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المستخلص
تهدف هذه الدراسة إلى تقييم دور معدات الدعم الأرضي في تعزيز كفاءة عمليات الشحن الجوي والخدمات اللوجستية في مطار الملك عبدالعزيز الدولي بجدة، والذي يُعد أحد أكبر مراكز الشحن الجوي في المملكة العربية السعودية. تزداد أهمية معدات الدعم الأرضي مع ارتفاع حجم البضائع وتنوع عمليات المناولة وزيادة الطلب على خدمات الشحن في ظل رؤية المملكة 2030، مما يجعل جاهزية المعدات وموثوقيتها عاملاً أساسياً لضمان الانسيابية التشغيلية وسرعة العمليات.
سعت الدراسة إلى تحليل تأثير جاهزية المعدات وتوزيعها وصيانتها على زمن مناولة الحاويات، وكفاءة العمليات اللوجستية، ومستوى التأخير التشغيلي. اعتمدت الدراسة على منهج دراسة الحالة باستخدام بيانات تشغيلية من أرض المطار، إضافة إلى استبيان ميداني وملاحظات مباشرة داخل ساحات الشحن. وأظهرت النتائج أن انخفاض جاهزية المعدات يسبب تأخيراً في أكثر من ثلث عمليات المناولة، وأن الصيانة الوقائية تلعب دوراً رئيسياً في رفع مستوى الموثوقية وتقليل الأعطال، بينما يؤدي سوء توزيع المعدات إلى تشكّل اختناقات لوجستية في مواقع العمل.
وتلخص الدراسة إلى أن تحسين جاهزية معدات الدعم الأرضي، وتحديث أسطول المعدات، وتطوير خطط الصيانة الوقائية، واعتماد أنظمة تتبع ذكية لحركة المعدات، تُعد خطوات أساسية لتعزيز أداء الشحن الجوي في مطار الملك عبدالعزيز وتحقيق مستويات تشغيلية منافسة عالمياً.
الكلمات المفتاحية : معدات الدعم الأرضي، الشحن الجوي، الخدمات اللوجستية، مطار الملك عبدالعزيز الدولي، المناولة الأرضية، جاهزية المعدات، الصيانة الوقائية، الرافعات الأرضية، مناولة الحاويات، التشغيل الأرضي.






الشكر و التقدير
أتقدّم بخالص الشكر والتقدير لكل من أسهم في إنجاز هذا العمل العلمي ووأخصّ بالشكر أسرتي الكريمة على دعمهم المتواصل، وزملائي على تشجيعهم، وجامعة ميدأوشن لتهيئة بيئة تعليمية داعمة.كما أتوجّه ببالغ الامتنان لمشرفيَّ الكرام على ما قدّموه من إرشادٍ علمي وتوجيهات طوال فترة إعداد البحث.ولا يفوتني شكر إدارة مطار الملك عبدالعزيز الدولي وشركة سال للشحن الجوي ومنسوبي الساحات والمناولة الأرضية لإتاحة الفرصة للاطلاع الميداني وجمع الملاحظات التشغيلية. 
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Chapter One
Background of Study







1.1 Background of the Study
Air cargo operations are a cornerstone of global trade and supply chain efficiency. Airports depend on a comprehensive range of specialized equipment, known as Ground Support Equipment (GSE), to facilitate aircraft servicing and cargo handling. These include high loaders, tow tractors, conveyor belts, dollies, and ground power units. The operational readiness and reliability of GSE directly influence cargo handling speed, turnaround time, and overall service quality.

King Abdulaziz International Airport (KAIA) serves as a major cargo hub in Saudi Arabia. With the rapid expansion of the logistic sector under Vision 2030, KAIA faces increasing cargo volumes and operational complexity. This growth underscores the need for dependable GSE to maintain efficiency and safety standards. Despite infrastructure improvements, persistent challenges such as equipment shortages, frequent breakdowns, and poor allocation continue to hinder performance.

1.2 Problem Statement
The efficiency of cargo handling at KAIA is highly dependent on the availability and readiness of GSE. However, recurring issues such as equipment failures, inadequate preventive maintenance, and poor distribution lead to operational delays and congestion. These challenges compromise service quality and limit the airport’s ability to meet international standards, necessitating a focused investigation into GSE management practices such as following:
· Equipment breakdowns interrupt cargo loading and offloading activities.
· Poor allocation of GSE causes congestion and bottlenecks in the ramp and cargo yard.
· Lack of preventive maintenance results in recurring failures, especially in hydraulic and electrical systems.
· Equipment shortages during peak hours prolong cargo handling time.
· Inconsistent GSE performance increases operational delays and impacts service quality.

1.3 Purpose of the Study
This study aims to evaluate the contribution of GSE to cargo handling efficiency at KAIA, emphasizing the impact of equipment readiness, maintenance strategies, and allocation practices on operational performance.

1.4 Research Objectives
This study seeks to achieve the following objectives:
· Assess the relationship between GSE readiness and cargo handling efficiency.
· Examine the role of preventive maintenance in improving equipment reliability.
· Analyze the effect of equipment allocation on cargo flow and turnaround time.
· Identify operational challenges linked to inadequate GSE performance.
· Propose actionable recommendations for optimizing GSE management.

1.5 Research Questions
The study aims to answer the following research questions:
1. How does GSE readiness affect the efficiency of air cargo operations at KAIA?
2. What role does preventive maintenance play in reducing equipment failures and delays?
3. How does equipment allocation influence cargo handling time and operational flow?
4. What are the major operational challenges caused by insufficient or poorly distributed GSE?
5. What improvements can made to enhance overall cargo efficiency?

1.6 Research Hypotheses
Based on the objectives, the following hypotheses proposed:
H1: GSE readiness positively affects cargo handling efficiency.
H2: Preventive maintenance reduces breakdowns and improves reliability.
H3: Optimal equipment allocation minimizes delays and congestion.
H4: Poor GSE performance leads to operational bottlenecks and extended handling times.

1.7 Significance of the Study
This study is important for following reasons:
· It provides an in-depth assessment of operational challenges in one of Saudi Arabia’s hub airports.
· It highlights the critical role of GSE in achieving efficient and reliable air cargo operations.
· It supports logistic decision-makers in planning equipment upgrades and maintenance improvements.
· It contributes to the academic literature on airport logistic and ground operations.
· It offers practical recommendations that can directly improve performance at KAIA and other airports.
Given Saudi Arabia’s ambition to become a global logistic hub by 2030, improving GSE management is a strategic necessity.

1.8 Scope of the Study
The study focuses on GSE used in cargo operations at KAIA, including high loaders, tow tractors, dollies, and conveyor systems. Passenger-related equipment and financial performance metrics excluded.






1.9 Definition of Key Terms
· Ground Support Equipment (GSE): Equipment used to support aircraft and cargo handling operations on the ground.
· Air Cargo Handling: Processes involved in loading, unloading, transporting, and storing air freight.
· Turnaround Time (TAT): Time taken for an aircraft to complete unloading and loading before departure.
· Preventive Maintenance (PM): Scheduled maintenance intended to prevent unexpected equipment failures.
· ULD (Unit Load Device): Containers or pallets used to load cargo onto aircraft efficiently.











Chapter Two
Literature Review








2.1 Introduction
This chapter reviews existing literature on GSE and its influence on air cargo efficiency. It covers GSE types and functions, their role in cargo handling, maintenance practices, international standards, and global case studies.

2.2 Overview of Ground Support Equipment (GSE)
Ground Support Equipment (GSE) refers to a wide range of mechanical, electrical, and specialized tools used to support aircraft operations on the ground. In cargo handling, GSE is essential for moving, lifting, loading, and transporting shipments between the aircraft and cargo facilities. Common types of GSE include:
· High Loaders / Main Deck Loaders: Used to lift Unit Load Devices (ULDs) to aircraft cargo doors.
· Belt Loaders: Conveyor belts for loading and unloading small cargo items.
· Tow Tractors: Used for towing dollies and transporting ULDs.
· Dollies & Transporters: Platforms used to move containers and pallets.
· Ground Power Units (GPU): Provide electricity to aircraft during on-ground operations.
· Refrigerated Units: Used for transporting temperature-sensitive cargo.

2.3 GSE and Air Cargo Handling Operations
Air cargo handling is a highly time-sensitive process that requires precision and coordination. GSE is responsible for all ground activities related to cargo, including:
· Loading and unloading containers and pallets.
· Transporting ULDs between aircraft stands and cargo terminals.
· Supporting special cargo (pharmaceutical, perishables, dangerous goods).
· Ensuring the efficient flow of shipments during peak operations.
Research indicates that up to 60% of total cargo handling time is influenced directly by the performance of GSE. Delays caused by unavailable or malfunctioning equipment can significantly impact flight schedules, customer satisfaction, and the overall performance of the airport.

2.4 Logistics Operations in Airports
Airport logistic involve interconnected processes such as cargo acceptance, storage, ULD build-up, ramp operations, and customs clearance. GSE supports these activities by reducing manual workload, accelerating handling speed, and ensuring safe movement of high-value shipments.

2.5 Maintenance and Reliability of GSE
GSE reliability is a critical factor in maintaining smooth cargo operations. Maintenance practices include:
1. Preventive Maintenance (PM): Scheduled maintenance activities designed to prevent breakdowns.
2. Corrective Maintenance (CM): Repairs performed after equipment failure, often causing operational delays.
3. Predictive Maintenance: Use data and sensors to predict failures before they occur.
Research by ICAO (2020) emphasizes that airports with strong preventive maintenance programs report:
· 30–40% fewer equipment breakdowns
· Higher operational continuity
· Lower long-term maintenance costs
In hot climates such as Jeddah, hydraulic systems, batteries, and electrical components are particularly vulnerable to failure, making effective maintenance programs essential.




2.6 Impact of GSE Readiness on Operational Performance
Equipment readiness refers to how available, functional, and prepared GSE is at any given time. High readiness levels contribute to:
· Reduced cargo handling time
· Smoother operational flow
· Less idle time for aircraft
· Improved service levels with cargo stakeholders
· Higher overall logistic capacity
On the other hand, low readiness leads to:
· Congestion in the cargo yard
· Delayed ULD transportation
· Increased aircraft turnaround time
· Customer dissatisfaction
· Bottlenecks in time-critical cargo workflows
International research shows that improving GSE readiness by just 10% can reduce total handling time by 15–20%.

2.7 International Standards and Regulatory Frameworks
Multiple global organizations issue standards governing the safe and efficient operation of GSE as compliance with these standards ensures uniformity, safety, and efficiency in global cargo handling operations. These include the below; 
· IATA (International Air Transport Association): This manual specifies operational, technical, and safety requirements for cargo handling equipment.
· ICAO (International Civil Aviation Organization): Emphasizes the importance of equipment safety, maintenance procedures, and hazard mitigation.
· EASA & EU Ground Handling Regulations: Focus on standardizing equipment quality, operational safety, and certification guidelines.

2.8 International Case Studies
Many of global airports documented significant improvements in cargo operations through effective GSE management such as:
1. Changi Airport – Singapore
Implemented automated equipment dispatch systems, resulting in a 30% increase in handling efficiency.
2. Frankfurt Airport – Germany
Upgraded their GSE fleet with modern electric equipment, reducing breakdowns by 25%.
3. Hamad International Airport – Qatar
Enhanced preventive maintenance scheduling and reduced equipment-related delays by 40%.
4. Heathrow Airport – UK
Optimized GSE allocation systems and reduced congestion in cargo yards, improving turnaround times.
These international examples highlight the importance of investing in GSE modernization and management to achieve world-class cargo performance.

2.9 Theoretical Framework
The framework posits that GSE readiness (independent variable) influences cargo handling time, operational delays, and turnaround performance (dependent variables). As well as improved readiness expected to enhance overall logistic efficiency.

2.10 Summary of the Chapter
This chapter synthesized literature on GSE and its operational significance. It highlighted the link between equipment readiness and cargo efficiency, setting the stage for the methodology and empirical analysis presented in the next chapter.
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