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Abstract

Fire incidents pose a serious threat to the structural integrity of reinforced cement concrete
(RCC) buildings, particularly when exposure is localized and prolonged. Recently, several
RCC buildings in Nepal have been affected by deliberate fire incidents, highlighting the need
for systematic post-fire structural assessment. This study evaluates fire-induced structural
degradation of RCC buildings through a comprehensive literature review and Non-Destructive
Testing (NDT)-based investigation of selected Nepalese case studies. The literature review
outlines key thermo-mechanical degradation mechanisms in concrete at elevated temperatures,
including strength loss, cracking, spalling, and bond deterioration, and discusses limitations
of standard fire exposure models in representing real fire scenarios. Field investigations
were conducted using rebound hammer and ultrasonic pulse velocity (UPV) tests to assess
residual concrete quality in fire-affected beams, columns, slabs, and beam—column joints. The
results reveal significant spatial variability in compressive strength and pulse velocity values,
indicating non-uniform thermal damage and internal cracking, with several load-critical
elements exhibiting poor to severely degraded concrete quality. The study demonstrates
that NDT methods provide an effective preliminary tool for identifying critically damaged
zones but are insufficient alone for complete structural safety evaluation. Based on the
findings, recommendations are proposed for detailed assessment and destructive testing to
support informed decisions regarding repair, strengthening, or demolition of fire-damaged
RCC buildings.

©IJIEE Thapathali Campus, IOE, TU. All rights reserved

1. Introduction

RCC structures more fire-resistant than steel or tim-
ber framed buildings[2][3][4]. However, exposure to

Reinforced concrete (RC) buildings are the most used
structural system for residential, commercial and institu-
tional buildings in Nepal because they are strong, cost-
effective and suitable for seismic design. While RCC
is generally designed to withstand gravity and lateral
loads[ 1], recent events highlight that it may be exposed
to multiple hazards during its service life. Among them
Fire is one of the most destructive accidental loads that a
structure can be subjected during its lifetime. Concrete
itself is non-combustible and exhibits relatively slow
heat conduction compared to other materials such as
steel and timber; these characteristics generally make

*Corresponding author:
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elevated temperatures during a fire can cause signifi-
cant changes in both the concrete matrix and embedded
reinforcement, leading to mechanical degradation and
reduced structural capacity[5][6]. Concrete exposed
to high temperatures undergoes dehydration of cement
hydrates, thermal incompatibility between aggregates
and cement paste, micro- and macro-cracking, and in
severe cases, explosive spalling of the concrete cover

[7][8].

Nepal has experienced a noticeable rise in youth-led
Gen-Z protest on September 08 and 09, 2025, especially
in major urban areas of Nepal which occasionally esca-
lated into violent incidents involving intentional burning
of public and private properties. Several RC buildings,
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including commercial complexes, office buildings, and
service facilities have reportedly been subjected to delib-
erately set fires during such protest activities. Although
global research on fire-induced damage in RCC struc-
tures is well-developed, research within Nepal remains
limited. Most structural investigations in Nepal focus
on seismic vulnerability[9], retrofit strategies[10], or
corrosion assessment rather than systematic evaluation
of fire effects on RCC members. Therefore, there is
a critical need to systematically evaluate fire-induced
structural degradation in RCC buildings using reliable,
field-applicable techniques, supported by empirical evi-
dence. This study primarily focuses on effects of fire on
reinforced concrete structures in Nepal and damage as-
sessment techniques for fire-damaged structures.

Specifically, the objectives of study includes:

e To synthesize international research on the effects
of elevated temperatures and fire exposure on the
mechanical and durability properties of concrete
and reinforcing steel in RCC structures.

e To assess the residual strength of concrete after
fire.

e To propose practical recommendations or assess-
ment method for post-fire evaluation and rehabil-
itation of RCC buildings.

2. Fire behavior in reinforced concrete
structure

Concrete structures exhibit complex behavior when ex-
posed to fire due to coupled thermal, physical, and
mechanical phenomena. Although concrete is non-
combustible and generally performs better than steel
or timber in fire, elevated temperatures can signifi-
cantly impair its structural performance. The fire be-
havior of reinforced cement concrete (RCC) structures
depends on factors such as temperature magnitude,
duration of exposure, heating and cooling rates, ma-
terial composition, moisture content, and structural
detailing[ 1 1][12].

2.1. Heat transfer and temperature
distribution

Heat transfer in concrete during fire exposure occurs
primarily through thermal conduction, resulting in
non-uniform temperature distributions across struc-
tural members. Due to its relatively low thermal con-
ductivity, concrete delays heat penetration, which ini-
tially enhances fire resistance when compared to steel
structures[13]. However, during prolonged exposure,
surface temperatures can rise rapidly, while the core
temperature increases more slowly depending on mem-

ber thickness and concrete cover. Experimental and
numerical studies have shown that such temperature
gradients induce significant thermal stresses, contribut-
ing to cracking and stiffness degradation even before
critical strength loss occurs[14][15].

2.2. Standard fire curves (ISO 834 and ASTM
E119)
To represent fire exposure in structural fire engineering,
standard time—temperature curves are commonly used
in laboratory testing and design. Among these, the
ISO 834 [16] and ASTM E119 [17] fire curves are the
most widely adopted standards. Figure | presents the
ISO 834 and ASTM E119 standard fire curves, which
define the relationship between furnace temperature and
time during a fire resistance test. The ISO 834 curve is
expressed as:

T =T, + 345log(81 + 1) (1)

where T is the furnace temperature (°C), T}, is the initial
temperature, and 7 is time in minutes.
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Figure 1: Standard time—temperature fire curves accord-
ing to ISO 834 and ASTM E119 used in structural fire
resistance testing [16][17]

Both ISO 834 and ASTM E119 curves represent fully
developed compartment fires, characterized by a rapid
rise in temperature reaching approximately 800-900 °C
within 60 minutes, and exceeding 1000 °C with longer
exposure durations. These curves are intentionally con-
servative and provide a standardized basis for comparing
fire resistance performance of structural elements. How-
ever, several researchers have highlighted that real fires
often deviate significantly from these standard curves
due to variations in fuel load, ventilation conditions,
and fire suppression activities[ 1 8]. Consequently, while
ISO and ASTM fire curves are essential for design and
testing, they may not accurately capture localized, fuel-
rich, or prolonged fires, such as those observed in urban
unrest or storage-related fire incidents.
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2.3. Physico-chemical changes in
concrete

Fire exposure leads to a sequence of temperature-
dependent physico-chemical transformations in con-
crete as shown in Figure 2. Below 100 °C, evapora-
tion of free water occurs. Between 100 and 300 °C,
physically bound water is released, resulting in shrink-
age and microcracking[19]. At temperatures exceed-
ing 400 °C, dehydration of calcium silicate hydrate
(C—S—H) gel and decomposition of calcium hydrox-
ide significantly weaken the cement paste and increase
porosity[20].

Aggregate type also influences fire behavior. Siliceous
aggregates undergo phase transformation near 573°C,
while carbonate aggregates decompose above 700 °C,
contributing to cracking and loss of strength[21]. Dif-
ferential thermal expansion between cement paste and
aggregates causes cracking at the interfacial transition
zone (ITZ).
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Figure 2: Physicochemical processes in Portland cement
concrete during heating [13]

2.4. Spalling of concrete

Spalling is one of the most critical fire-induced dam-
age mechanisms in concrete structures. It involves
the violent detachment of surface layers caused by
vapor pressure buildup and thermally induced ten-
sile stresses[22][23][24]. High-strength and low-
permeability concretes are particularly vulnerable due

to restricted moisture migration. Spalling reduces effec-
tive cross-sectional area and accelerates heat penetra-
tion, potentially exposing reinforcing steel earlier than
anticipated, thereby reducing fire resistance[22].

2.5. Degradation of compressive strength of
concrete at elevated temperature

Exposure to elevated temperatures during fire leads to
a progressive reduction in the compressive strength of
concrete due to moisture loss, microcracking, and chem-
ical decomposition of cementitious phases. Up to ap-
proximately 200-300 °C, strength loss is limited and
primarily associated with evaporation of free and physi-
cally bound water. Beyond 400 °C, dehydration of cal-
cium silicate hydrate (C—S—H) gel and decomposition
of calcium hydroxide significantly weaken the cement
matrix, resulting in rapid strength deterioration. Ex-
perimental studies indicate that concrete retains about
80-90% of its original compressive strength at 300 °C,
which reduces to 40-60% at 500 °C and falls below
30% beyond 700 °C, depending on mix composition,
aggregate type, and exposure duration[25][26][27]. The
degradation of compressive strength with temperature
for various types of aggregates is represented in Figure
3. In real fire scenarios, especially localized and pro-
longed fires, compressive strength degradation is often
non-uniform across structural members.
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Figure 3: Concrete compressive strength degradation
(fch /fc ) at high temperature: 1 -ordinary strength con-
crete with siliceous aggregate, 2 -ordinary strength con-
crete with calcareous aggregate, 3 -C55/67, C60/75, 4
-C70/85, C80/95, 5 -C90/105; diagram prepared by au-
thors on the basis of Eurocode [25]

2.6. Behavior of reinforcement and composite
action

At elevated temperatures, reinforcing steel experiences

a substantial reduction in yield strength and modulus

of elasticity. According to Eurocode 2 (EN 1992-1-2),

reinforcing steel may lose up to 50% of its yield strength

ataround 600 °C. According to experiment done by Uma
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Bharathi and Pradeep Kumar[28], the residual strengths
of reinforced steel rebars are lower than their respective
design values after 500°C showing 38% to 45% decrease
in tensile load carrying capacity at 1000°C.

Simultaneously, cracking and degradation of concrete re-
duce bond strength between steel and concrete, compro-
mising composite action and load redistribution[29][30].
The combined degradation of concrete and reinforce-
ment governs the overall fire performance and residual
load-carrying capacity of RCC members such as beams,
slabs, and columns.

2.7. Cooling phase damage

The cooling phase following fire exposure is critical in
determining residual structural condition. Rapid cool-
ing, particularly due to water application during fire-
fighting, induces thermal shock, leading to additional
cracking and loss of stiffness [31][32]. Research indi-
cates that residual strength measured after cooling may
be significantly lower than that observed during heat-
ing, highlighting the importance of post-fire evaluation
[33][34].

2.8. Residual strength

Although the concrete structure may be damaged dur-
ing a fire, it can retain a certain amount of residual
load bearing capacity[35]. The residual strength of con-
crete and reinforcing steel after fire exposure is a critical
parameter in determining the post-fire safety, service-
ability, and rehabilitation strategy of RCC structures.
Concrete experiences irreversible degradation of me-
chanical properties when exposed to elevated temper-
atures. Numerous experimental studies have shown
that residual compressive strength depends primarily
on maximum temperature reached, duration of expo-
sure, heating and cooling rates, moisture content, and
concrete composition[36][37]. At temperatures below
200 °C, concrete typically retains most of its original
compressive strength, with minor losses attributed to
moisture evaporation. Between 300 and 400 °C, resid-
ual strength begins to decline noticeably due to dehy-
dration of cement hydrates and microcracking. When
exposed to temperatures in the range of 400-600 °C,
concrete may lose approximately 30-60% of its original
compressive strength, depending on aggregate type and
exposure duration. Results from the destructive and
non-destructive tests done on samples subjected to fire
show that losses of strength vary from a minimum of
37.73% to a maximum of 86.67% [38].

2.9. Effect of coating protection (plaster)

Under fire, the plastering layer can act as a barrier to de-
celerate the change of temperate of the internal concrete
structure. The plaster layer absorbs heat and undergoes

moisture evaporation and cracking, which helps dissi-
pate thermal energy and reduces the rate of temperature
rise in the underlying concrete. Studies have shown that
plastered (or fire-retardant coating) concrete members
exhibit lower peak internal temperatures and reduced
compressive strength degradation compared to uncoated
members, particularly during short- to medium-duration
fires[39][40][41]. However, the effectiveness of plaster
protection depends on its thickness, bonding quality,
moisture content, and integrity under thermal loading,
as cracking or debonding of the plaster layer can signif-
icantly diminish its protective role.

3. Methodology of fire damage assessment
and evaluation of RC structure

Fire damage assessment and evaluation of reinforced
concrete (RC) structures is done for determining the
extent of fire-induced deterioration, residual structural
capacity, and suitability for continued use or rehabil-
itation. A fire damage assessment flowchart for RC
structures as shown in Figure 4 typically begins with
visual inspection (mapping cracks, spalling, deforma-
tion) to gauge fire severity, followed by non-destructive
testing (NDT) like rebound hammer and UPV for deeper
damage, then potentially destructive testing (cores, lab
analysis) for residual strength, and finally analysis &
repair planning, deciding if the structure is repairable
or needs demolition. The process moves from general
observation to detailed material property evaluation,
determining the extent of concrete degradation (color
changes, spalling depth) and steel integrity to assess
load-bearing capacity.

Types of Fire Damage:

1. Structural Damage: Involves the impact on a
building’s integrity due to fire.

2. Surface Damage: Refers to visible damage to
interior and exterior surfaces from fire.

3. Material Damage: Deals with the deterioration
of items and materials due to fire.

4. Smoke and Soot Damage: Encompasses the
residues left by smoke and soot, affecting air qual-
ity and surfaces.

5. Water and Chemical Damage: Damage result-
ing from firefighting efforts or chemical reactions
during a fire.

It is possible to restore the structure back to its original
form, economically by carrying out appropriate repair
methods only for the elements that has been affected
even though the fire damage is severe[42].
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Figure 4: Flowchart for fire damage assessment and evaluation of RC buildings
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Preliminary assessment of fire damaged concrete can 100°C to 1000°C [43]

also be done with visual observation of color change

as shown in Figure 5. On heating above 300°C, the

colour of siliceous aggregate concrete is said to change evident through visual observation alone.

from normal to pink or red (300-600°C),whitish grey

(600-900°C), and buff (900-1000°C)[43]. 3.2. Material testing and analysis

3.2.1. Non-destructive test

These methods assess internal damage and material
degradation without harming the structure.

Although RC structures often remain standing after fire
due to the non-combustible nature of concrete, exposure
to elevated temperatures can cause significant deterio-
ration of concrete and reinforcement that may not be e Ultrasonic Pulse Velocity (UPV) — internal crack-
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ing and concrete quality

e Rebound Hammer Test — surface hardness and
relative compressive strength

e Infrared Thermography — delamination and sub-
surface defects

e Impact Echo — internal voids and layer separation

e Ground Penetrating Radar (GPR) — reinforcement
layout and cover depth

3.2.2. Semi-destructive test
These methods involve minor damage to the structure
but provide higher reliability.

e Core sampling and compressive strength testing

Pull-out tests

e Chemical and Petrographic Analysis

Carbonation and chloride tests (post-fire durabil-
ity)

3.2.3. Analytical and numerical evaluation
methods

These methods assess structural capacity using engi-
neering models.

e Temperature-based material reduction models
e Section capacity analysis using residual proper-
ties

o Finite Element Modeling (FEM) of fire-damaged
members

e Code-based assessment (Eurocode 2, ACI, IS
guidelines)

3.2.4. Decision-support and risk-based

evaluation
These methods integrate technical findings into final
decisions.

e Repair vs Demolition criteria
e Safety and risk assessment

e Lifecycle and cost—benefit analysis

4. Case study: Damage assessment of RC
fire-affected building in
Kathmandu

Recently, Nepal has experienced a noticeable rise in
youth-led protest movements, especially in major urban
areas such as Kathmandu Valley which occasionally es-
calated into violent incidents involving intentional burn-
ing of public and private properties. Several RC build-

ings, including commercial complexes, office buildings,
and service facilities have reportedly been subjected
to deliberately set fires during such protest activities.
These incidents represent a new and under-studied cat-
egory of structural hazard within the Nepalese built
environment. Unlike accidental building fires, protest-
related fires are typically localized, intense, and pro-
longed, fueled by high-calorific combustible materials
such as petroleum products, plastics, furniture, tires,
and stored goods. Such fires are rarely controlled and
often occur in critical structural zones, including ground
floors, entry lobbies, parking levels, stairwells, and
fagade regions. These conditions can generate localized
temperatures exceeding those assumed in standard fire
resistance design, resulting in severe thermal gradients
and asymmetric heating of RC members.

In this study case studies from three buildings in Kath-
mandu valley damaged by fire has been taken.

e Building A: 3 storeyed RCC Institutional building
located in Babarmahal

e Building B: 4 storeyed RCC Institutional Building
located in Koteshwor

e Building C: 3 storeyed RCC Residential Building
located in Koteshwor

4.1. Visual observation

The visual observation of damage in the crucial location
of Building A, Building B, and Building C, selected as
case study in this research are represented in Figure 6,
Figure 7, and Figure 8, respectively. All three of these
Reinforced Concrete buildings located in Kathmandu
valley were subjected to fire after the Gen Z movement
on September 8 and 9, 2025.

Figure 6: Showing damages in various locations of
Building A (a) Fire-damaged structural beam show-
ing extensive soot deposition, blistered paint, and heat-
induced surface cracking (b) Damage in electrical point
and crack propagated in slab along the line of wiring
(c) Porous, bubbled surface texture—classic signs of
thermal decomposition of cement paste due to high fire
temperatures (d) Fire-induced spalling of concrete
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Figure 7: Showing damages in various locations of
Building B (a) Discoloration of outer face of building
due to fire (b) Fire-induced spalling of concrete with
exposed reinforcement in the beam soffit (circled in
red) (c) Porous, bubbled surface texture-classic signs of
thermal decomposition of cement paste due to high fire
temperatures (d) Fire-damaged structural beam show-
ing extensive soot deposition, blistered paint, and heat-
induced surface cracking (e) Damage in electrical point

Figure 8: Showing damages in various locations of
Building C (a) Exterior view of an RCC building show-
ing fire damage (b)Fire-affected RCC slab soffit with
extensive soot accumulation and exposed suspended
service lines, indicating prolonged fire duration and
elevated ceiling temperatures (c) Close-up view of an
RCC beam exhibiting surface discoloration, fine flexural
cracking, and localized material degradation due to ele-
vated temperature exposure (d) Damage to slab—beam
junction with partial loss of plaster cover, exposed re-
inforcement, and hanging electrical conduits follow-
ing intense fire action (e) Interior wall and column
surface showing cracking, plaster debonding, and ther-
mal discoloration (f) Beam—column joint with plaster
spalling, cracking, and exposed reinforcement, high-
lighting degradation of load-critical regions under fire
exposure

From visual observation of three different buildings
assessed after fire, the typical damage pattern observed
were:

e Surface discoloration and heavy soot deposition
on concrete and plaster surfaces

e Cracking of plaster and concrete due to thermal
stresses and differential expansion

e Spalling of concrete cover, particularly in slab
soffits, beams, and beam—column joints

e Partial or full exposure of reinforcing steel in load-
critical elements

e Loss of plaster adhesion and debonding of pro-
tective coatings

e Localized severe damage near fire sources, with
comparatively minor damage in adjacent regions

e Non-uniform damage distribution indicating
steep thermal gradients and asymmetric heating

e Cracking was observed along the alignment of em-
bedded electrical conduits within beam and slab,
indicating a localized response of the concrete
to thermal and material incompatibility effects
during fire exposure.

4.2. Non-destructive test Results and
discussion

In order to assess the residual quality of concrete in
the fire-affected structure without causing significant
damage, non-destructive tests (NDT) were carried out
on RCC beams and columns that exhibited visible dete-
rioration such as cracking, discoloration, and spalling.
The tests were performed using the Rebound Hammer
(RH) and Ultrasonic Pulse Velocity (UPV) methods in
accordance with IS 13311 (Part 1 & 2)[44][45].

The compressive strength results (Table 1) show consid-
erable variation across and within the investigated RCC
buildings, indicating non-uniform fire-induced damage.
Building A exhibits consistently low strength values
(12-13.5 MPa) with high variability, suggesting severe
degradation due to prolonged fire exposure. Building B
shows moderate to low strengths, with the ground-floor
beam recording the lowest value (11.5 MPa), likely due
to direct exposure to fire. Building C demonstrates the
widest strength range (10-33 MPa), with significant dif-
ferences observed even within the same member, high-
lighting localized thermal effects and post-fire deteriora-
tion. The area subjected to the gas cylinder blast shows
severely reduced compressive strength, directly linked
to the explosive force. This is compounded by heavy
water seepage, which has likely washed away cemen-
titious matrix and initiated corrosion in the embedded
steel reinforcement.

High standard deviation values across all buildings indi-
cate internal cracking and loss of material homogeneity.
Overall, the results confirm that fire damage in RCC
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Table 1: Rebound hammer test results

Building S.N.  Beam Compressive Strength (MPa)  Standard Deviation Remarks
1. FF beam (staircase) 13.5 4.2
Building A 2. Column at Northeast FF 13 3.8
3. Column at South west FF 12 5.9
1. First floor beam (9” x 14”) 23.5 6.8
Building B 2. First floor beam (9” X 14”) 17.5 5.6
3. Ground floor beam (9” X 14”) hall 11.5 3.5
1. Col A2 FF (9” x 97) Face 16.5 8.8 Location 1
17 6.9 Location 2
2. Col B2 FF (9” X 9”) Face 19 39
3. Col B1 FF (9” X 9”) Face 26 32
4. Col C4 FF (9” X 9”) Face 28.5 3
5. Col D5 FF (9” x 97) Face 15.5 4.9
Building C 6. Col BS SF (9” X 9”) Face 10 4.6 Location 1
33 6.6 Location 2
7. Col C4 SF (9” X 9”) Face 21 33
8. Col C5 GF (9” X 97) Face 16.5 8.5 Location 1
12 2 Location 2
9. Beam C4-D4 17 7
10. Slab GF 24.5 8.1
11. Slab SF AB-45 14.5 9.2 Seepage area
31.5 3.7 Cantilever Portion

GF — Ground Floor, FF — First Floor, SF — Second Floor

structures is highly localized and that NDT-based as-
sessment is essential for identifying critically weakened
structural zones.

Ultrasonic Pulse Velocity (UPV) test is done to evalu-
ate the internal quality, homogeneity, and presence of
cracks or voids within the beams. Direct transmission
method was adopted wherever possible, with transduc-
ers placed on opposite faces of the beam. In locations
where direct access was limited, semi-direct transmis-
sion was applied.

The ultrasonic pulse velocity (UPV) results (Table 2) in-
dicate varying degrees of internal damage and concrete

quality across the investigated RCC buildings. In Build-
ing A, pulse velocities range from 1852 to 2356 m/s,
suggesting poor to questionable concrete quality, likely
caused by fire-induced cracking and material degrada-
tion in first-floor columns and beams. Building B shows
comparatively higher pulse velocities (2250-2785 m/s),
indicating moderate concrete quality, although the lower
value recorded in the ground-floor beam reflects local-
ized fire damage near the fire source. Building C ex-
hibits the widest variation, with very low pulse velocity
in Column A2 (1341 m/s), indicating severely damaged
and cracked concrete, while other columns show mod-
erate quality. Several readings fell into the “poor to

Table 2: Ultrasonic pulse velocity test results

Building S.N. Beam Pulse Velocity (m/s) Remarks
1. FF beam (staircase) 2356 m/s
Building A 2. Column at Northeast FF 1852 m/s
3. Column at South west FF 1987 m/s
1. First floor beam (9” x 14”) 2785 m/s
Building B 2. First floor beam (9” x 14”) 2570 m/s
3. Ground floor beam (9” X 14”) hall 2250 m/s
1. Col A2FF 1341 m/s
o 2.  Col B4 FF 2041 m/s
Building © 5= g5 sF 1787 m/s
4. ColC5 2700 m/s
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doubtful quality” category, as per IS 13311 classifica-
tions.

Overall, the results confirm that fire exposure has
caused non-uniform internal deterioration, and UPV
testing is effective in identifying critically damaged
zones that may not be evident from surface inspection
alone.

5. Conclusion and recommendations

This study investigated fire-induced structural degra-
dation of reinforced cement concrete (RCC) buildings
through a comprehensive literature review and Non-
Destructive Testing (NDT)-based assessment of se-
lected Nepalese case studies. The findings confirm the
following conclusions:

e Fire exposure causes significant deterioration of
concrete quality and structural performance, even
when no immediate collapse is observed.

e The elevated temperatures lead to progressive
degradation of concrete compressive strength,
stiffness, and bond characteristics due to physico-
chemical transformations, cracking, and spalling.

e Field investigations using rebound hammer and
ultrasonic pulse velocity (UPV) tests reveal sub-
stantial spatial variability in residual concrete
properties within and across buildings.

e Several structural elements exhibited compres-
sive strength and pulse velocity values indica-
tive of poor to severely damaged concrete, par-
ticularly in ground-floor beams, columns, and
beam—column joints exposed to direct fire action.

Based on the findings and limitations of this research,
the following recommendations are proposed for further
detailed assessment and decision-making:

e Detailed destructive testing should be carried out
in critically fire-affected structural members to
validate NDT results and quantify residual com-
pressive strength through core sampling and lab-
oratory testing.

e Petrographic and chemical analyses of extracted
concrete cores should be conducted to identify
microcracking, cement paste decomposition, and
fire-induced mineralogical changes.

e Bond strength evaluation between concrete and
reinforcement should be considered in severely
damaged regions to assess the integrity of com-
posite action.

e A detailed numerical modeling or full-scale load

testing can be done for precise evaluation of resid-
ual structural capacity.
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