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Fig. 1 Brick specimens
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Fig.2 XRD composition analysis of Longshengzhuang an-
cient brick/antique grey brick
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Tab.1 Performance of Longshengzhuang ancient brick/
antique brick

K B 4] WK 2% FWUERE/ AR/

(gem™) MPa MPa
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Tab.2 Mechanical properties parameters of grey brick af-
ter freeze—thaw cycles
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WK MPa MPa MPa LR
0 130.760 11.68 6435 0.155
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Fig. 4 Change of mechanical parameters of grey brick un-
der different freeze—thaw cycles
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Fig. 5 Impact ball pressure model
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Fig. 6 Impact load—impact height curves of green brick un-
der impact load
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Fig. 8 Radial strain cloud diagram of grey brick indentation area under different impact heights
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Fig. 9 Radial strain distribution of grey brick indentation
area under different impact heights
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Fig. 10 Dynamic hardness and resilience coefficients of grey bricks under different impact heights
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Fig. 11 Apparent deterioration diagram of grey bricks after different freeze—thaw cycles
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Fig. 12 Microscopic morphology of grey bricks under different freeze—thaw cycles
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Study on Impact Damage of Ancient Building Grey Bricks Before and After Freeze—thaw Cycles
HAO Yunhong'*?, GAO Jiong'"", XUAN Jiaoyu', WU Rigen'

(1.School of Civil Engineering, Inner Mongolia University of Technology, Hohhot 010051, China;
2. Inner Mongolia Autonomous Region Engineering Research Center of Structure Inspection, Appraisal and Safety Assessment, Hohhot 010051, China;
3. The Inner Mongolia Key Laboratory of Civil Engineering Structure and Mechanics, Hohhot 010051, China)
Abstract:

Objective This study selects grey brick masonry from ancient structures in Longshengzhuang, Inner Mongolia, as the research object to address
the issues associated with long-term freeze—thaw cycles and impact-induced damage to sand particles in ancient buildings in Inner Mongolia. Ball
pressure impact tests conducted on grey bricks before and after freeze—thaw cycles are utilized to investigate the impact damage behavior of grey
bricks in ancient buildings.

Methods An engineering material durability damage testing system simulating natural environmental conditions and an automatic ball drop im-
pact apparatus were utilized to conduct ball pressure impact tests on ancient building grey bricks before and after freeze—thaw cycling. The digital
image correlation (DIC) technique was applied to analyze strain field distributions within the indentation zones of the bricks. Dynamic hardness
and coefficients of restitution were calculated to evaluate elastic—plastic behavior. In addition, ultra-depth three-dimensional microscopy and scan-
ning electron microscopy were employed to observe damage morphology and to investigate underlying damage mechanisms.

Results and Discussions As the number of freeze—thaw cycles increased, the apparent hardness, compressive strength, elastic modulus, and Pois-
son's ratio of the grey brick samples showed a declining trend. The impact process of ancient building grey bricks was divided into two stages. In
the first stage, the brick surface was compressed under ball impact, and the impact load rapidly increased to its peak value. In the second stage,
elastic deformation of the brick generated an impulse force acting on the ball, which appeared as a secondary rise in the impact load time curve.
With increasing impact height, both the peak load and secondary rebound force initially increased gradually and then increased rapidly, while the
time interval associated with secondary impact was extended. Under identical impact heights, freeze—thaw cycling caused an increase in peak im-
pact load, whereas the secondary rebound time and secondary impact peak load continuously decreased. Without freeze—thaw cycling, the peak
load and secondary rebound peak load were 1 240.1 N and 380.4 N, respectively. After 10 freeze—thaw cycles, the peak impact load increased by
approximately 22.3%, while the secondary rebound peak load decreased by approximately 26.4%. These effects became more pronounced after
20 cycles. Following 50 freeze—thaw cycles, the surface impact peak load increased by approximately 92.2%, and the secondary impact peak load
decreased by approximately 63.9%, accompanied by a significant reduction in the secondary impact time interval. After impact loading, strain
within the damaged zone exhibited a ring-shaped diffusion pattern centered on the impact location, and radial strain decreased with increasing dis-
tance from the impact center. At impact heights of 23, 27, 31, 35, and 39 cm, the maximum radial strains were 3 531, 4 972, 5 780, 7 861, and
9 231, respectively. At identical impact heights, increasing numbers of freeze—thaw cycles caused the radial strain in the central indentation region
to increase by 729 to 5 490. Before 20 freeze—thaw cycles, strain increases at the indentation edges were minimal, whereas after 20 cycles, edge
strain increased significantly relative to earlier stages. The dynamic hardness and coefficient of restitution of ancient building grey bricks de-

creased as impact height increased. At an impact height of 23 cm, these values were 53.29 MPa and 0.41, respectively, while at 39 cm, they de-
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creased to 31.65% and 24.39% of their initial values, respectively. Under identical impact heights, increasing freeze—thaw cycles reduced the
bricks’ resistance to plastic deformation, and both dynamic hardness and coefficient of restitution progressively declined. Without freeze—thaw cy-
cling, dynamic hardness and coefficient of restitution were 53.29 MPa and 0.41, respectively. After 50 freeze—thaw cycles, these values decreased
to 54.91% and 34.15% of their original values. Under impact loading, the surface of the ancient building’s grey bricks formed spherical crown-
shaped indentations, with particle shedding observed around the indentation. Freeze—thaw cycling caused surface pulverization, spalling, and
cracking, while internal pore structures gradually expanded and became larger and more rounded, reducing resistance to plastic deformation. Af-
ter impact loading, indentation depth, diameter, surface area, and volume increased progressively; the indentation surfaces became rougher, and
particle shedding occurred within the impact pits. Unfrozen bricks exhibited the smallest indentation damage zones in terms of depth, area, and
volume, indicating the highest resistance to plastic deformation. After 50 freeze—thaw cycles, indentation depth and diameter increased by 51.26%
and 15.66%, respectively, compared to the unfrozen condition. The experimental results provided valuable guidance for durability assessment,
protection strategies, and restoration practices for ancient buildings in Inner Mongolia.

Conclusions Freeze—thaw cycles significantly deteriorate the mechanical properties and impact resistance of grey bricks used in ancient build-
ings, leading to reduced dynamic hardness, decreased coefficient of restitution, and increased surface damage under impact loading. The experi-
mental results provide valuable insights for durability assessment and for the development of protection and repair strategies for ancient buildings
in Inner Mongolia.

Key words: ancient building grey brick; impact load; freeze—thaw cycle; digital image correlation(DIC); strain cloud diagram; damage mec-
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