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Characteristics of Drying and Autogeneous Shrinkage in HPC with 65%
Replacement of GGBFS

Seung-Yup Jang', Hwa-Sung Ryu’, Yong-Sik Yoon’, Seung-Jun Kwon™™*

Abstract: GGBES (Ground Granulated Blast Furnace Slag) is a byproduct with engineering advantages and HVSC (High Volume Slag Concrete) is
widely attempted due to active utilization and reduction of eco-load. In the present work, characteristics of drying shrinkage and early-aged behavior
are evaluated for the concrete with 65% replacement ratio of GGBES and 50MPa of design strength. For the work, 3 different mix conditions are
considered and several tests including slump flow, compressive strength, drying and autogeneous shrinkage are performed. From the test, OPC 100
mixture without replacement shows higher strength development before 7 days, however the strength reduction in concrete replaced with GGBFS
is not significant due to sufficient free water for cement hydration. OPC 100 mixture also shows significant drying shrinkage due to a great autogeneous
shrinkage before 3 days. In the concrete with GGBES replacement, the drying shrinkage behavior is improved due to relatively small deformation by
autogeneous shrinkage. The mixture (OPT BS 65) with lower w/b ratio (0.27) and unit content of water (160kg/m?) shows more improved shrinkage
behavior than BS 65 mixture which has simple replacement of GGBFS with 0.30 of w/b and 165kg/m’ of water unit content.
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Table 1 Properties of OPC

Density Braine Soundness Setting time (min.)
(g/em’)  (em’/g) (%) Initial Final
3.15 3390 0.05 230 345

Table 2 Properties of GGBFS

Density Braine MgO SO; LOI Activity index (%)
(gem’) (cm’/g) (%) (%) (%)  7day 28day 9lday

2.80 4890 85 3.0 39 55 75 95

Table 3 Physical properties of aggregates

Tvpe Density FM.  Absorption Passing 0.08 mm
M (gem®) (%) ratio (%) Sieve (%)
Sand 2.63 2.62 1.42 3.00
Gravel 2.62 6.48 0.58 -

Table 4 Properties of chemical admixture (Water Reducing Agent)

Density
Type Component Color pH (@em’)
WRA- liquid
(Water Reducing 593 g 65 1.04
lubricant
Agent)

Table 5 Mix proportions for tests (Design strength 50.0MPa)

T w/b S/a Unit content (kg/m®) Ad.
c

P %) %) W C GGBFS Sand Gravel (B%)
OPC 100 30 45 165 550 - 717 924 0.65

BS65 30 45 165 193 358 705 909 0.30
OPTBS 65 27 45 163 210 390 689 887 0.30
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(a) Slump flow (b) compressive strength

Fig. 1 Photos for slump flow and compressive strength

(b) Test in humidity chamber

(a) Gauge installation

Fig. 2 Installation of gauge and exposure to shrinkage
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Fig. 3 Slump flow results

Table 6 Results of compressive strength

Compressive strength(MPa)

Period (days)
OPC100 BS 65 OPTBS 65
1 28.7 11.2 11.3
3 47.5 39.0 45.5
7 48.9 43.6 48.2
28 56.3 54.5 61.1
91 63.4 60.0 67.5
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Fig. 4 Comparison of compressive strength with 3 different mix
conditions
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(b) Autogeneous shrinkage in the test

Fig. 5 Drying and autogeneous shrinkage

Table 6 Results of drying and autogeneous shrinkage

Time OPCI00 OPC100 BS65  BS65  OptBS Opt
(day) (total) (auto.) (total) (auto.) 65(total) 65(auto.)

1 -70.078 -70.078 -15.152 -16.099 -27.463 -4.735
3 -170.46 -127.845 -124.057 -66.29 -129.739 -65.343
5 -247.167 -214.022 -235.803 -144.891 -229.174 -146.785
8 -284.1 -226.333 -268.001 -179.93 -258.531 -178.036
10 -297.358 -228.227 -278.418 -191.294 -264.213 -187.506
20 -346.602 -247.167 -309.669 -224.439 -289.782 -217.81
30 -381.641 -263.266 -328.609 -245.273 -306.828 -234.856
45  -418.574 -282.206 -350.39 -265.16 -323.874 -252.849

4.8 E
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