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Abstract  
 

Structural Health Monitoring (SHM) calls for the development of the ideas of safety and main ability of civil structures. 

The most critical of the aspects explored in the paper is the safety monitoring of the structural configuration of any civil 

engineering work. Supervision of any sign of an odd shift from the usual state of structure enables one to prevent and or 

counter severe loss. It also depends on other environmental parameters such as load, nature of a seasonal parameter and 

the type of soil. Within this research project the Al-Beruni Academic Block of Sarhad University of Science and 

Information Technology is taken to monitor the cracks using Glass Tell-Tales, to collect data on cracks of buildings and 

during seismic activity, observe, study the cracks that are present. 
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Integrity. 
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1. INTRODUCTION 
Structural integrity plays a vital role in 

safeguarding the building safety and duration; in areas 

where seismic activity is more common, [1, 2]. Structural 

Health Monitoring (SHM) systems serve as a key tool for 

judging and surveillance of structures offering timely 

information about possible degeneration or failure [3, 4]. 

According to this, the Al-Beruni block at Sarhad 

University of Science and Technology, constructed 

between 2014 and 2015, has shown cracks which require 

need to be assessed immediately [5, 6]. The cracks which 

develop in these systems are an early indicator of 

potential structural problems and are critical for 

evaluating the building’s ability to sustain environmental 

stresses, especially seismic events [7, 8]. Maintaining the 

structural integrity and long term safety of structural 

components relies on the detection and analysis of cracks 

[9, 10]. Buildings, particularly schools, are vulnerable, 

both physically and institutionally, to cracks [11, 12]. 

The fact that these cracks are present in the Al-Beruni 

block as a whole presents cause for concern with regard 

to its structural durability, particularly in stress from 

seismic activity [13]. In one case, SHM applications for 

composite materials such as fiber reinforced and 

biocomposites were explored by Hamdan and Mustapha 

(2019) who showed that SHM systems can be used to 

measure stress and strain in the materials [14]. Past 

studies demonstrating unanticipated catastrophic failure 

when other forms of deterioration went undetected and 

undetected are highlighted as examples of the 

importance of failing to catch structural deterioration 

early on so that such catastrophes are averted [15, 16]. 

Together with others in the field, their work points to the 

need for systematic investigation of health of civil 

structures in areas of known seismic risk [17]. This 

research was motivated by the need for enhanced 

methods to monitor cracks that can contribute unique 

crack behavior information under different 

environmental and seismic loadings [18]. Traditional 

monitoring methods have limited precision for accurate 

evaluation of these complex structures, such as 

educational buildings [19]. This study bridges existing 

gaps in literature by focusing on effects of environmental 

factors and seismic events on the structural integrity by 

analyzing the Al-Beruni block. The practical 

implications of this study will be significant for the 

engineers, architects and policymakers working in the 

design, monitoring and maintenance of educational 
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infrastructure in seismically active regions [21, 22]. The 

significance of this work goes beyond the Al Beruni 

block, the aim being to expand this research for 

advancing of crack identification and assessment 

techniques in the field of SHM [23]. Consequently, 

structures must now be able to not only withstanding 

daily operational stresses, but must also be resilient in the 

unavoidable presence of natural disasters in the face of 

increasing frequency of seismic events everywhere in the 

world [24]. Related to this, Van Steen and Verstrynge 

(2021) explored degradation monitoring in reinforced 

concrete structures showing it could use monitoring 

techniques to monitor for corrosion related cracking, thus 

highlighting the need for advanced crack monitoring 

strategies [25, 26]. The insights from this research will 

be used to inform the enhancement of existing safety 

protocols and to inform future design practice 

specifically of educational infrastructure in seismically 

active areas [27]. The overall aim of this work is based 

upon a complete examination of the cracks on the Al-

Beruni block including patterns, sizes and locations 

which should determine the state of structural integrity 

of the building currently [28]. The importance of this 

analysis is to understand the performance of the building 

in similar future environments as well as for its 

forecasting for performance during future seismic events 

[29]. The research will further explore the correlations 

between seismic loads and crack propagation by 

analyzing data on how crack behavior reacts to seismic 

activity [30]. According to Charbonnel (2021), suggested 

the application of advanced modal analysis techniques to 

assess structures for which the loads are dynamic, 

similarly, the objectives of this research [31, 32]. 

 

In this study the use of modern SHM 

techniques, such as digital image correlation (DIC) and 

strain gauging, will increase the accuracy and reliability 

of the assessments that are made. Bogusz et al., (2022) 

demonstrated that digital image correlation is effective to 

map strain on structural elements and materials [33, 34]. 

The research integrates these advanced technologies in 

order to revise traditional crack evaluation methods for a 

more precise and actioned oriented insight regarding the 

life of the Al Beruni block [35]. The quality of the 

findings will be enhanced, and valuable tools for future 

monitoring of similar structures will be available [36]. 

 

Broader implications for the safety and 

maintenance of educational infrastructure in earthquake 

prone areas are expected from this research [37]. In areas 

where natural disasters are common such as earthquake, 

whilst ensuring the safety of students and staff in 

education buildings is a critical concern [38]. The results 

of this study will provide a basis for the assessment of 

the structural health and develop the effective 

maintenance strategy that should influence the future 

design and monitoring practices for educational 

institutions in similar geological context [39, 40]. 

 

Additionally, this research attempts to increase 

the knowledge on how seismic action degrades the 

structural integrity of educational structures [41]. 

Drawing together findings from previous work, and 

using new data collected using advanced SHM 

techniques, this study will provide a comprehensive view 

of theoretical and practical issues. With the inclusion of 

more advanced monitoring techniques such as the digital 

image correlation, the shortcomings of traditional 

methods including visual inspections and the use of 

physical gauges will be covered [43, 44]. 

 

In this research, we introduce a novel approach, 

called “Plastic Tell Tales and ImageJ”, to combine our 

more effective crack assessment monitoring methods 

[45]. Simple plastic tell tales are used to give visual 

indication of fracture movement, imageJ is used to image 

and analyze visual data more in detail [46]. The 

combination of these techniques enables a higher level of 

facility monitoring that provides precursory data for 

early detection of structural problems [47]. These tools 

for the integration are then able to have continuous 

monitoring of cracks, and understand their behaviour and 

progression under several ecological and seismic 

conditions [48]. 

 

Finally, this research of the Al-Beruni block 

structural integrity will enhance the understanding of 

how crack behaves in buildings in connection to the 

seismic activity [49]. Advanced SHM techniques will be 

utilized in the form of digital image correlation, the novel 

“Plastic Tell Tales and ImageJ” method, to increase the 

precision and reliability of crack monitoring [50]. 

Similarly, this study will not only provide solutions to 

the unique challenges of Al Beruni block but also 

provide helpful guidance towards making educational 

buildings safer and easier to maintain in seismic prone 

areas [51, 52]. 

 

2. METHODOLOGY 
2.1 Plastic Tell Tales 

Simple mechanical devices for monitoring 

movement over cracks are known as plastic tell tales 

[53]. They consist of two overlapping plates: Both were 

calibrated with millimeter markings and one with a 

transparent cursor. The Relative position of the plates is 

shifted by any movement, in which the plates are fixed 

on opposite sides of the crack. It allows for direct visual 

measurement of the crack’s expansion or contraction to 

a resolution of 1 mm which is largely why plastic tell 

tales (PA) are widely used in civil engineering to assess 

preliminary cracks and ongoing monitoring [54]. 

 

2.2 ImageJ Software 

With ImageJ, an open source software image 

processing program, the power tools for analyzing crack 

images with precision are available [55]. Users can 

perform geometric transformations, measure pixel 

intensities, and estimate crack dimensions (size, length, 

width, and angle), among others, on the software. The 
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main advantage of ImageJ is its ability to analyze images 

at different scales to extract this information, even as 

small changes in crack progression [56]. Supplementing 

the data gathered from plastic tell tales, ImageJ was used 

here to provide extremely detailed measurements of 

crack geometry. 

 

2.3 Plates 

A tell-tale is a part which comprises two flat 

cards in contact with one another along a half-length of 

one side. One is in mill metric scale one is transparent 

glass with hair line cursor in it. For a given load and crack 

width the one plate is lengthened while the other is 

shortened or vice versa. 

 

2.4 Relation of the Cursor: 

The position of the cursor in relation to scale 

indicates what amount of movement takes place. Range 

± 20mm – Resolution 1 mm. 

 

2.5 Model: 

The standard Tell-Tale which is made of 

durable acrylic plastic is for measuring displacement 

across the cracks in the vertical and horizontal planes on 

flat surfaces, of the total volume expansion coefficient, 7 

x 10 -5 cm/cm/C is thermal expansion coefficient. 

 

2.6 Visual Rapid Screening of Al-Beruni Block 

Rapid Visual Screening (RVS) is an approach 

for very fast evaluation of building sensitivity through 

visual inspection [57]. When a structure is identified as 

possibly seismic, it should be further evaluated by a 

planning professional knowledgeable in seismic 

planning to determine that the structure is really not 

Earthquake resistant. The methodology of the RVS 

procedure depends on a survey of a building sidewalk 

and a data collection form that the surveyor completes 

after making a visual observation outside the building 

and (if possible) from inside [58]. But if the number of 

buildings is large, doing a building RVS can reduce the 

number of buildings that need a detailed evaluation. For 

all buildings except cable structures, a rapid visual 

screening is useful [59]. Such an implementation of the 

RVS method allows for the relatively quick and 

inexpensive generation of a list of possibly dangerous 

buildings without the high expense of making a detailed 

seismic analysis of each individual building. The updated 

version of FEMA’s rapid visual inspection of buildings 

for potential seismic hazards is available. The RVS is 

conducted primarily for purposes of assessing seismic 

hazards such that building owners are informed of the 

need to reinforce or reinforce (where applicable) their 

buildings as well as allied hazards associated with the 

existing building. retroactive measures. RVS scores can 

use buildings to be identified. The vulnerability 

assessment by a numerical rating system of each building 

can be used as a prioritization tool [60]. 

 

2.7 Plan of Al - Beruni Block: 

 

 
Figure 1: Al-Beruni Block 
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Fig. 2: Basement plan 

 

The structural layout of the foundation in the 

Al-Beruni Block is shown in the basement plan. This 

figure shows in detail the key structural elements, the 

load bearing walls, columns and the support beams that 

make up the foundation base of the building. But 

understanding this plan is important because it helps to 

evaluate how cracks in the foundation can disrupt the 

entire stability of the structure. Ground conditions and 

soil movements go directly into the basement’s structural 

integrity that supports the upper levels. If we see any 

cracks, those cracks are likely early signs of a larger, 

structural problem. 

 

 
Fig. 3: Ground floor plan 

 

Ground floor plan shows the arrangement of the 

walls and the rooms, as well as the columns and beams, 

on the building’s main level. The figure correlates 

observed crack locations with structural features. We 

compare the ground floor plan with the basement plan 

and can tell from this if the cracks seen in the basement 

run up to continue to destabilize the goods above. This 

level is particularly important to analyze cracks since the 

cracks are subjected to more wear and tear from human 

traffic and environmental exposure as well as significant 

dynamic loads on this floor. 

 

2.8 Data Collection 

Data collection focused on cracks present in 

different parts of the Al-Beruni Block, specifically in the 

columns, beams, and slabs. A total of 13 cracks were 

identified across various laboratories within the 

university, including: 

Fluid Mechanics Lab: Cracks 1–5 

Highway Lab: Cracks 6–8 

Thermodynamics Lab: Cracks 9–11 

Power Plant Lab: Cracks 12–13 
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For each crack, both plastic tell tales and digital 

image analysis were employed. Tell tales were installed 

to monitor real-time movement, while high-resolution 

images were captured periodically and analyzed using 

ImageJ. The software was calibrated to the real-world 

scale by setting pixel-to-millimeter ratios, ensuring 

accurate measurement of crack expansion over time. 

 

2.8.1 Procedure of Setting up a Crack 

through Image J 

• First open the picture of crack on which tell 

tales are placed. 

• Now set the scale and pixel as software does not 

know about what scale and pixel we want to 

use. 

• Then analyze and set the scale as pixel are 

already analyzed by drawing the lines. 

• Now select triangle tool and select the area we 

want to analyze and make a duplicate of it. 

• Then use the line tool and draw the line on the 

crack on different points. 

• As a result, we will get the lengths of cracks on 

different points. 

• We will also get the angle of crack and the mean 

length of all cracks. 

 

2.8.2 Data Collection from Fluid Mechanics Lab 

The following data was recorded through 

ImageJ from the cracks on which tell-tales are present in. 

 

 
Fig. 4: CRACK 1 

 

The movement over time analysis for Crack 1 

was significant and showed an active structural distress. 

Using ImageJ software, along with tell-tale devices, 

measurements taken revealed the increase in crack width. 

This implies that Crack 1 is under the effects of 

continued differential settlement or structural load 

redistribution. Investigation of this behavior is 

warranted, since the progression of the crack threatens 

the integrity of the structure. 

 

 
Fig. 5: CRACK 2 
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Furthermore, Crack 2 measured widening can 

be attributed to either environmental condition or sub 

structural shift. Continuous movement was indicated by 

the use of tell tales, and this section of the building is 

subject to localized stress. As it is known to progress 

further, this area should be reinforced in order to prevent 

its progression in the future and further studies are 

needed to further isolate the exact cause. 

 

 
Fig. 6: CRACK 3 

 

No movement was observed with Crack 3 

suggesting a state of dormancy. Or perhaps it has reached 

equilibrium and was already there from previous settling. 

Although the risk of further expansion is now relatively 

low, the crack should be monitored periodically to 

maintain its stability in time, in particular under changing 

load condition. 

 

 
Fig. 7: CRACK 4 

 

The active crack was marked as crack 4, with 

slight progression. Differential settlement, together with 

seasonal environmental factors such as temperature, may 

be the primary cause for this movement. Further 

deterioration. 
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Fig. 8: CRACK 5 

 

The progression of Crack 5 was recorded, 

noting widening during heat cycles. The results suggest 

thermal expansion and compaction are at play. Bands of 

thermal insulation and sealing should be applied to 

affected areas, as far as practical, to minimize effects on 

temperature on structural stability. 
 

2.8.3 Data Collection from Highway Lab 

The following data was recorded through 

ImageJ from the cracks on which tell-tales are present in 

highway lab. 

 

 
Fig. 9: CRACK 6 

 

In the highway laboratory crack 6 was wide and 

had contributed to the fatigue of material due to 

repetitive loads and vibration. According to the data it is 

more likely that dynamic loading will result in structural 

stress, both of which can be alleviated by material 

reinforcement or vibration dampening. If this crack is not 

attended to it may put the structural integrity of the ship 

at risk. 
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Fig. 10: CRACK 7 

 

The movement shown by Crack 7 was probably 

due to mechanical stress and material degradation with 

time. The stress condition behavior of this crack point to 

the potential flaws in the construction materials or 

design. Prevention of further structural damage requires 

immediate reinforcement. 

 

 
Fig. 11: CRACK 8 

 

It showed only minimal progression, indicating 

that crack 8 is very dormant. But as with the crack, 

environmental monitoring is needed to make sure it stays 

stable. This crack is not an immediate threat; however, 

this crack should be observed periodically to determine 

if further movement will occur. 

2.8.4Data Collection from Fluid Thermodynamics 

Lab 

The following data was recorded through 

ImageJ from the crack on which tell-tales that are present 

in thermodynamics lab. 
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Fig. 12: CRACK 9 

 

Expansion from crack 9 in the Fluid 

Thermodynamics Lab was consistent with thermal 

fluctuations. The crack progresses primarily in response 

to temperature variations, according to the data. This 

further damage has to be mitigated through the 

introduction of thermal control measure such as 

insulation or expansion joints. 

 

 
Fig. 13: CRACK 10 

 

Similar thermal induced behavior was shown in 

Crack 10, with a minor but consistent widening. This 

implies that the development of crack is associated with 

temperature related stresses. Recommendations for 

keeping additional expansion limitation include thermal 

insulation and reinforcement of the material. 
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Fig. 14: CRACK 11 

 

The observation that Crack 11 was largely 

stable, showing no significant movement during the 

observation period, supported the view that the 

succession following perturbation was limited. This 

crack is currently inactive but is being monitored because 

it may resume activity if changes in environmental 

condition or structural loading occur. 

 

2.8.5Data Collection from Fluid Power Plant Lab 

The following data was recorded through ImageJ from 

the crack on which tell tales are present in power plant 

lab 

 

 
Fig. 15: CRACK 12 

 

The Fluid Power Plant Lab: crack 12, had seen 

widening which was probably from a vibration during 

operating of machines. This area demonstrates that 

mechanical stresses in the area dictate the need for 

structural reinforcement or vibration dampening to 

prevent further damage. 

 



 
 

Adnan et al, Saudi J Civ Eng, Nov, 2024; 8(9): 186-199 

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                       196 

 
 

 
Fig. 16: CRACK 13 

 

Vibrations and pressure changes in fluid 

systems of the lab caused noticeable progress in Crack 

13. It is apparent from this data that this part of the 

structure is under significant stress and corrective action 

must be taken now. There should be vibration isolation 

systems as well as reinforcement. 

 

Cracks found on many different sections of the 

building are symptoms of structural stresses due to 

environmental factors, material fatigue and mechanical 

vibrations. ImageJ analysis and tell tales confirm the 

need for targeted intervention, i.e. reinforcement, 

thermal insulation, vibration dampening, to prevent 

further structural degradation. The Al Beruni block needs 

to be monitored continuously to ensure the safety and 

longevity of the block. 

 

2.9 Analysis of Displacement-Time Graphs 

Displacement-time graphs show how the 

displacement changes with time. A horizontal line on a 

displacement-time graph shows that the crack is 

stationary (not moving because the displacement does 

not change) A sloping line on a displacement-time graph 

shows that the crack is expanding. Following are the 

graphs of the tell tales installed that noticed changes; 

 

The x-axis shows the time in years while the y-

axis shows the displacement in mm. Following are the 

graphs of cracks that expanded with time: 

 

 
Fig. 17: Displacement time graph 

 

This graph shows how the displacement in mm 

per time (in years) changes for a specific crack or group 

of cracks in a building. The graph shows us the 

displacement, to be the widening of the crack, on the y 

axis, and the time on the x axis. 

 

A horizontal line on the graph indicates that the 

crack is stable and has not widened during the time that 

was observed. Such that the crack is not presently 

experiencing a progression, which could indicate that the 

structural stability in that area is also being maintained. 
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This is shown by a sloping line, which means 

that the crack is growing with time. The slope of the line 

in Graph is gradual, indicating that the crack is opening 

at a fairly slow, but also fairly constant rate. That may 

suggest that you should monitor it regularly, but it 

doesn’t mean it’s an immediate threat. 

 

3. RESULTS AND DISCUSSION 
3.1 Performance of Plastic Tell Tales 

Plastic tell tales proved to be an effective tool 

for initial crack monitoring, offering a visual 

representation of crack movement. While some cracks 

remained stable throughout the monitoring period, others 

displayed noticeable displacement, indicating ongoing 

structural adjustments. The tell tales were especially 

useful for detecting shear and normal movements in 

cracks located in the columns and beams. 

 

3.2 Comparative Analysis 

The dual approach of using plastic tell tales 

alongside ImageJ image analysis proved to be highly 

complementary. While plastic tell tales provided 

immediate visual feedback, ImageJ offered a more 

precise and quantitative analysis of crack progression. 

This hybrid method addressed the limitations of each 

technique when used in isolation, resulting in a more 

complete understanding of the structural health of the Al-

Beruni Block. 

 

4. CONCLUSION 
• Our research was based on crack monitoring 

which we carried out since Dec 2023 in result 

we can say that regular monitoring of the 

present cracks is required as new cracks can be 

seen in the building. 

• A crack that was monitored did not show any 

changes during our research. 

• The changes do not occur because Al-Beruni 

block was made in 2015 and we know that after 

some 3 ,4 years’ period of time no more changes 

can be happened in cracks due to settlement of 

the building. 

 

5. RECOMMENDATIONS 
Continued Monitoring: 

Ongoing monitoring of the identified cracks is 

recommended, especially for those showing signs of 

movement. New cracks should be mapped and monitored 

as soon as they are detected. 

 

Expansion to other Structures: 

This hybrid monitoring approach could be 

adapted for use in other civil structures, such as bridges, 

tunnels, and high-rise buildings, where continuous 

monitoring is essential for safety and maintenance. 

 

Seismic Activity Consideration: 

Given the geographical location of the Al-

Beruni Block, future studies should explore the impact 

of seismic events on crack propagation, using the dual 

monitoring approach to capture real-time changes during 

and after seismic activity. 
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