penertration”,1991.

9.0h, Byung Hwan, Cho, Y. K, Cha, S. W,
/"Determination ~ of  Corrosion  Resistance  and
Durable Life of High Performance Concrete.”
Proceedings, CONSEC'S, Vol 3. pp. 15/6-155. 198,

(H=rX} - 20004 128 17)

Zazerckets| MrH M152003. 1) 225

o



