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Abstract. The sustained growth of traffic intensity and axle loads in Uzbekistan has accelerated
the deterioration of in-service road bridges, making cost-effective strengthening a national
priority. This paper presents a structured review and comparative assessment of strengthening
approaches grouped into: (i) traditional cross-section enlargement and substructure rehabilitation,
(i1) structural scheme optimization and dead-load reduction (including external prestressing and
span continuity), and (iii) advanced solutions based on carbon-fiber-reinforced polymers (CFRP).
A worked example for a typical reinforced-concrete girder span demonstrates the compensation
of a deficient bending moment of AM = 70 kN'm and indicates an ~18-25 % increase in
load-carrying capacity after strengthening. The paper further synthesizes implementation
considerations for arid-continental climates, including surface preparation, adhesion control,
protective coatings, and staged load testing. Drawing on regional practice, CFRP systems are
highlighted as offering high strength-to-weight benefits, installation speed, and minimal traffic
disruption; reported gains for flexural elements typically range from 25 % to 45 %, subject to
detailing and quality assurance. The results support integrating CFRP-based measures and
complementary dead-load optimization into bridge rehabilitation programs in Uzbekistan, with
recommendations for monitoring intervals (6-12 months) and future durability studies on
adhesives and UV/moisture protection. Overall, the study consolidates methods and provides
quantitatively grounded guidance for extending service life under contemporary traffic demands.

Keywords: bridge strengthening, load-carrying capacity, CFRP, external prestressing, dead-load
reduction, structural health monitoring, Uzbekistan.

1. Introduction

Bridge structures in Uzbekistan, as in many other countries, operate under increased dynamic
and static loads caused by traffic growth and environmental degradation. Many of them have
exceeded their designed service life, which leads to a decrease in reliability and load-carrying
capacity [1]-[3]. Strengthening existing bridges is therefore an urgent engineering challenge aimed
at extending their operational life while ensuring safety and efficiency of transport flows [4], [5].

Modern strengthening technologies based on advanced composite and high-strength materials
make it possible to enhance structural stiffness and fatigue resistance without full reconstruction
[6]-[9]. Previous studies have investigated general approaches to bridge rehabilitation; however,
there remains a need for scientifically grounded methods adapted to regional climatic and load
conditions [10], [11].

The present research develops and validates modern strengthening techniques for in-service
reinforced concrete and steel bridge spans. The study combines analytical modeling with
experimental evaluation to determine the increase in load-carrying capacity and service reliability
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achieved through proposed strengthening schemes [12]-[16]. The results are expected to support
the practical modernization of existing transport infrastructure in Uzbekistan and similar regions
[17]-[20].

2. Methods

This section summarizes the main strengthening approaches for in-service road bridges
currently applied in Uzbekistan. All methods can be grouped according to their physical principle
and technological complexity as follows:

1) Traditional cross-section enlargement and substructure rehabilitation.

2) Structural optimization and dead-load reduction.

3) Modern strengthening using carbon-fiber-reinforced polymers (CFRP) [4]-[9], [12], [14],
[16].

2.1. Traditional strengthening methods

One of the most common methods involves enlarging the cross-section of reinforced-concrete
girders by adding reinforcement and high-strength concrete layers. Surface treatment
(scarification or sandblasting) ensures monolithic action between old and new concrete [4], [5].

Although this method significantly increases stiffness and bearing capacity, it also raises
self-weight and requires long curing time.

Another conventional solution is strengthening piers with reinforced-concrete jackets, which
improves overall stability and redistributes loads between spans.

Field inspections on M-41 highway bridges revealed the need for such rehabilitation in several
structures (Fig. 1).

s

4

Fig. 1. Bridge structures on the M-41 highway (Andijan region, Uzbekistan) subject
to rehabilitation and strengthening (photo taken by the first author, 15 May 2025)

2.2. Structural optimization and dead-load reduction

Structural optimization includes external prestressing and conversion of simply supported
spans into continuous systems [6], [7].

External tendons induce compressive stress that compensates bending tension, increasing load-
carrying capacity and crack resistance.

Additionally, dead load can be reduced by replacing heavy asphalt and concrete decks with
lightweight composite materials, providing up to 10-15 % gain in live-load reserve [8], [9].

2.3. Modern strengthening using CFRP

Among innovative methods, external reinforcement using CFRP systems is the most efficient
and lightweight approach for flexural and shear strengthening [9], [14], [16].
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Sheets or laminates are bonded to the tension zones of girders using epoxy adhesive after
thorough surface preparation.

Field applications on the M-41 highway showed a 30-40 % increase in flexural capacity after
installation of CFRP layers.

CFRP acts as external reinforcement, sharing tensile stresses with internal steel and reducing
crack width (Fig. 2).

, 4 2P ‘ ' a
Fig. 2. General view of bridge span after CFRP reinforcement
(Andijan region, 15 May 2025, photo by the first author)

Its advantages include fast installation, minimal traffic interruption, and long-term corrosion
resistance. Quality control during installation-especially pull-off tests and adhesive strength
checks-is crucial for ensuring durability.

3. Results
3.1. Numerical example: strengthening of an RC beam bridge

To demonstrate the quantitative efficiency of modern strengthening techniques, a typical
single-span reinforced-concrete (RC) girder bridge with a 12 m span was analyzed — a
configuration common for regional highways in Uzbekistan [7].

Diagnostic inspections revealed that actual axle loads exceed the original design by 25-30 %,
leading to flexural cracking and service-limit deflections [2], [3].

The calculated bending moment deficiency at the tensile fiber was AM =70kN-m for an
effective height d = 500 mm and lever arm z = 450 mm.

To compensate this, a CFRP plate was bonded to the tensile zone using epoxy resin [9], [14].

Assuming an allowable tensile stress f = 1000 MPa, the required CFRP area is:

AM 70 * 10° N - mm

72 = 1000 N/mm? + 450mm — >0 mm™. M

For a 100 mm-wide strip, the equivalent thickness is:

t_A_156mm2_156 @
=5 100mm oM™

Thus, a single CFRP laminate (100x1.6 mm) provides the required moment capacity,
increasing ultimate bending resistance by 18-25 % with negligible added weight [7], [14].

3.2. Field load testing and validation

Static and dynamic truck-load tests were performed to validate analytical predictions
(Figs. 3-4). Two multi-axle trucks were positioned to produce maximum bending moments at mid-
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span. Instrumentation included strain gauges, displacement transducers, and crack-width sensors.

Fig. 3. Static truck-load test setup fr determining actual load-carrying capacity
(M-41 highway, Andijan region, 15 May 2025; photo by first author)

Results confirmed that CFRP strengthening reduced tensile strain in steel by 25 %, deflection
by 19 %, and increased bending capacity by 22.6 %. No adhesive delamination or cracking was

observed under repeated loads [14].
The fundamental frequency rose slightly, indicating increased stiffness with minimal mass

addition.

(continuation of Fig. 3; photo by first author, 15 May 2025)

Table 1. Key quantitative results for strengthened 12 m RC span

Parameter Before. After CFRP Improvement
strengthening strengthening
Maximum bending moment capacity 310 kN'm 380 kN'm +22.6 %
Mid-span deflection under design load 21 mm 17 mm —-19%
Average tgnsile strain in steel 1.45%10-3 1.09%10-3 259,
reinforcement
Estimated service-life extension ~ 20 years ~ 30 years +50 %

The obtained data confirm that CFRP systems effectively enhance bridge span capacity while
meeting local design regulations (MSHN 32-2004 [7]; ODM 218.3.014-2011 [5]).

3.3. Interpretation
Analytical and field results show strong agreement, confirming that CFRP strengthening

restores deficient bending capacity and improves stiffness and durability [9], [14].
Observed performance gains validate this technology’s suitability for national
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bridge-rehabilitation programs across Uzbekistan and similar regions [2], [3].
4. Discussion
4.1. Comparative evaluation of strengthening methods

Each strengthening technique offers distinct benefits depending on bridge condition, material
type, and traffic intensity.

Traditional approaches-cross-section enlargement and RC jacketing-are reliable for severely
deteriorated structures but add significant dead load and require long closures [4], [5].

Structural optimization (external prestressing, span continuity) effectively redistributes
internal forces and enhances stiffness without major reconstruction, though implementation
requires specialized equipment and monitoring [6], [7], [16].

Composite reinforcement using CFRP materials shows the best balance between strength-to-
weight ratio, corrosion resistance, and installation speed. Load-carrying capacity increases by
25-45 % with negligible mass gain, aligning with Uzbekistan’s goals for resource-efficient
modernization [2], [3], [9], [14], [20].

4.2. Durability and environmental adaptation

Long-term CFRP performance depends on environmental exposure.

In Uzbekistan’s continental-arid climate, high temperature gradients and UV radiation may
reduce adhesive bond strength by up to 10-15 % in 5 years [9], [18].

Protective UV-resistant coatings and 6-12-month inspections are therefore recommended [8],
[9].

Pilot projects in Andijan, Syrdarya, and Navoi confirm that CFRP maintains adhesion and
flexural capacity after two years of service, consistent with international studies in arid and
tropical regions [16]-[18].

4.3. Seismic and dynamic performance

In seismic zones (7-8 MSK-64), CFRP confinement enhances damping and energy absorption
under cyclic loading.

Experimental and analytical studies [14]-[16] indicate that CFRP layers limit crack
propagation and vibration amplitude, improving resilience of existing spans.

4.4. Integration into maintenance programs

CFRP strengthening is compatible with national inspection standards (ODM 218.3.014-2011;
MSHN 32-2004) [5], [7].

Its modular application allows staged rehabilitation without full traffic closure and supports
sustainability objectives of Uzbekistan’s infrastructure strategy [2], [3], [19], [20].

5. Conclusions

Analytical modeling and field tests verified the efficiency of CFRP-based strengthening for
Uzbekistan’s in-service bridges.

Key findings:

1) Structural deterioration on national highways results from increased axle loads and aging of
concrete; regular monitoring is essential [2], [3].

2) Traditional methods remain applicable but increase self-weight and closure time [4], [5].

3) Optimization techniques improve load capacity by = 30 % but require complex tensioning

(6], [7], [16].
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4) CFRP reinforcement provides = 22-25 % gain in bending strength, 19 % deflection
reduction, and = 50 % service-life extension [9], [14].

5) Environmental protection (UV coatings, inspections) ensures long-term durability [17],
[18].

6) CFRP confinement also enhances seismic resistance [15], [16].

7) Integration of CFRP into national programs aligns with sustainable-development and
energy-efficiency goals [2], [3], [20].

5.1. Recommendations for practice

— Develop national guidelines for CFRP bridge application.

— Establish regional labs to test adhesives under local climates.

— Incorporate CFRP into state rehabilitation programs.

— Provide engineer training and certification.

— Promote cooperation with international research centers (e.g., NCC Russia).

5.2. Overall summary

Combining traditional and CFRP-based methods ensures a cost-effective, durable strategy for
extending bridge service life.

Implementation of CFRP systems will strengthen the resilience of Uzbekistan’s transport
infrastructure under growing loads and environmental stresses, facilitating the transition from pilot
projects to standardized national practice.
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