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Table 1 Mechanical parameters of concrete

E f f G,

mechanical property /kg-m™ | GPa S pa f

/MPa /N-m™
mortar matrix 24032 21.42'%?) 24.96!“?) 2.08 90.26

HTG-1 ITZ 2150  20.34  18.02  1.80 65.84
aggregate 2750 60 B - - -

HTG-1 aggregate 2750 70144 goi* 6l 14167

HMG 2403'%21 21.42%2) 24.96%2) 2.08 90.26

Note: p is density, E is the initial elastic modulus, f is the compressive

strength, f is the tensile strength, G, is the fracture energy.

FESRBE A 42.0 MPa, G 1] 55 7377 R 4 57 0% Jee JI 58 B2 53 51
1426 MPa fl1295 MPa. 4 Zhang % () i 53 , b
IR R BCR 2 LTR N SR R e S s
Yan Al Lin** {056 SCE , i T 1TZ /9 ) 24 P e 4% 59
TP I BT A 5 8 3 AT U A S R ST R R W
ITZ 1) 71 2 M A S 50, TR BE 4 B R 0 B e it 2 5 3
BB 8008 TZ 09 122 S 5UE B i 5 R . B
TR 124 M e S B3R 2 TR o

60
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Fig.5 Compressive strength of concrete with different ratios

compressive strength of concrete / MPa

of ITZ to mortar

R2RBEL AL > RMA Y 12 S
Table 2 Mechanical parameters of meso-component in con-

crete and steel reinforcement

. E f f f P,
mechanical property v
/ GPa /MPa /MPa /MPa /%
mortar matrix 32,5 0.2 420 42 - -
ITZ 29.8 0.2 31.05 3.05 - -
aggregate 7014 016 80 el - -
longitudinal reinforcement 200'%*! 0.25 - - 426" 1.26
stirrups reinforcement  2001** 0.25 - - 295281 139
hammer and plate 200 0.3 - - - -

Note: Eis the initial elastic modulus, v is the Poisson ratio, f_is the compres-
sive strength, f is the tensile strength, f is the yield strength, p_is the

reinforcement ratio.
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Table3  Dimensional details of geometrically similar RC
beams
scale beam span beam width beam height stirrup spacing
factor A /mm / mm / mm / mm
1/5 340 30 50 15
2/5 680 60 100 30
3/5 1020 90 150 45
4/5 1360 120 200 60
1 1700°% 150" 250" 752"
100 -
load-displacement curve
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>
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Fig.8 Static energy absorption E, of the reference beam
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Table 4 Classical similarity law

quantities units theoretical scale factor
geometric length m 1
elastic modulus E Pa 1
density p kg-m™ 1
volume V m’ A’
mass m kg A’
time t s A
velocity v m-s™' 1
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Influence Mechanism of Concrete Heterogeneity on Scaling Effect of RC Beam Impact Response

JIN Liu, WU Shao-xiong, ZHANG Ren-bo, Ll Jian, DU Xiu-li
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education , Betjing University of Technology , Beijing 100124, China)

Abstract: Reinforced concrete structures are frequently subjected to impact loads during their service life, leading to complex dy-
namic responses that are often difficult to predict. To systematically investigate the influence of concrete heterogeneity on the im-
pact response and scaling effect of geometrically similar RC beams. Using a comparative analytical approach, three numerical
models were established: a homogeneous RC beam (Homogeneity) and two heterogeneous RC beams (Heterogeneity-I and
Heterogeneity-I). The displacement, impact force, and reaction force were compared. Furthermore, damage modes, deflection
curves, and energy absorption characteristics were analyzed to explore the intrinsic mechanisms of scaling effect. The results in-
dicate that the concrete heterogeneity is one of the factors contributing to the scaling effect in the displacement of geometrically
similar RC beams, while its influence on impact force and reaction force is relatively minor. The intrinsic mechanism of the
above-mentioned phenomenon may be the difference in damage modes due to heterogeneity, which enhances the local re-
sponse of the RC beams with analysis of deflection curves and energy absorption. Additionally, within the scope of this study,
higher impact velocities lead to more pronounced scaling effect in the displacement. These findings provide theoretical insights
for impact-resistant design of concrete structures and for similitude analysis in scaled experimental studies.

Key words: reinforced concrete beam; heterogeneity;scaling effect;impact load; damage model
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In addressing the issue of scaling effect in the impact response of geometrically similar RC beams, beam models were established
considering concrete heterogeneity. This study investigates the influence of concrete heterogeneity on the scaling effect of RC
beams by comparing the results with those obtained from homogeneous models. Through the analysis of damage evolution paths
and energy absorption processes, the underlying mechanisms by which heterogeneity affects scaling effect are preliminarily

explored.
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