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Fig. 1 Dimensions and reinforcement layout of SFRC beams (unit: mm)
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Table 1 Mix proportions of the steel fiber concrete
. ) R R/ (kgm ™) ‘
£ ML AEART % - - HUESH L/ MPa
WY K K i HLE R K
B-0 0 0 154 425 672 1096 3.6 41.90
B-1 1 78 164 547 696 1044 8.2 42.47
B-2 2 156 180 600 668 1002 9.0 52.18
B-3 3 234 196 653 640 960 9.8 60.34
F2 ALY MER
Table 2 Physical properties of the steel fibers
K& /mm HA%/mm Kz YL/ MPa R /(kg'm )
30 0.6 50 1100 7 800
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Fig. 4 Crack patterns of the SFRC beams after impact loading and fire exposure
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Fig. 9 Time histories of strains within the longitudinal rebars during the impact loading process
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Fig. 10 Time histories of stirrup strains under impact loads
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Mechanical behavior of SFRC beams subjected to both impact and fire loadings

ZHANG Renbo, JIN Liu, DU Xiuli, DOU Guoqin

(Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education,
Beijing University of Technology, Beijing 100124, China)

Abstract: To explore the mechanical behavior of SFRC beams subjected to both impact and fire loadings, 4
beams were tested with high-performance drop-weight test system, four point bending test machine and
assembled electric furnace. The beams were firstly subjected to impact loadings and then exposed to fire with
a constant load. During the test process, the crack patterns of beams were observed while the time histories
of mid-span deflections and rebar strain were recorded. Then, the fire resistance of these beams was
discussed. Based on the experiment, three-dimensional macroscopic finite element numerical model
considering the effects of strain rate and high temperature was established. The impact loading process was
simulated firstly; and then taking simulation results as the initial state, SFRC beams subjected to both fire
and constant loading were simulated with a sequentially coupled thermal-stress analysis method. Moreover,
considering the heterogeneity of concrete’s internal structure, a meso-scale simulation was also conducted
with the procedures similar to that in macroscopic simulation. Good agreement between both the macro-
/meso-scale simulation results and the test results illustrates the rationality and effectiveness of the present
numerical analysis methods. The advantages of mesoscopic model were indicated through the comparison of
macro-/meso-scopic results. It has been found that when the impact energy is low, the local concrete is
cracked but a small overall deformation is remained. Nevertheless, this degrades the fire resistance of SFRC
beams to some ex-tent. When the steel fiber dosage increases, resulting in an increasing shear strength of
concrete matrix, the coexistence phenomenon of bending and shear cracks of beams under the impact load is
changed to bending cracks as a dominant. Moreover, when subjected to elevated temperatures with a
constant load, the distribution of cracks on the impact-damaged SFRC beams is relatively concentrated and a
brittle failure occurs.
Keywords: steel-fiber reinforced concrete beam; impact loading; fire; mid-span displacement; finite
element simulation
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