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Project success in the construction industry refers to the achievement of predetermined
goals for the project and the organization within specified time and cost constraints, along
with the quality expected by the client. In this context, Iraq, as a developing country, faces
numerous challenges regarding project failures. A more detailed examination of the
reasons behind these issues could be beneficial for stakeholders in Iran's construction
industry, especially since Iraq is currently one of Iran's largest trading partners.
Understanding the factors contributing to the success of construction projects in Iraq can
serve as a valuable guide for those involved in exporting technical services to this country.
In this study, the factors influencing the success of construction projects in Iraq were
identified through two sources: reputable scientific articles and interviews with 40 expert
professionals. After prioritizing these factors, six final elements were identified, including
the financial capability of the contracting company, support from senior management,
utilization of consulting firms, evaluation and selection of the best contracting company,
use of turnkey contracts, and coordination among various project sectors. Among these
factors, three, namely the financial capability of the contracting company, support from
senior management, and evaluation and selection of the best company, were presented
quantitatively, while the other factors were presented qualitatively. In this research, school
construction projects in Wasat province were selected as a case study, and 32 projects
were analyzed to assess the impact of these six factors. Given that the projects had similar
dimensions, construction methods, and costs, time delay was used as a key parameter to
determine project success or failure. Based on this criterion, 17 projects were identified
as successful and 15 as unsuccessful. Ultimately, a significant relationship was found
among all identified success factors in these projects, and recommendations were
provided for achieving success in similar projects.
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Design Objectives Achievement
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Achieving Organizational Goals

Maximizing Market Share

Utilized by Client

Achieving Cost Objectives

Creation of New Market

Meeting Client Needs

Achieving Technical Specifications

Creation of New Product Line
Issues

Resolving Key Performance

Achieving Performance Specifications

Development of New
Technology
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Extracting 63 Project
Success

tors from
literature review

Selecting factors Selecting factors using Selecting factors
using the 3rd the 2nd method using the Ist
method method

T

Selecting 13 factors based
on the combined results of
the 3 methods

Distributing the 13 factors to Identifying 20 new
experts (for evaluation) factors based on

expert opinions

. '

Selecting 5 factors based on W ‘ Distributing the 20

-/

expert opinions factors to experts

Obtaining a total of 10 Selecting 5 factors
combined factors based on expert

Distributing the 10 factors to
experts

Project Success

Selecting 6 Critical Factors on ’
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Row Success Factors Frequency | Row Success Factors Frequency
1 Senior Management Support 35 33 Success in Market and Sales 6
2 Communication 32 34 Profit Margin in Jobs and Contracts 6
3 Availability of Reqmrgd Technology and 30 35 Use of Software Programs 6

Expertise
4 Client Acceptance or Satisfaction 28 36 Management anq Mon_ltormg of Cash 6
Flow in Projects
5 Competition anq Project Team 26 37 Project Volume 6
Capabilities
6 Clear and Specific Project Objectives 20 38 Contractor Company Policies 5

(Financial, HR, Safety, etc.)

Supervision and Timely Feedback with
7 Comprehensive Control at Each 20 39 Constructive Conflict Resolution 5
Implementation Stage
Precise Specifications for Project

8 - 18 40 Market Selection 5
Execution Stages
9 Capability to Manage Unexpected Crises 15 41 Country’s Economic Conditions 5
10 Quality Control 14 42 Time Forecasting 5
11 Commitment to zl::trrlg;g and Execution 14 43 Change Management 5
12 Realistic Objective 13 44 Adherence to Budget 4
13 Risk Management 12 45 Safety 4
Recruitment, Selection, and Training of . . .
14 Project Team Personnel 12 46 Alignment with Expectations 4
15 Cost 12 47 Proper Equipment Maintenance 4
16 Organization and Planning 12 48 Education Level of the Project Team 3
Brand Image or Project Reputation in
1 Financial Markets 1 49 Honesty 3
18 Motivation 1 50 Pr_o;ec_t Returq on Investmenf[ 3
Considering Environmental Indices
Stakeholder Participation (Local
19 Political Connections 11 51 Community, Employers, Contractors, 3
etc.)
20 Proper Understanding of Employee 1 52 Weather 5
Needs

21 Effective Communication 10 53 Having a Website

22 Learning from Mistakes 10 54 Proper Stakeholder Notification

23 Availability of Sufficient Resources for 9 55 Timely Invoice Payments 5

Project Execution

Low Interest Rates in Economy
24 Various Project Leadership Styles 9 56 (Reducing Borrowing Costs and 2
Increasing Project Appeal)

25 Coordination 9 57 Identifying General Needs 2
. . Suitable Sales Offices (Enhancing
26 Team Spirit anfj Expg rience of the 8 58 Marketing, Attracting Clients, and 2
Contractor’s Project Team -
Increasing Sales)
27 Measurable Project Objectives 8 59 Innovative Products 2
28 Mutual Trust 8 60 Fair Pricing 2
29 Business Management 8 61 Sustainability 2
. Maintenance and Preservation of
30 Project Delays 8 62 Project’s Positive Record !
Type of Contract Agreed Between . .
31 Parties (e.g., Employer and Contractor) ! 63 Electronic Marketing !
32 Control of Subcontractors’ Performance 7
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Row Project Success Factors Frequency | Row Project Success Factors Frequency
1 Senior Management Support 27 8 Quality Control 14
Supervision and Timely . .
2 Feedback with Comprehensive 21 9 CommltmenF to Planning and 14
- . Execution Control
Project Control Information
Capability to Manage Recruitment and Training of
3 . 19 10 . 13
Unexpected Crises Project Personnel
Client Acceptance or
4 Detailed Project Planning 18 11 Satisfaction with the Final 12
Project
5 Communicat-ion 17 12 Recognizing Risk in Large 11
Tenders
6 Availability of Required 15 13 Clear Project Mission and 5
Technology and Expertise Objectives
Competition and Project Team
7 . 14
Capabilities
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Row Success Factors Description
Active support from senior organizational or client management through resource
1 Senior Management Support allocation, quick decision-making, continuous oversight, and periodic visits to
resolve obstacles and accelerate project progress.
Establishing effective communication channels among project stakeholders
2 Communication (client, contractor, consultants) to exchange information, reduce
misunderstandings, and improve coordination during project execution.
3 Availability of Required Technology =~ Access to advanced technologies and necessary technical expertise for project
and Expertise execution, which directly impacts quality and speed of work.
. - - The extent of client or customer satisfaction with project outcomes, typically
4 Client Acceptance or Satisfaction measured based on meeting quality, time, and budget expectations.
5 Competition and Project Team The ability of the project team to compete with others through technical skills,
Capabilities experience, and efficiency, contributing to improved project performance.
6 Clear and Specific Project Objectives De_fmmg precise, understandable, and measurable project goals that serve as a
guide for all stakeholders.
Supervision and Timely Feedback with . - . .
7 Comprehensive Control at Each Con_tlr}uous monitoring of project progress and timely feedback to correct
; deviations and ensure proper execution at every stage.
Implementation Stage
8 Precise Specifications for Project Detailed definition of activities, timelines, and resources required for each project
Execution Stages stage to reduce ambiguities and improve management.
9 Capability to Manage Unexpected The ability of the project team to identify, analyze, and manage unforeseen issues
Crises to prevent negative impacts on the project.
10 Quality Control Implementmg supervisory processes to ensure (_:ompllance with quality standards
across all project stages, from design to execution.
Commitment to Planning and Adherence to detailed planning and regular execution controls to ensure project
11 - - .
Execution Control goals are met within the set time and budget.
12 Realistic Objective Settlr)g goals tha_t are acr_ue_vable given the project’s resources, timeline, and
conditions to avoid unrealistic expectations.
13 Risk Management !dentlfylng,_ assessing, and co_ntrolllng potential project risks to minimize their
impact on time, cost, and quality.
14 Recruitment, Selection, and Training  Selecting qualified individuals, training them, and forming a team with the
of Project Team Personnel necessary skills for effective project execution.
Precise management of project costs to ensure alignment with the set budget and
15 Cost . .
prevent financial shortfalls.
16 Organization and Planning Properly structuring project activities and resources and developing a
comprehensive plan to guide execution.
17 Brand Image or Project Reputation in ~ The positive reputation of the project or executing company in the market, which
Financial Markets can facilitate investment attraction and stakeholder trust.
—_— Creating motivation among project team members through rewards, a positive
18 Motivation . Al
work environment, and shared goals to enhance productivity.
19 Political Connections Leveraglng_polltlcal relationships to facilitate legal processes, obtain permits, and
remove project obstacles.
20 Proper Understanding of Employee Recognizing the professional and personal needs of employees to improve their

Needs

performance and satisfaction in the project.
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Row Success Factors Description
. L Establishing transparent and efficient communication among all stakeholders to
21 Effective Communication Sn .
enhance coordination and reduce conflicts.
29 Learning from Mistakes Using past experiences a_nd analyzing mistakes to improve processes and
decision-making in the project.
23 Availability of Sufficient Resources for  Ensuring the availability of financial, human, and material resources needed for
Project Execution uninterrupted project execution.
24 Various Project Leadership Styles Applylng appro_prlate leadership styles (e.g., transformational or participatory)
to guide the project team.
25 Coordination Creatlr!g_ harmony among different pr_olect sections (e.g., design, execution,
supervision) to reduce delays and conflicts.
2 Team Spirit and Experience of the The positive morale and sufficient experience of the contractor’s team members,
Contractor’s Project Team aiding in performance improvement and issue resolution.
27 Measurable Project Objectives Defining gogls that can be assessed using quantitative and qualitative metrics to
evaluate project progress.
28 Mutual Trust Bun_dmg trust among project stakeholders to enhance collaboration and reduce
tensions.
29 Business Management Applymg business management principles to optimize resources, processes, and
project outcomes.
30 Project Delays Managing and minimizing time delays in project execution to ensure timely
delivery.
31 Type of Contract Agreed Between Selecting an appropriate contract type (e.g., turnkey or traditional) that influences
Parties the responsibilities and risks of the parties.
3 Control of Subcontractors’ Monitoring the performance of subcontractors to ensure quality and progress in
Performance their work.
33 Success in Market and Sales Achlevmg positive market results through the sale of services or products related
to the project.
34 Profit Margin in Jobs and Contracts Maln_taml_n_g a suitable profit margin in project contracts to ensure financial
sustainability.
35 Use of Software Programs Ut||_|Z|ng project management software for planning, monitoring, and analyzing
project data.
36 Management anc_i Mon_ltorlng of Cash Controlling cash flow to ensure timely funding and prevent financial issues.
Flow in Projects
37 Project Volume The scale and size of the project, which affects its complexity, resource needs,
and management.
38 Contractor Company Policies Inter_nal company policies in areas such as finance, human resources, safety, etc.,
that impact project performance.
39 Constructive Conflict Resolution Mapagmg conflicts among stakeholders in a way that leads to collaboration and
project progress.
40 Market Selection Choosmg_ a suitable target market for the project to increase demand and
commercial success.
M Country’s Economic Conditions The impact o_f macroeconomic factors like inflation, exchange rates, and
financial policies on the project.
42 Time Forecasting The ability to accurately predict project timelines to prevent delays.
43 Change Management g/lc)Z?:gmg changes in project scope, resources, or schedule to maintain original
44 Adherence to Budaet Executina the proiect within the allocated budaet to avoid financial shortfalls.
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Row Success Factors Description
45 Safety Adhermg to safety standards in the project to protect workers and reduce
incidents.
46 Alignment with Expectations Me_etlng_ stakeholder expectations (e.g., quality, time, cost) to gain their
satisfaction.
47 Proper Equipment Maintenance Reqular maintenance of equipment and machinery to prevent breakdowns and
project delays.
48 Education Level of the Project Team The_ qcademlc_ educatl_on and knowledge level of the project team, influencing
decision-making quality.
49 Honesty Uphqldmg ethical principles and transparency in interactions with stakeholders
to build trust.
Project Return on Investment Achieving financial returns from the project while adhering to environmental
50 et . h 2
Considering Environmental Indices and sustainability standards.
Stakeh_older Participation (Local Active collaboration of all stakeholders to achieve project goals and reduce
51 Community, Employers, Contractors, .
conflicts.
etc.)
52 Weather The impact of V\{eather conditions on project progress, especially for outdoor
construction projects.
53 Having a Website Creating a website for the project to provide information, marketing, and
stakeholder engagement.
R Providing timely and accurate information to stakeholders to increase
54 Proper Stakeholder Notification transparency and trust.
55 Timely Invoice Payments Settling invoices on time to maintain cash flow and good relationships with
contractors.
56 Low Interest Rates in Economy Reducing borrOV\_/lng costs due to low interest rates, increasing the financial
appeal of the project.
57 Identifying General Needs Recognlzmg_ and addressing the needs of the community and stakeholders to
enhance project acceptance.
58 Suitable Sales Offices !Establlshmg effectlv_e sales c_)fflces to enhance marketing, attract clients, and
increase sales of project services.
59 Innovative Products Offering creative products or services in the project to gain a competitive
advantage.
60 Fair Pricing Setting fair prices for project services or products to satisfy clients.
61 Sustainability Adherlng to sustalr_lablllty principles in the project, covering environmental,
social, and economic aspects.
62 Maintenance and Preservation of Maintaining the project’s positive reputation through successful execution and
Project’s Positive Record timely delivery.
63 Electronic Marketing Using digital and online tools to promote and market the project.
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Row

Success Factors

Description

10

11

12

13

14

15

16

17

18

19

20

Prior Coordination Among All Project Sectors

Financial Capability of Contractor Companies

Contractor Evaluation

Use of Turnkey Contracts

Use of Executive Consulting Firms

Project Management and Planning Without Political
Influence

Absence of Disputes or Chaos Across the Project
Geography and Surrounding Residential Areas

Project Safety and Lack of Risk of Physical Incidents
or Casualties

Conducting Economic and Operational Feasibility
Assessments Based on Scientific and Professional
Principles Without Political Influence

Continuity in Contractor Funding and Timely Payment
of Incurred Costs

Facilitating the Approval Process for Changes in
Project Activity Quantities

Ensuring Project Security

Controlling Administrative and Financial Corruption
in the Project

Emphasis on Providing Similar Services for the
Project by the Investor

Necessity of Utilizing Services from Specialized and
Experienced Companies in the Project

Suitable Legal Environment for Executing All Project
Stages

Increasing the Contractor’s Advance Payment Ratio
for the Project

Ensuring No Interference from Local Governments in
the Technical Aspects of the Project

Ensuring Investment Security

Transparency and Clarity in Transactions

Establishing effective communication and coordination among all project
stakeholders (client, contractor, consultants, and external entities like
neighbors or urban organizations) before and during execution to prevent
issues, conflicts, and delays.

The financial capacity of the contractor to secure necessary resources,
equipment, and machinery for the project, including managing cash flow,
covering operational costs, and funding initial investments.

The process of reviewing and selecting a contractor based on criteria such
as similar work experience, project team size, and technical and managerial
competencies to ensure the selection of a suitable contractor.

A contractual system where the contractor takes full responsibility for
design, material procurement, and project execution, aiming to reduce client
involvement and expedite implementation.

Leveraging specialized consulting firms during the project execution phase
to provide technical solutions, risk management, and quality oversight.

Managing and planning the project based on professional and scientific
principles, free from political influences that might divert it from its goals.

Preventing disputes or disruptions in the project area and surrounding
regions, particularly with external stakeholders like local residents, to avoid
delays and execution issues.

Adhering to safety standards in the project to minimize the risk of physical
incidents, injuries to workers, or fatalities, thereby supporting project
progress.

Conducting thorough economic and operational feasibility assessments
using scientific methods, free from political influences, to ensure the
project’s viability and success.

Providing continuous financial support and timely payments to contractors
to prevent interruptions in project execution and maintain cash flow.

Establishing simple and swift processes for reviewing and approving
changes in the project plan, such as adjustments to activity quantities, to
ensure flexibility in project management.

Guaranteeing the physical and operational security of the project against
external threats like theft, vandalism, or regional unrest to maintain
progress.

Implementing oversight measures to prevent administrative and financial
corruption, such as bribery or misuse of resources, to maintain transparency
and efficiency.

Ensuring that the investor has experience in providing similar services in
previous projects, which reduces risk and increases trust.

Engaging specialized and experienced contractor or consulting firms to
enhance the quality and efficiency of project execution.

Having a clear and supportive legal framework to facilitate processes like
obtaining permits, contracts, and project execution without legal obstacles.

Increasing the advance payment to the contractor to provide initial liquidity
and reduce financial pressure in the early project stages.

Preventing unnecessary interference by local authorities in the project’s
technical decisions to maintain independence and efficiency in execution.

Creating conditions where investment in the project is financially and
legally secure to attract investors and reduce financial risks.

Adhering to principles of transparency in contracts, payments, and financial
interactions to build stakeholder trust and reduce disputes.
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The stability index, defined as the ratio of moments caused by secondary P-Delta effects
to those resulting from design story shear forces, serves as a critical parameter in assessing
structural behavior. These P-Delta effects, arising from the interaction between axial loads
and lateral displacements, can significantly influence the overall structural response.
While current design codes primarily provide static relationships for calculating the
stability index - typically developed for lateral loads such as wind - this study adopts an
innovative approach by investigating the stability index from both dynamic and nonlinear
static perspectives. To obtain reliable results, three reference structures with varying
heights (3-, 9-, and 20-story buildings) were analyzed using two advanced analytical
methods: Incremental Dynamic Analysis (IDA) and Nonlinear Static Analysis. The
research findings reveal that for low-rise buildings, when inelastic deformations are
considered, static stability index values closely approximate their dynamic counterparts.
However, for medium- and high-rise structures, significant discrepancies emerge between
results obtained from the two methods. A key finding demonstrates that the dynamically
computed stability index exceeds code-specified threshold values (0.1 and 0.25) for all
cases except those with low acceleration levels (below 0.2g). The study further establishes
that dynamic stability index values differ substantially from those recommended in
current design codes. These results suggest that traditional stability assessment methods
may prove non-conservative for tall structures subjected to severe dynamic effects.
Significant influence of building height on the relationship between static and dynamic
stability indices. Critical importance of considering nonlinear effects in stability
calculations for tall structures. Necessity for developing new relationships that properly
incorporate dynamic effects in stability index computation. These findings provide a solid
foundation for updating structural design codes and developing more precise analytical
methods. Future studies should investigate a broader range of structures with various
lateral load-resisting systems to establish more comprehensive relationships for stability
index calculation. Implementation of height-dependent correction factors in stability
evaluation. Development of dynamic amplification coefficients for P-Delta effects.
Inclusion of higher-mode effects in stability assessments for tall buildings. Consideration
of material nonlinearity and geometric imperfections in analytical models. The study's
outcomes emphasize the need for code revisions to address stability concerns in modern
tall building designs, particularly in seismic-prone regions. The proposed methodology
offers a more realistic assessment of structural stability under extreme loading conditions.
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Zone 1 2A 2B 3 4 2800

PGA 0.075 0.15 0.2 0.3 0.4 0.3
Elastic deformation (3st) 0.021 0.022 0.030 0.039 0.035 0.033
Inelastic deformation (3st) 0.080 0.086 0.116 0.127 0.136 0.135
Elastic deformation (9st) 0.042 0.034 0.056 0.059 0.060 0.046
Inelastic deformation (9st) 0.13 0.15 0.21 0.23 0.24 0.19
Elastic deformation(20st) 0.034 0.049 0.055 0.059 0.078 0.064
Inelastic deformation(20st) 0.13 0.19 0.21 0.23 0.30 0.26
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Index and Stability Index Index and Stability Index | Stability Index Index and

IDA (3st) and IDA(3st) IDA (9st) and IDA(9st) and IDA (20st) IDA(20st)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 10.20 9.60 18.50 22.50 8.30 6.55
0.2 9.10 5.60 11.70 23.50 5.00 6.20
0.3 8.25 11.90 15.50 14.50 8.00 15.15
0.4 14.90 14.10 13.20 13.00 12.00 13.30
0.5 8.20 12.30 17.00 15.00 15.00 11.00
0.6 15.20 9.50 -18.00 -16.00 -10.30 -11.50
0.7 5.20 -2.20 -26.60 -10.00 -5.00 -2.00
0.8 5.40 -4.30 -30.80 -13.50 -3.70 -1.00
0.9 -9.70 -15.50 -34.80 -5.50 -2.70 -15.65
1.0 -19.30 -12.30 -33.50 9.20 -4.00 -21.60
11 -22.50 -15.80 -35.10 8.00 -4.00 -18.50
1.2 -26.80 -17.00 -37.20 -5.70 -3.20 -23.40
1.3 -27.80 -20.20 -34.70 -4.50 -5.80 -23.50
1.4 -35.0 -27.60 -40.00 -8.60 -4.00 -14.60
15 -40.70 -30.60 -44.60 -12.50 -3.00 -12.50
1.6 -46.30 -31.00 -45.80 -22.30 -4.00 -12.00
1.7 -50.80 -34.50 -45.30 -22.10 -5.00 -13.50
1.8 -57.30 -37.50 -44.40 -15.15 -3.00 -12.00
1.9 -58.20 -39.00 -40.70 -20.50 -3.00 -5.00
2.0 -55.50 -39.60 -41.00 -21.70 -4.5 -5.00
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This study investigates the bond behavior of braided ropes made from recycled
polyethylene terephthalate (PET) as a potential alternative to conventional steel
reinforcement in fiber-reinforced cementitious composites (FRCC). Pull-out tests were
conducted according to RILEM RC6 standards on FRCC specimens containing different
volume fractions of steel fibers, using steel rebars and PET ropes with equal diameters
(14 mm). The experimental results revealed that the maximum pull-out force was
approximately 30 kN for steel bars and 7.6 kN for PET ropes, indicating a 75% reduction
in bond strength for PET compared to steel. However, the displacement corresponding to
the peak load was about 23.5 mm for PET ropes and only 0.6 mm for steel bars,
representing a 40-fold increase in ductility for PET.

In all experiments, PET ropes failed internally without being pulled out from the matrix,
while steel bars exhibited bond-slip failure.

The inclusion of steel fibers in the matrix significantly enhanced the bond performance,
especially in terms of energy absorption and post-peak ductility.

For instance, in specimens containing 1% steel fibers, the maximum pull-out load of the
PET ropes reached 7.6 KN at a displacement of 9.3 mm, showing a clear improvement
over fiberless samples.

The experimental observations were further analyzed by comparing the bond-slip
responses of PET and steel reinforcements, which demonstrated that PET exhibits a
gradual softening after peak load instead of a brittle bond loss. This characteristic suggests
a more stable and energy-dissipating interfacial mechanism. In addition, the use of
recycled PET not only provides a sustainable and eco-friendly reinforcement option but
also contributes to reducing construction waste and CO- emissions. Such properties make
PET ropes particularly suitable for structures requiring high ductility and seismic
resilience. The findings of this study can serve as a reference for future modeling of PET—
concrete interface behavior and for developing design guidelines for sustainable fiber-
reinforced composites.
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This research explores the compaction behaviour of Iraqi gypsum-sand soils stabilized
with cement and cement kiln dust (CKD) at varying additive percentages (1%, 3%, 5%,
and 7%) under different compaction levels (90% and 95%). Laboratory experiments were
conducted using a modified oedometer to obtain Soil Water Retention Curves (SWRC)
and assess the impact of matric suction on soil compressibility and water retention. The
study reveals that both cement (3%) and CKD (5%) significantly improve the water
retention capacity of the soil, reduce hysteresis effects, and enhance its resistance to
compaction and swelling. These additives positively influence the soil’s water-holding
capacity, thereby improving its performance in both saturated and unsaturated conditions.
The Van Genuchten model was effectively used to describe the SWRC, demonstrating
that cement outperforms CKD in terms of hydraulic behaviour due to the formation of
stronger cementitious bonds, which contribute to better soil structure and stability.
Additionally, the improvement analysis highlights that stabilization at higher compaction
levels (95%) and under conditions of increased matric suction results in greater
effectiveness, with cement-treated soils showing the most significant performance
improvement. This is particularly critical for applications in environments where soil
behaviour under varying moisture content is a key factor. Furthermore, Scanning Electron
Microscope (SEM) analysis confirmed the microstructural enhancements caused by
cement hydration and the pozzolanic reactions of CKD, which help form a more stable
and cohesive structure at the particle level.

The results showed that adding 3% cement and 5% CKD reduced hysteresis and improved
the SWRC curve, especially at 95% density. Also, at 95% density and 60 kPa suction,
cement reached an improvement factor of 83% and CKD reached 33%.

The findings underline the importance of both the type of stabilizing agent and the
compaction level in improving the hydraulic properties and long-term stability of Iraqi
gypsum-rich sandy soils. This research emphasizes the potential of using cement and
CKD for soil stabilization, particularly in regions where moisture variability and soil
behaviour are significant challenges. These insights contribute to the development of
more durable and sustainable soil stabilization techniques in geotechnical engineering.
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