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Abstract 

Beam bridges in mountainous and high-altitude transport corridors are frequently ex-

posed to large diurnal temperature differences, intense solar radiation, low humidity, 

freeze–thaw action and repeated wetting–drying cycles. These coupled actions can accel-

erate concrete surface cracking and reduce the durability of prestressed concrete T-girder 

bridges, but field evidence linking crack morphology, crack depth, concrete cover and 

short-term environmental response remains limited. This study investigates a representa-

tive 40 m in-service prestressed concrete T-girder bridge on the Western Sichuan Plateau 

through field survey and four-month continuous monitoring. Crack location, length, 

width, depth and concrete cover thickness were measured, and representative crack-

width responses to ambient temperature were analyzed. The results show that web cracks 

are dominated by reticular and irregular microcracks, bottom cracks are mainly longitu-

dinal intermittent short cracks, and diaphragm cracks are concentrated near reticular 

zones and local corner discontinuities. The sunny side of the edge girder contained ap-

proximately 598 cracks, about 4.8 times the 123 cracks observed on the shaded side. Web 

and diaphragm crack widths were mainly 0–0.04 mm, while bottom-crack widths of 0–

0.10 mm accounted for about 92.7%; most crack lengths were 2–20 cm. During monitoring, 

newly developed cracks accounted for about 6.0% of all recorded cracks, and only 3 of 721 

existing cracks increased by 4–6 cm. Representative crack widths fluctuated by about 0.02 

mm under −1 to 24 °C without sustained growth. Cracks wider than 0.20 mm generally 

exceeded the approximately 40 mm concrete cover. Such penetrating cracks should be 

prioritized in durability maintenance and long-term monitoring. 

Keywords: Western Sichuan Plateau; high-altitude bridge; prestressed concrete T-girder; 

crack monitoring; web crack; temperature response; durability 

 

1. Introduction 

Prestressed concrete T-girder bridges are widely used in mountainous highway net-

works because they combine structural efficiency, convenient prefabrication and econom-

ical construction. In high-altitude and plateau regions, however, beam bridges are sub-

jected not only to traffic loading but also to strong environmental gradients, including low 

air pressure, intense ultraviolet radiation, low relative humidity, rapid day–night temper-

ature variation, freeze–thaw cycles and repeated wetting–drying action. Similar climatic 
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combinations occur in many mountainous transport corridors, such as western China, the 

Qinghai–Tibet Plateau and other cold highland areas. Under these conditions, early-age 

shrinkage, thermal stress, local restraint and long-term environmental deterioration may 

act together to generate distributed surface cracking in concrete beam bridges [1–8]. 

Cracks in prestressed concrete members are not only geometric defects; they are also 

indicators of the interaction between material behavior, structural restraint and service 

environment. Fine cracks may have limited influence on immediate load-carrying capac-

ity, but they can reduce the protective function of the concrete cover. Previous studies 

have demonstrated that crack width, crack depth, crack connectivity and healing capacity 

strongly influence water permeability, chloride ingress, carbonation and reinforcement 

corrosion [9–18]. Therefore, durability-oriented bridge assessment requires more than 

crack counting: it requires quantitative information on crack width, length, depth and the 

relationship between crack depth and concrete cover thickness. 

In recent decades, bridge inspection has increasingly combined conventional visual 

inspection, non-destructive testing, structural health monitoring, optical-fiber sensing and 

computer-vision-based crack recognition [19–34]. These techniques provide important 

tools for acquiring crack geometry and tracking crack evolution. However, field studies 

that connect crack morphology, crack depth, concrete cover thickness and short-term tem-

perature response for in-service T-girders in highland regions remain limited. 

Shrinkage, freeze–thaw action and thermal stresses are also important for bridge con-

crete exposed to cold and dry environments. Creep-shrinkage models, microcracking 

studies and freeze–thaw durability research provide the theoretical basis for interpreting 

environmentally induced cracking [35–38]. Design and maintenance codes require that 

crack width, crack distribution and durability risk be considered in bridge inspection and 

condition evaluation [39–44]. Recent Chinese engineering studies on T-girder cracking, 

bridge-deck concrete cracking, static load testing and crack-control measures also indicate 

the practical need for refined monitoring of prestressed concrete bridge components. Ex-

isting Chinese engineering studies on T-girder and prestressed concrete bridge cracking 

provide important practical background. Wu et al. [45] discussed crack control and dura-

bility improvement in prefabricated T-girder bridge-deck systems, and Zhang [46] sum-

marized common construction defects and prevention measures in high-performance fi-

ber-reinforced prefabricated T-girders. Wei [47] and Lu [48] emphasized technical-condi-

tion assessment, static load testing and load-bearing evaluation for cracked T-girder 

bridges, while Song et al. [49] reviewed crack-control technologies for long-span pre-

stressed concrete bridges. These studies mainly focus on construction control, structural 

evaluation or general crack-control strategies. Comparatively, fewer studies provide field 

statistics on microcrack morphology, exposure-side differences, crack depth relative to 

cover thickness and temperature-induced crack-width fluctuation in in-service plateau T-

girder bridges. 

High-altitude bridge environments deserve special attention. Hu et al. [50] analyzed 

asymmetric cracking in plateau concrete bridge piers and showed that nonuniform envi-

ronmental exposure can produce spatially biased cracking. Yang et al. [51] investigated 

early-age thermal cracking of high-speed railway bridge piers in plateau regions and 

highlighted the importance of temperature control and formwork-removal timing. Wang 

et al. [52] further proposed thermal-control measures for concrete crack prevention in 

bridge piers under plateau climate conditions. Plateau concrete studies also indicate that 

freeze–thaw action, salt–frost environments and dry–wet cycles can intensify cracking 

and durability deterioration [53–55]. These findings support the need to treat highland 

bridges as exposure-specific structures rather than applying only generic bridge-inspec-

tion rules. 
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To address this gap, this paper investigates a typical prestressed concrete T-girder 

bridge in the Western Sichuan Plateau. The objectives are to: (i) classify crack morphology 

in the web, bottom and diaphragms; (ii) quantify crack length and width distributions; 

(iii) compare crack depth with concrete cover thickness; (iv) evaluate newly developed 

cracks and existing-crack growth; and (v) clarify representative crack-width fluctuation 

under winter-spring temperature variation. The study aims to provide measured evi-

dence for durability assessment and maintenance decision-making for beam bridges op-

erating in severe mountainous environments. 

2. Materials and Methods 

2.1. Study Object and Monitoring Indices 

This study focuses on the concrete T-girder bridge—the most representative bridge 

type in the Western Sichuan Plateau—to conduct long-term crack monitoring. The se-

lected bridge was constructed in 2023 and opened to traffic in March 2024. Its superstruc-

ture consists of simply supported prestressed concrete T-girders with a span arrangement 

of 40 m; the T-girders are 2.5 m high and made of C50 concrete. The bridge has a total 

width of 25 m and features no pedestrian walkways. The substructure comprises column 

piers and lightweight abutments, supported by pile foundations. The bridge is designed 

for Highway Class I loading. 

The monitoring indices included crack location, crack length, crack width, crack 

depth and concrete cover thickness (Figure 1). Crack location was used to identify con-

centration zones in the flange, web, haunch, diaphragms and girder bottom. Crack length 

and width were used to quantify geometric characteristics, while crack depth and cover 

thickness were used to judge whether a crack had the potential to reach the reinforcement 

and to evaluate durability risk. 

  

Figure 1. Cracks in the monitored prestressed concrete T-girder. 

2.2. Monitoring Method and Measurement Layout 

The investigation combined a full-field crack survey with continuous dynamic mon-

itoring. The monitoring period covered the winter-spring season from December to 

March, when environmental variation is significant in the study area. During the field 

survey, a crack-integrated detector and a crack-width gauge were used to mark and meas-

ure crack location, length, width and depth. Newly developed cracks were recorded dur-

ing repeated inspections. For representative cracks at the girder-end web and girder bot-

tom, crack gauges were installed to continuously collect crack-width data, while ambient 

temperature was recorded synchronously. When the crack width is less than approxi-
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mately 0.05 mm, the relative measurement uncertainty may increase due to factors such 

as surface roughness and local humidity. 

(1) Crack width measurement: An integrated concrete crack testing instrument is used. 

It employs microscopic imaging technology, magnifying the crack image for meas-

urement. Measurement range: 0–10 mm; accuracy: ±0.01 mm; analysis modes: AI-

based automatic detection (diagonal and transverse cracks) and manual analysis. （

Leitu Technology Co.,Ltd. Beijing China） 

(2) Crack depth measurement: An ultrasonic instrument is used. It employs ultrasonic 

technology. Acoustic time measurement range: 0–4,096,000 μs; amplitude measure-

ment range: 0–170 dB; crack depth measurement range: 5–500 mm; operating tem-

perature: −20 to +60 °C. (Sinorock Technology Co., Ltd. Wuhan China) 

(3) Long-term dynamic crack width monitoring: An image-based crack width monitor 

is used. It captures images of the crack and performs edge detection analysis to track 

changes in crack width, uploading the results and image data to a remote viewing 

platform via a 4G network. Measurement accuracy: 0.01 mm; image resolution: 1920 

× 1080; sampling frequency: ≥1 reading every 10 min. （（Shengtuo Testing Technology 

Co., Ltd. Chengdu China ） 

The girder was divided into longitudinal monitoring zones at 1 m intervals. Within 

each zone, cracks in the flange, web, haunch, diaphragms and bottom were marked and 

measured to ensure systematic and comparable records for different structural compo-

nents. The monitoring-point layout and longitudinal zoning are shown in Figure 2. 

  
(a) (b) 

Figure 2. Monitoring-point layout and longitudinal crack-survey zones. (a) T-girder cross-section. 

(b) Longitudinal zoning for crack monitoring. 

2.3. Data Processing and Evaluation Method 

Crack widths and lengths were grouped into interval distributions to identify domi-

nant crack-size ranges. The sunny and shaded faces of the edge girder were compared to 

evaluate exposure-orientation effects. Crack-depth measurements were compared with 

the measured concrete cover thickness to identify cracks that may penetrate the cover. For 

dynamic monitoring, crack-width records and ambient-temperature records were plotted 

on the same time axis, and the amplitude and trend of crack-width fluctuation were ex-

amined. 

3. Results 

3.1. Crack Characteristics of the Main-Girder Web 

3.1.1. Crack Morphology of the Main-Girder Web 

The web cracks can be classified into three typical forms. The first type consists of 

numerous reticular or irregular microcracks on the web surface, generally with widths 

not exceeding 0.05 mm (Figure 3). These cracks are mainly associated with early-age 

shrinkage, temperature stress and drying shrinkage, and they are promoted by strong so-
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lar radiation, large temperature differences and low humidity. The second type consists 

of several oblique parallel cracks near the upper part of the web close to the support re-

gion, with widths generally not exceeding 0.05 mm (Figure 4). Their formation is related 

to local shear stress and principal tensile stress. The third type consists of longitudinal 

cracks along the span direction at the web-haunch transition, with widths of approxi-

mately 0.01–0.20 mm, which are mainly caused by local stress concentration at geometric 

discontinuities. Furthermore, monitoring of cracks on the sun-facing side (the outer sur-

face exposed to intense direct solar radiation) and the shaded side (the inner surface 

shielded by the bridge structure itself and receiving less direct sunlight) of the T-girder 

edge girders revealed a higher number of cracks on the sun-facing side. The cracks on 

both sides exhibited network-like or irregular patterns, indicating that adverse environ-

mental factors—such as intense ultraviolet radiation and diurnal temperature fluctua-

tions—exert a more pronounced deteriorating effect on the concrete of the sun-facing side. 

  

Figure 3. Reticular cracks on the T-girder web. 

  

Figure 4. Oblique cracks on the T-girder web. 

3.1.2. Crack-Size Distribution of the Main-Girder Web 

The width and length distributions of web cracks are shown in Figure 5. Crack widths 

are mainly concentrated in the 0–0.04 mm interval, accounting for approximately 75.7%. 

The proportion of cracks decreases gradually in the 0.04–0.12 mm interval, and cracks 

wider than 0.12 mm are rare. It essentially complies with the maximum crack width limits 

specified in the “Code for Design of Concrete Structures” (GB 50010-2010) [56]. Crack 

lengths are mainly distributed in the 2–20 cm interval, accounting for about 85.9%; short 

cracks of 2–10 cm have the highest proportion, followed by cracks of 10–20 cm, while 
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cracks longer than 40 cm are limited. The web cracks therefore show the characteristics of 

small width, short length and high quantity. 

  
(a) (b) 

Figure 5. Size distribution of web cracks. (a) Width distribution. (b) Length distribution. Note: The 

statistical sample for the T-girder web crack widths and lengths shown in the figure consists of a 

single T-girder, with a total of 721 cracks. 

A total of about 598 cracks were recorded on the sunny side of the edge girder, 

whereas about 123 cracks were recorded on the shaded side. The sunny-side crack count 

was therefore approximately 4.8 times that of the shaded side. This difference indicates 

that intense ultraviolet radiation, solar heating and large day–night temperature variation 

increase surface shrinkage stress and act as important external factors for microcrack de-

velopment. 

3.2. Crack Characteristics of the Girder Bottom 

3.2.1. Crack Morphology of the Girder Bottom 

Bottom cracks mainly include two types (Figure 6). The first type is longitudinal in-

termittent short cracks along the girder span direction, with lengths mainly concentrated 

in the 2–10 cm interval and small widths. The second type is a limited number of longitu-

dinal long cracks, generally 40–80 cm long and up to 220 cm. No obvious transverse cracks 

were found at the girder bottom within the monitoring range, indicating that the bottom 

cracking was dominated by longitudinal development rather than typical flexural trans-

verse cracking. This is because the bending stress at the bottom of the beam is low; the 

cracks are primarily non-load-induced deformation cracks caused by temperature differ-

ences and shrinkage. 

  
(a) (b) 
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Figure 6. Typical longitudinal cracks at the girder bottom. (a) Longitudinal intermittent cracks. (b) 

Longitudinal long cracks. 

3.2.2. Crack-Size Distribution of the Girder Bottom 

The size distribution of bottom cracks is shown in Figure 7. Crack lengths are mainly 

concentrated in the 2–20 cm interval, accounting for approximately 86.0%, and crack 

widths are mainly concentrated in the 0–0.10 mm interval, accounting for approximately 

92.7%. Thus, most bottom cracks are short microcracks; it essentially complies with the 

maximum crack width limits specified in the “Code for Design of Concrete Structures” 

(GB 50010-2010). However, the few long cracks should be checked in future inspections 

for depth and development trend. 

  
(a) (b) 

Figure 7. Size distribution of bottom cracks. (a) Width distribution. (b) Length distribution. Note: 

The statistical sample for the crack widths and lengths at the bottom of the T-girder 

main girder shown in Figure 5 consists of a single T-girder, with a total of 721 cracks. 

3.3. Crack Characteristics of Diaphragms 

3.3.1. Crack Morphology of Diaphragms 

Diaphragm cracks also show two typical forms (Figure 8). The first type is reticular 

or irregular cracks with widths generally not exceeding 0.06 mm and a relatively wide 

distribution. The second type occurs at the intersection between the diaphragm and the 

top slab or web. Because of geometric discontinuity and local restraint, diaphragm corners 

are sensitive to stress concentration; cracks develop along the intersection line and usually 

remain within 0.10 mm in width. 

  
(a) (b) 

Figure 8. Typical cracks in diaphragms. (a) Reticular or irregular cracks. (b) Corner cracks. 
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3.3.2. Crack-Size Distribution of Diaphragms 

The diaphragm crack-size distribution is shown in Figure 9. Crack lengths are mainly 

distributed in the 5–20 cm interval, accounting for about 66.8%, and widths are mainly in 

the 0–0.06 mm interval, accounting for about 86.4%. It essentially complies with the max-

imum crack width limits specified in the “Code for Design of Concrete Structures” (GB 

50010-2010). Similar to web cracks, diaphragm cracks are dominated by microcracks, but 

their occurrence is more strongly controlled by corner geometry and local restraint. 

  
(a) (b) 

Figure 9. Size distribution of diaphragm cracks. (a) Width distribution. (b) Length distribution. 

Note: The statistical sample for the crack widths and lengths in the T-girder diaphragms 

shown in Figure 5 consists of a single T-girder, with a total of 721 cracks. 

3.4. Analysis of Crack Width, Depth and Concrete Cover Thickness 

Crack depth is a critical parameter affecting the durability and load-bearing capacity 

of concrete structures. Measurements were taken of the concrete cover thickness and the 

depths of typical cracks located on the web regions, diaphragms, and other parts of a pre-

stressed concrete T-girder. The average concrete cover thickness for the T-girder web re-

gions and diaphragms is approximately 40 mm. This study selected eight representative 

cracks from various locations on a single T-girder—including the web regions (web re-

gions 1, 2, and 3), diaphragms, girder bottoms (Bottom Flanges 1 and 2), and the beam 

soffits (Soffits 1 and 2)—to analyze the relationship between crack width, crack depth, and 

cover thickness. As shown in Figure 10, a positive correlation exists between crack width 

and crack depth: narrower cracks are shallower. Most hairline cracks with widths under 

0.1 mm are confined to the concrete surface layer, with depths ranging from 15 mm to 28 

mm, meaning they have not yet penetrated the concrete cover. In contrast, when crack 

widths exceed 0.2 mm, depths range from 73 mm to 79 mm; these depths generally exceed 

the cover thickness at the respective locations, indicating that the cracks have penetrated 

the cover to reach the surface of the reinforcement. Such penetrating cracks significantly 

compromise the concrete’s physical barrier protecting the reinforcement, creating rapid 

pathways for aggressive agents—such as chloride ions, moisture, and carbon dioxide—to 

accelerate rebar corrosion and concrete carbonation, thereby posing a serious threat to the 

structure’s durability. 
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Figure 10. Relationship between crack width and crack depth. 

4. Time-Dependent Crack Behavior 

From December 2024 to March 2025, the bridge site was inspected once each month. 

The 721 marked cracks on the monitored T-girder were tracked for four months to evalu-

ate whether existing cracks developed further and whether new cracks appeared under 

the winter-spring environmental conditions of the Western Sichuan Plateau. 

4.1. Newly Developed Cracks 

Only a small number of new cracks appeared during the monitoring period. These 

cracks were mainly reticular or irregular microcracks with widths not exceeding 0.04 mm 

and were generally distributed around existing reticular or irregular cracks. No newly 

developed large cracks were observed. Statistical results indicate that new cracks ac-

counted for about 6.0% of all recorded cracks; their lengths were mainly 2–20 cm and their 

widths were mainly 0–0.10 mm (Figures 11 and 12). Thus, within the monitoring period, 

the crack state of the in-service T-girder did not show rapid deterioration. 

 

Figure 11. Width distribution of newly developed cracks. 

https://doi.org/10.3390/buildings16142732


Buildings 2026, 16, 2732 10 of 15 
 

https://doi.org/10.3390/buildings16142732 

 

Figure 12. Length distribution of newly developed cracks. 

4.2. Development of Existing Cracks 

Most existing cracks in the web, bottom and diaphragms did not expand obviously. 

Among the 721 marked cracks, only three cracks increased in length by about 4–6 cm (Ta-

ble 1). These cracks were located near local stress-concentration regions such as the inter-

section between the web and the top slab. The remaining cracks showed no significant 

length change, indicating that corner regions should be emphasized in subsequent peri-

odic inspection. 

Table 1. Length changes in selected existing cracks. 

Monitoring Project and Structural Location Crack Length Crack Length Length Increase 

Shuajingsi No. 3 Bridge, left span 1, girder 1–4#, 3–4 m 5 cm 9 cm 4 cm 

Shuajingsi No. 3 Bridge, left span 1, girder 1–4#, 16–17 m 6 cm 12 cm 6 cm 

Shuajingsi No. 3 Bridge, left span 1, girder 1–6#, 17–18 m 30 cm 35 cm 5 cm 

5. Temperature Response of Crack Width 

Long-term dynamic monitoring was conducted on three specific cracks in a pre-

stressed concrete T-girder—namely, diagonal shear cracks in the web at the beam end, 

longitudinal cracks in the web at the beam end, and longitudinal cracks in the girder bot-

tom at the quarter-span (1/4 L) location. Crack widths and temperatures were recorded 

simultaneously to analyze and compare the patterns of crack width propagation at key 

sections of the beam under the influence of temperature fluctuations in the Western Si-

chuan Plateau. The curves illustrating the relationship between crack width and temper-

ature (Figures 13–15) reveal that, despite the drastic temperature variations in the Western 

Sichuan Plateau (ranging from −1 °C to 24 °C), the crack widths remained generally stable. 

The widths ranged from 0.1 mm to 0.5 mm, with fluctuations of approximately 0.02 mm, 

and showed no trend of monotonic linear growth; this indicates that fine cracks (width ≤ 

0.5 mm) in the prestressed concrete T-girder remain stable under the environmental con-

ditions of the Western Sichuan Plateau, characterized by significant temperature differ-

ences. 
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Figure 13. Width–temperature relationship of the oblique shear crack at the girder-end web. 

 

 

 

Figure 14. Width–temperature relationship of the longitudinal crack at the girder-end web. 

   

Figure 15. Width–temperature relationship of the longitudinal bottom crack at 1/4 L. 

This study is limited to one 40 m T-girder and a four-month winter-spring monitor-

ing period. 

The scientific advancement of this study lies in combining three types of information 

that are often reported separately: crack-size distribution, crack-depth/cover comparison 

and crack-width response to ambient temperature. The observed 0.02 mm reversible fluc-

tuation suggests that short-term temperature variation mainly induced recoverable width 

changes in the monitored fine cracks. In contrast, cracks wider than 0.20 mm were likely 

to penetrate the cover and should therefore be prioritized for sealing, waterproofing and 

repeated depth verification. This combined criterion can help bridge managers distin-

guish visually abundant microcracks from fewer but more durability-critical penetrating 

cracks. 
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The results confirm that the crack pattern of the monitored T-girder is governed by 

both structural location and environmental exposure. The dominant web and diaphragm 

cracks were microcracks, but the sunny side of the edge girder exhibited about 4.8 times 

more cracks than the shaded side. This agrees with plateau bridge studies showing that 

asymmetric solar radiation and temperature gradients can produce nonuniform cracking 

in exposed concrete members [50–52]. For practical bridge inspection, this means that 

sunny and shaded faces should be recorded separately in high-altitude mountainous re-

gions rather than being merged into a single crack-density index. 

6. Conclusions 

Focusing on a 40 m prestressed concrete T-girder bridge on the Western Sichuan Plat-

eau, this study conducted field crack mapping and four-month monitoring from Decem-

ber 2024 to March 2025. The main conclusions are as follows: 

(1) The monitored bridge was dominated by microcracks. Web and diaphragm crack 

widths were mainly 0–0.04 mm, and bottom-crack widths were mainly 0–0.10 mm. 

Crack lengths in the main components were mostly 2–20 cm, indicating that crack 

quantity alone should not be used as the sole durability index. 

(2) Crack distribution showed a clear exposure-orientation effect. The sunny side of the 

edge girder contained about 598 cracks, approximately 4.8 times the 123 cracks on 

the shaded side. Solar radiation and daily temperature variation should therefore be 

considered when inspecting beam bridges in high-altitude mountainous regions. 

(3) Crack depth was positively related to crack width. Most cracks narrower than 0.10 

mm remained within the concrete surface layer, whereas cracks wider than 0.20 mm 

generally exceeded the approximately 40 mm concrete cover and therefore posed 

greater durability risk. 

(4) During the four-month monitoring period, newly developed cracks accounted for 

about 6.0% of all recorded cracks, and only three of the 721 existing cracks increased 

by 4–6 cm. These growing cracks were mainly located near web-to-top-slab corner 

regions and should be treated as key follow-up zones. 

(5) Under the measured temperature range of −1 to 24 °C, representative crack widths 

fluctuated by about 0.02 mm without sustained growth. For maintenance, cracks 

wider than 0.20 mm and deeper than the concrete cover should be prioritized for 

sealing, waterproofing and periodic remeasurement. 
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