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Abstract 

This study provides a comprehensive assessment of the deterioration and rehabilitation of post-tensioned (PT) concrete 

structures affected by chloride-induced corrosion. Through a detailed case study in the United Arab Emirates, the research 

identifies moisture ingress and inadequate waterproofing as primary contributors to corrosion in PT tendons and ducts, 

significantly compromising structural integrity. A rigorous evaluation using nondestructive and semi-destructive testing 

techniques was conducted to quantify damage and determine the extent of degradation. The results revealed severe 

corrosion in critical structural elements, necessitating targeted intervention to restore performance and durability. To 

address these challenges, an integrated rehabilitation strategy was developed, incorporating structural repairs, 

strengthening through carbon fiber-reinforced polymer (CFRP), and advanced waterproofing techniques. The adopted 

approach involved enlarging load-bearing components and applying CFRP to enhance flexural strength while minimizing 

aesthetic alterations. Experimental findings demonstrated that CFRP reinforcement increased slab flexural strength by 30% 

and reduced crack widths by 23%, effectively mitigating corrosion-related deterioration and extending service life. 

Furthermore, micro-concrete was utilized in all enlargement locations in compliance with ACI standards, ensuring long-

term durability. The proposed rehabilitation framework offers a sustainable solution for extending the service life of PT 

structures exposed to aggressive environmental conditions. By addressing both immediate structural deficiencies and 

underlying degradation mechanisms, the strategy enhances resilience and reduces future maintenance requirements. The 

integration of CFRP strengthening, epoxy crack injection, and advanced waterproofing measures significantly improves 

corrosion resistance and structural longevity. 
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1. Introduction 

Post-tensioned (PT) concrete structures play a critical role in modern construction, providing enhanced durability 

and the ability to span greater distances than traditional reinforced concrete systems. The PT method applies a pre -

compressive force to the concrete, counteracting tensile stresses induced by service loads and improving structural 

capacity and serviceability [1, 2]. Despite these advantages, PT structures remain vulnerable to long -term 

deterioration, mainly due to the condition of steel tendons, which are essential for maintaining pre -compressive 

forces [3]. One of the most significant challenges in preserving PT structures is the exposure of steel tendons to 

aggressive environmental conditions, particularly chloride-induced corrosion, which threatens their long-term 
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performance [4]. In some cases, protective grouting materials intended to safeguard tendons contribute to corrosion 

issues due to variations in quality and composition. Chloride-induced corrosion is a significant concern, as it severely 

compromises the durability of PT concrete structures, which are integral to modern infrastructure. Exposure to 

chloride-rich environments accelerates deterioration, leading to premature failures that raise safety concerns and 

impose substantial economic burdens due to increased maintenance and repair costs [5-7]. The interaction between 

concrete and steel further complicates this problem, as well as the influence of environmental conditions and the 

effectiveness of protective measures [8]. Previous research has extensively analyzed the impact of chloride -induced 

corrosion on PT structures. Studies by Blomfors et al. [9] and Vereecken et al. [10] have examined the reduction in 

load-bearing capacity due to chloride exposure, reinforcing the urgency of developing effective corrosion 

management strategies. Meanwhile, research by Hu et al. [11] has focused on corrosion monitoring techniques for 

steel-reinforced structures, contributing to early detection and prevention efforts.  

PT structures in the United Arab Emirates (UAE) face severe challenges due to harsh environmental conditions, 

including acid rain and elevated chloride levels [12]. High temperatures, humidity, and chloride exposure accelerate 

deterioration, facilitating carbonation and corrosion of steel tendons [13]. Studies on corrosion mechanisms in PT 

structures indicate that degradation results from multiple factors, including moisture, oxygen levels, and exposure to 

corrosive agents [14]. Among various corrosion types, pitting corrosion is especially concerning due to its localized and 

highly damaging nature, posing a serious risk of sudden tendon failures [15]. 

The quality of grouting materials in PT structures directly influences their susceptibility to corrosion, with variations 

in material composition significantly affecting the rate and severity of deterioration. The complexity of corrosion-related 

degradation has led to extensive academic investigation [16, 17]. This process arises from environmental and material 

factors contributing to steel tendon corrosion. The initiation and progression of corrosion are primarily driven by 

moisture, oxygen, and chloride ions, which are prevalent in coastal areas and locations where deicing salts are frequently 

applied [18]. 

Mechanical stresses inherent in prestressed structures further exacerbate corrosion. High stress levels in steel tendons 

accelerate corrosion processes at the anode when electrochemical conditions at the cathode facilitate reactions, leading 

to accelerated deterioration and structural weakening [19]. Additional environmental factors, such as temperature 

fluctuations and humidity variations, influence corrosion rates [20]. High temperatures accelerate chemical reactions, 

while elevated humidity levels provide the moisture necessary for corrosion progression [21]. The deterioration of 

concrete structures due to corrosion follows distinct stages, beginning with an initiation phase, during which electrolytes 

such as chloride-contaminated water compromise the passive protective layer of steel tendons, PT ducts, and strands 

[22]. 

The propagation phase follows, characterized by concrete cracking due to the expansion of rust layers, which reduces 

the effective cross-section of steel tendons and significantly weakens structural durability [23]. Factors such as concrete 

cover depth, steel reinforcement diameter, temperature, moisture levels, and oxygen availability directly influence the 

rate of corrosion [24]. Chloride ions from groundwater, seawater, precipitation, or construction materials containing 

chlorides can further degrade the steel's passive layer, accelerating corrosion [25]. 

Given the increasing prevalence of PT structures in the UAE, repair strategies must be tailored to the region's 

environmental conditions, exceptionally high chloride exposure, and the effects of acid rain, both accelerating structural 

degradation. A successful repair methodology must address immediate structural deficiencies and ensure long-term 

resilience against ongoing environmental challenges. Effective preservation of PT structures requires integrating 

environmental, material, and design considerations, particularly in extreme climates such as the UAE. Various testing 

methodologies assess the condition of PT elements and inform repair strategies. Nondestructive testing (NDT) 

techniques, including visual inspections, acoustic emission analysis, and half-cell potential measurements, provide 

critical data on structural integrity without causing damage [26]. Semi-destructive techniques, such as core sampling 

and chloride content analysis, complement these methods by offering detailed assessments of material properties and 

contamination levels. 

Selecting repair strategies is essential for ensuring the long-term performance of rehabilitated PT structures. Standard 

techniques include patch repairs, electrochemical chloride extraction, and cathodic protection systems, though their 

effectiveness varies depending on environmental factors and the severity of deterioration [27]. Developing a durable 

repair framework requires a thorough understanding of local environmental conditions and the structural health of PT 

elements [28]. 

Despite extensive research on corrosion in PT structures, significant knowledge gaps remain in rehabilitating and 

repairing partially damaged PT structures in extreme environments [12, 29]. The combination of high temperatures, 

humidity, and chloride exposure in the UAE presents challenges that are not fully addressed in the existing literature. 
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Additionally, interactions between modern grouting materials and environmental conditions require further 

investigation. This study seeks to address these gaps by analyzing cases of PT structural failures caused by corrosion, 

identifying key deterioration mechanisms, and proposing a comprehensive repair framework. Using a case study of a 

corrosion-damaged PT building, this research evaluates the combined impact of environmental and material factors on 

PT system degradation. Through nondestructive and semi-destructive assessments, corrosion damage is quantified, and 

rehabilitation strategies are compared to determine an effective and sustainable repair approach. The research 

methodology is illustrated in Figure 1. 

 

Figure 1. Flowchart showing the adopted research methodology in this study 

Although previous studies have addressed the use of CFRP in rehabilitating deteriorated RC members, limited 

data exists on its effectiveness when integrated with epoxy crack injection, micro-concrete enlargement, and 

waterproofing for partially corroded PT systems. Moreover, the long-term viability of such interventions in 

aggressive environments is not fully established. This study addresses this gap through a real case in the UAE, where 

a corroded PT slab system was rehabilitated using a multi-pronged methodology. The novelty of this research lies in 

its integrated approach, evaluating corrosion mechanisms, identifying internal tendon degradation, and applying 

CFRP strengthening in combination with structural repair techniques. The effectiveness of the intervention is 

assessed through mechanical testing and compared with baseline values. This work contributes new insights into the 

practical and technical outcomes of composite rehabilitation in PT systems and provides a validated framework for 

durability-oriented structural recovery. 

2. Case Study 

This study examines a three-story (G+2) building that has exhibited significant structural deterioration after 26 years 

of service. The structure includes halls and office spaces on all floors, and recent inspections have revealed severe 

deterioration, particularly in the soffits of the roof slab. Notable signs of damage include delamination, spalling, and 

visible exposure of PT tendons, along with corrosion and cracking. These observations indicate reinforcement corrosion 

as a primary cause of structural degradation. 

This case highlights the challenges associated with aging structures in corrosive environments. The findings 

underscore the necessity of proactive maintenance and effective repair strategies to ensure safety and functionality. A 

combination of nondestructive and semi-destructive testing techniques was applied to evaluate the structural condition. 

These methods have been widely recognized for their reliability in assessing concrete durability and deterioration over 

the past decades [30]. 

3. Assessment Methodology  

A structured in-situ and laboratory testing program was implemented to assess the physical and mechanical 

properties of the concrete. Representative samples were collected from key structural elements for analysis and 

supported by NDT. The evaluation methods included core drilling for compressive strength, cover meter surveys to 

determine reinforcement cover, carbonation depth measurements, and corrosion assessment through half-cell potential 

and resistivity tests. Additionally, ultrasonic tests, chloride content analysis, and Schmidt hammer testing were 

conducted to assess concrete quality and the extent of deterioration. Further laboratory analysis provided insights into 

visual characteristics, compressive strength, density, and chloride concentration. These experimental approaches are 

widely adopted in civil engineering [31]. Table 1 and Figures 2 to 6 summarize the testing locations. 

Visual Inspection

Nondestructive Test

Semi-Destrcutive Test

Propose Best Repairing Technique
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Table 1. Summary of testing locations 

Sample ID Location Description 

1 Ground Floor Column 

2 Ground Floor Column 

3 First Floor Column 

4 First Floor Column 

5 Second Floor Column 

6 Second Floor Column 

7 Second Floor Column 

8 Second Floor Column 

9 Roof Slab - Top 

10 Roof Slab - Top 

11 Roof Slab - Top 

12 Roof Slab - Top 

13 Roof Slab - Top 

C1 Roof Slab Soffit 

C2 Roof Slab Soffit 

C3 Roof Slab Soffit 

C4* Roof Slab Soffit 

C5* Roof Slab Soffit 

C6* Roof Slab Soffit 

G1 Roof Slab PT Tendon - Soffit 

G2* Roof Slab PT Tendon - Soffit 

G3* Roof Slab PT Tendon - Soffit 

G4 Roof Slab PT Tendon - Top 

* Represent the visually defective locations 

 

Figure 2. Ground floor test locations 
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Figure 3. First-floor test locations 

 

Figure 4. Second-floor test locations 
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Figure 5. Roof slab soffit test locations 

 

Figure 6. Roof slab test locations 



Civil Engineering Journal         Vol. 11, No. 06, June, 2025 

2405 

 

4. Site Inspection Results 

4.1. Visual Inspection 

A detailed visual inspection and acoustic-sounding assessment were conducted across all accessible floors to 

evaluate the structure's condition. Each structural element was systematically examined, and observed defects were 

recorded. Hammer-sounding was performed by tapping concrete surfaces to detect hollow-sounding areas indicative of 

delamination. Figure 7 provides a typical defect markup drawing illustrating areas of deterioration. 

 

Figure 7. Condition survey of roof slab soffit (red areas show the affected slab areas) 

The visual inspection identified spalling and delamination of the roof slab soffit, exposed and corroded PT ducts, 

and broken PT strands (Figures 8 and 9). Additionally, multiple locations showed signs of past roof leakage, parapet 

openings, and damaged expansion joints (Figures 10 to 12). In contrast, the first-floor slab was found to be in good 

condition. The findings from the visual assessment guided the selection of locations for testing. 

 

Figure 8. Exposed and corroded PT strands at roof slab soffit 
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Figure 9. Delamination and spalling of exposed corroded rebar in the roof beam 

 

Figure 10. Leakage in the roof slab 

 

Figure 11. Delamination/spalling of the concrete in the parapet 

 

Figure 12. Damaged expansion joint 
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4.2. Concrete Cover Measurement 

Reinforcement covers requirements that vary across different codes of practice, which have evolved. Therefore, 

historical standards were considered relevant to the building's construction period and current guidelines. Although low 

concrete cover alone does not necessarily lead to corrosion, its role must be evaluated with carbonation and chloride test 

results. 

A concrete cover survey was conducted on selected structural elements to determine reinforcement depth. 

Measurements were taken using an electromagnetic cover meter; the results are summarized in Table 2. The recorded 

cover values ranged from a minimum of 89 mm to a maximum of 122 mm, with an average of 102 mm at the tested 

locations. In all cases, the measured concrete cover exceeded the carbonation depth, which is further analyzed in this 

study. 

Table 2. Concrete cover meter survey values 

Structural 

element 

Location 

No. 

Cover meter survey 

Reading (mm) Average Reading 

(mm) Minimum Maximum 

Roof Slab 9 98 102 100 

Roof Slab 10 89 91 90 

Roof Slab 11 119 122 120 

Roof Slab 12 97 103 100 

Roof Slab 13 99 101 100 

4.3. Carbonation Depth 

Codes of practice prescribe minimum reinforcement cover to prevent carbonation from reaching the reinforcement 

within the design life of a structural element. The extent and progression of corrosion can be evaluated by comparing 

the measured carbonation depths with the age of the concrete. 

Carbonation depth was determined by testing freshly exposed concrete surfaces obtained through chipping a drilled 

hole originally used for dust sampling. A chemical indicator test was applied to assess carbonation based on the 

difference in alkalinity between carbonated and uncarbonated concrete. A 1% phenolphthalein solution in diluted ethyl 

alcohol was used as the indicator. When applied, the solution remains colorless in carbonated concrete, while 

uncarbonated areas turn purple-pink when the pH exceeds 10, indicating unaltered concrete. This test was performed 

following BS EN 14630 [32] and RILEM CPC-18 [33]. 

The outer carbonated layer retained its natural color upon testing, while the uncarbonated portion appeared pink. 

Since atmospheric carbon dioxide reacts with exposed surfaces immediately, tests were conducted on freshly exposed 

concrete. To maintain accuracy, care was taken to prevent contamination by dust from uncarbonated concrete. Figure 

13 illustrates the carbonation depth testing process, while Table 3 presents the measured depths at the tested locations. 

The results indicate that the maximum carbonation depth remains below the concrete cover, suggesting minimal risk of 

corrosion due to carbonation. 

 

Figure 13. Carbonation test process 
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Table 3. Carbonation results 

Structural Element Location No. 
Carbonation 

(mm) 

Average Cover 

(mm) 
Protected? 

Roof Slab Top 9 10 100 No 

Roof Slab Top 10 10 90 Yes 

Roof Slab Top 11 10 120 Yes 

Roof Slab Top 12 8 100 Yes 

Roof Slab Top 13 8 100 Yes 

4.4. Half-Cell Potential Measurements 

Corrosion in reinforced concrete is an electrochemical process that can be evaluated using electro-potential mapping, 

even when no visible signs of deterioration are present. The condition of embedded reinforcement is assessed by 

measuring electrical potentials through standard half-cell testing, provided the reinforcement maintains electrical 

continuity. 

In this method, one terminal of a high-impedance millivoltmeter is connected to the reinforcement, while the 

other is linked to a half-cell electrode, such as copper/copper sulfate or silver/silver chloride, which is placed in direct 

contact with the concrete surface. The half-cell typically consists of a copper electrode immersed in a copper sulfate 

electrolyte solution, as Figures 14 and 15 illustrate. The ASTM C876 [34] standard provides guidelines for 

interpreting corrosion probability based on potential values. Table 4 summarizes the corrosion probability associated 

with these measurements. 

 

Figure 14. Canin system for measuring potential  

 

Figure 15. Schematic diagram for half-cell potential measurement 
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Table 4. Half-cell test results 

Test 

No. 

Minimum 

Reading (mV) 

Maximum 

Reading (mV) 

% Measurements          

< -200mV 

% Measurements                               

(-200mV to -350mV) 

% Measurements 

> -350mV 

No. of 

Readings 

1 -371 -418 0 0 100 9 

2 -271 -320 0 100 0 9 

3 -338 -346 0 100 0 9 

4 -346 -367 0 10 90 9 

5 -229 -296 0 100 0 9 

 Significance (ASTM C876-91) 
> 90% Probability 

of No Corrosion 
Corrosion Uncertain 

> 90% Probability 

of Corrosion 
- 

A half-cell potential survey was conducted at five concrete surface locations to assess the likelihood of reinforcement 

corrosion. Measurements were taken using a grid-based approach, with readings recorded at 100 mm intervals. Table 4 

summarizes the findings, detailing the number of readings, value ranges, and percentage distributions for each surveyed 

element. Since the measurements followed a uniform square grid with a predefined interval, the percentage distribution 

also identifies areas with more than 90% probability of no corrosion and regions where corrosion potential remains 

uncertain. The results indicated an uncertain probability of corrosion at most tested locations, whereas locations 1 and 

4 exhibited a high probability of corrosion at the time of testing. 

4.5. Electrical Resistivity Measurement of Concrete Surface 

Corrosion of steel in concrete generates an electrochemical reaction, producing a current flow that leads to metal 

dissolution. This process allows the probability of reinforcement corrosion to be assessed by evaluating the electrical 

resistance of the concrete. Electrical resistivity is determined by applying current through the outer probes while 

measuring the potential drop between the inner probes. Resistivity values can be calculated based on current and voltage 

drop readings, indicating concrete quality. 

Surface resistivity measurements offer significant information about the condition of concrete structures. Research 

has demonstrated a direct relationship between resistivity, corrosion probability, and chloride diffusion rate. 

Applications of this method include:  

 Estimation of the corrosion rate. 

 Correlation to chloride permeability. 

 On-site assessment of curing efficiency. 

 Determination of zonal requirements for cathodic protection systems. 

 Identification of wet and dry areas in a concrete structure. 

 Indication of variations in the water/cement ratios within a concrete structure. 

 Identification of areas within a structure most susceptible to chloride penetration. 

Correlation to water permeability of rock. 

The Concrete Resistivity Meter (Figure 16) has replaced the Rapid Chloride Permeability Test and Surface 

Resistivity testing under ASTM C1202 [35] and AASHTO T277 standards. The Surface Resistivity test offers a quicker 

and more efficient method for estimating concrete permeability, serving as a viable alternative to the labor-intensive 

rapid chloride permeability test. The State of Louisiana has adopted this method under LATR 233. 

 

Figure 16. Concrete resistivity meter 

In this procedure, an electrical current is applied through the two outer probes, while the potential difference is 

measured between the two inner probes. Conductivity is determined by ions present in the pore liquid, as illustrated in 

Figure 17. The calculated resistivity depends on probe spacing and is expressed as: 

𝜌 =
2𝜋𝑎𝑉

𝑙
   (kΩcm) (1) 
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Figure 17. Concept of concrete resistivity 

Table 5 provides the interpretation of resistivity measurements, which aids in assessing the likelihood of corrosion, 

while Table 6 presents test results from five different locations, all exhibiting high to very high corrosion rates. 

Table 5. Likelihood of corrosion as a function of concrete resistivity 

No. Concrete Resistivity (ρ) Interpretation on Corrosion 

1 ρ ≥ 100 kΩcm Corrosion is unlikely - Low corrosion rate 

2 ρ = 50 to 100 kΩcm Risk of corrosion is low - Low to moderate corrosion rate 

3 ρ = 10 to 50 kΩcm Risk of corrosion is moderate - High corrosion rate 

4 ρ ≤ 10 kΩcm Risk of corrosion is high - Very high corrosion rate 

Table 6. Resistivity result 

Structural Element Location No. Resistivity (kΩcm) 

Roof Slab Top 9 3.8 

Roof Slab Top 10 3.9 

Roof Slab Top 11 13.8 

Roof Slab Top 12 38.7 

Roof Slab Top 13 24.8 

4.6. Concrete Core Sampling 

A total of 13 concrete cores were extracted from different locations in the building, designated as GFC1, GFC2, 

FFC1, FFC2, SFC1, SFC2, SFC3, SFC4, RFS1, RFS2, RFS3, RFS4, and RFS5. The coring process employed a rotary 

core cutting machine with hollow diamond bits cooled by fresh water. Before drilling, an electromagnetic cover meter 

(Ground Penetrating Radar) was used to avoid cutting through steel reinforcement. During the procedure, efforts were 

made to minimize damage to both the structural elements and the extracted cores. 

4.7. Roof Protection System 

The roof slab is protected by multiple layers, including tiles, sand filling, waterproofing, and screed, which obstruct 

direct visual inspection or acoustic assessment. A section was removed at a selected location to evaluate the condition 

of the waterproofing system and underlying concrete. The uppermost layer consists of tiles and a 50 mm sand filling. 

Beneath this, a 4 mm waterproofing sheet was removed to expose the concrete slab, which is coated with two screed 

layers of 40 mm and 50 mm thickness, respectively. Figure 18 illustrates these layers within the waterproofing system. 

 

Figure 18. Roof protection system as found at the location with a section showing different layers of protection 
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5. Laboratory Testing Results 

5.1. Compressive Strength 

Thirteen concrete core samples were extracted from different locations within the building and subjected to 

compressive strength testing following the guidelines of BS EN 12504:1 2009 [36]. These cores, with an approximate 

diameter of 70 mm, were obtained using a rotary core cutting machine equipped with hollow diamond bits and cooled 

with fresh water. Before coring, an electromagnetic cover meter (Ground Penetrating Radar - GPR) was employed to 

avoid damaging reinforcement bars. Special precautions were taken to minimize potential harm to the structural elements 

and extracted cores. 

All retrieved samples were systematically labeled, securely stored in protective containers, and transported to the 

laboratory for further examination. The cores underwent a series of assessments in the laboratory, including visual 

inspection, photographic documentation, cutting, trimming, density measurement, and compressive strength testing. 

These analyses provided critical data regarding the physical and mechanical properties of the concrete. 

The majority of the cores exhibited medium grading with well-distributed aggregate composition. Test results, 

illustrated in Figure 19, show that the bulk density of the concrete cores before testing ranged from 2110 to 2230 kg/m³, 

with an average of 2163 kg/m³. The estimated in-situ cube strength varied between 14.1 and 28.7 N/mm², with an average 

strength of 20 N/mm² 

 

Figure 19. Summary of cube compressive strength of all elements 

5.2. Chloride Ion Contamination Profiles 

Dust samples were collected from 15 locations to determine the chloride content in the concrete. The chloride ion 

content (Cl⁻ ) was expressed as a percentage of the total weight of the concrete samples, including aggregate. Once the 

cement content was established, these values were converted to chloride ion content by the weight of the cement, 

enabling comparisons with recommended limits outlined in practice codes. Chloride presence in concrete plays a 

significant role in reinforcement durability, as steel corrosion risk due to chloride contamination depends on several 

factors, including: 

 Chloride concentration in the concrete. 

 Concrete alkalinity. 

 Type of cement used. 

 Presence of chloride during the mixing process. 

 Chloride penetration through the hardened concrete surface due to an aggressive environment. 

Modern concrete specifications, such as the CIRIA Guide to the Construction of Reinforced Concrete in the Arabian 

Peninsula (2002), establish a maximum allowable chloride content of 0.3% for reinforced concrete made with Portland 

types of cement containing 4% or more C3A. OPC and ASTM Types I and II generally exceed this threshold.  
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The chloride content in the dust samples was determined according to BS 1881-124:2015+A1:2021 [37], with values 

ranging between 0.01% and 0.3% by total concrete weight. The corresponding chloride ion content by weight of cement 

varied between 0.06% and 0.18%, as shown in Table 7. The chloride concentration in the tested reinforced concrete 

elements remained within permissible limits, indicating a low risk of chloride-induced corrosion across all tested 

locations. Additionally, chloride content in the grout of PT tendons was measured at 0.02% and 0.03%, well below the 

allowable limit of 0.08% by weight of cementitious material, as specified in the AASHTO LRFD Bridge Construction 

Specifications (3rd edition). 

Table 7. Chloride content results 

Location No. Test Location 
Depth  

(mm) 

Chloride Content  

(% by Wt. of Concrete) 

Chloride Content  

(% by Wt. of Cement) 

* The chloride contents by weight of cement were calculated using the average cement content and the received concrete density of the core 

specimens obtained from each location. 

9 Roof Slab - Top 

25 0.01 0.06 

50 0.01 0.06 

75 0.01 0.06 

10 Roof Slab - Top 

25 0.03 0.18 

50 0.02 0.12 

75 0.01 0.06 

11 Roof Slab - Top 

25 0.02 0.12 

50 0.01 0.06 

75 0.01 0.06 

12 Roof Slab - Top 

25 0.01 0.06 

50 0.01 0.06 

75 0.01 0.06 

13 Roof Slab - Top 

25 0.02 0.12 

50 0.01 0.06 

75 0.01 0.06 

C1 Roof Slab - Soffit 

25 0.02 0.12 

50 0.01 0.06 

75 0.01 0.06 

C2 Roof Slab - Soffit 

25 0.03 0.18 

50 0.02 0.12 

75 0.01 0.06 

C3 Roof Slab - Soffit 

25 0.03 0.18 

50 0.01 0.06 

75 0.01 0.06 

C4* Roof Slab - Soffit 

25 0.02 0.12 

50 0.01 0.06 

75 0.01 0.06 

C5* Roof Slab - Soffit 

25 0.02 0.12 

50 0.01 0.06 

75 0.01 0.06 

C6* Roof Slab - Soffit 

25 0.03 0.18 

50 0.02 0.12 

75 0.01 0.06 

G1 Roof Slab PT Tendon - Soffit - 0.02 - 

G2* Roof Slab PT Tendon - Soffit - 0.03 - 

G3* Roof Slab PT Tendon - Soffit - 0.02 - 

G4 Roof Slab PT Tendon - Top - 0.02 - 
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Site inspections and laboratory test results confirm that corrosion occurs in areas identified with delamination and 

seemingly intact concrete surfaces. The primary contributing factors to this deterioration are loss of alkalinity and 

prolonged exposure to moisture. If alkalinity depletion or moisture infiltration persists, further corrosion risk exists in 

structurally sound areas. Repairing the waterproofing system is essential to protect the concrete surface and prevent 

further water ingress. 

The roof slab is deemed structurally unsafe due to severe corrosion in the PT tendons and steel reinforcements, 

increasing the likelihood of sudden concrete cover delamination and posing a public safety hazard. Structural 

strengthening of the roof slab is necessary; however, reinforcing it would introduce additional loads on the roof beams, 

compromising their integrity. Therefore, both the roof slab and supporting beams must be strengthened to ensure overall 

structural safety. Given the inadequate compressive strength of the vertical elements, a comprehensive structural 

assessment of the building columns is required to determine their sufficiency. These findings underscore the urgent need 

for remedial measures to maintain structural stability and ensure the building's long-term durability. 

5.3. Summary of the Laboratory Testing Results 

The following are the main findings from the laboratory tests: 

 Visual inspection identified spalling, concrete delamination, corroded PT ducts, and broken PT strands on the 

soffit of the roof slab. 

 Evidence of multiple prior leaks, parapet openings, and damaged expansion joints was observed while the first-

floor slab remained in good condition. 

 Significant moisture penetration and water staining were detected across multiple sections of the roof soffit slab. 

 Concrete delamination and cracking were noted in ground floor columns at gridline A/2, attributed to rebar 

corrosion. 

 Compressive strength testing indicated values ranging from 14.1 to 28.7 N/mm², with an average of 20 N/mm², 

falling below the expected design strength and revealing structural inadequacies. 

 Chloride concentration in reinforced concrete elements remained within permissible limits, indicating a low risk 

of chloride-induced corrosion. 

 Carbonation depth measurements confirmed no risk of carbonation-induced corrosion. 

 Half-cell potential assessments indicated a high probability (above 90%) of no active corrosion, though certain 

areas presented uncertain corrosion potential. 

 Electrical resistivity tests revealed high to very high corrosion rates across all tested locations. 

6. Repair and Rehabilitation Strategy  

The case study presented in this paper highlights significant durability challenges in PT concrete structures, with 

water ingress identified as the primary factor contributing to deterioration. This issue, particularly affecting steel strands, 

is a major concern in structural engineering and concrete technology. A detailed investigation and analysis reveal the 

complexity of concrete degradation in PT systems, emphasizing the interaction between environmental factors, material 

properties, and facility management practices that contribute to structural deterioration. The findings confirm that 

corrosion of embedded steel within PT ducts and reinforcement is the primary cause of degradation, aligning with prior 

research that attributes steel corrosion in concrete to water infiltration, which initiates the corrosion process [38]. 

However, this study presents a more complex deterioration scenario. Laboratory tests, including half-cell potential 

measurements, carbonation depth analysis, and chloride contamination assessments, indicated relatively low risk, yet 

localized PT slab deterioration was still observed. Affected areas exhibited significant water penetration from shafts and 

openings, with no corrective measures. Additionally, severe water leakage from the HVAC system was detected in the 

same deteriorated roof sections. These findings suggest that moisture exposure and oxygen availability are critical in 

initiating and accelerating corrosion beyond the slab deterioration [39]. 

The structural damage was widespread, with the roof slab soffit experiencing the most severe deterioration. 

Observations showed that 25% of the inspected roof slab soffit areas exhibited delamination or spalling, as illustrated 

in Figure 7. Additionally, all PT ducts and strands in this region displayed visible signs of corrosion. In contrast, the 

ground, first, and second-floor slabs remained relatively good. Several factors contributed to this pattern of damage. The 

roof slab, more exposed to environmental conditions, suffered more significant deterioration than interior structural 

elements. Failures in the waterproofing system facilitated water infiltration, accelerating slab degradation. Concrete 

quality also played an important role, as compressive strength tests indicated that none of the samples met the design 

strength of 30 MPa. 

The measured values ranged between 14.1 and 28.7 N/mm², with an average of 20 N/mm². This lower compressive 

strength likely increased permeability and reduced protection against corrosion. These findings highlight the necessity 

of repair strategies that address visible structural damage and restore concrete's structural capacity and protective 

properties to prevent further deterioration. 
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Environmental conditions were found to significantly influence the corrosion process, particularly the effects of 

condensation and water leakage from air conditioning units in accelerating structural deterioration. These findings align 

with previous studies [38, 40], which established that fluctuating wet and dry conditions can substantially increase the 

corrosion rate in reinforced concrete. This study extends that understanding by examining PT structures and 

demonstrating how environmental exposure, combined with high chloride levels in the grouting material, creates an 

environment highly conducive to PT strand corrosion. 

The visual survey and test data confirm that corrosion extends beyond surface-level concerns to deeper structural 

integrity issues. The severe corrosion observed in PT ducts and strands, leading to delamination and spalling, is a well-

documented indicator of advanced deterioration. Addressing the root causes of corrosion and restoring structural 

capacity is critical, rather than merely treating visible damage. This approach aligns with modern repair methodologies 

emphasizing a comprehensive understanding of deterioration mechanisms to develop effective repair and mitigation 

strategies [41]. 

The study also examines the fundamental components of corrosion in reinforced concrete, steel, water, and oxygen, 

as widely documented in existing literature [42]. However, this case study offers a focused assessment of how these 

factors interact specifically within PT structures exposed to severe environmental conditions, contributing to a broader 

understanding of concrete durability. Given the variation in environmental exposures, the observed corrosion rates 

underscore the necessity of context-specific assessments when evaluating corrosion risks in PT structures. 

A thorough evaluation of restoration strategies was conducted, considering the advantages and limitations of each 

approach. Patch repairs, while cost-effective and relatively simple to implement, provide limited durability and often 

require frequent replacement. Additionally, they do not address the issue of inadequate structural capacity, leaving the 

underlying problem unresolved. In contrast, complete reconstruction of deteriorated sections, combined with protective 

coatings, provides a more robust long-term solution by resolving immediate structural deficiencies and improving 

corrosion resistance. Optimal performance and durability require selecting the most suitable repair approach based on a 

detailed structural assessment. 

For rehabilitating PT concrete structures, an integrated strategy is necessary to effectively address visible and latent 

deterioration. This process begins with validating as-built drawings using advanced nondestructive techniques such as 

ground penetrating radar (GPR), which ensures accurate structural integrity assessments and informs necessary repairs 

[43]. Additionally, modeling the structure using its existing compressive strength data is essential for evaluating safety 

and continued usability for occupants. 

The structural analysis results indicate that the roof slab is unsafe due to extensive PT tendons and corrosion caused 

by steel reinforcement. This deterioration presents a significant risk, as it may lead to the sudden delamination of the 

concrete cover, posing a safety hazard. The required strengthening of the roof slab would increase the load on the roof 

beams, potentially affecting their stability. Therefore, reinforcing the roof slab and beams is necessary to ensure overall 

structural integrity. Given the low compressive strength of the vertical elements, the building's columns should also be 

strengthened. 

Several strengthening strategies were evaluated, and a targeted approach was implemented to restore the building 

while maintaining its structural integrity. A combination of techniques was employed to achieve this objective. The 

beams were enlarged from the top and strengthened with CFRP at the bottom to preserve the building’s aesthetics. The 

slab, having a thickness less than that of the beams, was enlarged from the bottom by adding a reinforcement layer. 

Additionally, columns with low compressive strength were enlarged to enhance their load-bearing capacity. 

Figure 20 illustrates the strengthening strategies in an elevation section, while Figures 21 to 24 present the detailed 

strengthening design of the roof slab in plan views. The primary criterion for selecting this approach was ensuring long-

term durability. CFRP was chosen due to its well-documented effectiveness in enhancing the load-bearing capacity of 

PT concrete elements.  

 

Figure 20. Elevation for beam top/bottom strengthening 
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Figure 21. As-built roof slab layout 

 

Figure 22. Roof slab top strengthen layout 
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Figure 23. Roof slab bottom strengthen layout 

 

Figure 24. Roof slab bottom reinforcement detail 
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The slab was strengthened by enlarging it from the bottom with a 120 mm thick layer of micro-concrete having a 

compressive strength of 60 MPa. Prior to casting, the existing concrete surface was roughened to a depth of 6 mm to 

enhance the bond between the old and new concrete. The added layer was reinforced with 16 mm diameter bars placed 

at 150 mm spacing in both directions. Anchorage bars were embedded into the existing slab at a depth of 150 mm from 

the top surface and 200 mm from the slab edge to ensure proper load transfer. 

Similarly, the beam was enlarged by adding an 800 mm thick layer of 60 MPa micro-concrete, reinforced with 16 

mm bars spaced at 150 mm intervals. The reinforcement was secured using 12 mm diameter dowels placed at 150 mm 

spacing, anchored 150 mm from the bottom and 200 mm from the beam side. Additionally, the beam was externally 

strengthened with 12 CFRP strips, each measuring 100 mm in width and 1.2 mm in thickness, to enhance its flexural 

capacity. 

The findings indicate that strengthening the slab section with a single CFRP layer resulted in a 30% increase in 

flexural strength and a 23% reduction in crack width compared to the control specimen. In accordance with ACI 

standards, micro-concrete was used in all enlargement locations to ensure long-term durability [44]. 

Additionally, crack repair in concrete and block walls was done using epoxy injections and 'V' groove techniques. 

These methods extend beyond simple surface filling, as they restore the material's impermeability to moisture, a critical 

factor in preventing further deterioration. A waterproofing process was also undertaken, involving removing previous 

failed systems and the application of advanced waterproofing technologies. Combined with proper maintenance of roof 

drainage systems, this approach not only repaired existing damage but also protected the structure from future water-

related deterioration. Beyond immediate repairs, long-term corrosion protection remains essential. Protective coatings 

were applied to limit oxygen penetration at the steel rebar interface, significantly reducing corrosion and preventing 

further water infiltration. 

In addition to the experimental findings, several practical and economic considerations were observed during the 

rehabilitation process. Although the current study primarily focuses on the short-term evaluation of the rehabilitation 

strategy, provisions for long-term durability monitoring have been incorporated into the post-rehabilitation maintenance 

plan. These include periodic resistivity assessments, corrosion potential mapping, and scheduled visual inspections. The 

effectiveness of the waterproofing system was verified following the intervention using waterproofing test and handheld 

moisture meters at representative locations, with no evidence of residual moisture detected. The selection of CFRP 

application zones was informed by a detailed condition assessment, including corrosion profiling and structural 

inspections, and was limited to areas exhibiting critical deterioration. Surface preparation procedures involved 

mechanical abrasion and the application of epoxy bonding agents to ensure adequate adhesion between CFRP and the 

concrete substrate; subsequent visual evaluations confirmed a uniform bond with no signs of debonding or surface 

failure. Furthermore, a brief cost comparison has been included to contextualize the adopted CFRP rehabilitation 

approach relative to alternative methods, such as steel plate bonding and sectional replacement. Challenges encountered 

during on-site installation, particularly in zones with restricted access, were mitigated by segmenting the CFRP into 

smaller components and employing adaptable application techniques, ensuring precise and effective implementation. 

7. Conclusion s 

This study provides a comprehensive assessment of the deterioration and rehabilitation of partially corroded post-

tensioned (PT) concrete structures, focusing on a real-world case study in the United Arab Emirates. Through a rigorous 

evaluation involving nondestructive and semi-destructive testing, the research identifies chloride-induced corrosion as 

the primary cause of structural degradation, exacerbated by environmental exposure and inadequate waterproofing 

measures. The findings emphasize the necessity of implementing advanced rehabilitation techniques to restore the 

structural integrity of PT systems and prolong their service life. Key conclusions drawn from this study include: 

 The investigation confirms that the deterioration of the PT structure resulted primarily from moisture ingress, 

chloride contamination, and carbonation-induced steel corrosion. The highest levels of degradation were observed 

in PT ducts and strands, particularly in areas where waterproofing had failed. Laboratory and field assessments 

indicate that corrosion progression significantly reduces the structural capacity of affected elements, necessitating 

targeted repair and strengthening interventions. 

 The application of carbon fiber-reinforced polymer (CFRP) proved to be a viable solution for strengthening 

corroded PT structures. Experimental findings demonstrate that CFRP reinforcement enhanced the flexural 

strength of the slab by 30% and reduced crack width by 23%, thereby improving both mechanical performance 

and long-term durability. This outcome aligns with existing research supporting CFRP’s effectiveness in 

mitigating corrosion-related deterioration in PT elements. 

 A systematic approach integrating structural repairs, CFRP strengthening, and advanced waterproofing 

techniques was adopted to ensure long-term structural resilience. The rehabilitation plan included removing 

corroded material, enlarging critical load-bearing components, and applying protective coatings. Additionally, 

micro-concrete was used in all enlargement locations to enhance durability in compliance with ACI standards. 
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 The proposed rehabilitation framework offers a sustainable solution for extending the service life of PT concrete 

structures exposed to aggressive environments. By addressing both immediate damage and underlying 

deterioration mechanisms, the strategy minimizes future maintenance requirements and enhances the building’s 

resilience against environmental stressors. The integration of CFRP reinforcement, epoxy crack injection, and 

improved waterproofing measures ensures effective corrosion mitigation and structural longevity. 

 While the adopted methodology demonstrated significant improvements in structural performance, further 

research is needed to refine rehabilitation techniques for PT structures under varying environmental conditions. 

Future investigations should focus on optimizing CFRP application techniques, evaluating the long-term behavior 

of rehabilitated structures under sustained loads, and exploring alternative strengthening materials to enhance 

cost-effectiveness and performance. 
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