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Meso-scale simulations on dynamic splitting tensile behaviors of concrete
at elevated temperatures
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Abstract: To study the dynamic splitting tensile fracture behaviors of concrete at elevated temperatures, the numerical meso-
scale model and method are established by considering the coupling effects of the high temperature degradation and strain rate
enhancement of the mechanical properties, and combining with the internal heterogeneities of concrete materials. The
simulation method is divided into two steps: the heat conduction behavior is first simulated, then the output results areused as
the initial conditions to simulate the dynamic splitting tensile behaviors of the concrete. Based on the good agreement between
the numerical simulation results and the experimental phenomenon, the dynamic splitting tensile behaviors and meso-scale
failure mechanism of the concrete at elevated temperature are analyzed, the splitting tensile stress-strain relations of the
concrete at different strain rates and high temperatures are compared, and the interacting regulation between the temperature
degradation and the strain rate effect of concrete is revealed. The results prove that: (1) after high temperature, the damage area
in the concrete is more concentrated; (2) the destructed process becomes more rapid as the nominal strain rate is higher, the
aggregation is destroyed at room temperature; (3) the internal stress appears date-shaped distributions due to the heterogeneities
of the concrete microstructures; (4) the temperature degradation effects on the splitting tensile strength of the concrete is more
dramatic comparing with the strain rate effects.
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Fig. 1 Meso-scopic models of concrete specimens and meshing
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Fig. 12 Relations of dynamic increase factors of tensile strength to strain rates at different elevated temperatures
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Table 4 Dynamic increase factors of tensile strength of concrete under different strain rates and different heating times

6,
BiAEFs ‘ .
0 min 15 min 30 min 60 min CEB#yE!!
1x107° 1.000 1.000 1.000 1.000 1.000 1.000
1x107* 1.113 1.087 1.118 1.095 1.086 1.017
1x1072 1.249 1.207 1.250 1.214 1.180 1.085
1x10™ 1.355 1.295 1.322 1.283 1.230 1.120
1x10° 1.544 1.416 1.470 1.455 1.282 1.157
1x10' 1.836 1.667 1.709 1.674 1.337 1.195
1x10? 3.137 2.423 2.487 2.519 2.878 1.793

3 & it

% SRR BE L ADRHY AR T, R IR EE LA B R IS AU B = SR, S5 B IR
2R DL 73 Bt R AR PS8 R A 3 49 iR BT, 0 g T YR B b sl A B R AR AT R AT T A WA,
AR Tl T IR BE L Sh A BRI AR IS L S A I A | IV DI AE O AR AR IV A 2R, B
G5 7 AR AR BE 20 T 2 A Ol BE AR A AR T B RE R, A3 A 1w T 25 UL gl A i g 1 R AR AR
(6,) B EAZ (AL, 1 B LU T 4518

(DA SCANMEAE T v S iAER 45 R & R 47, RERSAR L s BEPUIR BE - 10 B AT

()BT, AF IR IR a5 103 00 A 249 50 1 5 il T, 1P 0 B P L 0 R S 2 ROAL s B 44 SO
ARSI vy, ZEBCAE GE I ) A PR AE s B FAGRT D, 53405 e 30 B e TR RE L s A B A 1, SRS 4
KIL LA 2= AR

(3) 44 SO AZ A i, R EE L F R S A2 2, I BUR AR 00 Wl N R MEPEBIR, HRA S Kk
HEIR; e, BRI AR WK, BRI A BT IR, AR S AE TR

(4) iy TR BE 21X PF A0 ULAS A4 (9 AR 32 bk, FE A B g A AN T 25, S AR ey 48 5 2 R AL 3
2L ) AR 4 15 BB 44 SO AZ R T, JRiil sz I B G T

(5) % IR B A e IR TR A 5T o A IO A A AR, LR AR 280 I o 7 78 3R 0 A A 40 il
YEHI

(6) s TV A2, 1T B 2 AR SC IS0 Hi e , A SO v T 5 TR A 1) 107 748 3R 00, 38 1 6 A 7 KL s A B
A Je X HAB IE M58
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