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Abstract 

Bridges are critical components of transportation networks, and fire accidents can signifi-
cantly impair their structural integrity, leading to safety risks and major economic losses. 
This study presents a comprehensive inspection, materials testing, repair, and field load 
testing program for a full-scale concrete box girder bridge (Delta Bridge, Alexandria, 
Egypt) following a fire exposure on two spans. A total of 28 concrete core samples were 
extracted and tested, revealing average compressive strengths of 48.50 MPa (slab), 53.90 
MPa (web), and 45.88 MPa (columns), representing moderate reductions of approximately 
8.5%, 7.9%, and 10.8%, respectively, relative to the original in situ concrete strength rec-
orded during construction, and 29.2%, 43.7%, and 30.0% increases over the minimum ac-
ceptance limits specified by Egyptian code of practice (ECP 203). Tensile strength tests on 
reinforcement bars indicated an average yield strength reduction coefficient of 0.87, cor-
responding to an estimated peak exposure temperature of 600 °C, yet still satisfying Egyp-
tian code requirements (≥500 MPa). Field static load tests using 40-ton tri-axle trucks 
demonstrated maximum midspan deflections of 6.7 mm in fire-exposed spans and full 
recovery (>94%) upon unloading, confirming that the residual stiffness and load-carrying 
capacity were within acceptable limits. Based on these results, a targeted repair program 
was executed, including concrete cover replacement with shotcrete; steel derusting; sur-
face coating; and bearing replacement, followed by a verification load test that confirmed 
the effectiveness of the rehabilitation. This case study demonstrates a robust framework 
for post-fire condition assessment, residual capacity evaluation, and repair validation of 
concrete box girder bridges. The methodology and findings provide valuable guidance 
for engineers and transportation authorities in mitigating fire-induced risks and ensuring 
the safe reopening of critical bridge infrastructure. 

Keywords: bridge fire damage; post-fire assessment; material testing; concrete box girder 
bridge; field load testing; residual structural capacity 
 

1. Introduction 
Bridges are critical components of transportation infrastructure, and their failure can 

lead to severe social, economic, and logistical consequences. As vital links in highway and 
railway networks, bridges must remain functional to ensure the uninterrupted flow of 
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goods, services, and people. The loss or prolonged closure of a bridge can disrupt entire 
transportation corridors, causing significant financial impacts and public inconvenience. 
Consequently, extensive research has been dedicated to understanding the performance 
of bridges under extreme loading conditions [1], including fire [2], earthquakes [3], high 
winds [4], vehicle collisions [5], and ship impacts [6]. 

Among these hazards, fire is one of the most severe and least predictable extreme 
events, posing unique challenges to bridge safety during both construction and service 
life [7]. The rapid growth of transportation networks worldwide has increased the likeli-
hood of bridge fire incidents. Recent years have witnessed several catastrophic fire events 
resulting in substantial economic losses and public disruption [8]. Traffic diversion 
around fire-damaged bridges is often difficult, particularly when they are located near 
major intersections or span critical obstacles such as rivers, railways, or valleys. Severe 
fires can permanently damage structural components, requiring costly rehabilitation or 
even full replacement [9]. 

Several real-world examples illustrate the magnitude of the problem. In the United 
States, the 2007 MacArthur Maze fire in Oakland, California, caused the collapse of two 
bridge spans and required more than USD 9 million in repair and reconstruction costs 
[10,11]. Similarly, in 2012, a dump-truck fire on the New Jersey Turnpike in Robbinsville 
forced the closure of 79 km of roadway, disrupting traffic across multiple states and caus-
ing weeks of congestion and delays [12]. These cases highlight the widespread social and 
economic ripple effects of bridge fires. 

Despite the well-documented risks of fire in buildings and tunnels [13,14], current 
design codes and standards (CEN, AASHTO, NFPA, and Chinese codes) offer limited 
provisions for fire resistance design or post-fire evaluation of bridges [15–18]. This regu-
latory gap leaves transportation agencies with insufficient guidance for fire prevention, 
rapid assessment, and restoration of service after an incident. Moreover, bridges are often 
exposed to additional risks from vehicles transporting hazardous or flammable materials. 
Fires may ignite directly on bridge decks (vehicle collisions or fuel spills) or below bridge 
spans (ruptured gas pipelines), as illustrated by incidents such as the October Bridge fire 
in Cairo, Egypt (Figure 1a), and the Al-Ahly Club Bridge fire in Nasr City (Figure 1b). 

  
(a) On October bridge, Cairo, Egypt (b) Below Al-Ahly Club Bridge, Nasr City, Egypt 

Figure 1. Examples of fire accidents. 

The extent of fire damage in bridges depends on several factors, including fire type, 
intensity, exposure duration, and structural system characteristics [15,19,20]. Due to their 
low thermal conductivity and high thermal mass, concrete bridges generally exhibit better 
inherent fire resistance than steel bridges, as heat penetration into internal reinforcement 
occurs more slowly. However, severe fire exposure may still result in concrete spalling, 
cover loss, reinforcement exposure, cracking, and stiffness degradation, which can ad-
versely affect structural safety, serviceability, and long-term durability. The severity of 
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these effects is influenced by material properties, fire intensity, and structural configura-
tion. 

Concrete bridges constitute the vast majority of bridge infrastructure worldwide. 
China’s highway network currently includes approximately 800,000 bridges; however, 
steel bridges, including steel–concrete composite types, account for less than 0.3% of the 
total number [21]. This relatively low proportion reflects the higher maintenance demands, 
increased life-cycle costs, and specialized construction requirements associated with steel 
bridges. Although concrete bridges rarely experience complete collapse following fire ex-
posure, varying levels of material and structural degradation may occur [22]. Therefore, 
comprehensive post-fire assessment is essential, including detailed inspection, material 
testing, and structural evaluation, to determine residual load-carrying capacity, quantify 
damage severity, and define appropriate repair and rehabilitation measures to ensure the 
safe restoration of structural performance and serviceability [8]. 

In recent years, several studies have examined the impact of fire on concrete bridge 
performance. Lee et al. [23] analyzed bridge failures by cause and reported that 3.2% of 
bridge failures were due to fire, compared to 1.8% and 2.1% caused by wind and earth-
quake, respectively. They noted that, unlike wind and earthquake loading, the behavior 
of bridge structures under fire exposure is still not fully understood. Moreover, because 
fire scenarios vary significantly in terms of heat release rate, ventilation conditions, and 
structural design parameters, fire safety procedures developed for buildings are not di-
rectly applicable to bridge infrastructure [9]. 

Experimental studies have also provided important insights. Luo et al. [24] con-
structed ten prestressed concrete hollow slab girders (13 m span) to evaluate post-fire be-
havior through controlled fire simulations and static load testing. Their findings showed 
that the peak temperature of the prestressing tendons was the primary factor influencing 
the residual bearing capacity, with strength decreasing as tendon temperature increased. 
Similarly, Davis et al. [25] investigated damage caused by a tanker fire on a precast, pre-
stressed concrete bridge and documented the need for rapid condition assessment after 
such incidents. On a broader scale, Giuliani et al. [26] studied the incidence and conse-
quences of bridge fires, highlighting the importance of structural vulnerability factors as 
well as the economic and social impacts. Although they did not propose a formal fire risk 
assessment method, they strongly advocated for the development of fire safety design 
provisions for bridges. Complementary to this work, Joo et al. [27] developed a field-sur-
vey-based approach to evaluate bridge fire risk. Their study, conducted on the Korean 
bridge network, found that cable-stayed and suspension bridges primarily sustained fire 
damage on their deck surfaces, while damage to substructures was minimal. Because spe-
cial bridges account for only about 1% of all Korean bridges, their evaluation focused 
mainly on conventional bridge types. 

Finally, X. Liu et al. [8] conducted a comprehensive case study combining parametric 
finite element analysis, field inspection, material testing, and load testing of a fire-exposed 
prestressed concrete box girder bridge. They reported that fire had only a minor effect on 
the bridge’s dynamic characteristics, as the measured fundamental frequency of the fire-
exposed span was approximately 97% of the original and theoretical values. Based on 
their findings, targeted repair measures were recommended and implemented, and sub-
sequent field loading tests confirmed the effectiveness of the rehabilitation strategy. 

In most post-fire bridge research, the assessment of fire effects on structural strength 
has relied on either experimental field testing of fire-damaged bridges or theoretical pre-
dictions obtained through finite element (FE) analysis [2,28,29]. However, one major lim-
itation of both approaches is the inability to accurately capture the bridge’s true pre-fire 
structural condition. Typically, the theoretical structural performance is estimated using 
the original design parameters and assumed to represent the bridge’s pre-fire capacity. In 



Infrastructures 2026, 11, 76 4 of 24 
 

https://doi.org/10.3390/infrastructures11030076 

practice, the actual performance is often lower than the theoretical prediction due to ma-
terial aging, traffic-induced fatigue, environmental deterioration, and other degradation 
mechanisms. This discrepancy may lead to an underestimation or overestimation of the 
actual impact of fire damage. 

Several researchers have investigated the behavior of bridge components under fire 
loading through small-scale experiments and FE modeling [30–34]. However, few studies 
have conducted post-fire evaluations of full-scale concrete box girder bridges, largely be-
cause such tests are logistically challenging and costly. Furthermore, small-scale speci-
mens may experience more severe thermal gradients and higher peak temperatures com-
pared to full-size elements, which can exaggerate damage severity and reduce the relia-
bility of extrapolating results to real structures [35]. To address these limitations, the pre-
sent study provides a comprehensive case study of the Delta Bridge, a full-scale concrete 
box girder bridge located along the Maria Axis, west of Alexandria, Egypt. The research 
includes detailed inspection, material testing, and field load testing of two spans exposed 
to fire. A combination of visual inspection, photographic documentation, and hammer 
sounding was used to evaluate surface damage, while concrete cores and reinforcing steel 
bar samples were extracted and tested in the laboratory to determine residual compres-
sive and tensile strength. In addition, temperatures at various depths were estimated to 
better understand the thermal exposure profile. The findings of this study offer valuable 
insights for post-fire structural performance assessment, enabling engineers to develop 
targeted repair and strengthening strategies for similar concrete box girder bridges. 

2. Bridge Description 
The Delta Bridge, illustrated in Figure 2, is one of the major elevated transportation 

structures along the Maria Corridor in Egypt. The construction of the bridge commenced 
on 30 June 2023 and was fully completed on 30 October 2025, after which it was opened 
to traffic under full design loading conditions. The bridge is strategically located (west of 
Alexandria, Egypt) and serves as a critical transportation link connecting the Cairo–Alex-
andria Desert Road to the south with the International Coastal Road to the north.  Func-
tionally, the bridge plays a vital role in facilitating the movement of vehicles and freight 
traffic across the New Delta Canal, a major national water conveyance project designed to 
transport irrigation water to the western desert region for the reclamation and cultivation 
of millions of feddans. Owing to its strategic location and infrastructural importance, the 
Delta Bridge represents a key component of the Maria transportation axis. 

Structurally, the bridge comprises twenty-five simply supported spans with a total 
length of approximately 1100 m. The superstructure consists of eighteen precast concrete 
beam girder spans, two steel girder spans, and five reinforced concrete box girder spans. 
The bridge deck accommodates two traffic directions with an overall width of 54 m. A 
typical cross-section of the left carriageway is presented in Figure 2b, while the general 
plan layout of the bridge is shown in Figure 2d.  During the construction phase, the bridge 
was exposed to a fire incident that occurred while dismantling the timber formwork of 
box girder spans No. 8 and 9. This event necessitated a detailed structural assessment and 
subsequent rehabilitation measures, which form the primary focus of the present study. 

 
(a) Longitudinal elevation 
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(b) Cross-section of post-fire span 

(c) Plan of the two spans exposed to fire 

 
(d) Bridge Plan 

Figure 2. Dimensions, layout, and details of the Delta bridge. 

On Wednesday, 24 January 2024, at approximately 11:00 a.m., during the removal 
process of the timber formwork used for casting the bottom slab of the box girder, a fire 
erupted in the timber formwork associated with spans 8 and 9, which belong to the con-
crete box-girder section of the Delta Bridge. The fire persisted for nearly two hours before 
being extinguished around 1:00 p.m. by firefighters using water. According to the post-
incident investigation, the fire originated in the northbound direction and spread rapidly 
along the two spans due to strong wind conditions. The affected spans are elevated ap-
proximately 9 m above ground level, allowing significant airflow that likely intensified 
the fire. At the time of the incident, the columns had already been cast and had attained 
sufficient hardened strength and were not part of the temporary timber formwork system; 
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however, they were subjected to elevated temperatures during the fire event, particularly 
in the upper portions of the columns. 

The combustible material was limited to the timber formwork system (20 mm ply-
wood supported by 10 × 15 cm timber joists), while the supporting jacks were steel. The 
equivalent wood mass is estimated at approximately 30–40 kg/m2, corresponding to a fire 
load of about 500–700 MJ/m2. Fire spread was likely intensified by wind activity during 
daytime conditions. 

As shown in Figure 3, the incident caused varying degrees of damage to the bridge’s 
bottom slabs, webs, columns, and bearings. The black rectangular areas in Figure 3a cor-
respond to charring and soot marks caused by the combustion of plywood formwork that 
was directly in contact with the concrete surface. No intact plywood residues remained 
after the fire, only combustion-induced surface marks. The following day, at 10:00 a.m., 
engineers from Saad International Consulting performed a detailed on-site inspection. 
Their preliminary evaluation concluded that the bridge sustained moderate fire damage 
but remained standing. Nevertheless, there was concern that the residual structural ca-
pacity and serviceability of the affected spans may have been compromised, prompting 
further material testing and field load evaluation. 

  
(a) Span 8 (b) Span 9 

Figure 3. Post-fire condition of the Delta Bridge, showing severe charring, concrete spalling, discol-
oration, and exposure of columns and soffit surfaces beneath the box girder spans. 

3. Comprehensive Assessment of Structural Condition After  
Fire Exposure 
3.1. Inspection 

A comprehensive post-fire inspection of the Delta Bridge was carried out by Saad 
International Consulting Engineers. The investigation included a systematic visual and 
photographic survey of the slabs, webs, and columns of all spans, with special focus on 
the fire-affected regions. To assess surface integrity, hammer sounding was performed on 
fire-exposed areas to detect concrete delamination. In locations showing visible deteriora-
tion, the damaged concrete cover was carefully removed using an electric drill to expose 
the underlying reinforcement and evaluate the condition of the interior concrete. 

The inspection documented concrete spalling, loss of cover, cracking patterns, and 
discoloration. The most severe damage was concentrated in spans 8 and 9, as illustrated 
in Figure 3a,b. Fire-induced effects on these spans included extensive surface charring, 
localized spalling of the soffit concrete, and soot deposition. In contrast, the footings at 
piers 8, 9, and 10 exhibited only minor surface damage, characterized by map cracking, 
light pink discoloration, and soot deposits on the front walls. Importantly, no concrete 
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spalling was observed in the footing components, indicating that the fire’s thermal inten-
sity was more critical in the superstructure than in the substructure. 

3.2. Materials Testing 

Bridge structural performance after fire exposure depends primarily on the residual 
strength of critical elements such as concrete and reinforcing steel. To accurately assess 
these properties, the laboratory of the faculty of engineering  at Alexandria University (Al-
exandria, Egypt) conducted a comprehensive material evaluation. Concrete cores and re-
inforcing bar samples were extracted from the most severely damaged sections of the 
bridge to enable precise strength testing. 

Table 1 presents the reduction coefficients for post-fire concrete compressive strength 
at various surface temperatures, as specified in EN 1992-1-2 [36]. These coefficients apply 
specifically to the water-cooling method. However, due to the complex and variable na-
ture of real fire scenarios, these theoretical reduction factors may not always reflect the 
actual residual strength of fire-damaged concrete. Consequently, both laboratory core 
compressive tests to determine the concrete’s post-fire strength. To minimize the effects 
of surface spalling and cracking, the cores were extracted from a depth greater than 5 cm 
below the exposed concrete surface. 

Table 1. Reduction coefficients for the compressive strength of post-fire concrete subjected to water 
cooling (EN 1992-1-2). 

Temperature/°C 20 100 200 300 400 500 600 700 800 900 ≥1000 
Reduction coefficient 1.00 1.00 0.97 0.91 0.85 0.74 0.60 0.43 0.27 0.15 0.00 

In accordance with the Egyptian Code of Practice (ECP 203) [37], a total of 28 cylin-
drical core samples, each with a diameter of 9.40 cm, were extracted using a core drilling 
machine. The sampling program included 15 vertical cores from the bottom slab, 9 hori-
zontal cores from the web of the box girder, and 3 horizontal cores from the columns. 
These specimens were prepared and tested to evaluate the residual compressive strength 
of the structural elements within the two spans affected by the fire. Column cores were 
extracted from the upper portion of the columns, approximately 15 cm below the bottom 
slab level, representing the zone most likely to be affected by fire exposure.  Bottom slab 
and web cores were extracted from the external web surfaces within the fire-affected spans, 
not from the interior of the box. Although cores were primarily extracted from fire-af-
fected zones to directly evaluate residual material performance in the damaged areas, the 
measured compressive strengths were systematically compared with documented con-
struction-phase strength records, in addition to verifying compliance with the acceptance 
limits specified in ECP 203  [37]. We acknowledge that extracting additional reference 
cores from non-fire-exposed regions could provide further calibration of post-fire strength 
measurements. However, the availability of reliable baseline construction data enabled a 
technically consistent comparison for assessing residual concrete performance. The exact 
locations of the core extractions from the columns, webs, and bottom slab are illustrated 
in Figure 4. The original in situ concrete compressive strength recorded during construc-
tion was 53 MPa for the bottom slab, 58.5 MPa for the webs, and 49.2 MPa for the columns. 
The measured compressive strengths of the extracted core samples for each structural 
member are summarized in Table 2. 
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Table 2. Compressive strength of bridge members after fire exposure. 

Member Sample 
ID 

L (cm) L/D 
No of 
Steel 
Bars 

Diameter of 
Steel Bars (d) 
(mm) 

S (cm) P 
(KN) 

Cylinder 
Strength 
(MPa) 

Equivalent Cube 
Strength, fcu 
(MPa) 

Bottom 
Slab 

S1 12.30 1.31 2 16–16 2.3–5.6 257.20 37.80 44.70 
S2 12.10 1.29 1 16 2.50 433.10 63.60 67.70 
S3 13.30 1.41 3 16–16–16 2.5–3.9–6.4 315.00 46.30 60.10 
S4 13.40 1.43 2 12–16 3.2–5.70 190.90 28.00 33.80 
S5 12.70 1.35 - - - 338.70 49.80 51.10 
S6 11.70 1.24 1 16 2.40 336.70 49.50 52.00 
S7 12.20 1.30 1 16 4.20 324.50 47.70 52.50 
S8 12.40 1.32 1 16 5.80 291.10 42.80 48.80 
S9 12.20 1.30 2 16–16 4.30–2.50 275.20 40.40 46.80 
S10 11.80 1.26 - - - 296.40 43.50 43.60 
S11 12.00 1.28 3 16–16–16 4.3–5.6–4.3 221.10 32.50 42.40 
S12 11.30 1.20 - - - 358.70 52.70 52.0 
S13 12.10 1.28 - - - 312.00 45.80 46.30 
S14 11.50 1.24 - - - 318.20 46.70 46.40 
S15 11.60 1.23 1 16 3.1 246.40 36.20 38.80 

Web 

W1 13.40 1.43 - - - 374.40 55.00 62.45 
W2 12.60 1.34 1 16 1.70 278.60 40.92 47.12 
W3 14.00 1.49 1 12 2.50 304.40 44.71 53.24 
W4 12.90 1.37 - - - 319.00 46.86 52.56 
W5 11.50 1.22 1 25 1.80 330.10 48.49 55.58 
W6 14.20 1.51 1 16 5.40 312.10 45.84 58.16 
W7 11.80 1.26 - - - 341.60 50.18 54.62 
W8 14.00 1.49 - - - 342.80 50.35 57.97 
W9 11.90 1.27 - - - 270.10 39.67 43.31 

Column 

C1 12.10 1.29 - - - 308.00 45.24 49.68 
C2 Outer 9.60 1.02 2 16–12 1.7–1.7 242.50 35.62 38.76 
C3 Inner 9.70 1.03 - - - 266.70 39.18 39.67 
C4 12.30 1.31 - - - 292.30 42.94 47.41 

L: Sample length; L/D: Sample length to diameter ratio; S: Distance from bar axis to nearest core 
edge; reinforcement (regardless of bar orientation), correction applied per ECP [37] (F_reinf ≤ 1.20): 
P: Ultimate load. 

  
(a) 
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(b) 

 
(c) 

Figure 4. Locations of concrete core samples extracted from the structural elements of the fire-ex-
posed spans: (a) Slab samples, bottom slabs, (b) Web samples, webs of the box girder, and (c) Col-
umn samples, columns. 

To accurately reflect the spatial heterogeneity induced by fire exposure, the statistical 
evaluation of compressive strength was conducted separately for each structural compo-
nent rather than relying on global averages. For the bottom slab (15 cores), the mean cube 
compressive strength (fcu) was 48.47 MPa with a standard deviation (SD) of 8.23 MPa and 
a coefficient of variation (COV) of 16.98%, indicating moderate dispersion consistent with 
direct flame impingement and non-uniform thermal penetration through the slab thick-
ness. In contrast, the webs (9 cores) exhibited a higher mean strength of 53.89 MPa with a 
lower standard deviation of 5.83 MPa (COV = 10.81%), suggesting comparatively more 
uniform thermal exposure likely due to geometric configuration and partial shielding ef-
fects. The columns (4 cores) showed a mean compressive strength of 43.88 MPa with a 
standard deviation of 5.48 MPa (COV = 12.49%); despite the limited sample size, the var-
iability remained within acceptable limits and did not indicate abnormal localized deteri-
oration. Across all components, the calculated coefficients of variation (10–17%) demon-
strate controlled and mechanically consistent variability typical of thermally affected re-
inforced concrete. 

Figure 5 presents the compressive strength results of the bottom slab cores, where 
the measured strength of each core specimen is plotted individually. As shown in Figure 
5 and Table 2, the mean equivalent cube compressive strength of the slab cores was 48.50 
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MPa. Among the specimens, S2 and S3 exhibited the highest strengths at 67.70 MPa and 
60.10 MPa, respectively, while the lowest strength was recorded for sample S11 at 32.60 
MPa. Table 3 summarizes the acceptance criteria for concrete core test results according 
to ECP 203 [37]. Per these provisions, the concrete is considered acceptable if (a) the esti-
mated average cube strength from at least three cores is more than 75% of the specified 
strength and (b) the strength of any individual core is more than 65% of the specified 
strength. 

Although the standard deviation of the slab core strength results is relatively high 
(≈8.23 MPa), this does not indicate different concrete production batches. The bottom slab 
concrete was originally cast using the same concrete mix design and production process 
during construction, as confirmed by the recorded in situ construction strength data. 

The observed variability in post-fire core strength is primarily attributed to the non-
uniform thermal exposure during the fire event, including variations in flame contact, 
temperature gradients through the slab thickness, and localized cooling effects during fire 
suppression. Such variability is commonly reported in post-fire concrete assessments and 
reflects heterogeneous thermal damage rather than differences in original concrete quality. 

 

Figure 5. The post-fire compressive strength results of the bottom slab cores. 

Based on the results in Figure 5 and Table 3, the post-fire compressive strength of the 
bottom slab satisfies the acceptance criteria. The average compressive strength of the 
lower slab after fire exposure showed a reduction of approximately 8.5% compared to the 
original in situ concrete strength recorded during construction. Nevertheless, the meas-
ured value of 48.50 MPa still exceeds the minimum required average strength of 37.50 
MPa specified by ECP 203 [37] by 29.24%. Furthermore, all individual core strengths are 
greater than the minimum required value of 32.50 MPa. These findings confirm that the 
residual concrete strength of the bottom slab remains structurally adequate after the fire 
exposure. 

Table 3. Acceptance limits of concrete core test according to ECP 203 [37]. 

Item 
Original In Situ Cube 
Concrete Strength, 
MPa 

Characteristic Cube Compres-
sive Strength, MPa (fcu) 

Acceptance Limit of Average 
Strength, MPa (=0.75 × fcu) 

Lower Strength Limit of One 
Sample, MPa (=0.65 × fcu) 

Slab 53 50 37.50 32.50 
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Web 58.5 50 37.50 32.50 
Column 49.2 45 33.80 29.30 

Figure 6 presents the post-fire compressive strength results of the web cores. Sample 
W1 exhibited the highest strength at 62.50 MPa, representing a 24.9% increase relative to 
the Characteristic cube compressive strength of the concrete web. This was followed in 
descending order by samples W6, W8, W7, W5, W3, and W4. Conversely, samples W2 and 
W9 recorded the lowest strengths at 47.10 MPa and 43.30 MPa, respectively. The average 
compressive strength of all cores extracted from the webs of the fire-exposed spans 
showed a reduction of approximately 7.9% compared to the original in situ concrete 
strength recorded during construction. Nevertheless, the measured average value of 53.90 
MPa still exceeds the minimum requirement specified by the Egyptian Code (ECP 203) 
[37]. Moreover, Table 3 and Figure 6 confirm that every individual sample meets the min-
imum acceptance criterion for a single core. These results collectively indicate that the 
post-fire compressive strength of the webs satisfies the acceptance requirements stipu-
lated in ECP 203 [37]. 

 

Figure 6. The post-fire compressive strength results of the web cores. 

Figure 7 presents the compressive strength results of core samples extracted from the 
post-fire columns. It is evident that the compressive strengths of samples C1 and C4 in-
creased by 10.40% and 5.40%, respectively, relative to the column Characteristic cube com-
pressive strength of 45 MPa. Conversely, the compressive strengths of the C-2 Outer and 
C-3 Inner samples decreased by 11.80% and 13.90%, respectively. The average compres-
sive strength of the cores extracted from the fire-exposed columns was 43.88 MPa. This 
value represents a reduction of approximately 10.8% compared to the original in situ con-
crete strength recorded during construction. However, it still exceeds the minimum re-
quired strength specified by ECP 203 [37] by approximately 30%, Despite these reductions, 
all tested samples satisfy the minimum acceptance criteria stipulated by ECP 203 [37], 
confirming that the concrete in the columns of the two fire-exposed spans remains struc-
turally acceptable. 
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Figure 7. the compressive strength results of core samples extracted from the post-fire columns. 

Conversely, in accordance with the China Association for Engineering Construction 
Standardization (CECS 252) [38], Table 4 presents the reduction coefficients for the tensile 
strength of reinforcement steel bars at various temperatures. Following the recommended 
evaluation procedure, three upper reinforcement bars with diameters of 12 mm, 16 mm, 
and 18 mm, as well as three lower reinforcement segments with diameters of 16 mm and 
18 mm, were extracted and tested to determine their post-fire tensile strength. The meas-
ured tensile strength results of the selected steel bars are summarized in Table 5. 

Table 4. Reduction coefficient of the post-fire reinforcement steel bar’s tensile strength (CECS 252). 

Temperature/°C 
Reduction Coefficient 
Yield Strength (fy) Ultimate Strength (fu) 

20 1.00 1.00 
100 0.95 1.00 
200 0.95 1.00 
250 0.95 0.95 
300 0.95 0.95 
350 0.95 0.95 
400 0.95 0.90 
450 0.90 0.90 
500 0.90 0.90 
600 0.90 0.85 
700 0.85 0.85 
800 0.85 0.85 
900 0.80 0.80 

Table 5. The measured tensile strength results of the selected steel bars after fire exposure. 

Item Bar Mark Diameter 
(mm) 

Area 
(mm2) 

Weight 
per 1 m 
(Kg) 

Yield 
Load 
(KN) 

Yield 
Strength 
(MPa) 

Ultimate 
Load (KN) 

Ultimate 
Strength 
(MPa) 

Neck Elonga-
tion (Total at 
Fracture) (%) 

Upper slab re-
inforcement 

US 12A 12 113.10 0.860 60.17 532 78.88 697 23.30 
US 12B 12 113.10 0.848 59.48 526 78.27 692 21.70 
US 12C 12 113.10 0.854 50.40 445 67.90 600 26.70 
US 16A 16 201.06 1.516 107.08 533 137.79 685 21.30 
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US 16B 16 201.06 1.520 106.26 528 137.43 684 21.30 
US 16C 16 201.06 1.613 108.05 537 138.79 690 20.00 
US 18A 18 254.47 1.938 128.85 506 175.57 690 22.20 
US 18B 18 254.47 1.969 143.60 564 181.54 713 22.20 
US 18C 18 254.47 1.973 143.19 563 180.17 708 22.20 

Lower slab re-
inforcement 

LS 16A 16 201.06 1.553 107.23 533 140.41 698 20.00 
LS 16B 16 201.06 1.550 98.43 490 128.79 641 22.50 
LS 16C 16 201.06 1.555 106.26 528 138.06 687 22.50 
LS 18A 18 254.47 1.939 140.66 553 181.52 713 20.00 
LS 18B 18 254.47 1.939 128.85 506 175.67 690 20.00 
LS 18C 18 254.47 1.951 139.88 550 180.90 711 21.10 

The post-fire tensile test results showed that the minimum residual yield strengths of 
the 12 mm, 16 mm, and 18 mm reinforcement bars were 445 MPa, 490 MPa, and 506 MPa, 
respectively, compared with the original in situ minimum yield strengths of 510 MPa, 555 
MPa, and 570 MPa recorded during construction. These values correspond to moderate 
strength reductions of approximately 12.7%, 11.7%, and 11.2%, respectively, with an av-
erage reduction coefficient of about 0.87. It should be emphasized that this reduction co-
efficient was not used to deterministically back-calculate the exact fire temperature. In-
stead, it was adopted as an indicative parameter to qualitatively assess the severity of 
thermal exposure. The obtained value (≈0.87) is consistent with the reduction range re-
ported around 600 °C in CECS 252, providing a reasonable estimate of the probable peak 
temperature experienced by the reinforcement. A similar interpretative methodology has 
been adopted in previous post-fire assessment studies [8]. Most importantly, the struc-
tural safety evaluation was based on direct tensile testing results and full-scale load test-
ing, rather than on inverse statistical inference from code-based temperature–reduction 
tables. All tested bars satisfied the minimum yield strength requirements specified by ECP 
203 [37], confirming the structural adequacy of the reinforcement after fire exposure. 

In the investigated bridge, the concrete cover thickness was uniformly designed and 
executed as 25 mm for all fire-exposed structural elements (slabs, beams, and Columns in 
accordance with the ECP 203 [37]. Therefore, no variation in cover thickness existed 
among the affected members that could lead to differential thermal exposure of reinforce-
ment. Moreover, the fire suppression process was carried out simultaneously using water 
cooling for all affected spans. Since the same extinguishing method and timing were ap-
plied across the exposed elements, the thermal shock and cooling effects can be considered 
consistent throughout the investigated region. Most importantly, the evaluation of rein-
forcement residual performance was primarily based on direct tensile testing of extracted 
steel samples rather than solely relying on code-based reduction factors. 

3.3. Estimation of Elevated Temperatures in Fire-Exposed Bridge Members 

The residual load-carrying capacity of fire-damaged bridges is influenced by several 
factors, including the nature and duration of the fire, the method of fire suppression, and 
the extent and severity of damage sustained by the structural components. Accurate 
estimation of a bridge’s residual strength after fire exposure requires an evaluation of the 
thermal distribution and peak temperatures experienced by its spans and structural 
members. Surface temperature estimation can typically be inferred from visual indicators 
such as changes in concrete color, the degree of observed damage, and the response to 
hammer-sounding tests. Thermal conduction principles may also be applied, taking into 
account the fire scenario, extent of damage, and material properties of the bridge elements 
[3]. 
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The field observations revealed that the concrete surfaces in the fire-affected zones 
exhibited characteristic color changes: the columns displayed a white-gray appearance, 
while the webs and slabs exhibited a light pink hue. These regions also showed clear signs 
of fire damage, including spalling, cracking, loss of cover, and brittle, friable concrete 
when subjected to hammer impact testing. It is acknowledged that EN 1992-1-2  [36]  and 
CECS 252 [38]  provide different temperature-dependent reduction coefficients due to dif-
ferences in calibration basis and intended application. However, the temperature values 
presented in Table 6 do not represent a direct numerical adoption of reduction coefficients 
from either code.  In the present study, CECS 252 [38]  was referenced for general guidance 
on temperature-dependent material behavior, while the reported temperature ranges 
were conservatively estimated based on observed damage patterns and measured mate-
rial properties. As clarified in the revised manuscript, Table 6 serves as a qualitative inter-
pretative framework supporting the residual capacity assessment rather than a determin-
istic reconstruction of peak fire temperature.  A similar interpretative approach has been 
adopted in previous post-fire assessment studies [8], where estimated temperature ranges 
were correlated with observed damage and material degradation rather than derived 
solely from a single code-based reduction model.  These indicative temperature ranges 
were used to interpret (i) the observed surface damage, (ii) the moderate reduction in con-
crete compressive strength obtained from cores extracted at depths greater than 5 cm, and 
(iii) the measured reduction in reinforcement yield strength. 

In particular, the estimated temperature range below 300–450 °C at depths exceeding 
5 cm is consistent with the limited reduction observed in core compressive strength, while 
the higher surface temperatures (≈550–600 °C) support the recorded reinforcement 
strength reduction and surface spalling. Therefore, Table 6 serves as a qualitative inter-
pretative framework supporting the residual capacity assessment, rather than as a deter-
ministic reconstruction of peak fire temperature. 

Table 6. Estimated temperatures at various depths. 

Member Depth (cm) Temperature (°C) 

Slab and web 

0–2 600 
2–4 450–600 
4–7 300–450 
7–10 150–300 
10–14 <150 

Column 

0–2 550–650 
2–4 400–550 
4–6 300–400 
6–8 <300 

4. Field Testing 
In accordance with the requirements of ECP 203 [37], static load tests were conducted 

as part of this case study to assess the structural performance of the Delta Bridge following 
fire exposure. The objective of these tests was to verify whether the bridge exhibited any 
abnormal deflection behavior, visible cracking, or damage when subjected to the maxi-
mum serviceability loads specified by the code. The residual deformations after unloading 
were confirmed to be less than 15% of the maximum deflection recorded during testing, 
satisfying the acceptance criteria. 

In December 2024, the static load tests were performed by the Concrete Research La-
boratory (Cairo University, Cairo, Egypt). The critical mid-span sections were selected for 
testing, as these locations represent the maximum bending moment regions in simply 
supported bridge spans under live loading. The post-fire spans located between axes 16 
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and 17 (spans 8 and 9) were tested using four tri-axle trucks with a gross weight of 40 tons 
each, as illustrated in Figure 8. In addition, span 7 (between axes 17 and 18) was tested 
using nine tri-axle trucks, as shown in Figure 9. For each tested span, six measurement 
points (labeled P1–P6 in Figures 8 and 9) were instrumented to record midspan deflection 
and micro-strain in the longitudinal reinforcement. 

 

Figure 8. Loading between axis 16 & 17. 

 

Figure 9. Loading between axis 17 & 18. 

A schematic of the tri-axle truck configuration is presented in Figure 10. The axle 
spacings a, b, and c measured 4.6 m, 1.4 m, and 1.8 m, respectively, with wheel loads of 
80 kN for P1 and 160 kN for P2 and P3. High data quality was ensured throughout the 
experimental program. Prior to gauge installation, the asphalt and concrete surface were 
carefully removed and prepared. Electrical resistance strain gauges were then bonded to 
the top surface of the upper longitudinal reinforcement (see Figure 11). Deflections were 
measured on the slab surface using precise surveying equipment with an accuracy of 0.1 
mm. All sensors and measuring devices were calibrated and verified before testing to en-
sure reliable data acquisition. 
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Figure 10. Schematic of a triaxle truck. 

 

Figure 11. Installation of strain gauges. 

Strain and deflection measurements were recorded at five key intervals: immediately 
before loading, immediately after loading, one hour after loading, two hours after loading, 
and immediately following load removal. Table 7 summarizes the experimental results, 
presenting the measured deflections and micro-strains of the steel reinforcement at the six 
instrumented locations for both tested spans under the different loading stages and the 
final unloading condition. 

Table 7. Summary the experimental results (deflections and absolute strain values). 

Span Point Data Recorded 
Loading Time (min) 

Recovery Before 
Loading 

Just After 
Loading 

1 h After 
Loading 

2 h After 
Loading 

Just After Load 
Removal 

Spans 8 
and 9 

P1 
µƐ 0.0 13.00 13.00 13.00 0.0 100% 
D mm 0.0 −4.50 −4.50 −4.50 0.0 100% 

P2 
µƐ 0.0 8.00 8.00 8.00 0.0 100% 
D mm 0.0 −3.90 −3.90 −3.90 −0.10 97% 

P3 
µƐ 0.0 21.00 21.00 21.00 0.0 100% 
D mm 0.0 −6.70 −6.70 −6.70 −0.40 94% 

P4 
µƐ 0.0 15.00 15.00 15.00 0.0 100% 
D mm 0.0 −6.30 −6.30 −6.30 −0.30 95% 

P5 
µƐ 0.0 10.00 10.00 10.00 0.0 100% 
D mm 0.0 −4.70 −4.70 −4.70 −0.30 94% 

P6 
µƐ 0.0 7.00 7.00 7.00 0.0 100% 
D mm 0.0 −4.10 −4.10 −4.10 0.0 100% 

Span 7 

P1 µƐ 0.0 10.00 10.00 10.00 0.0 100% 
 D mm 0.0 −11.80 −11.80 −11.80 0.0 100% 
P2 µƐ 0.0 7.00 7.00 7.00 0.0 100% 
 D mm 0.0 −18.50 −18.50 −18.50 0.0 100% 
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P3 µƐ 0.0 21.00 21.00 21.00 0.0 100% 
 D mm 0.0 −23.20 −23.20 −23.20 0.0 100% 
P4 µƐ 0.0 18.00 18.00 18.00 0.0 100% 
 D mm 0.0 −23.50 −23.50 −23.50 0.0 100% 
P5 µƐ 0.0 8.00 8.00 8.00 0.0 100% 
 D mm 0.0 −14.00 −14.00 −14.00 0.0 100% 
P6 µƐ 0.0 7.00 7.00 7.00 0.0 100% 
 D mm 0.0 −19.10 −19.10 −19.10 0.0 100% 

Note: µƐ: Absolute micro-strain of steel reinforcement (compressive at top slab locations); D: Vertical 
deflection in slab. 

The experimental deflection responses of the post-fire spans during the static loading 
tests are presented in Figure 12. As shown in Figure 12a,b, the vertical deflections of the 
loaded spans remained nearly constant under the different loading stages. For instance, 
the deflection measured at point P1 for spans 8 and 9 was consistently 4.50 mm immedi-
ately after loading, one hour after loading, and two hours after loading, indicating mini-
mal time-dependent deformation. Upon load removal, the deflection values approached 
zero, demonstrating good elastic recovery. At mid-span, the maximum recorded deflec-
tions were 6.70 mm at point P3 and 6.30 mm at point P4. The measured deflections at other 
points were nearly constant across loading stages, with values of 4.50 mm at P1, 3.90 mm 
at P2, 4.70 mm at P5, and 4.10 mm at P6. 

Figure 12b illustrates the deflection profile of composite steel span 7. Similar to spans 
8 and 9, the vertical deflection response remained stable across all loading stages. The 
maximum deflection occurred at mid-span point P4 (23.50 mm), followed by P3 (23.20 
mm), P6 (19.10 mm), P2 (18.50 mm), P5 (14.00 mm), and P1, which exhibited the lowest 
deflection of 11.80 mm. It is evident that the deflections of span 7 are significantly larger 
than those of spans 8 and 9. This difference is attributed to the structural and geometric 
characteristics of the spans: span 7 has a considerably longer length (81.88 m) compared 
to spans 8 and 9 (19.30 m each) and is constructed using steel girders, whereas spans 8 
and 9 consist of precast concrete beams. 

 
(a) Deflection obtained at spans 8 and 9. 
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(b) Deflection obtained at span 7. 

Figure 12. Experimental deflection during the loading test. 

Figure 13 presents the micro-strain measurements of the steel reinforcement in the 
post-fire top slab during the static loading tests. As illustrated, the micro-strain values at 
all slab measurement points remained nearly constant throughout the different loading 
stages (immediately after loading, one hour after loading, and two hours after loading). 
In contrast, the micro-strain values were close to zero prior to loading and immediately 
after load removal, indicating full elastic recovery. 

Among the measured points, P3—located at mid-span—recorded the highest micro-
strain of 21 µε, followed by P4 with 15 µε. The remaining points exhibited micro-strain 
values of 13 µε at P1, 10 µε at P5, 8 µε at P2, and 7 µε at P6. A similar micro-strain distri-
bution trend was observed for span 7, confirming the consistency of the structural re-
sponse across the tested spans. 

No significant creep or relaxation effects were observed during the static load test. 
The measured deflections and micro-strain values remained nearly constant over the 

2-h sustained loading period, indicating negligible time-dependent deformation. Further-
more, the nearly full recovery after unloading confirms that the structural response was 
predominantly elastic under the applied service load. 

 
(a) Spans 8 and 9 
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(b) Span 7 

Figure 13. Micro-strain measurements of the steel reinforcement. 

5. Repair and Rehabilitation of the Delta Bridge 
Following the fire incident, a comprehensive experimental assessment program was 

conducted, including core sampling and compressive strength testing of concrete ex-
tracted from columns, slabs, and the box girder soffit, as well as tensile testing of reinforc-
ing steel obtained from critical structural locations, in addition to full-scale static load test-
ing to verify global structural behavior. The results demonstrated that both the residual 
compressive strength of concrete and the tensile strength of reinforcement remained 
within the permissible limits specified by the ECP 203 [37]. Furthermore, the static load 
test confirmed that deflection values, and overall load-bearing performance satisfied the 
code-required safety and serviceability criteria. Based on these verified quantitative find-
ings, the structural system retained adequate residual load-carrying capacity and safety 
margins; therefore, advanced strengthening techniques such as CFRP wrapping, hydrau-
lic or steel jacketing, external prestressing, or section enlargement were not technically 
justified. 

Based on the findings necessitated an immediate repair and rehabilitation program 
aimed at restoring structural capacity, ensuring durability, and prolonging the service life 
of the bridge. 

5.1. Damage Removal and Surface Preparation 

In compliance with ACI 562-19 Code Requirements for Assessment, Repair, and Re-
habilitation of Existing Concrete Structures  [39], all deteriorated materials were systemat-
ically removed. The repair process included: (1) cleaning and flushing of affected areas on 
box slabs, webs, and columns to remove loose debris, contaminants, and surface laitance, 
(2) chipping and removal of spalled and cracked concrete to a controlled depth ranging 
between 20 and 80 mm, ensuring exposure of sound substrate, and (3) mechanical sand-
blasting of exposed reinforcing steel to achieve a near-white metal finish, followed by in-
spection to verify cross-sectional adequacy. 

5.2. Structural Repair and Section Restoration 

After proper surface preparation, repair mixtures and strengthening materials were 
applied. Shotcrete containing high-performance cementitious material was used to restore 
the removed concrete sections, ensuring proper compaction and bond. Epoxy injection 
was utilized to seal fine cracks and re-establish continuity in localized areas. Damaged 
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portions of the box girders and columns were reconstructed in compliance with ACI 546R-
14 Guide to Concrete Repair [40]. 

5.3. Surface Protection and Corrosion Mitigation 

To enhance durability and protect against future environmental and fire exposure, 
the bottom slab, beams, and columns of the affected spans were coated with a two-com-
ponent acrylic polyurethane system. This coating provides a protective barrier against 
chloride ingress, carbonation, and moisture penetration (Figure 14). 

 

Figure 14. Coating with acrylic polyurethane paint. 

5.4. Bearing Replacement 

Bridge bearings at piers located on axes 16 and 17 were replaced to re-establish 
proper load distribution and accommodate thermal and shrinkage movements. 

5.5. Post-Repair Evaluation 

Following completion of the rehabilitation works, a full-scale field static load test was 
conducted in accordance with ECP 203 [37]  to evaluate the post-repair structural perfor-
mance.  The maximum measured mid-span deflection of the repaired concrete spans 
(Spans 8 and 9) was 6.7 mm, which is significantly lower than the allowable serviceability 
limit specified by the code. Deflections remained stable during the 2-h sustained loading 
period, indicating negligible time-dependent deformation. Upon unloading, recovery ra-
tios ranged between 94% and 100%, confirming predominantly elastic structural behavior 
with no evidence of residual deformation.  The maximum recorded reinforcement micro-
strain was approximately 21 µε, which is considerably lower than the steel yield strain, 
further confirming adequate safety margins. No abnormal cracking, excessive vibration, 
or distress was observed during testing.  Since reopening, the bridge has continued to per-
form satisfactorily under normal daily traffic, further confirming the effectiveness and re-
liability of the adopted rehabilitation strategy. 

6. Discussion 
The comprehensive post-fire assessment of the Delta Bridge provided valuable in-

sights into the structural performance of concrete box girder bridges subjected to severe 
thermal exposure. The combination of material testing, structural inspection, and full-
scale field load testing offered a robust framework for evaluating the residual capacity 
and effectiveness of subsequent rehabilitation measures. 
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The results of core compressive strength testing demonstrated that, despite localized 
concrete spalling and cover loss, the residual average compressive strengths of the bottom 
slab, webs, and columns exceeded the minimum acceptance limits specified by ECP 203 
[37] by 29.2%, 43.7%, and 30.0%, respectively. These findings confirm that the fire did not 
compromise the overall structural integrity of the concrete elements. Similarly, tensile 
testing of reinforcing bars revealed an average yield strength reduction coefficient of 0.87, 
corresponding to an estimated peak temperature of approximately 600 °C, yet still satis-
fying the minimum yield strength requirement of 500 MPa. These results suggest that the 
residual material properties were adequate for continued service, provided that damaged 
cover and spalled areas were properly repaired. 

The field static load testing program confirmed that the fire-exposed spans retained 
a substantial portion of their stiffness and load-carrying capacity. For the post-fire con-
crete spans (8 and 9), the maximum midspan deflection recorded at point P3 was 6.7 mm. 
According to ECP 203 [37], the allowable serviceability deflection limit under service loads 
is L/800. For a span length of 19.30 m, this corresponds to an allowable deflection of ap-
proximately 24 mm. Therefore, the measured deflection represents only about 28% of the 
permissible limit, confirming a substantial safety margin.  For the adjacent steel composite 
span (Span 7), which has a significantly longer length of 81.88 m, the maximum recorded 
midspan deflection was 23.5 mm. Based on the same serviceability criterion (L/800), the 
allowable deflection for Span 7 is approximately 102 mm. Accordingly, the measured de-
flection corresponds to only about 23% of the permissible limit.  These results demonstrate 
that both the fire-exposed concrete spans (8 and 9) and the steel composite span (7) fully 
satisfy the serviceability requirements specified by ECP 203  [37], with measured deflec-
tions remaining well below the allowable limits. 

Bridge Design Specifications. Moreover, more than 94% of the recorded deflection 
was recovered upon unloading, indicating primarily elastic behavior and minimal perma-
nent deformation. The measured micro-strains in longitudinal reinforcement exhibited 
similar trends, returning to near-zero values after load removal. These results collectively 
indicate that the bridge maintained adequate stiffness and exhibited no signs of progres-
sive damage or plastic hinging under service loads. 

The targeted repair measures—including removal of damaged concrete, derusting of 
reinforcement, shotcrete application, epoxy crack injection, surface coating, and bearing 
replacement—were effective in restoring the bridge’s structural performance. The post-
repair verification load test demonstrated that the repaired spans satisfied the required 
strength and serviceability criteria, indicating that the adopted repair methodology miti-
gated fire-induced deterioration. The application of acrylic polyurethane coating is ex-
pected to contribute to improved long-term durability by reducing moisture ingress and 
mitigating potential future corrosion risk. 

This case study highlights the importance of combining field testing with material 
sampling to accurately assess post-fire residual capacity. Reliance solely on visual inspec-
tion could have led to overly conservative decisions, including unnecessary replacement 
of structural members. The methodology applied here enabled targeted, cost-effective re-
pairs that minimized traffic disruption and preserved the existing bridge superstructure. 
Furthermore, the results underscore the value of having predefined emergency inspection 
and testing protocols to expedite decision-making after fire incidents, reducing downtime 
and economic losses. 

7. Conclusions 
This study presented a comprehensive post-fire assessment, repair, and validation 

program for the Delta Bridge, a full-scale concrete box girder bridge exposed to a two-
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hour fire event. Based on the results of field inspections, laboratory material testing, and 
full-scale load testing, the following conclusions can be drawn: 

1. In the Delta Bridge, fire exposure resulted in concrete spalling, cover loss, cracking, 
and localized reinforcement exposure in spans 8 and 9; however, the damage was 
confined mainly to surface layers without causing global structural distortion or col-
lapse. 

2. Post-fire concrete core testing indicated moderate strength reductions relative to the 
original in situ concrete strength recorded during construction, with average reduc-
tions of approximately 8.5% for the bottom slab, 7.9% for the webs, and 10.8% for the 
columns. Despite these reductions, the residual compressive strengths remained 
above the minimum acceptance limits specified by ECP 203, confirming the structural 
adequacy of the fire-exposed concrete elements. 

3. Post-fire tensile testing of reinforcing bars indicated moderate strength reductions 
relative to the original in situ yield strength, with reductions of approximately 12.7%, 
11.7%, and 11.2% for 12 mm, 16 mm, and 18 mm bars, respectively (average reduction 
coefficient ≈ 0.87). These results correspond to an estimated peak exposure tempera-
ture of approximately 600 °C, yet still meet code-mandated yield strength require-
ments. 

4. Static load testing showed stable deflection behavior across all loading stages, with 
maximum midspan deflections of approximately 6.7 mm and 6.3 mm for the fire-
exposed spans (8 and 9), while the longer steel span (span 7) reached a maximum 
deflection of about 23.5 mm due to its larger span length and different structural sys-
tem. More than 94% of the deflection was recovered after unloading, indicating pre-
dominantly elastic structural behavior. 

5. Measured reinforcement micro-strain values in the post-fire spans remained low, 
with a maximum value of approximately 21 µε recorded at midspan, and returned 
to near-zero levels after unloading, indicating negligible permanent deformation and 
stable structural behavior under service loading. 

6. For the Delta Bridge, the implemented repair program—including removal of fire-
damaged concrete, reinforcement derusting, shotcrete repair, epoxy crack injection, 
protective surface coating, and bearing replacement—successfully restored the struc-
tural performance of the fire-affected spans, as verified by post-repair static load test-
ing and compliance with ECP 203 requirements. 

7. In this study, the integrated assessment approach (field inspection, material testing, 
and load verification) enabled reliable residual capacity evaluation, avoided unnec-
essary demolition, reduced cost and downtime, and ensured safe reopening to traffic. 
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