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ABSTRACT 

New constructions in landfill zones have caused movement and cracks in large-scale retaining walls that are 

characterized by their high elevations and long lengths, necessitating unusual measurements for geotechnical experts to 

find a solution. A terrestrial laser scanner is one of the best ways to create a detailed 3D model. Laser scanning reduces the 

time required for on-site data collection by 50-70%, compared to traditional surveying. Laser scanning improves processes, 

accuracy, and cost, making it a viable tool for structural monitoring and deformation research. Coordinate transformation 

equations were used to align the X-axis with the wall's length, the Z-axis with the wall height, and the Y-axis perpendicular 

to the wall, creating a cross-section and contour map that shows how the wall has moved and cracked relative to the initial 

case. Geotechnical specialists can readily assess deformation and determine permanent solutions with these sections and 

contour maps. Vertical sections were generated every 5.0 m along the length of the retaining wall, accompanied by contour 

maps with a contour interval of 1 cm. The maximum movement is about 45 cm. One articulates the distinction as a swift 

and precise observation of deformation compared to conventional surveying methods. 
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1. INTRODUCTION 

In the past 30 years, surveying technologies have 

fundamentally transformed traditional methods, improved 

precision, dependability, and operational productivity 

while reducing the steps required by operators. 3D surface 

analysis, heritage documentation, archaeological 

excavation, artefact preservation, and volumetric mapping 

have greatly benefited from innovations in 3D data 

acquisition [1]. The application of new methods like laser 

scanning has increased the rate of data collection along 

with the quality, volume, and reliability of spatial 

information, aiding multi-disciplinary decision-making 

that requires high precision [2], [3]. Laser scanning 

reduces labor costs and increases efficiency, provides a 

quicker turnaround on projects, and allows contractors to 

add greater value to construction completion [4]. With 

unparalleled speed, laser scanning technology captures, 

stores, and processes spatial data with exceptional 

accuracy, making it one of the most sophisticated 

surveying tools. Such capabilities result in tremendous 

savings in time and costs, particularly in civil engineering 

activities like road surveying, deformation monitoring, 

pavement evaluation, and mapping hydraulic connections 

[5].  

Laser scanning reduces manual data collection 

efforts, improves accuracy, gives engineers valuable 

insight to automate workflows, and enhances primary 

working results, which fortifies the importance of laser 

scanning in infrastructure development and upkeep[6]. 

Retaining walls undertake the role of critical infrastructure 

because they offer support and hold back soil in various 

engineering works. Their protection is critical for the 

dependable and effective upkeep of transport networks, 

urban systems, and geo-information systems. Their 

condition is traditionally assessed using qualitative 

evaluations coupled with visual inspections, a practice 

that, although common, is fraught with subjectivity and 

oversights. These constraints highlight the need for more 

advanced data-driven techniques, such as laser scanning 

and other forms of precise monitoring, to enhance 

objectivity, precision, and efficiency in design [7], [8]. 

The vertical retaining wall nailing process 

involves the use of wall-facing panels. They act as a 

protective measure for the soil on the exposed surface of a 

retaining wall. Panel facings are rigidly connected with 

soil reinforcements for stability and to protect against 

structural movement. To avoid soil erosion or sediment 

build-up as well as assist in draining, the joints in between 

panels serve as outlets, in most cases filled with geotextile 

filter fabric, which traps soil particles but permits the flow 

of water. Furthermore, the type of facing material used 

impacts the control of vertical or horizontal deformation 

and differential settlement, which in turn impacts the 

system's longevity and dependability significantly [9]. 

Precast concrete panels are the most common type of 

facing because they are cheap, easy to install, and can be 

finished in many ways. The panels must not be less than 

140 mm thick and can be produced in various forms, 

including cruciform, square, rectangular, diamond, or 

hexagonal [10].  

  

mailto:Moamen.aly@eng.asu.edu.eg


                                VOL. 20, NO. 20, OCTOBER 2025                                                                                                            ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2025 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1740 

 

Optical surveying of individual point targets 

using total stations, on the other hand, requires a labor-

intensive procedure and restricts the data obtained to the 

surveyed points. This process's constraints make it useless 

for gathering spatially precise information about lengthy 

retaining walls with considerable length and height, since 

scanning each point is both wasteful and impractical. 

Consequently, innovative techniques such as terrestrial 

laser scanning provide a superior approach to generating 

high-density, high-resolution data over extensive areas for 

a very short duration, significantly minimizing the work 

required for field measurements [11], [12]. Moreover, 

accurate and thorough modelling of reinforced soil 

structures is essential for analyzing and forecasting their 

behavior; such analysis relies on the collection of 

extensive data points scattered throughout the structure. 

Comprehensive and rapid data collection with full 

geographical coverage and precision is required. 

Additionally, using automated tools to measure movement 

will improve how we monitor these structures by 

removing the need for people to be involved and allowing 

us to continuously check how well the structure is 

performing and staying stable, especially for large 

retaining walls that are very tall and long[13].  

It is very difficult to identify good benchmark 

features on which to measure changes in a target structure 

over time, since modifications are likely to manifest along 

several different dimensions, i.e., geometry, material 

properties, and environment. Most detection techniques 

available today are typically founded on the manual input 

of highly precise parameters, which adds subjectivity and 

increases the likelihood of inconsistency between long-

term measurements. For enhanced accuracy and 

efficiency, there is a need for an automated means of 

change detection that can mechanically detect and quantify 

structural changes with minimal human input. Such an 

approach would enhance reliability in reinforced soil 

structure and retaining wall monitoring, allowing for 

better-informed decisions in maintenance and stability 

analysis [14]. When it comes to the building and 

maintenance of retaining walls on highways, wall 

movement is a major reason for worry. This is because 

excessive wall movement may result in damage to the 

structure, such as cracking in the facade, fractures in the 

pavement, and breaking of the face panel. The current 

research suggests evaluating whether or not it is possible 

to use terrestrial laser scanning (TLS) for the purpose of 

monitoring the deformation of retaining walls to find 

solutions to these problems. By comparing many scans 

and developing a registered, three-dimensional model, the 

research endeavours to provide a comprehensive 

evaluation of TLS accuracy, efficiency, and prospective 

improvements in structural health monitoring. This 

objective may be regarded as the primary reason for the 

present work [1]. 

 

 

 

2. PRINCIPLES OF MONITORING METHODS 

Using terrestrial laser scanners (TLS) for 

monitoring retaining wall deformations is a cutting-edge 

approach in structural engineering. Here are some key 

principles and applications: 

 

▪ High-Resolution Data Collection 

Terrestrial Laser Scanning (TLS) provides 

extremely accurate 3D point clouds of retaining walls, 

allowing accurate monitoring of even slight deformations. 

Lateral displacements, settlements, and tilts can be tracked 

by engineers using this technology with millimeter 

accuracy, greatly improving structural health monitoring. 

[15]. 

 

▪ Non-Contact and Rapid Scanning 

One of the strong advantages of TLS is that it is 

non-contact, allowing rapid data gathering without 

disrupting the structure. It is particularly beneficial in 

remote or hazardous retaining walls. Research has 

indicated that TLS can be used effectively to monitor 

retaining walls in real time and provide vital information 

on maintenance [16]. 

 

▪ Integration with Structural Health Monitoring 

(SHM) 

TLS can be used in extended SHM systems to 

enable continuous monitoring of retaining walls. By 

comparing successive scans, engineers can see trends in 

deformation and forecast future failure. Research has 

proven the capability of TLS to increase the accuracy and 

reliability of SHM for retaining walls [17] 

 

▪ Producing Cross Sections and 3D Contour Maps 

Data from a ground-based laser scanner can be 

used to create 3D contour maps and cross sections after 

adjusting the axes and orientations of the coordinate 

systems. This approach enables geotechnical experts to 

effectively analyses and evaluate wall displacements and 

cracks in various sections of these walls [18].[19], [20] 

 

3. STUDY AREA AND METHODOLOGY 

Large-scale retaining walls that are defined by 

their high heights and extensive lengths have been affected 

by movement and fractures as a result of new development 

in landfill zones. To identify a solution, geotechnical 

specialists have had to take unique measurements. In most 

cases, the horizontal movements (lateral displacements) of 

the wall are brought about by the internal stability.  

These movements are brought about by the soil's 

reinforcement pushing away from the wall. Moqatam 

Square, October, and El-Ain El-Sokhna are only a few of 

the locations in Egypt where retaining walls are being used 

to restrict the implementation of several projects. The 

elevation of the retaining wall on the site is shown in 

Figure-1 as a sample of the retaining wall in this study, 

along with the equipment that was used. 
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Figure-1. Sample of the retaining wall in this study. 

 

Following construction, an as-built survey of the 

retaining wall was conducted, subsequently using a 

terrestrial laser scanner to create a 3D model for 

comparison between the as-built condition and the current 

state. After the construction was finished, the retaining 

wall was surveyed as-built. Then, a 3D model was created 

using a terrestrial laser scanner so that we could compare 

the present status to the as-built condition. According to 

the plan of the retaining wall design in Figure-2, the 

retaining wall in the study area is 895 meters long, with a 

height varying from 4.4 to 11 meters and a width of 30 

centimeters. During the wall's georeferencing phase, two 

control locations were surveyed on-site using GPS. 

 

 
 

Figure-2. The plan of the retaining wall. 

 

To monitor the retaining wall, central reference 

points were strategically installed along its surface, 

establishing fixed benchmarks. Using a 3D laser scanner, 

the entire wall was scanned to capture millions of data 

points, generating a highly detailed digital replica of its 

surface. These data points were processed into a three-

dimensional model, enabling comprehensive analysis of 

the wall's geometry. 

The 3D model revealed measurable deformations 

and displacements in the wall's structure. By comparing 

the initial reference points with the scanned data, one can 

identify the exact magnitude and direction of movements. 

The high-resolution analysis exposed subtle changes that 

might otherwise go undetected, offering critical insights 

into the stress distribution and potential structural 

weaknesses of the wall. The position of the laser scanner 

was chosen so that the entire area of the retaining wall is 

covered. The laser scanner used was a Trimble 

TX8Extended, [21] as shown in Figure-3. 

 

 
 

Figure-3. The used 3-D laser scanner  

trimble TX8 [22]. 

 

Active sensors with the ability to release 

electromagnetic energy on their own are laser scanners. To 

determine the distances to the studied features, they 

release laser beams. As shown in Figure-4, TLS samples 

the studied features by a large number of points that rely 

on determining the slope distance (r), vertical angle (θ), 
and horizontal angle (φ). Then, it computes the Cartesian 
coordinates (X, Y, Z) of the surveyed points, as shown in 

equation 1. Terrestrial laser scanners pre-processing: 

Registration[23], [24]. 

 

 
 

Figure-4. The principle of TLS measurement [20]. 

 [Xj YjZj ] =  [rjcosθjcosφjrjcosθjsinφjrjsinθj ]                                               Eq. 1. 

 

Coordinate transformation equations (2) were 

used to align the TLS axis to the new axis to produce cross 

sections and a contour map for the deformation of the wall 

which will discuss in the following sections which let the 

final axis will be as the following the X-axis with the 

wall's length, the Z-axis with the wall height, and the Y-

axis perpendicular [25] 

 [𝑋𝑛𝑒𝑤𝑌𝑛𝑒𝑤𝑍𝑛𝑒𝑤] = 𝑆𝑅 [𝑋𝑇𝐿𝑆𝑌𝑇𝐿𝑆𝑍𝑇𝐿𝑆]                                                   Eq. 2. 

 

Where:  
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Xnew, Ynew, Znew are the new coordinate system as 

mentioned above paragraph. 

S scale factor = 1  

R rotation angles about the X-axis, Z-axis, and the Y-axis. 

XTLS, YTLS, and ZTLS      are the TLS coordinate systems. 

 

4. DATA REGISTRATION 

The registration of data was conducted using 

Trimble Real Works software, employing the cloud-to-

cloud registration method to integrate multiple datasets 

effectively. This approach eliminates the need for physical 

reference points by relying on advanced algorithms to 

align and merge point clouds captured from various 

positions [26]. 

The cloud-to-cloud technique ensures high 

precision in matching overlapping areas of the datasets, 

resulting in a unified and accurate 3D model [7]. The 

consolidated data provides a comprehensive basis for 

analyzing deformations and structural changes, which 

facilitates detailed assessments of the retaining wall's 

condition. The Trimble Real Works platform proved 

instrumental in streamlining this process, enabling 

efficient handling of large-scale 3D laser scanning 

datasets. Figure-5 shows the 3D model of the registered 

scans for the retaining wall. 

 

 

 

 

 

 

 

 

 

 
 

Figure-5. The registered 3D model for the  

retaining wall. 

 

The site coordinate system generates a three-

dimensional model of the wall. Figure-6, shown below, 

depicts a segment of the spatial representation of the wall. 

Trimble Real Works, a 3D scanning program, was utilized 

and displayed on Autodesk Recap. 

 

 
 

Figure-6. The 3D model for the retaining wall is presented 

on autodesk recap. 

 

5. DATA ANALYSIS 

In this phase, subsequent to modifying the final 

coordinates, 1,740 vertical segments were excised from 

the wall at intervals of 5 meters to assess the extent of 

alterations from the original condition to the final state. A 

slope of 2° 1' 19" is evident in the vertical portion of the 

wall, as seen in many vertical profiles in Figure-7. The 

deformation in each segment will be ascertained by 

averaging a contour map of the wall, the current survey, 

and the as-built survey. 

 

  
 

Figure-7. The 3D model for the retaining wall is presented on autodesk recap. 

 

6. FINDING 

According to Figure-8, the blue line represents 

the first survey of the as-built scenario, whereas the red 

line represents the final situation. At station 270, the wall 

has a height of 10.0 meters, and it displays a bulge with a 

displacement of 44.8 centimeters at level 7.0 meters. This 

displacement diminishes to 30.0 centimeters at the top of 

the vertical portion as we proceed higher. It displays a 

displacement of 41.9 centimeters at station 265, which is 
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located at a level of 6.0m. To a large extent, this pattern is 

consistent throughout all vertical parts. 

 

 
 

Figure-8. The difference between the state just after 

construction (blue) and the current state of the 

retaining wall now as a displacement in (cm). 

 

Because the x-axis is parallel to the direction of 

the retaining wall, the z-axis indicates its height, and the 

contour lines reflect the change in the y-axis (movement 

direction), which is perpendicular to the wall plane. The 

contour lines are spaced 1 cm apart. Figure-9 shows how 

thick the contour lines are at the bottom of the retaining 

wall. This is owing to the high pressure in that area, which 

causes rapid changes in contour lines. 

 
 

Figure-9. The difference between the state just after 

construction and the status of the retaining wall  

now as a contour map in cm. 

 

The Trimble Real Works tool made orthophotos 

of the curved parts of the retaining wall to project its 

length and find cracks. Figure-10(a) shows that the cracks 

at the top of the retaining wall are 3.8 cm wide. As you 

can see in Figure-10(b), the supporting wall has cracks 

that can be seen. 

 

 

 
(a) 

 
(b) 

 

Figure-10. The Cracks (a) is the orthophoto for the wall showing the cracks and contour  

(b) Is the original photo on the wall. 

 

Finally, Figure-11 illustrates the longitudinal 

section of the wall for deformation at levels 4.0m, 6.0m, 

and 8.0m. The x-axis shows the station, and the y-axis 

shows the deformation in cm. The displacement was 

highest at station 0+270, measuring 43.8 cm, and lowest at 

station 400 m, measuring 2.3 cm. 

 

 

 

 
 

Figure-11. Illustrates a longitudinal section for the 

deformation at level 137.0m, showing the station as the x-

axis and the deformation in mm on the y-axis. 
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7. CONCLUSIONS 

Using a laser scanner is very accurate in the 

monitoring of retaining walls because the instrument, 

Trimble TX8, can create cloud points of 7 mm x 7 mm, 

and it gives about less than 1cm in depth distance, and 

there is a furrow in the wall at the middle of the height of 

the wall. 

3D laser scanning technology is a transformative 

tool in structural engineering, providing precise, real-time 

data for evaluating deformations for geotechnical 

specialists, who can readily assess distortion and 

determine permanent solutions with these sections and 

contour maps. Vertical sections were generated every 5.0 

m along the length of the retaining wall, accompanied by 

contour maps with a contour interval of 1 cm. The 

maximum movement is 45 cm. One articulates the 

distinction as a swift and precise observation of 

deformation compared to conventional surveying methods. 

This methodology enables engineers to make 

informed decisions regarding remediation and 

stabilization. The integration of automated scanning 

systems for continuous monitoring holds promising 

potential for future research and applications. 

 

REFERENCES 

 

[1] A. M. Eissa, I. F. Shaker, A. M. Abdel-Wahab, and A. 

A. D. Alaa AL. 2023. Integration of multi-photos and 

laser scanner data to form a complete 3d model. Ain 

Shams Engineering Journal, 14(5), doi: 

10.1016/j.asej.2022.101952. 

[2] A. Algadhi, P. Psimoulis, A. Grizi, and L. Neves. 

2023. Assessment of the accuracy and performance of 

the terrestrial laser scanner in monitoring retaining 

walls. Universitat Politecnica de Valencia, doi: 

10.4995/jisdm2022.2022.13917. 

[3] A. Algadhi, P. Psimoulis, A. Grizi, and L. Neves. 

2024. Assessment of the Accuracy of Terrestrial Laser 

Scanners in Detecting Local Surface Anomaly. 

Remote Sens (Basel), 16(24), doi: 

10.3390/rs16244647. 

[4] A. Kampczyk and K. Dybeł. 2021. Integrating 

surveying railway special grid pins with terrestrial 

laser scanning targets for monitoring rail transport 

infrastructure. Measurement (Lond), vol. 170, doi: 

10.1016/j.measurement.2020.108729. 

[5] A. M. Abdel-Wahab, A. H. Badawy y M. S. El-Feky. 

2024. Seismic analysis of Islamic Egyptian minarets 

through 3D scanning and dynamic simulation. Sci 

Rep, 14(1), doi: 10.1038/s41598-024-69948-6. 

[6] A. Abellán, J. Calvet, J. M. Vilaplana, and J. 

Blanchard. 2010. Detection and spatial prediction of 

rockfalls by means of terrestrial laser scanner 

monitoring. Geomorphology, 119(3-4): 162-171, doi: 

10.1016/j.geomorph.2010.03.016. 

[7] L. Luo et al. 2019. Integration of terrestrial laser 

scanning and soil sensors for deformation and 

hydrothermal monitoring of frost mounds. 

Measurement (Lond), 131: 513-523, doi: 

10.1016/j.measurement.2018.09.020. 

[8] H. Yang, M. Omidalizarandi, X. Xu, and I. Neumann. 

2017. Terrestrial laser scanning technology for 

deformation monitoring and surface modeling of arch 

structures. Compos Struct, 169: 173-179, doi: 

10.1016/j.compstruct.2016.10.095. 

[9] J. Zhou, N. Jiang, C. Li, and H. Li. 2024. A landslide 

monitoring method using data from an unmanned 

aerial vehicle and terrestrial laser scanning with 

insufficient and inaccurate ground control points. 

Journal of Rock Mechanics and Geotechnical 

Engineering, doi: 10.1016/j.jrmge.2023.12.004. 

[10] H.-B. Chen, X.-Y. Shao, L. Han, M.-G. Li, F.-Q. 

Chen and X.-L. Xie. 2025. A comprehensive 

prediction of stability against cantilever retaining 

walls using finite element limit analysis and a neural 

network model. KSCE Journal of Civil Engineering, 

p. 100200, doi: 10.1016/j.kscej.2025.100200. 

[11] M. Mohammadi, M. Rashidi, M. G. Azandariani, V. 

Mousavi, Y. Yu, and B. Samali. 2023. Modern 

damage measurement of structural elements: 

Experiment, terrestrial laser scanning, and numerical 

studies. Structures, vol. 58, doi: 

10.1016/j.istruc.2023.105574. 

[12] J. W. Fang, Z. Sun, and Y. R. Zhang. 2021. Tls-fem 

integrated structural deformation analysis on the 

beamless hall at Nanjing, China. In International 

Archives of the Photogrammetry, Remote Sensing 

and Spatial Information Sciences - ISPRS Archives, 

International Society for Photogrammetry and Remote 

Sensing, pp. 215-220. doi: 10.5194/isprs-Archives-

XLVI-M-1-2021-215-2021. 

[13] Y. J. Cheng, Y. P. Wang, W. G. Qiu, F. Lu, and D. G. 

Wang. 2025. Displacement field monitoring of tunnel 

faces using terrestrial laser scanning data. 

Measurement (Lond), vol. 242, doi: 

10.1016/j.measurement.2024.116176. 



                                VOL. 20, NO. 20, OCTOBER 2025                                                                                                            ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2025 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1745 

 

[14] F. Gutiérrez et al. 2019. Review on sinkhole 

monitoring and performance of remediation measures 

by high-precision leveling and terrestrial laser scanner 

in the salt karst of the Ebro Valley, Spain. Elsevier 

B.V. doi: 10.1016/j.enggeo.2018.12.004. 

[15] M. Fabris and M. Monego. 2024. A Drone-Based 

Structure from Motion Survey, Topographic Data, and 

Terrestrial Laser Scanning Acquisitions for the 

Floodgate Gaps Deformation Monitoring of the 

Modulo Sperimentale Elettromeccanico System 

(Venice, Italy). Drones, 8(10), doi: 

10.3390/drones8100598. 

[16] A. Stefańska, H. Markowski and S. Dixit. 2024. 

Three-dimensional laser scanning for structure 

documentation and construction management: A case 

study of renovation and rebuilding of metro tunnels. 

Ain Shams Engineering Journal, 15(5), doi: 

10.1016/j.asej.2024.102665. 

[17] D. Hao et al. 2025. Deformation monitoring of a large 

steel structure based on terrestrial laser scanning 

technology. Measurement (Lond), vol. 248, doi: 

10.1016/j.measurement.2025.116962. 

[18] A. M. Abdel-Wahab. 2019. Accuracy Assessment of 

Aster and Srtm Data W.R.T Lidar Data for Jeddah 

City - Ksa. International Journal of Innovative 

Technology and Exploring Engineering, 9(2): 593-

605, doi: 10.35940/ijitee.B6543.129219. 

[19] A. A. Abdel-Gawad, M. E. El-Tokhey, and A. M. 

Abdel-Wahab. 2010. Accuracy Assessment of SRTM 

Data Case Study: New Cairo, Hurghada, and Toshka 

in Egypt. Aust J Basic Appl Sci. 4(12): 6269-6275. 

[20] A. M. Abdel-Wahab and A. A. Al-Harthy. 2012. 3D 

analysis for Airborne Light Detection and Ranging 

(LiDAR) data for the east of Jeddah province by using 

ARCGIS. World Appl Sci J, 19(7): 1057-1065, doi: 

10.5829/idosi.wasj.2012.19.07.2780. 

[21] https://numerisation3d.construction/wp-

content/uploads/scanner-laser-3d-trimble-tx6-tx8-

manuel-utilisation.pdf. 

[22] https://www.korecgroup.com/product/trimble-tx8-

laser-scanner 

[23] M. A. Abbas et al. 2014. Journal Teknologi 

Terrestrial Laser Scanners Pre-Processing: 

Registration and Georeferencing. [Online]. Available: 

www.jurnalteknologi.utm.my 

[24] H. A. Amer, I. F. Shaker, A. K. Abdel-Gawad, A. 

Ragab, and Y. Mogahed. 2018. Accuracy Assessment 

of Laser Scanner under Different Projections Angles. 

Curr Sci Int. 7(3): 428-438. 

[25] Harvey B.R. 2025. Transformation of 3D 

Coordinates. The Australian Surveyor, 33: 105-125, 

Jun. 1986, Accessed: Aug. 19, [Online]. Available: 

https://www.unsw.edu.au/content/dam/pdfs/engineeri

ng/civil-environmental/sage/teaching-and-

learning/textbook-and-

theses/Trans_3D_Aust_Surv_86.pdf 

[26] N. Shen et al. 2023. A review of terrestrial laser 

scanning (TLS)-based technologies for deformation 

monitoring in engineering. Elsevier B.V. doi: 

10.1016/j.measurement.2023.113684. 


