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Performance Degradation and Microscopic Structure of Reactive Powder
Concrete after Exposure to High Temperature

MAO Zhenhao', ZHANG Jicheng"", LI Yuanqgi®, DU Guofeng', YANG Xia'

(1. School of Urban Construction, Yangtze University, Jingzhou 434023, China;
2. College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Reactive powder concrete (RPC) was made for studying the process of performance degradation from
ordinary temperature to 800 °C, which including appearance change, mass loss, and compressive strength loss.
Ultrasonic test was used to evaluate the damage of RPC after high temperature. Besides, the relationship between
the ultrasonic parameters and target temperature as well as cubic compressive strength loss rate were analyzed.
The microstructure of RPC after high temperature was also observed by scanning electron microscopy (SEM ).
The results show that with the increase of target temperature, the color of specimen changes from dark to light,
while the mass loss rate and the cubic compressive strength loss rate gradually increases. It is feasible to use relative
wave velocity and damage degree to evaluate the damage of RPC after high temperature. The regression formula
has a great fitting degree. On the contrary, the relative dominant frequency and relative amplitude have little
correlation with the change of specimen properties. The microstructure of RPC deteriorates continuously with the
increase of temperature after 300 °C, and the macroscopic reflection is the loss of strength, which exceeds 80%
after exposure to 800 °C. The deterioration of the RPC microstructure is the root cause of the macromechanical
property recession.
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Table 1 Physical properties of fibers

I /) Di ter/ Tensile Elastic Density/
_en amete ens
Fiber & rameter strength/  modulus/ ' )2
mm mm . (g'm %)
MPa GPa
Steel
) 13 0.220 =2 850 7.80

fiber

PP fiber 12 0.048 =400 >3.5 0.91

F2 REVHENEZLFAK
Table 2 Chemical composition of cementitious materials

w/%

Material Si0, ALO, Fe,0O, MgO CaO Na0O K,O

Cement  20.70 5.45 4.41 1.82 64.00 0.20 1.20
Silica fume 96.16  0.30 0.07 0.10 0.03 0.08
Slag 34.60 14.50 1.36 9.23 39.52

my/m 3470 0.2, AT & He (LUK JE Bt i) L3 3.
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Table 3 Mix proportion of RPC specimens

Silica . Quartz

Specimen  Cement Slag Superplasticizer
fume sand
SRPCO 1.00 0.30 0.15 1.20 0.04
HRPC1.5 1.00 0.30 0.15 1. 20 0.04
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Table 4 Appearance changes of RPC specimens after different temperatures

t/°C Color Knocking sound Crack and pore Scaling loose
20 Greenish gray Clear None None
100 Greenish gray Clear None None
200 Greenish gray Clear None None
300 Greenish gray Slightly clear None None
400 Grayish brown Slightly clear Microcracks None
500 Light gray Gentle Microcracks and pores Mildly loose
600 Grayish white Mildly low Obvious cracks and pores Loose
700 Light red Mildly low Obviously longer cracks and larger pores Obviously loose
800 Light red Low Obviously longer cracks and larger pores Broken, loose, missing corners
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Fig.1 Masslossrate of RPC specimens after high temperature
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Table 5 Ultrasonic parameters for RPC specimens

Specimen t/°C N D fr Ay
100 1.00 0 0.98 1.00
200 0.94 0.12 0.98 1.00
300 0.89 0.21 0.97 0.99
400 0.79 0.38 0.97 0.99

SRPCO

500 0.70 0.51 0.94 0.99
600 0.57 0.68 0.96 0.98
700 0.43 0.82 0.89 0.98
800 0. 36 0.87 0.89 0.98
100 0.99 0.02 0.98 1.00
200 0.95 0.11 1.02 1.00
300 0.89 0.20 1.00 0.99
400 0.81 0.35 0.98 1.00

HRPC1. 5
500 0.71 0.50 0.97 0.99
600 0.58 0.67 0.91 0.99
700 0.44 0.81 0.89 0.98
800 0.38 0.85 0.89 0.98
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Fig.2 Relationship between ultrasonic parameters and target temperature
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Fig.4 Relationship between relative wave velocity, damage degree and compressive strength loss rate
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Fig. 5 SEM micrographs of matrix for specimen HRPC1. 5 after different temperatures
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Fig. 6 SEM micrographs of steel fiber and matrix interface for specimen HRPC1. 5 after different temperatures
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Fig. 7 SEM micrographs of PP fiber and matrix interface for specimen HRPC1. 5 after different temperatures
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