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Tab.1 Numbers and design parameters of the specimens
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Fitkkg  EEE/m RERT [
TW-1 60 4 2400
TW-2 80 4 3200
W14l TW-3 100 4 4000 S
TW-4 100 3 3000
TW-5 100 5 5000
TP-1 60 4 2400
5201 TP-2 80 4 3200 ©
TP-3 100 4 4000
TP—4 100 5 5000
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Fig.2 Three-dimensional diagram of the basic components of the specimens



555 4]

[y i SR U IR s Pl TR P LR (3 ) 2 i L IVA R g S 17

1.2 REMRE MR

22 R RIS AR vl A A R A SR
B O 12 REFE AR o U AR 3 BT 1 A 56 22
RO e Q235B LS Mk, AR AR R S 43K 5 4 5%
FHEL T 7 REARHRIEHLLA 3 mm/min A H B R E N
2, B2 R AEWIR AN T2 R NER 2 i

xR2 WM AFMEE
Tab.2 Mechanical properties of steel

WS WNSEE  BRORE B . TR
mm f./MPa f,/MPa E/GPa 0/%
4.0 271.52 412.71 203.65 1.52 31.68
4.5 273.58 432.26 204.15 1.58 33.52
5.0 288.95 467.27 205.92 1.62 35.91
7.5 282.74 465.68 206.35 1.65 36.51

8.0 287.36 469.53 208.56 1.63 36.17
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Fig. 3 Diagrams of the test device and the impact section of the specimen
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Fig.5 Damage phenomenon of TW series
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Tab.5 Deformation measurement results of impact points
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Fig. 11 Test and fitting values of residual deformation
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Tab. 6 Comparison of experimental and fitting values of
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Experimental Study on the Dynamic Response of New Layered Prefabricated Lattice
Columns Under Lateral Impact
CHU Yunpengl’z, LI Qinl, GU Songl’z, ZHANG Chuntaol’z, ZHANG Haichuan'

(1.College of Civil Engineering and Architecture, Southwest University of Science and Technology, Mianyang 621010, China;
2.Shock and Vibration of Engineering Materials and Structures Key Laboratory of Sichuan Province, Mianyang 621010, China)
Abstract:

Objective This study designs a new layered prefabricated lattice column as a protective support structure, which presents unique advantages in
preventing and controlling rockfall disasters. Two groups of nine specimens are designed and fabricated for impact testing to investigate the im-
pact resistance and failure mechanisms of the proposed layered fabricated lattice column under low-velocity and high-mass impacts. The influ-
ence of impact mass, impact height, and impact position on the dynamic response of the structure is analyzed by comparing the test results. A lin-
ear relationship between residual deformation and impact energy is established through curve fitting, providing empirical support for engineering

applications.
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Methods The dynamic response of a newly developed layered prefabricated lattice column under impact was systematically investigated through
experimental testing. The test setup consisted of a track rod, a steel pipe fixed to a reaction wall, and an impact apparatus. A total of 9 specimens
were examined under varying impact masses (60, 80, and 100 kg), impact heights (3, 4, and 5 m), and impact positions (near and far from the
fixed end). The deformation characteristics and failure modes of the specimens were observed, and the impact time history curve, strain time his-
tory curve, and displacement time history curve were recorded using a high-speed camera, dynamic acquisition instrument, and quartz sensor. The
influence of different test parameters on the failure mode, impact peak value, impact platform value, impact duration, strain peak value, plastic
strain, maximum lateral displacement, and residual displacement was identified through comparative analysis of the experimental results. Finally,
a linear relationship between the impact energy and the residual deformation in the range of 2 400 to 5 000 J was established through curve fitting.
Results and discussions The primary residual deformation of the new layered prefabricated columns after impact was local denting. When the
specimen failed, the web member bent, and the bolts at both ends of the web member underwent a shear failure. Under identical impact energy
conditions, the impact position has a significant effect on the dynamic response. Specimens impacted farther from the fixed end exhibited lower
resistance, greater damage severity, and a more dispersed impact plateau value. With the increase in impact mass or impact height, both the im-
pact peak value and impact duration increase. The mass has a more significant effect on the duration of the impact, while the impact velocity has
a greater influence on the peak value of the impact. The residual deformation of the specimen increases with a rise in the impact energy. Speci-
mens impacted near the fixed end exhibit larger residual displacements (up to 5.27 mm), whereas impacts away from the fixed end result in
greater lateral displacements (up to 6.21 mm), as more energy is dissipated through vibration. The relationship between residual deformation and
impact energy was established, with a deviation of less than 6% as determined by further regression analysis.

Conclusions When the impact energy reached 5 000 J, the bolts of the web members undergo shear failure due to insufficient shear strength. Im-
pact point farther from the fixed end reduce impact resistance of structure. Impact mass mainly affects the impact duration, while impact velocity
primarily affects the peak impact force. Impacted near the fixed end exhibit larger residual displacements, while impacted farther from the fixed
end exhibit larger lateral displacements. The linear relationship between residual deformation and impact energy provides a quantifiable means to
assess structural damage, with an error <6%, demonstrating practical applicability in engineering.

Key words: prefabricated lattice column; lateral impact; experimental investigation; damage deformation; dynamic response
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