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Influence of Positive Temperature Cycling on Mechanical Properties and
Microstructure of Concrete
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Abstract: The effects of thermal cycling on the compressive strength, splitting tensile strength, water absorption
and pore structure of C45, C60 and C90 concrete under 40—90 °C and 40—200 °C were investigated. The mechanisms
by which thermal cycling affects the mechanical properties and microstructure of concrete were elucidated. The results
demonstrate that under 40—90 “C thermal cycling, the hydration process of concrete is accelerated, leading to a
significant enhancement in mechanical properties. After 90 cycles, the compressive strength of C45 concrete increases
by up to 41.5%. Under 40—200 °C thermal cycling, the quantity of certain hydration products decreases, and the
strength initially improves but then declines with increasing cycles. Due to lower hydration degrees and a more porous
internal structure, the mechanical property of low-strength-grade concrete is more significantly affected by thermal
cycling. As the number of thermal cycles increases, the concrete structure becomes looser, the number of internal
pores rises, and the proportion of harmful and multi-harmful pores within the pore structure increases.
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Table 1 Physical properties of cement

Compressive strength/

Setting time/min Flexural strength/MPa

Specific surface Density /(g Standard ) MPa
b 1 = . Soundness
area/(m*kg ') em ) consistency/ %
Initial Final 3d 7d 28d 3d 7d 28d
309 3.43 25.6 Qualified 163 207 5.8 7.4 8.9 26.7 36.9 47.8
F2 KEMULZHER
Table 2 Chemical composition(by mass) of cement
Unit: %
Ca0 Sio, ALO, Fe,0, MgO SO, R,0
60. 56 20.73 3. 86 5.00 3.43 2.45 0. 60
x3 HHERAERE
Table 3 Properties of fly ash
Fineness/ % Density/(g-em *)  Water demand ratio(by mass)/ % w(IL)/ % w(SO,)/ % Activity index/ %
7.9 2.4 93 2.92 0. 58 72.7
F4 FERBMERE
Table 4 Properties of silica fume
45 pm sieve residue(by mass)/ % Bulk density/(kg:m *) Moisture content(by mass)/ % w(IL)/ % w(SO,)/ %
0.8 327 0.4 0.6 94.0
1.2 BAELL BEHN0%~10%,
IREE T MEA LSR5 Prs . b ARk L 1.3 B HE

A 1.0, /802 53% By KB 10 % ~20% , BE#)

TR HE - PERD R 3R B0 2 B DL/T 5720—
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Table 5 Mix proportions of concretes

Unit: kg/m*
No. AW C FA SF S A AC
C45 185 389 97 0 912 810 3.65
C60 185 463 116 0 912 810 4.34
C90 185 673 84 84 912 810 7.15
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Table 6 Compressive strength of concrete under cyclic
temperature of 40—90 C

No N/times Compressive strength/MPa
0 49.6
1 56.0
C45
30 66.6
90 70.1
0 61.7
1 67.3
C60
30 75.7
90 78.0
0 94.1
1 98.4
€90
30 107.2
90 113.0
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Table 7 Compressive strength of concrete under cyclic
temperature of 40—200 C

No. N/times Compressive strength/MPa
0 49.6
1 62.5
C45
30 56. 4
90 48.9
0 61.7
1 73.1
C60
30 68.7
90 62.6
0 94.1
1 102. 6
€90
30 101. 4
90 97.6
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Fig.2 Effect of cyclic temperature on splitting tensile strength of concrete
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Fig.3 Effect of cyclic temperature on water absorption and mass of concrete
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Fig.4 Effect of 40—90 °C cyclic temperature on pore structure of C45 concrete
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Fig.6  SEM images of C45 concrete under temperature cycle
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