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Study on Shrinkage Crack Resistance Mechanism of Concrete with High Blast-Furnace Slag Content

oW ST d M R % B W fi &
Lok E -V % E T Y

=

#

EIFAT I REemER Licar 7 ) — ML, BRAMEBICKRELS FE5T 252 &5 RC EEEHKE
W~DOBERANIHEEN TS, LOLAERS, a2z U — MIRERERNSWEAICE®a L 7 — R
e U TR O OBV PIERNME T T2 Z L BB E SN TV D, AT, IO OEIRIESEom L% B
e LTSOsEZEmDIE=a 27 V— b, BEIRE 20°CH L0 30CIZH T AP O OFINEITERS L O
T BB AR T A Z LA BN E L, FAROUEINRER, BHRIERSR, mERBRSLIOs Y
— 7B T i L 7m, EBROFE, 20°C L ik LT 30°Co&ERFICITF = > 7 U — b OO OB
WETT 2000, E@Ear s Y — b e L RISV &, 0Kk TREEZTH 2 & TR
EHMEARE CIALET D2 ENERNICHDL N E R o7z,

| x

ZLHIZ

FER

D1 R SRR S
RO OEI TS R
Bz

<=2 E = -

I. [FC&HIC

RC &R EY OIRRFLICINT T, B AT 7 HmEK
(LAFBFS) ZHWWe=ar 7 ) — hOFABRHIEI TN D
Z &5, BFS ZHEAHM D 60~70% A L@t A2k C
FEHHY D ECM =227 U — K (LLF, ECM) #BFL, % &
JEREZHED CTE D, ECM (I%@=ar 7 V— bk Lkl T
COr HEHE % 6 HILL LRI CTX 52— T, W GUECIN
HOOEINKPER @ 7 U — MIEDBERH Y, Bl
PRI T ARIE~ O IR STV 5,
INETIZEFEAY N B EEHAWEZa 27— NIk
W, BRERE D B WIS ICIHE O OEUREME T4 5
&, FTKPRAICHEL D FETERAZITI ZLICEV A
HPENSET D 2 L 28 LT 5282, ECM O [RHEHTIE

ERFEHALNIC R > THE ST, LKA~ F LRI mT

[FHSHUE D E B 22 3l L OV LSSk b,

ARG TIL, ECM & 5t5 & LT, BREEIREE 20°CH L 30°C
2B DI O OEIRGIEEZ, OOEINFEMEIZ L > T
FHET B & & BT, ISRITICHEE & A BRI SV T
BitT 22 L2 EME LERZER L7, M8 T, RHEHIHE
O LA LT, PIHICE T 2 KFRAEOERE LR L,

0. EREE

1. EBRERSLUKE

FEERERF L OUKHEE Table 1 1Z-d, HEHATE a2
— M, ECM TN Z, thigstgel e pE@mar 27 V— K (B
TN BIXOEFBFE=a27Y—k (LT BB) @3 Kk#L
L7, £/, BREREIZ 200CHE LT 30CH 2 A#fEL LER
EITo17,

2. EAMBESLIURE

ERAMEI—T % Table 2 |12, HEHR—E % Table 3 |27,
FEAME L CHE@EARL NT 2 R AL M & BFS 2 L7z,
BB (X BFS RAREFEAM D £2%L L, —BMICHEHA ST
VW% SOs 78 2.0%D BFS Z#Hy, Fia#H o SOs &% 2.1%
& L7, ECM (X BFSIBRGEREHEAM D 68%E L, WIHITREE
HEELUREHI 2 BP9 & LT SOs ®&H D 7= BFS &AW,

1) ORI

Tokyo University of Science

F—T—F: a3 7 V—bF, ®EATIHEHBR, &FtAC b, WE O0ER, 2V =7

Keywords

: concrete, blast furnace slag, blast furnace slag cement, shrinkage, crack, creep



HE B BARTRFTERT 4 4715

FEAME O SO BE 3.0%& Lz, KA L 50.0%, HAL
AKEIE 170kg/m® & L, BERAT 71X 18.0£2.5cm, HIEZE
K[REIZA5E15%DFE L Lz,

3. EBRAE

(1) 15wt

¢ 100 X200mm OFERIAE AR L, #Mis 1 BICTRAE,
BB OFROOEFIFLEER & R — 54 CH/A %1772 o 72, Table
LIRT L9 1S, #Mil 3, 7, 28, 91 HIC CTIEMEME B (JIS
A1108) I L OFHRMAREGEER (JISA 1149) 24TV, ¥ 7,
28, 91 HICCHIZB|sRmMERER (JIS A 1113) %1T-o7z, Z
o OFEEREBR A A 91 BIZHEWTHE L,

JEfE 27 U — 7RI OFEMZ Fig.l (ZRT, HOALOT
I = KM-120-120-H2-11 (BRILFIEZER) A MR L7z ¢
100 X 200mm O fFakBR (5 L OMEH B A 2 B L, JE
i U — 7 RERJIS A 1157) 24T o 7o, $fis sl BRAK D H i 44l
1%, BB O EOCENRBROBRBHE THHMETH & L,

AT A B VAR AT A WL BB L2 IERETREE o 1/3 & LT,
(2) MFEOOCEIN FER

RO OEIN ER O EKF L OVKHES Table 4 12, HHIX
faBR iR L O O OEINHRBRE DM Z Fig2 1oRT,
B HIHERBR AL, 100X 100X400mm DOFRERAEE 1 KHEC
DX 2L, DAL OT AT — KM-100BT (R H A
WIgRFFEAT ) AR Uie, #ROOEIERBR AT, STk Y
TRESNTWD a7 U — F OUHEOOEI AR B 5
JEICHERL L, 100X 100X 1100mm DFERIEE 1 KHEICHE 2
RVERL U 72, BRI HEN ¢ 32mm & L, ©&FME M33 4D
FUMLE L, BRBRE MO I TR 2 DO OT H T —
Tk LT,

WP ORBRIA S, Ml 1 B THA%, BEraAagtEb L
IHAKRFFEAEL L, MEr7 HORF R T 60%RH O 2 i
AL Lz, BBRAEOER I L OFTREICT VI 7 — 7 &b
L, FTHZEPATFBELTHI LT 2 mREEAELE LT,

Table 1 SEERZZIR I L UVUKHE Table 4 FIROOEIFLER ORI L OKHE
(Experimental Parameters and Levels) (Parameters and Levels in Restrained Cracking Experiments)
£
et e i B .. B YN
Eik=a i MEn7 B IMEs7 A R =
77 )=\, BB, ECM R o | o ol M
ERIN *ii“ﬁ o N-20S i N 22
BRBEIRE | 20, 30°C ECM-20S | 20°C | B A EeM 30
H N EES ] — : .
s e SR FROOEINL I8k L [/ —F&E ECM-20W ke o
e 3H, 7H, 281, 91 H N . AHL
ERIPEGR SR N-308 EnA | oo N 2.2
FIF R . | B 91 A R S ] 00%RH
- SERHT . — BB-30S . B A BB 2.1
FER 7 PO OB ERR & F—2#4 ECM-30S 30°C A
HEEIL = 7 28 91 H = ECM 3.0
g 2 I e ECM-30W K )
BERR A 91 A i
#ATIE
FROOENIERR B 7 B mi| HoA=>R00, KP=>5E
=7 H LI
Table 2 A/ E—% (Materials Used of Concrete)
HH kea Mk kLN
T AL K| OPC |[EARNL R TV RE AL b B 3.16g/cm’
e = SO;  2.03%
BFS 1 'ﬁ’kF?Béi;;%* L TR 4410cm?g
N ¥ 2.89g/cm’
AR =
WP 2T 7B R 80, X 3.30%
Brs2| ™ (ECM ﬁg) 3 THiFf 4480cmYg
P 2.90g/cm?
o S1 | BEEEPE WE AR R E 2.62g/cm’
S2 L SR 2.60g/om: Figl JEfiZ U —7 Rk OREA
MAEM | G | WEEE B A4 FHHE 2.65g/cm’ (Speci fC ve C fC o)
7k W J:7kjﬁ7k %}E 1.00g/cm3 pecimen o ompressive Lreep o oncrete
R4l | Ad wiERE AE I8k Al —
Table3 FHAEFE % (Mix Proportion)
BFS [ BT F(kg/m®)
s WBlgawl g | 98
)| = | (%) | W |OPC|BFS1|BFS2| S1 | S2 | G
(%) |80,
Eﬁg: 50| — | 22 |472]170({340| — | — |[585[251|946
BB-30S | 50 | 42 | 2.1 |46.9 (170|197 | 143 | — |[577|247|946 ) i
ECM-20S Fig.2 A HIHERBRER X OO OFI R IR O 5L
ol 50| 68 | 3.0 [467(170] 100 | — | 231 |572|245 |04 (Specimen of Autogenous Shrinkage and
ECM-30W,| Specimen of Restrained Shrinkage Cracks)




EIRZA T 7B AREEER Liza >y s ) — b OGO O ARBTIEIC B 2 BF g

M. H¥HUERER

1. EEHRER

(1) JEMETRED

TIPS RO — B & Table 5 12, HITROOEINLIER
ERI—F/AEICBIT D 20C O ERERE R R % Figd (2,
30°COEFBRFE R % Figd 12, B AREIZRT 5 RRABRE
B% Fig.5 TR T, MENLIRE OB L S <
X LEMEIIER L 9, EE TR L ARRE S TEF
TALNERIXEFE AT IR E NS s ) —
NERFEY OKE - i TR ()] OMERE TR (i
43430 YL Uiz, 72k, TR 28 BJEMERE X
Hhk i 28 A OEMEIRE 2 ERER LV RO THER L7,
Fig.3 3L O Figd ICBWC, #iin 28 A LR DSRE O O3
INEWEER & e o728, Figs OEMNAREIZEIT D EMER
FEX, TR E [FRRE O AR CHEEHEET /R THY, K
HLAR ARSI 1T D6 28 H LA DR SHITRREIC LD b o
EBZZBND5, M 91 ARERIZIIT D N ITxHT 2 FEHETH

Table 5 FIEHHPEFREBRAE RO —E

% Fig.6 12779, 20°CIZHBWT, ECM-20S O EMEHE LN
D 0.8 fi5, ECM-20W I N L[RIZ%THY, Ak PRAEIC
X B HEHESHER T E T2, 30°CITRB VWV TIE, ECM-30S OJE
HEEEIT N O 0.85 15, BB 0.9 5 TH YV, BB LV iHE
PIKF L7 BFS Oc L5 b0 EE 2 Hivd, ECM-
30W (X N D 0.9 fFEOfER & 7e o7z, 200C L LT 30CT
ERIHIK B L D BREDORMEB L7223, W OBRER
EEICB W T OO P#EAIC L0 JEERE N B 55
Rrlrotz,

(2) FRoMEARER

JEAETREE & FRMEAR B O BIfR % Fig.7 12”3, BEAFO T
X DT, BB OFFMREITI N L0 /S W3, ARFEBRIC
BT ECM OFHMELREIEI N B LU BB & R&ERET RN
R Lo,

(3) HIHGIEMRE

JERESREE & RIZAB | BRIRE ORItk E Fig.8 1737, AFEFRD
BB I, EFE O PRIAX OL LR TEHETFRENHDOD,

(Test Results of Mechanical Properties)

RO OFIN B E —28E HAFEE
s BRBE JFEAETRE B LR AR FIZG | BRRE JEME | Femik | IR
! T (N/mm?) (X 10°N/mm?) (N/mm?) SR R | BIBRMREE
3H 7 H 280 |91 H 3 H 7H 28 H | 91 H 7H 28H | 91 H 91 H 91 H 91 H
N-20S 25.3 36.2 45.5 44.6 24.0 28.2 28.2 27.5 33 3.8 34 54.9 33.8 4.0
ECM-20S 20°C 14.2 23.7 31.7 34.9 20.3 21.8 24.5 22.8 2.2 3.0 3.1 40.9 31.3 3.5
ECM-20W 18.2 27.8 41.3 45.1 23.2 25.8 28.0 28.6 2.8 3.6 3.9 44.1 32.2 3.7
N-30S 31.5 38.2 47.2 45.1 26.9 29.4 28.5 28.1 34 3.9 3.7 56.1 34.2 4.1
BB-30S 30°C 26.9 36.6 45.6 43.7 254 28.3 274 25.6 3.4 3.9 3.6 53.3 35.2 3.9
ECM-30S 24.0 30.3 38.3 38.1 26.8 27.9 25.0 23.6 3.1 3.6 34 424 324 3.7
ECM-30W 21.5 30.2 39.0 40.6 254 28.9 26.9 24.3 3.0 3.3 3.6 45.2 34.2 4.1
— T=5---N308 ——-8---N(@0T) __ ---0---NG0OC)
801 2 s WEVUEA | T eene s | [evumn jg S Egi‘gﬁfg;‘” "o s ECMG0O)
70 [lz——m---- RCM20WF - o sgprm—%4 || 0 N o 5--- ECM-30W "\_w _ AIJTE N(30°C) £, (t,)= ]
T 60 [ assemp0atli- (/6,091 """ 5 60 [AR(N):7()=45 1exp(031{1- [28/(¢,-09)1 % 1 60 [a70en0l1- /6,05 g 7 == = -
50 e L L £ 50 eSS £ 50 T
\Z/ g e 40 - Y PR T Ay R A
&40 “--- 40 _—— &
&30 1——=-- ﬁ30 —————— mm e S =TT
= I
= 20 ' - L 20 ?x_)tz(t??ixpm 5411~ [28/(t,)1 °%)) = ?g d (t‘)t‘” 9exp(0. 5‘;{ 28/t 1%
22 _Austecw: X 40 L&Z L. ey AlJzt ECM(30°C
10 Qiﬂn):;g&p@m“, [28/(6)] %) 10 ?8?5&32&(051 1= [28/) 1% 0 £.(t,)=34.1exp(0.51{1- [28/(t,) ] °3})
0 ' : 0 :
1 10 100 1000 1 100 1000 1 100 1000
HEWbHR (1) b () e ()
Fig.3 JEAETREE B R (20°0) Figd JEAMiTRE B R (30°0) Fig.5 JEMASRECABRGER (B2 A2
(Result of Compressive Strength at 20°C) (Result of Compressive Strength at 30°C) (Result of Compressive Strength
at Sealed Curing)
w2 20C ! 30C 2 % ON-30S ®N-20S 6
B 10 1 g 45 ABB-30S = ECM-20S ON-305 & N-205
& ! £ 4o || oEcMsos  mECM20W 5 || Oncataos  mCMzow
Ee 0.8 ! z O ECM-30W g DECM-30W
Hm g ! S 85 |AuRIM: Ea
oz 1 X go |E35@I247% (F,/60)3 g Z
+ & 04 ' ® © 3 aln
RE I % 25 £,
S 0.2 ! H o = AUZO(N)
Z 0.0 G ] =y 1 £=0.921 X £,0037
. S Q S S Q ® 15 é“g;(fgzaéwzs/u)?x (f,/60) 173 };uj
=33. . .3/2. N n
BN §§ EXEN 10 0
(ﬁ\ S F &S 0 20 30 40 50 60 0 10 20 30 40 50 60
¥ v JE#E5: E(N/mm?) JEAR#EE (N/mm?)

Fig.6 N (23 2 EAR TR b
(Compressive Strength of BB or ECM
/ Compressive Strength of N Ratio)

Fig.7 JEMEIREE & MR OB
(Relationship between Compressive
Strength and Modulus of Elasticity)

Fig.8 JEMEIRE & HIZS | 5RE o %
(Relationship between Compressive
Strength and Splitting Tensile Strength)



HE B BARTRFTERT 4 4715

ECM & N B I UBBIZR&E 2T W ER L o T,

2. EfEY)—THREBHER

AR THE, RO 7 HOMEOT HIZHT 527 Y —
TR E AV, RIS KV EMEZ U — 7R R 2B L7,

(D(t, t7) — gcre(tit7) (])

0c(t:)/Ec(7)

T2, O ) M vy BICHA S Ve Mt Aoy U —
X~

eare(t, t7) : Mty 7 HICHAT S i-piist Ho v )V —7F
OFTH (u)

oc(t7) : B 7 BACH SN2 s 7). (N/mm?)

E(7): M7 Ao a7 U — h OFMERE (N/mm?)

7 U — IR ORI & Fig9 12, il 140 HIFS D N
x5 7 U —R O % Fig.10 12”7, ECM © 7 U —
TREITEEICED LT, N 0K 0.6 %, BB O 0.8 5D
FER LD, NBLUBBICHRXTMNSWERE -T2, 7
U —TRED SN L, WHERF OIS IR/ N SN &

V. IRVUVEINERER

1. BHIERBRER

H BIAERB R X O RO OENRBROME R %% Table
6 1T T, SOs BEBINMNSHE D Z & THHBOT AR
OTHERBICEETE 22 &2 20CICBWTHE SN T
Wb 47D, RETIEICCIZOWTHREFT 2,

30°CICH T 5 HH O A% Figll (2R, A 56 B R
T,ECMIZINBELUBB & LT 100 p FREE /NS WFER &
2otc, ZAUEIN B LU BB O SOs B 2%RRETH D DI
%L, ECMIE3% THDHZ END, SOs mOEMZIEEH D
EEZOND, £, BEFIETHKRT 5L, IIHIKFHEL
12 LB IR IR EHE Th - 7=,

30CIC R 2 HBUUHE O3 B & Fig. 12 12789, HLIEIHE O
P AHITHIRBRIARF ORI 7 B 2L LTRD =, Mim 56
HEESICBWTECM 1 30C TN B L OBB @ 0.7~0.8 & &
720, BRIHEO T A8V T SOs 12 X 2 IKEh R 2 iR
TE LR Lol —HT, BEFBIZLDEIALNT,
WK 38 A DN FRINIHII DNZ IR O S B % 5 2 D fE

ZEWRL, PRSP RT 2EZRCIR D EEZADND, BLiprot,
30 N-30S N-205 1.0 _ 0
~ ~ Ee} o o =
2 BBS ECM-208 R 030°C W20°C &,
o = 08 — 2
% 2.0 & 2 200
N N 7
D s |06 EN
2 L = © -400
2 N =
o ° 04 m
Y -600
3,’3 N-308
0.5 =) BB-30S
= 02 -800 ECM-308
0.0 ECM-30W
0 20 40 60 80 100 120 140 0.0 21000 0 7 14 21 28 35 42 49 56
BB ECM =
HliR(F) = ()
Fig9 [Effiz U — 7 3Bris 2 Fig.10 NIZX4 27 U —7HRED Fig.1l HAMOTZ (30C)

(Result of Compressive Creep)

(Creep Coefficient of BB or ECM

(Autogenous Shrinkage at 30°C)

/ Creep Coefficient of N Ratio)

Table 6 H HIUHE B E & OHRO-OEFI L RBR ORGSR — 5K
(Results of Autogenous Shrinkage Test and Restrained Stress Test)

ERIAIAIE O] RO . OUENIED | OURIUFOFZ
. B : o OUBNIEAR | S S
BE | g | BEOTH | ARG (| R ) Gl s S
- (W (N/mm?) (N/mm?) (N/mm?) -
0.3 39 2.8 3.8 0.75
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Study on Shrinkage Crack Resistance Mechanism of Concrete with High Blast-Furnace
Slag Content

Mayuko Hirata, Haruki Momose, Tetsushi Kanda, Kei-ichi Imamoto’’

and Chizuru Kiyohara'’

Concrete with a high ground granulated blast-furnace slag content is expected to be applied to

superstructures of RC buildings because of its significant contribution to reducing environmental impacts

through the reduction of carbon dioxide emissions. However, there are some problems when using it in

superstructures, such as a decrease in the shrinkage crack resistance at high ambient temperatures. In this

paper, to investigate the factors that may reduce the shrinkage crack resistance of this concrete, constrained

cracking tests, free shrinkage tests, strength tests, and creep tests were conducted at ambient temperatures

0f 30°C and 20°C. The results showed that concrete with a high ground granulated blast-furnace slag content

exhibited higher resistance to cracking than ordinary concrete, although the crack resistance of this concrete

decreased at a high temperature of 30°C. The results also showed that initial underwater curing greatly

improves crack resistance.
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