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Creep Behavior of Shale Ceramsite Lightweight Aggregate

Concrete Exposed to High Temperature

LIU Yushan', PANG Jianyong', YAO Weijing"*

(1. School of Civil Engineering and Architecture, Anhui University of Science and Technology,
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Abstract: To study the influence of high temperature on the creep behavior of shale ceramsite lightweight aggre-
gate concrete (SCLLAC) , uniaxial compression test, multistage creep test and scanning electron microscope
(SEM) test of SCLAC exposed from room temperature to 800 ‘C were carried out. The loss of mass and com-
pressive strength, creep behavior and microstructure characteristics of SCLLAC were analyzed. The results show
a decrease in the mass and compressive strength and the internal microstructure becomes more loose, as the
temperature rises. After 800 °‘C, the loss ratio of mass and compressive strength is 9.54% and 63.88%}, respec-
tively. With higher target temperature and higher stress level, the creep strain and creep rate increase, while the
creep failure threshold stress and creep duration reduce, significantly. Furthermore, the creep strain of SCLAC
exhibits a considerable increase above 600 °C and the creep strain under the same loading ratio at 600 °C increas-
es by 82.76% , compared to the creep at room temperature. Based on the test results, the Burgers creep model
agrees well with the creep test data at the primary creep stage and stable creep stage.
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Table 1 Chemical composition of fly ash

w/%

Si0,  ALO, Fe,0, CaO MgO  NaO IL

53.26 34.72 4.07 2.47 0.39 1.90 4.07
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Table 2 Basic performance of shale ceramsite

Particle size/mm  Bulk density/(kg-m™*) Apparent density/(kg-m~ ") Cylinder compressive strength/MPa 1 h water absorption(by mass)/ %

5-10 415 769

=2.5 9.5-12.0
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1T SCLAC B & L 1, WL 3% 3.y ib i 56 - BL 76 41
A A rh i BE W K 5 e TR BB L RN G 1 HE SR T
X U B kLR AT T 2 h AW K A B
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Table 3 Mix proportions of SCLAC

kg/m’
Binding material ~ Coarse aggregate
Sand W Water
. Fly . Shale an . educer
Cement Gravel .
ash ceramsite

421.00 47.00 635.96  77.92 582.54 168.48  4.68
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Table 4 p .0 and c, of compressive strength for SCLAC

exposed to high temperature

Temperature/°C 1/MPa 6/MPa e/ %
20 30. 28 0.61 2.02

200 33.92 0.80 2.36

400 27.32 0.81 2.95

600 21. 34 1.03 4.81

800 10. 94 0.82 7.49
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Table 5 Failure stress level and creep durations for SCLAC

Primary creep stage

Stable creep stage

) Failure Total Accelerated creep stage
Temperature/C 3 duration/h
uration Duration/h  Proportion /%  Duration /h  Proportion /%  Duration/h  Proportion /%
20 0.9 9.03 1.50 16. 66 6. 65 73.60 0.88 9.74
200 0.9 6.55 1.56 23.81 4.24 64.75 0.75 11.45
400 0.8 7.73 1. 34 17.34 5. 60 72.45 0.79 10. 22
600 0.8 6.27 1.69 26.94 3.81 60.79 0.77 12.27
800 0.7 4.99 1.62 32.49 2.67 53.47 0.70 14. 04
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Table 6 Simulated parameters of Burgers creep model (1=0.4)

Temperature/C o/MPa E,/GPa 7y/(GPa-h) E./GPa 7/ (GPa-h) R’
20 12.2 43.298 140. 00 1 398. 844 10.73 0.994 3
200 13.5 44.478 182. 32 1196. 130 7.06 0.9877
400 11.2 31.172 90. 83 1196.487 5.23 0.9913
600 8.8 19.723 56. 67 790. 698 3.91 0.998 6
800 4.8 8. 379 28.66 276.243 1.28 0.989 4

(b) 200 C

(d) 600 C

(e) 800 C
K8 FiRJE K IEIEAA SEM K

Fig. 8 SEM micrographs of cement matrix exposed to high temperature
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