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Table 2 Rebar material parameters
p(g/cm?) /f,/(MPa) E/(GPa) v C P
7.8 A (7) A (8) 0.3 40.4 5
R, Y55 S S PR SRFI*MAT RIGID (RIERRIEAL) BT @R, V548 K S i
B R ZH 251 T
x®3.

R BRERIEMEESH
Table 3 Drop hammer and support material parameters
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Table 4 Numerical implenfentation details table

Keyword Corg pafaineters Value basis

Static friction coefficient 051 Referencel?¢]
Dynamic friction coefficient 045 Referencel?¢]
System damping constant 0.005 Referencel?¢]
Hourglass coefficient 0.14 Referencel?¢]

Tpper support
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Under suppori

Concrete
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Fig. 5 Finite element model
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(a) 20°CHEPRAR N EL

(a) Comparison of damage pattern at 20°C
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(c) Comparison of damage pattern at 600°C
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Fig. 6 Comparison of damage modes at different temperatures
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Table 5 Comparison of peak impact force
Maximum impact force (KN)
Temperature (°C) . ) . Error/%
Experiment Simulatign
20 2107.65 2015.14 4.39%
400 1924.01 1832.76 4.74%
600 1569.29 148955 5.08%
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Table 6 Comparison of peak mid-span displacement

Maximum mid-span displacement(mm)

Temperature (°C) Error/%
Experiment Simulation

20 16.13 14.76 8.49%

400 25.02 23.59 5.71%

600 27.37 26.00 5.01%
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Table 7 Simulation samples
Test Temperature (°C) Impact height (m)
T20H3 20 3
T20H4 20 4
T20HS5 20 S5
T20H6 20 6
T200H3 200 3
T200H4 200 4
T200HS5 200 5
T200H6 200 6
T400H3 400 3
T400H4 400 4
T400HS 400 5
T400H6 400 6
T600H3 600 3
T600H4 600, 4
T600HS 600 5
T600H6 600 6

MR FE N 200°C, M N 3m B, BITAL T200H3, RC 2 rh i Bl B 54 4%
HAE R PSR TS, SR IR R A e Rt 44s, R, RC PEAR
B RS IS, W 9@ R, MiRER 200°C, MdiEER Sm by, B TH
T200HS, MEES, RCEFRMHRIFZLLE G TS, B XIRIRI GG 2 s TP T, SR
B ST () B A B LI R 0 P S B S 1 K, RC AR BT 22 i R, 40P 9(b) Al
TNe AU E A00°€, e E N Sm R, B LA T400HS, A L4 T200HS, 4% 4 it
DR E B RCHE 1/4 5 A0 IR TR AE LIV I R, RC JE5 ihfE 4k a1 X, anf&
9(c) Ty 4% N 600°C, PP E N 6m i, BT T600H6, ME, RC ZEHEAHE
IR EAME I G I R 2 X 38, AR 14 B A IR e L vk X — 08 K, kS
RC Al i H DR EE LIRSy, RC R RS — B, Wil 9d)Fin.



BOE Y B 2R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

—
_ Flexural-shear
failure
_ Shear failure
_ Punching
failure

Bl 9 il T RC M
Fig. 9 Failure mode of RC beam under high temperature
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Table 8 Summary of failure modes

Test Temperature (°C) Impact height (m) Failure modes
T20H3 20 3 Flexural failure
T20H4 20 4 Flexural failure
T20HS 20 5 Flexural failure
T20H6 20 6 Flexural-shear failure

T200H3 200 3 Flexural-shear failure
T200H4 200 4 Flexural-shear failure
T200HS 200 5 Flexural-shear failure
T200H6 200 6 Shear failure
T400H3 400 3 Flexural-shear failure
T400H4 400 4 Shear failure
T400HS 400 5 Shear failure
T400H6 400 6 Punching failure
T600H3 600 3 Shear failure
T600H4 600 4 Shear failure
T600HS 600 5 Punching failure
T600H6 600 6 Punching failure

3.2 WGEIEE
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RNTET#E RC ERFGER, HETEmB G E TR0 SRR BEHR
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2k,
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Table 9 Summary of sectional damage factors under different tests

Test Temperature (°C) Impact height (m) D
T20H3 20 3 0.298
T20H4 20 4 0.474
T20HS 20 5 0.629
T20H6 20 6 0.727
T200H3 200 3 0.343
T200H4 200 4 0.524
T200H5 200 5 0.680
T200H6 200 6 0.782
T400H3 400 3 0.392
T400H4 400 4 0.595
T400H5 400 5 0.675
T400H6 400 6 0.813
T600H3 600 3 0.433
T600H4 600 4 0.665
T600HS 600 5 0.776
T600H6 600 6 0.895
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(a) T=20°C (b) T=200°C
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Fig. 10 Distribution of section damage factor under different tests
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Fig. 13 Comparison of failure modes of RCbeams at different temperatures
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Fig. 16 Comparison of failure modes of RC beamsiwith different span to height ratios
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Damage Assessment and Study Of Influencing Factors in Reinforced

Concrete Beams under Combined High Temperature and Impact

OUYANG Xin!, WANG Wei!?, LIU Jiening', ZHOU Yongwang'
(1. Key Laboratory of Impact and Safety Engineering, Ministry of Education, Ningbo University,

Ningbo 315211, Zhejiang, China;
2. State Key Laboratory of Precision Blasting, Jianghan University, Wuhan 430056, Hubeli,

China)

Abstract:To study the impact resistance performance of reinforced concrete (RE€)beams under high
temperature and impact loading, a numerical model of RC beams under high témperature was
established using LS-DYNA software based on existing experiménts, and| the validity of the
numerical model was verified. Based on the numerical model, fous, failure*modes of RC beams
under high temperature and impact loading were summarized«Th&section damage factor D was
introduced to evaluate the damage degree of RC beams under high temperature, and a predictive
formula for the section damage factor in relation to impaet‘\height and temperature was fitted. The
influence of temperature, beam span, impact location, and hammer shape on the impact resistance
performance of RC beams under high-temperatute, Conditions was analyzed. The results show that
as the temperature increases, the mid span displacengent.of RC beams increases, while the impact
force decreases. The larger the span to height ratio, the‘longer it takes for the mid span displacement
to reach its peak. Under the same impact eénergy, the mid-span displacement caused by impact at
the mid-span is greater than that caused by impact near the supports. Furthermore, hammerheads
with flat contact surfaces cause greater damage to RC beams compared to those with curved contact
surfaces.

Keyword: reinforced concrete beam; high temperature; impact load; impact resistance



