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Table 1 Basic properties of cement

. = . 5. 4 Setting time/min Flexural strength/MPa Compressive strength/MPa
Density/(g-em ”)  Specific surface area/(m”-kg ) — . - .
Initial setting time  Final setting time 3d 28 d 3d 28d
3.08 364 165 235 6.2 8.9 28.3 54.6

*2 HAEBEEMEE

Table 2 Main properties of coarse aggregate

Apparent density/ Mud lump . L Content of needles  Tight clearance Water absorption  14d expansion
= Mud content/% Sturdiness/% Crushing index/% . . .
(grem™) content/% and flakes/% ratio /% ratio/% ratio/%
2.76 0.4 0.2 1 5 2 40 0.5 0.02
*3 RBELIEEL
Table 3 Concrete mix proportion kg/m®
. Coarse aggregate
Designation Cement Sand Water SP
10-20 mm 5-10 mm
WC 430 785 604 169 1.0

WC is the designation for the concrete used in this test.
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Fig.2 Preparation process of "square inside, circle outside" type concrete composite specimen

x4 INEEREBRAER

Table 4 Environmental temperature chamber technical requirements

Parameters

Technical indicators

Available temperature range
Heating time: From 20-150 ‘C
Cooling time: From —40-20 C
Temperature gradient
Temperature fluctuation
Temperature deviation
Display accuracy
Refrigeration method

Heating method

The air circulation mode inside the box

—40-150 'C

<60 min

<60 min
<2C
<1TC
<2°TC

<0.1°C

Two-stage compressor refrigeration
Stainless steel heating tube, forced circulation air

Centrifugal fan forced circulation

Usage environment Temperature: 5 C to 35 C Humidity: <85% Atmospheric pressure: 86 kPa to 106 kPa

Power supply AC380 (1%£10%) V, (50£0.5) Hz, three-phase four-wire with protective ground wire

*5 AE RFHFHESHIRE
Table 5 AE system detailed parameter settings

Parameters ~ Amplifier gain/dB ~ Threshold value/dB Sampling rate (MSPS) Sampling length PDT/us HDT/us HLT/us

Set value 26 40 1

1k 100 200 300

MSPS means collect 10° points per second, with an interval of 1 us between each two waveform points; 1 k represents 1024; PDT stands for peak definition

time; HDT stands for hit definition time; HLT stands for hit latch time.
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Fig. 3 Sensor installation and positioning
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Fig.4 Acoustic emission technology testing principle
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Fig. 8 Temperature cycling process energy accumulation
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Fig. 9 Signal energy at each stage of the temperature cycling process
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Fig. 10 Concrete strength profile in temperature cycling process
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Fig. 11 Acoustic emission crack type identification method
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during temperature cycling process
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Extended Abstract

Introduction In regions characterized by excessively high diurnal temperature variations and strong radiation (high-temperature-

difference environments), concrete structures face heightened risks of cracking during service. Excluding the influence of hydration

heat released by the concrete itself, energy absorption from the external environment during service is identified as the direct cause of

concrete cracking. Surface cracking represents one of the primary failure modes for concrete in plateau regions with large temperature

differences. In such environments, concrete structures are susceptible to cracking not only due to wind-induced drying shrinkage but

also from intense solar radiation and excessive diurnal temperature fluctuations. Notably, vertical structures like bridge piers exhibit

complex cracking patterns, with cracks often forming a crisscross network on the surface. As a non-homogeneous composite material
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with low thermal conductivity, concrete experiences internal/external temperature gradients and thermal stresses arising from
differences in the coefficients of thermal expansion between cementitious systems and aggregates, which constitute the principal
mechanisms for structural cracking. Existing methods for detecting and identifying cracks in concrete structures include manual visual
inspection, infrared thermography, and Digital Image Correlation (DIC) techniques. Manual visual inspection, while the most direct
and simplest method, suffers from low accuracy due to human subjectivity. Infrared thermography identifies cracks based on thermal
conductivity differences between cracked and intact concrete; however, its performance is significantly affected by ambient
temperature, humidity, and wind speed, making it unsuitable for regions with dramatic climatic variations like
high-temperature-difference environments. DIC, a widely used image analysis tool, precisely captures strain field distributions in
concrete under load, enabling accurate crack localization and evaluation. Nevertheless, DIC is limited to surface observations and
cannot monitor the development of internal micro-cracks or damage. Additionally, its stringent requirements for ambient lighting
hinder its application in long-term field monitoring of actual structures.

Acoustic Emission (AE) Technology exhibits unique advantages in monitoring concrete cracking under high-temperature-
difference environments. Compared to other detection/monitoring methods, AE offers real-time crack capture, high precision, crack
localization, fracture type classification, and minimal environmental interference. Radhika et al. employed AE analysis to investigate
fracture behavior and damage mechanisms in concrete beams under static and fatigue loads. Li et al. utilized AE to study damage
degradation patterns and crack types in concrete under varying fatigue stress levels, categorizing the fatigue failure process into four
stages. Jiao et al. applied AE to analyze the damage characteristics of steel fiber, basalt fiber, and glass fiber-reinforced manufactured
sand concrete under load. However, current AE applications predominantly focus on damage assessment under mechanical loads,
with its feasibility for internal damage monitoring and cracking state evaluation in concrete structures under
high-temperature-difference environments remaining unverified.

Methods The raw materials used in this study included cement, coarse aggregates, fine aggregates, and water. The cement was P-O
42.5 ordinary Portland cement. The coarse aggregates consisted of continuous graded crushed stones with particle sizes ranging from
5 mm to 10 mm and 10 mm to 20 mm. The fine aggregates were natural river sand with a fineness modulus of 2.8 and graded in Zone
II. To accelerate the simulation of concrete cracking characteristics under extreme temperature environments, a
"square-inner-circle-outer" composite concrete structure was designed for temperature cycling tests. During the temperature cycling
process, stress concentration induced by temperature gradients occurs at the edges and corners of the internal prismatic component,
amplifying the thermal stress-induced damage to the concrete.

First, a prismatic specimen with dimensions of 100 mm % 100 mm % 400 mm was cast according to the mix design and cured in a
standard curing environment for 28 d. The cured prismatic specimen was then placed at the center of a cylindrical mold with a
diameter of 200 mm and a height of 400 mm. Fresh concrete with the same mix design was cast into the mold. After 1 day of indoor
membrane-covered curing, the specimen was demolded and transferred to a standard curing environment for an additional 7 d,
completing the preparation of the "square-inner-circle-outer" composite concrete specimen. Prior to testing, concrete specimens cured
for 7 d were dried for 21 d under constant temperature and humidity conditions (20+2) C and relative humidity (60+5)%.
Subsequently, the specimens were polished smooth and thoroughly cleaned to ensure effective sensor adhesion and facilitate
observation of surface crack development. Eight sensors were attached to both the upper and lower sections of the lateral surface of
cylindrical specimens, coupled to the sample interface area using high-temperature-resistant silicone couplers. To investigate the
evolution of cracking damage in concrete under extreme temperature cycling, this study set the environmental chamber temperature to
cycle between 0 C and 80 ‘C, with each cycle lasting 4 h. Concrete specimens standardly cured for 7 d underwent 40 consecutive
temperature cycles in the chamber, with AE data acquisition covering the entire duration of each temperature cycle.

Results and discussion During the 40 temperature cycles, the acoustic emission AE equipment captured a total of 539 events
generated by concrete stress release or crack propagation, which occurred throughout the entire temperature cycling process.
High-amplitude signals indicate intense energy release at crack tips, typically associated with rapid crack propagation or unstable
cracking. Most AE signals exhibited stable amplitudes between 50 dB and 80 dB during temperature cycling, reflecting the gradual
accumulation of damage and crack extension under thermal fatigue stress induced by repeated expansion-contraction cycles.
High-amplitude AE signals predominantly occurred during temperature rises to 60—80 ‘C, demonstrating that concrete under thermal
cycling is more susceptible to rapid damage accumulation or stable crack propagation at elevated temperatures. A concentrated
increase in AE event counts was observed during the 16th temperature cycle, coinciding with a peak cumulative energy of 1943 aJ,
indicating significant macroscopic cracking. Furthermore, the cumulative AE energy effectively characterizes the overall structural
damage process. A sharp rise in cumulative energy over time correlates with the formation of fracture process zones, and abrupt
changes in the energy-time curve slope serve as a criterion for microcrack coalescence into macrocracks.

Based on energy characteristics, the concrete damage and cracking process can be divided into three stages: microcrack
accumulation, macrocrack initiation, and crack propagation. After multiple temperature cycles, internal microcracks interconnect
during the cooling phase due to shrinkage stresses, ultimately forming macrocracks. This phenomenon is validated by the
concentrated energy release and abrupt slope changes in the cumulative energy curve during cooling. Both microcracks and
macrocracks in concrete under thermal cycling are predominantly tensile in nature, with over 90% of cracks attributed to thermal
fatigue tensile stresses. In summary, the composite concrete structure designed in this study can effectively evaluate the temperature
cycling resistance of concrete. The number of temperature cycles corresponding to the onset of macrocracks (Stage II) serves as a
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quantitative metric for assessing concrete cracking resistance.

Conclusions This paper addresses the damage and cracking of bridge pier concrete under plateau high-temperature-difference
environments. A testing method simulating concrete cracking in such environments was proposed, combining AE technology to
achieve real-time monitoring and quantitative analysis of internal damage evolution. The damage mechanisms under
high-temperature-difference conditions were elucidated. The key conclusions are as follows: 1) Micro-cracks initiate in bridge pier
concrete during the early stages of temperature cycling under high-temperature-difference environments. The cracking process can be
divided into three stages: micro-crack (damage) accumulation, macroscopic cracking, and crack propagation. 2) During the
micro-crack (damage) accumulation and crack propagation stages, both temperature rise and fall exacerbate damage or crack
development in the concrete. However, macroscopic cracking predominantly occurs during the cooling phase from 80 ‘C to 60 C.
This is attributed to the faster surface temperature reduction compared to the interior, creating a non-uniform deformation effect
characterized by "outer shrinkage and inner expansion." 3) Temperature fatigue tensile stress is identified as the primary cause of
bridge pier concrete cracking under high-temperature-difference environments. Over 90% of the total cracks observed under
temperature cycling are tensile cracks. Furthermore, the failure mode exhibits continuous damage accumulation and propagation
along macroscopic primary cracks.

Keywords plateau environment with large temperature differences; bridge pier concrete; acoustic emission; cracking characteristics;
damage evolution



