x4 YA IS0 XSS X
FEAUZTLEDY

Restrained Dry-Shrinkage Cracking and Early-Age Shrinkage of
Very-Early Strength Latex Modified Concrete

ey Hmy” ES g7 B
Jeong, Won-Kyong Choi, Pan-Gil Lee, Joo-Hyung Yun, Kyong-Ku Jang, Heung-Kyun

1. M2

EZaeXFH L E23dE FZEL BAF FAAANA ArFE, A25S5 Fo2 A WAFe
AXEsrt Suss 35§ ARAAsE ZaE FALAd FaF A0 B F QP olwd e
F2EY WTYE AFAA WTERE B2AYE APAY 2do F83A B A2 n%==
FEE FAHoE uFFAELE VFRFAZEN EAGU2NFEIE(Very Early Strength Latex
Modified Concrete ; ©13 VESLMC)7} /H&slo} A5 Ich®, VESLMCS Zdoze HEF 3A% @
o WEANYe] sbssithe A Seae Aztz sl LAYl FrkHe] siE adEsda Yuag dA
ATE 3= Aoith pEo] 71E9) MsARIt e F7) WTAHY EAE @S QuEadesdg 54
A R SAGHAAYH Fol 9453 $5¢ SAE /AT Uk ol E AP FAN mEAGe] o
e A%, BE §F 2ol 8FHE A%, 7@ FERER BAYE A BEARS} aTHAAE S
ol AMRE £ gtk =3 @A FRAEFAF] FA3F) Frstn UE FANA o 897t 2A FUe)
Aslget ddgch 2y 2719 FAE 3 1) Be SR, 27dx o 2AN5FE R A
Z5Fo] DA 27| FDo] dold & AE /AL WEST AT, TY AN VESLMCS 27
2 9 Az5EFYol WY AT 4D nFd AFolh

el B =B HE VESLMCS %7|42E47 Fo&Az43 E460 3] ndstd 7] A58 g8
stz ghr.

2. MEue o vl

et

e

21 XARrHAE

AHrE: Age 29 1 24 %0 velhd uie} o] dE9 Chama mf7F metd ¥y oz 0.00lmm A
Y=E 7} 10mm LVDTE AHE-3le] AlHe] Zo|¥slE &£Ag et E3€E g4 & LVDTE B3 §
28 dodalxe HolE 24 (Data Logger® AE A4 g} ZAE AHa ZIqEd JETH £
E $i5td YxHOR 05mm FAY HEEHES TX8 1, olFos PYE JRE Zov 2adeg v
AAE =X F elEg AAsle, YEZRE Y npd 3L F23 st Agd A1l A FHL
70x<70x320mm>9] ZIHUE HL AHL3AT. A8 X 20C, AUEFE 50%2 dAsA FAHe 28
FANA FYsP T, 27FE THLS Y89 2714 3AAHA Y FEHHOIHE 53T A8 FAHL
F3HEY A AG F ANY FFol Pt AZIRE At

«» Ml - Zedistn ESZ e WA - F Y AL (033-250-6240, E-mail : wonkyong@hanmail.net)

~ e - ZEtstn EE5FZE0 MALREY - Z3HAL (033-250-6240, E-mail @ pangil@hotmail.com)
oo B BREHTI|SFAL - ZEPebAL (02-2186-1982, E-mail : joobin@krtc.co.kr)

oo HE| Q- ZUST EFZITED DS - SEYAL (033-250-6236, E-mail @ kkyun@kangwon.ac.kr)

wnin B2 - HAAY AMX[{0{S CHIFOIAL - BEEFA} (033-434-3368 £-mail : kukil001 @empal.com)

137



P LE R

7 29 Zo] UWHE 29 (Steel Ring)2.2 1AL JBE ZH E2 1RA7
£ etdate] sY3tAtt I8 EEE 2EBFAUEE AET A 54 F 24
o] g Fo 2Y }%131, 1% AHEE AL83 OPC-Slaby EBHd 54 F AFHL sASAL Wy &
Aglo] GAANANG FEFYE <17 WHE Holy 5§ BE¥on FAE AW 4R 8 L gu =
FolX FESLo] ojFe] A £ A=F sAth AEHEY @Y F AYHSE 2% 252T, AUEE
50%+2%9] &35 2PN AZ7F AHHEE st FERAE AE 6047hA] DA sg ).

o @ o

Concrete

] T T T TRy

| l—— 254mm -—‘I '

mnaarl I I [
< Specimen Geomstry > 378mm

a8 1 ARTEAE A % 2. Ring-Test 24|

23 v gt A

£ AgeAe SE2H7H0, 5, 10, 15, 20%)9] & EAWER #WE7t xV|¢SHd vAE 9L ot
sta, TE&ZA el 7EEHS nEAT. £, BTN E 8 @APYHR-E OPC-Slabd dz4+5 ¥
TEERE B43ded ol Hse ¥ 13 o] VES-LMCS OPC-Slabg uigtslich

VES-LMC "igeA e RE52agE ALY U384 stden, VES-LMCE 2 ZA9 dZA&
st oF 3027 AYYE AAE F AANEE EFs tA 33027 EE AEV F HoEF HYE
AAEFE o2 £ XA HrlE gEaet AAA) MY B FUT F 3020 BE A8V = A
ol= % uj§lslATh

¥ 1. VES-LMC & OPC-Slab Hl & #

Concrete Latex W/C S/a Mix Proportion ( kg/m?) Antifomer | AE Water
Contents(%)| (%) (%) C Latex W s G Content | Reducer
0] 49 58 390 0 191 957 719
5 486 58 390 41 157 947 712
VESLMC 10 42 58 390 81 119 925 722 1.0% -
15 38 58 390 122 82 940 707
20 34 58 390 162 44 918 717
OPC-Slab - 45 41 392 0 177 1072 714 - 0.3%

3. Az

Gelag Wrbelx) VESC L09 $3%e = o) 58um, 12417ke] 6mZ SFHR W 4 195
Nzbol A ¥ eoum= HAZ YA F, £7] 443 Bete) $30] WA £ 0%/t EE AR
83, 12420l 99%2 et ol% F8) 2&A2AAEE BA F 1243 We] A RE 271530
dojgg & % slth.

228 10%37H VESLMC L1098 $&& oAl 744 ¥4 3 713 2& dolwas ueuich o)

7] 4712k
7]

7 - OO OO OSTOO 2004 Bt T=2F



e P

olwste B 2147 A3 ¥, 5aume 2AHUT ol Fussd Sl G gAAEN B £%
Azl ge W2 Aoz wudw, dex W F AF A $5FL UehAUTH

Be28 15%Y7He VESLMC Lisel it olwsidss 7] 4A12e) 67um, 124130 7um= &
sglom, B 2040 ARE F Him HUANE Vel 7 Azl BE HAhPelws oy
AEE 27] 4M7 90%, 1242 = 99% 2 e}, o) delwslake]l VESCHlA 65um, VESLMC L5
o4 62umel¥ wrel VESLMCOIME 7ouim tha 27 2= 2oy $580) 0023%2 B B
mshel AU Hme] UAAME DS He golet ¥ % sivh SAAE 20%8sHe VESLMC L201A
Hej ZolMste whH 195A7 A% & 2AsEx, 1 2/t sumz oA JkA W4 3 AUge Yehy
Aok B agFe] HTEA F/EN ARANEE 764 B3, tBl BANEN AASA Fof
7 Hol ZA% - DAE FAAEA UEhtE 714557 @l Tl duhin g Ao Aw
a2t 3, Bda9 JU48 P 471559 9 A 27155 FANL + AeT T & AN
.

29 3 AW 39U B¢ A WY 271552 AUPAD] Uy Yo|WHEE ved adgolth 1
9 4t HolPelWssh AW ALE 100%2 Bote W, ol AWAAY £2FL R LR BAW 17
Zolth, BE WHA B 1242 F 27] £359 gigole] wASHE AT yuRo olHd Fye
257 NAEY FAHLE Q¥ AR ARHL, ARAANN BARE FAR FELN L e 7|
e Ao RUHT 19 5 2 B5d ANLolWses Ued 2dZes sesgF 10%8 AF)
N F&o] Frle AYE Mol U

%
=

0.000% —r—TT 100%
-0.003% +me i 90%
£ -0.006% - VESIMC LG |- 80% |-
el gml
g ~0.012% > VESIMG 120 |- é 60% |-
§ -0.015% A\ - L I s0% -
:—0.018% AN i e ot % 0% -
5-0.021% [\ a 30% |4
J-0.024% |- ; 20% /]
-0.027% K Wmmmmm 10% |f]
~0.030% : L L 0% &
0 6 12 18 24 30 36 42 48 54 60 66 72 0 2 4 6 8 10 12 14 16 18 20 22
A2t AlZHmn
a7 3. AjZioll e ZofHste ™ 4. 5d/8dnu
- 0.030%
§o.oza%
& 0.026%
§,o.oz4%
3 0.022%
: 0.020%
g 0.018%
T 0.016% foooo- ; ,
£ 0.014% @..
5 0.012% : : : Lengﬂic'hange B
0.016% + : i ;
VESC Lo VESLMC LS VESLMCL10 VESLMC 115 VESLMC L20
Variables

a3 5 HoiZol¥HsEE vl

B 6 5 (B B5 6 #) -roorersessoeoresssmssessssssmasisss s ss s sest s ssnre R s e 139



P BRE=
32 74

321 VESC® VESLMC #+&H=TH

A28 H7HEA] &2 VESC L0 WFdXE A 4994 A wHdFdel TAsAxn, AP 50, 5144
Zkzy 5 WA, Al WA Fdo] AT A A FELS sReA FRE gdo] WAHNL #FIHA
T U AH 60dA TERL 50um, TEHOlE 63mmE SAHUD. F AR T TEFL 25um,
TEdole 63mmE FAHAT A HA €S I Fo] 2Bbum, ol 83mmE FAFHAG olHF #EL
Azro] Zge] wet Mz SAYY FLo] UFol TN TR FLEFH Zdojrt f @l AdHEe I
= UBASch 29 7S 2EEBAY), 29 F, ©EA0E e IHPZ2 FJY 2o

°ol& ¥mEY, gE2g 5%, 15% FH7M3 VESLMC L5, L15 X e 25 A 60Y7tA Edo] LA st
A ge Aoz YEytt ol #Ha HrlE A% ZIAYE Y FELET 9 tEo EAUER ANPEd
2 499 Aok F, BFH2rt HUEEA &2 VESC L0 B9 vasfy Jddd EAUEY APes
AZZ A% +29 4P @ we AR AR=HI FdL FrE Q9 AZSSAZETRES HAd §
At

100
E % DGrack Creation |
Z w0 ECrack width
a2 B Crack Depth
a m

141mm §42om 310mm E 50 3
E 50

T T s L

'3;;1“3@(' '_-, ‘ . .:‘ . 4‘;.-‘”‘"‘ and efack ' 3, 40 i

e GO e e e, 3 Y

S03om l 275mm & 'z I

st crack 2nd crack 3rd crack

3% 6. VESC L0 FA
H6 ZHeY a8 7. VESC 2= A}

322 OPC-Slab +&U=T=H

AFAE £H L TAYUER HAISE OPC-Slab wWigelA F&ARFFH A1dAT, A dES A% 20
Ao BT 2 F 219, 22Y0 ZrZ FAstden] HFHA FEL AH 49A B[ ok 2
B 8 #EFA AAE YEh= Al¥olx, 2¥ 95 AF 60YANA FI¥FT FEEY ¢HE YEd o
Hojoh.

o] VESLMCelXA ¢} mlzai7tAlg HEx22 SA43 Fdo) ¥EEE W, 713 w@e 3 AHg #5ss
Ao 2 yetgt} ojF AddE JA2$E2o2 Q3 &VujAFde]l SAsAA, FIEY $HPFT Ao
FoxA vegy #do] JAE Aoz dadn) oy ARdA Hx2 HAss Fdol FEITEEY
FZA ] viAiE Gl ¥ & F dvtE FEL K5 7 AATh

OPCe] 7%, BAWEN7L 49%2 VESC L0 A$uth 4%Y #AE EAWMENE Zgd=z 732
VESC LoEth #<do] ©l ], o o] 243t o8 T a2 75a0E FUT + UUTh

Y 108 TagAY e $EHASF 4L e Zgzo|th XA o 5 ARl A HAE T
A Fde) 2 Ex 7 An FERNE M QN ALE vERen, #92 &Ad we ol { %
< P4 BaseE AL Jehddg.

B 17 ¥ o LU 2004 BlEWHE=2X



B s 28|

250mm 470mm 220mm 2(8mm
B - . ) g " -
S, i
RN L nd ok, VIR
280mm L S0imm l 397mm

33 9. VESC L0 ety

~ 350 : 70
E 200 D Crack Creation
Z 30 B Crack Width 7 60
=3 <
820 B Crack Depth S50 |
§ 200 3 40
£ 50 150 ©
£ g 30
- 5]
< 100 30 5 20
8 icszi: RO °
Z 55534 M @
o 50 58 < 10
2, . :
o 5
1st crack 2nd crack 3rd crack 4th crack 1st crack 2nd crack 3rd crack 4th crack
3 10. OPC-Slab o = A} 3Y 11. AHEZSRo| o FIUYAT]

323 e

7h AIMEZE R & vl
2¥ 11~132 1% ¥EJ= AWEE AL OPC-Slab E3 T ES} 25 P AHNES /\]'%‘?l' VESC L0¥]
HELENY), TEE 4 TELE A4 AT &AM g8 ¥aY :LEHEOI
W‘%‘E’“&‘*Ul"ﬂ AAME 1F AHMEE AMET A9 A¥ 20~24Yd 2T Fgol AL, 257
IEE AMES B9 A 49~51U Alele] fdo] LA ATE FEEZL TYZAM & F dxo] 1F Al
& A8 73~r °°} 3&%}01 bed AxL =27 1 4L AR, 2SHFANEE AHEE
Asl #BZE ok g £ AE 279 FE 2 FAS el dEdZ ol oM E 1F AHE
& A9 3 WA ﬁ%% g AHE BRI, UHAY BE 2EPAVWEE AHEE FRT

=
i

_Obziréz

__?__
B e
1

ol s, TLLAAY), FEF L #EUo] BE FWM 2&3NAESY 4T 1% Adenc
53 Holy ez eyt

350 60
1 ag
300 - ﬂ --------------------------------- DOPC  #@VESC oorc
140 [ BVESG |
=250 b feeem e e E 120 -
g £ 120
S 200 f-f  feeeee e = 100
2 a
E 150 F-{  fe--eee- & 80
3 x 60
S or00 pof beeeoeees g 0
50 ©
50 - 20 -
0 : 0
1st crack 2nd crack 3rd crack 4th crack Ist crack 2nd crack 3rd crack 4th crack
a8 12, NHES RO oE ZAX O3 13 AlHES R o Fd2oj

6B (GBESG6EH - cerrrreennenenens Certeeeeieannis e as et e e s ba s s s esbab s s st annnne cereeesssninene R ¥ & |



P sasasy

. gesgtael me wm

Gzt #7EA e VESC Log A% #dol 3MadA wASRT, BEast 5 15% A7E
VESLMC L5, VESLMC L1598 7§ A% 6097bx] #do] wAstx 3tk ol& Fa ghdzs sl 2
agEee) Ax4H0 HAE FPol g HAA Aoz wUHUL

olee Aot 71&Y ATFANEC gaf oln] WHA W, vy JUL st FHE 1R zag
= WRE $38, Gese) W Y4 Pk UR T4HE FAANPez U8 dzE AW AE

9 4% 9% A7 Ao ArWh
4.2 &

VESLMC®] 9894 oyl 27145 549 740255098 59 A2 IA dex9 23, 2
ANREle] 9% 2 AME FFY 9T 5o £5 % 2o WAL e BAY 4 Ao, B ATl
X #98 2719548 € 743253 490 U 2%E DeH 2o

1) Z+ HFe g 7] 39 AFAX HoAeWMg&L VESC LOolA 0.020%, VESLMC L5A
0.019%, L1014 0.017%, L1514 0.023%, L20 0.027% = Ztz &A= Yot

(2) A5 NEdT EE ASdN E2aGE 84 19~2A3 F JYsSe dedls Aoz vy,
VESLMC L159] A% Hd$F#e] o 90%0l @l 50 B 417 Fo) dojy= RAed Ygyd
on, AL o] HAHF REBMNYAIC T2 F A8} HaE} AlrdTh

(3) 40% o139 vua & EAUERqAE EAWUER 4o & ANAEQ FEAREFRE HAE
AR, 40%m) ] vlmH L EANERGNE 1A% - FE FIAYEAAH JEIYE vmE & &
Z19& 9G] FAFHJT W EANREL A A7FES AFA S3 BANENY wu#ste
FAGol BESTF, BAMEN I} FASFE AAeFHol Friste S Yl

1) FEEGEZAIEAT 52 TYEE OPC-SlabollA A& 209 ), VESC LOolA] A= 4944 A WA T dol
2A8ks 31, VESLMC L5, VESLMC L1591 loixe A& 60d7R #8o] YA eFshch =3 Ald
EZR ©E AIEHAAAE 2ESFANEE A L3 TAYEV} 1F ZEWEANES AHE3 237
Edg £E£7FYEY IdFE € ¥ A2 eyt

21z

[

1. o8, o™, AW~ (200, “TAA%T SAYES AV¢F” IESTSE 200152 ES] =€F

2. °1FY(2000), “EYZ2YU HFEY 23Y FAE FHAZSFS ¥ FUMNIEA" FAE
=5, 7J°Eﬂi}il erd ‘

3. AA2(2002), “2£7 SB ¥l ad Fad s AY” FeubAey =&, Fddda gty

4, Patricia M. Buchanan(2002), "Shrinkage of Latex-Modified and Microsolica Concrete Overlay Mixtures”
M. S Thesis in Virginia Polytechnic Institute and State University

5. Sprinkel, Michael M.(1988), "High-Early-Strength Latex—Modified Concrete Overlays.” Transportation
Research Record 1204, TRB, National Reserch Council, Washington, D. C, pp.42~51.

B 1 U U USRI 2004 St Y H=2F



