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Experimental analysis of service performance of early frost admixture concrete

Hu Xiaopeng, Yang Lan, Yang Chao, Zhu Yong, Zhao Nan
(School of Civil Engineering, Xian University of Architecture and Technology, Xian 710055, P. R. China)

Abstract: In order to evaluate the influence rules of early frost damage on the bearing property and
durability of concrete structure in service period, early frost experiments considering different admixtures
and different freezing times were carried out. The surface damage forms of different freezing times were
compared. The influence rules of freezing times and mineral admixtures on compressive strength, splitting
tensile strength, dynamic elastic modulus and permeability of early frost admixture concrete were studied.
The damage mechanism of early frost on service performance was discussed. The results showed that the
damage degree of freezing time on compressive strength, splitting tensile strength and dynamic elastic
modulus embodied as 2 h™0.5 h&8 h™>1 d>3 d. The most obvious loss was the splitting tensile strength,
and the next was the dynamic elastic modulus. The least loss was the compressive strength. When 20% fly
ash or 15% slag or 20% coal gangue was incorporated into concrete, the strength loss and the dynamic
elastic modulus loss was the smallest and smaller than that of common concrete. With the increase of

admixture, the anti-water-permeability and anti-air-penetration of concrete specimen at same freezing time
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were worsen. The anti-permeability of unfrozen concrete was the best, and the next is 3-day frozen

concrete. The third is 1-day frozen concrete, and the anti-permeability of 0. 5-hour frozen and 2-hour frozen

and 8-hour frozen concrete were the worst and even beyond the test range of AutoClam equipment.

Keywords:admixture concrete; early frost; service period; freezing time
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Tablel XRF results of cement and admixture %

w1k Si0; Al O; CaO Fe; O3 MgO  SO; Na, O Cl™

MK 47.55 26.29 7.39 4.89 0.76 0.82 0.61
W 29.73 13.1136.89 0.27 7.33 1.22 0.56 0.049

MRF A 35.83 21.36 14.14 3.82 3.86 2.77 0.13 0.015
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Table 2 Mix proportion of admixture concrete kg/m?

B4a B . -
His k¥ W AT kK WUKF BAE
K

OC  A#BAE 320 725 1185 170 1.6

FC1  10% #2888 725 1185 170 1.6 32
FC2 20 % H3 MK 256 725 1185 170 1.6 64
FC3  30%Myik 224 725 1185 170 1.6 96
SC1 15 % 85 ¥ 272 725 1185 170 1.6 48
SC2 30 %04 224 725 1185 170 1.6 96
SC3 45 %1 K 176 725 1185 170 1.6 144
GCl  10%MEAT4 288 725 1185 170 1.6 32
GC2  20% T 256 725 1185 170 1.6 64

GC3  30Y%MEAF 1 224 725 1185 170 1.6 96
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Fig. 1 Surface morphology of OC at different freezing times
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Fig.3 Split tensile strength of concrete at different freezing times
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Table 3 Calculation results of relative dynamic elastic modulus %
55 Rk v

R % 0.5 h 2 h 8 h 1d 3d Kk 0.5 h 2 h 8 h 1d 3d
OC 100 79.1 78.5 91.2 92.3 94.9 100 85.1 79.1 92.5 93.6 96. 3
FC1 100 78.9 69.9 88.3 91.6 94.2 100 79.5 70.1 89.4 92.9 95. 6
FC2 100 82.1 74.6 90. 5 91.8 94.5 100 82.9 75.0 91.7 93.1 95.9
FC3 100 70. 6 65. 3 85.4 90.0 93.1 100 70. 8 65.3 86.4 91.2 94.5
SC1 100 79.3 72.2 87.3 88.5 91.1 100 80. 0 72.5 88.4 89. 6 92.4
SC2 100 76.3 67.7 85.2 88.4 90. 8 100 76.8 67.8 86. 2 89.5 92.0
SC3 100 68. 4 63. 4 82.5 86. 8 89. 8 100 68.5 63.3 83.3 87.8 91.0
GC1 100 80. 5 71.1 90.4 93.9 96. 6 100 81.2 71.4 91.6 95.3 98.1
GC2 100 83.9 76.0 92.7 94.1 96.9 100 84. 8 76.5 94.0 95.5 98. 4
GC3 100 71.8 66. 3 87.4 92.2 95.5 100 72.1 66. 3 88.5 93.5 97.0
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Table 4 Test results of permeability

HRBBEERE KB BEE R/
Rz (In(mbar) * min~ 1) (107 "m® « min~ %%)
% 1d 3d KU 1d 3d

OC 0. 45 0. 80 0.62 13. 84 19.99 14. 44
FC1 0.70 1.62 1.50 15.75 31.92 29. 28
FC2 1.12 1. 69 1. 60 27.41 33. 30 30. 50
FC3 1. 14 1.83 1.78 29. 30 41,46 31.00
SC1 0. 65 1.32 1. 16 16. 83 30.57 21. 80
SC2 0.79 1. 36 1.27 17. 96 33.30 23.58
SC3 1. 41 1.62 1.58 22.01 39. 80 24.71
GC1 0. 49 0.72 0. 66 15. 24 30. 25 24.41
GC2 0.73 0. 84 0. 80 25.75 36.45 28.87

GC3 0.92 1.23 1. 20 27.02 42.69 36.32
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