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Mechanical properties and microscopic damage mechanism of
PVA-ECC after high-temperature cooling
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Abstract: To investigate the mechanical performance and microscopic characteristics of Engineered Cementitious
Composite ( ECC) after high temperatures, material mechanical tests and microscopic observations of ECC after
high temperatures were conducted. The compressive tests and the bending tests of ECC specimens were carried out
after natural cooling and spray cooling methods at room temperature (25 °C), 200 °C, 300 °C, 400 C, and
500 °C and analyzed the failure characteristics of ECC microstructure by scanning electron microscope, and
investigated the damage mechanism of ECC after high temperatures. The results show that the concrete on the
surface of ECC does not peel off after high temperatures, and there is no burst phenomenon within 500 C. As the
temperature increases, the fiber gradually melts from the surface of the concrete to the inside, the water loss
increases and the maximum burning loss rate is 13. 9%. In terms of mechanical properties, the compressive
strength of ECC after natural cooling decreases first then increases, and then decreases with the increase in
temperature. After water spray cooling, the compressive strength decreases monotonously with the increase in
temperature, and the strength decreases significantly. The flexural strength after high temperature decreases
gradually with the increase in temperature, and the decrease of natural cooling is more significant than that of water
cooling. Combined with the change of microstructure, when ECC undergoes high temperature, the partial melting of
the fiber leads to the weakening of the bonding performance between the fiber and the matrix. With the increase in
temperature, the hydration products gradually show independent dispersion. However, the secondary hydration of
unhydrated particles after water spray cooling is evident, which makes the flexural strength of ECC increase by 17%
compared with natural cooling. ECC has excellent thermal stability, and cooling methods influence the apparent
characteristics, mechanical properties, and microscopic characteristics of ECC.
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High-temperature test
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emission scanning electron microscope, FESEM 1,
SEM) X Sl 515 ECC RSB E AT RO . X
LI HOR /N 5 mm i FARFE S (CFE i L7 A
PVA 27 4E) REAETCK LBE, By 1k — 207 R K
=W, SEM 41T, T ZEXAE R RRSEHE T 28 h,
PR 0 [T T B A L AT B A B, SRS
AT WA T, RIAE R AA 4 B

F1 RFZIHSHE
Tab.1 Specimen design parameters
B S SRR BeR AR BT R/ AR
ECC-25-X 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm — 25 3
ECC-200-N 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm EEZS 200 3
ECC-200-W 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm LiP/N 200 3
ECC-300-N 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm EE/S 300 3
ECC-300-W 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm 7K 300 3
ECC-400-N 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm EES 400 3
ECC400-W 100 mm x 100 mm x 100 mm 100 mm x 100 mm x400 mm I 7K 400 3
ECC-500-N 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm EEZS 500 3
ECC-500-W 100 mm x 100 mm x 100 mm 100 mm x 100 mm x 400 mm ik 500 3

RS T X N AW A

SRR RN 2R A A ARV ANRIBK S 40,
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Fig.3 Experiments of mechanical properties
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Fig.4 SEM sample preparation
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Fig.5 ECC at 200 C
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Fig.6 ECC at 300 C
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Fig.7 ECC at 400 C

FOKTE ARG R 2T 4 A TR AL B A, TR BE
LALI B iR OS B BUKIS L AR A
e

500 °C i ECC iR 2% m 21 4k 05 fb T il 2% 4E 1Y
A ZORIGE, K 8 i, WIKERHIE ECC Bl
BARGHEEER, HRAHE ECC by Ek

(2) BRRHNRE (b) BARRHIPIT

(c) WKV H R (d) WEAKH £ P HB

8 500 °C ECC
Fig.8 ECC at 500 °C
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Fig.9 The loss rate of ECC after high temperatures
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Fig. 10 Law of compression mechanical properties of ECC
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Fig. 11 Reduction coefficient curves of compressive strength after

high temperature
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Fig. 12 Fitting curves of compressive strength reduction coefficient after high temperature
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Fig. 13 Variation law of flexural mechanical properties
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