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A Study on the Shrinkage Cracking Properties of Concrete by Using Blast Furnace
Slag Cement and Frost-Resistant Accelerator
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Abstract

As a cold-weather-concrete construction technique for enhancing the sustainability and improving efficiency of
cold—weather construction, the cracking timing, the starting point of deterioration for concrete, due to the shrinkage of
the blast furnace slag cement concrete including accelerator was evaluated. As a result, by using blast furnace slag and
accelerator, the cracking was developed faster with higher cracking potential under the restrained conditions at constant
age and free-shrinkage strain. It can be considered that the results of decreased stress relaxation by creep or increased
restraint with increased free—shrinkage strain causes the increased cracking development speed. Hence, it should be
considered the necessary of cracking due to the shrinkage when blast furnace slag or accelerator was used for
cold-weather construction.
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Table 1. Experimental program

Table 2. Materials used

Type

Ordinary portland cement, Density: 3.16 g/cm3
Cement  Blast furnace slag cement (Type 2), Density: 3.05 glom®,
Specific surface area: 3830 cm?/g
sand Pit sand, Density: 2.67 g/lem®, Absorption ratio: 1.57%
Gravel  Crushed aggregate, Density: 2.57 g/cm®, Absorption ratio: 2.98%
AE water reducing agent (Chemical compound th lignin
sulphonic acid and polyol), Density: 1.23~1.27 glem®
Frost resistant accelerator (Typell), Density: 1.41~1.45
glem®

Admixture

Table 3. Mix designs

AE water  Frost resistant

W/C s/a Unit Weight (kg/m®)

Specimen ) % W o s G reducin_g agent acce_leralor
(ml/C=100kg) (mI/C=100kg)
OPC0 448 178 35 764 965 0
P 5 250
BB-0
BB-4 449 174 349 769 965 4000

Frost resistant

' Base .
Specimen accelerator Test items
cement (MC=100kg) (%)
OPC-0" Ordinary Portland 0 -Slump
C(;grgg“ -Air contents
OPC~4 4000 -Compressive strength
50 -Free shrinkage
BB-0  Bast Furnance 0 ‘Restraint shrinkage
Slag Cement -Stress relaxation _
BB-4 (BB) 4000 ‘Degree of restraint

% Target slump: 180+25mm, Target air contents: 4.5+1.5%

Vinyl chloride Steel gage 5 3,
Steel Concrete : '
« H0mm ! !
320mm | . v

I75mm
260mm

440mm
Figure 1. Overview of ring test

UEA=E 0 100xzoomn4 = A2 ARl
A 1] G5t 3 20T FF 5 3lollA A 7,
28 @ 56%Yof| KS F 24059 &3l A=4ES SAF,

A5 100X 100 X400mme] 715+ A|RAIE ol&-
3l A 1Yol g3ste] TUF S HARE & 2
07T, 60%RHY] 322554004 KS F 2424 (tho]d Alo]
Aol sl A72] Aol lofa] doHsts S8t

4452 Figure 13} o] REELE 9] thHofA|



T3t AXFEE Ao SleiA & AIFAIY =olE
AASHTO PP34-98[10]0llA] AQtek= 7]&<] 152mmo]
A TommE o] W AR O] Fike] ofjt S
F= S AIEA oRE B RO FHol= A5

ol ol BAIHA BHLe] BAEES
£ A sle) Ewelut Az} kst

ezl o 8 ]9 2ok (h=37 5mm)¢] 3
Tzeol] HPAPIAS H2kste] 20T, 60%RHS] B35
Aol ElojEi= o] 2 ST,

3. A% 2% 7 22

3.1 2X| 2 44 A USZE
Table 40] =& 9ko- XA} Wl okzrlzo] AnE L)

[¢]
Aot ARA

B 5o] EER] ok YiglkEzl JErre g Ao 9l
+ BRI TS ARESIL Q7] wiol] WAl &Qlo) ot
o} Y= ot ThAshs ARolA|ul S 9 3R
0= B A5S TS AS ERIgH dEHEs
BBET} OPC7} A41, WEXIAE 71t OPC,

BB B 7R o 2R STt S8k, A 56
Ao] AJHolA oF 1.8~7.8N/mm™P= =77}t A
Ueh, 27|25 iEXIA 9] Halsx] ais
slolst 4= 9igict. e, BBO) A$= OPCe} wlwaf &
A7 2ol elgh =2fukaol oJsf Ae 28U o%-2] A7
Aol Ae] 7w o] 2 AL FlF 4= QIgic)

Table 4. Fresh Properties and compressive strength

) Slump  Air content Compressive strength (N/mm?)
Specimen .
(mm) (%) 7 days 28 days 56 days
OPC-0 191 5.0 31.3 414 453
OPC-4 177 45 375 452 471
BB-0 191 3.9 20.7 39.0 449
BB-4 171 4.8 29.3 445 52.7
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Figure 3. Restraint shrinkage
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Table 5. Crack configuration and cracking days

Specimen OPC-0 OPC4
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I s o B ] P
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Figure 4. Restraint stresses
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Figure 12. Degree of restraint
Table 6. Stress relaxation
Stress Elastic shrinkage Stress
Specimen relaxalioné Osr Stress, Oec relaxation
(N/mm?) (N/mm?) (%)
OPC-0 5.22 8.1 64.36
OPC-4 3.50 6.76 51.78
BB-0 4.09 6.12 66.83
BB-4 3.49 6.42 54.36

3% OPC is estimated at an age of 12.54 days and BB is estimated at
an age of 4.25 days.
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