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ABSTRACT

The use of industrial by-products in cement has been promoted in the cement industry
as part of efforts toward a carbon-neutral society. However, the production of industrial
by-products such as blast furnace slag and fly ash is expected to decrease in the future.
This study investigates the shrinkage cracking properties of concrete using natural zeolite
as a supplementary cementitious material alternative to industrial by-products. The
results showed that the drying shrinkage and restrained shrinkage of concrete using natural
zeolite were slightly larger than those of concrete without natural zeolite in the early ages
(up to 50 days), but became comparable at 364 days. Furthermore, as the natural zeolite
content increased, cracking occurred at earlier ages, and the stress to strength ratio at
cracking also decreased. Additionally, analytical identification of the creep coefficient
revealed that the creep coefficient of concrete containing 15% natural zeolite was 0.7 times

that of concrete without natural zeolite.

Keywords : Natural zeolite, Drying shrinkage, Shrinkage cracking, Creep
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Table 1 Materials

Solid volume percentage: 65.0%, Fineness Modulus: 2.75

(EAMH)
Materials Symbols Types/Characteristics
Portland cement C | Density: 3.14 g/cmd, SSA*: 4440 cm?/g
Natural zeolite B Z | Density: 2.34 g/cmd, Absorption: 11.48%, SSA*: 12470 cm?/g
Limestone powder L | Density: 2.70 g/lcm3, SSA*: 5050 cm?/g
Fine aggregate S Pit sand, Density: 2.56 g/lcm?, Absorption: 2.58%

Crushed sandstone (Size: 20mm-5mm)
Coarse aggregate G Density: 2.64 g/lcm?, Absorption: 0.75%
Solid volume percentage: 61.1%, Fineness Modulus: 6.60

SP

Air entraining and high-range water reducing agent
Chemical admixture Polycarboxylic acid based

Df Air defoaming agent, Polyalkylene glycol derivative

*Specific Surface Area mesured by Braine's Method

Table 2 Chemical compositions

(ER#MFOLZHE )
) Insol. Chemical Compositions (%)
Materials -
(%) lg. loss SO, Al20s FexOs Ca0 MgO | SOs | NaO | K20 cl
C - 2.61 21.01 3.95 3.40 62.88 2.01 2.73 0.30 0.50 0.004
z 66.2 9.42 66.86 12.28 1.64 341 0.46 0.01 1.89 3.75 | 0.000
Table 3 Mix proportion of concrete
(a9 )— OB G &)
B (%) Bulk volume of Air Unit content (kg/m?°)
\?://5 coarse aggregate ?:r:;p content B
clz | L (mAIm?) %) w PR S G
PL 00| 0O 0 360 | 0| 0| 78
z7 93 0 33 | 25| 0 | 778
50 0.62 18+1.5 =20 180 1000
z15 8 | 15| 0 306 | 54| 0 | 770
Z7L7 86 | 7 7 310 | 25 | 25 | 774
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Table 4 Fresh properties
(FLyiattik)

SP Slump Air content
(Bx%) (cm) (%)
PL 0.85 185 13
z7 1.40 19.0 11
Z15 2.00 18.0 1.0
Z7L7 1.40 18.0 12
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Fig. 1 Restrained specimens (a)Uniaxial restrained test, (b)Restrained cracking test
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Table 5 Stress to Strength ratio at Cracking

Occurrence
(VUBINEEROR AREL)
Tensile Tensile Stress to
stress strength Strength ratio (-)
(N/mm?) | (N/mm?) - Average
2.19 3.83 0.57
PL 0.59
2.37 3.86 0.61
2.05 3.73 0.55
Z7 0.58
2.25 3.73 0.60
1.49 341 0.44
Z15 0.46
1.67 3.45 0.48
1.46 341 0.43
Z7L7 0.48
1.84 3.48 0.53
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