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EVALUATION OF THE EFFECTIVENESS OF BRIDGE BEAMS 
STRENGTHENING WITH EXTERNAL REINFORCEMENT, 
ADHERED WITH METHYL METHACRYLATE COMPOSITIONS, 
BASED ON THE RESULTS OF DYNAMIC TESTS 

Purpose. The purpose of the work is to obtain objective data on the performance of the reinforced concrete 
bridge span structure before and after strengthening the main beams with external reinforcement adhered with me-
thyl methacrylate compositions, as well as to analyze them and evaluate the effectiveness of the selected strengthen-
ing method. Methodology. The use of methyl methacrylate compositions is a promising direction not only in the 
repair of reinforced concrete bridge structures, but also in their strengthening. The research methodology is based on 
measuring the vertical deflections of concrete bridge beams before and after strengthening with external reinforce-
ment adhered with methyl methacrylate compositions using modern equipment, followed by comparison of these 
deflections and determination of the selected strengthening method effectiveness. Findings. The results of dynamic 
tests showed that external reinforcement, adhered with methyl methacrylate compositions, entered the joint work 
with concrete beams, increased the overall stiffness of the span structure, and significantly reduced its deformability: 
the maximum deflections of beams decreased by 26 to 52 %, with an average decrease of 41 %. The use of methyl 
methacrylate compositions in transport construction deserves further theoretical and practical research in order to 
establish the characteristics of the stress-strain state of structures repaired and strengthened using these compositions 
under various loading and operating conditions. Originality. For the first time experimental data were obtained on 
the deflection of reinforced concrete bridge beams before and after reinforcement with external reinforcement, ad-
hered with methyl methacrylate compositions, under dynamic loading, which made it possible to evaluate the effec-
tiveness of this strengthening method. Practical value. The practical significance of the study lies in obtaining ob-
jective scientific data on the performance of concrete bridge structures, strengthened with external reinforcement, 
adhered with methyl methacrylate compositions, drawing conclusions about the prospects of this strengthening 
method, and determining the need for further research. 

Keywords: dynamic testing; external reinforcement; methyl methacrylate composites; reinforced concrete 
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Introduction 

The technical condition of transport structures 
operated on railways and highways in Ukraine 
plays an important role in ensuring the smooth 
transportation of goods and passengers. However, 
during exploitation, damage and defects of various 
origins occur in the tension zone of reinforced con-
crete beams of bridge span structures (Luchko, 
Sulym & Kyrian, 2004; Luchko & Raspopov, 
2011; Luchko, 2021). This reduces the bearing ca-

pacity and durability of bridges. 
The development of cracks in reinforced con-

crete bridge elements not only increases the possi-
bility of corrosion processes on the surface of met-
al reinforcement, but also, in many cases, causes 
the loss of adhesion (anchoring) of reinforcing el-
ements in concrete. In prestressed reinforced con-
crete beams, this leads to compressive force reduc-
tion in the beam belts and their crack resistance 
decreasing. In all reinforced concrete structures, 
this leads to a reduction in bearing capacity and an 
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increase in deformability due to a decrease in 
cross-sectional stiffness caused by a loss of integri-
ty. These problems create a need for repair and 
strengthening of bridge structures. 

When repairing reinforced concrete elements, 
injection impregnation methods are most effective, 
as they allow cracks to be filled and the integrity of 
the repaired element to be restored. However, if the 
bearing capacity of the repaired element is insuffi-
cient, new cracks may form outside the area of the 
sealed cracks and parallel to them (Kovalchuk, 
Parneta, & Rybak, 2024). Therefore, it is advisable 
to combine repair methods with strengthening, one 
of the well-known methods of which is to deploy 
new reinforcing elements in the cross-section of 
the structure, which are joined to the strengthened 
structure by a connecting array, for example, ce-
ment concrete. Various versions of this method are 
used to strengthen reinforced concrete bridge spans 
( -218-03450778-741:2008, 2008). The 
method involving the addition of extra bars around 
the new concrete mass has a drawback: it s diffi-
cult to make sure the added elements work well 
with the reinforced structure. This can be avoided 
by strengthening reinforced concrete structures 
with external reinforcement using metal elements 
( -218-03450778-480:2005, 2005), which 
are joined to the strengthened element using ce-
ment or polymer concrete, and act as permanent 
formwork during construction and as external (tan-
gential) working reinforcement during operation, 
placed most effectively along the outer edges of 
the elements, where tensile stresses are greatest. 
This placement of external reinforcement allows 
for a reduction in the weight of the structure or 
steel economy of up to 12 16% at the same 
height compared to reinforced concrete structures 
with conventional bar reinforcement. (Klymenko, 
2001). This method, for example, was used to rein-
force a defective concrete culvert using a rein-
forcement cage and a metal sleeve filled with con-
crete mortar. (Rybak, Kovalchuk, Parneta, & Kar-
nakov, 2024; Parneta, Kovalchuk, & Rybak, 2024). 

The effectiveness of concrete elements rein-
forced with external sheet reinforcement is ensured 
by the reliable and complete inclusion of external 
reinforcement across the entire area in conjunction 
with the structure. This is difficult to achieve when 
using conventional heavy concrete without in-
stalling additional anchoring devices (Bieliaieva, 
2006). This problem can be solved by gluing ex-
ternal reinforcement to concrete, for which various 

adhesives are used in the construction industry, in 
particular acrylic adhesives (Shutenko, Zolotov, 
Harbuz, & Zolotov, 2001), which are applied to the 
external reinforcement before laying the cement-
concrete mixture on it (Lapenko, 2009). In 
Ukraine, the usage of polymer compositions based 
on acrylates under the collective name "acrylic ad-
hesives" is well known. The possibilities of fixing 
anchors and embedded parts in concrete using ad-
hesive (Saliychuk, 2011) were studied, as well as 
the strength, deformability, and destruction charac-
teristics of glues under various types of loading 
(Zolotov, 2009), as well as research on the fatigue 
strength of acrylic glue under dynamic loads 
(Zolotov, 2008) and the viability of glue depending 
on its composition and various factors (Zolotov, 
2010). These studies have made it possible to cre-
ate effective glue compositions with good defor-
mation characteristics. 

Since 2017, a methyl methacrylate based com-
position has been used in Ukraine for the repair of 
reinforced concrete bridge elements using the in-
jection impregnation method. This composition is 
widely used in the restoration of concrete struc-
tures of various buildings ( -37641918-
888:2017, 2017). This composition is a low-
viscosity liquid which, after filling the free space 
between the sand grains due to the capillary effect, 
is easily absorbed into the concrete of the rein-
forced structure to a depth of 2 20 mm (depend-
ing on the strength class and density of the con-
crete), filling pores, cracks, cavities, and other dis-
continuities, forming a monolithic waterproof 
structure inside the pore space after polymerization 
(Dhibar, Mallick, Rath, & Khatua, 2009). The fea-
tures of this composition are used in a method for 
strengthening reinforced concrete bridge structures 
with metal elements that are bonded to the rein-
forced element using polymer concrete (Patent 

sand impregnated with a polymer composition 
based on methyl methacrylate (methacrylic acid 
ester) (Rykovtsev, & Kovalchuk, 2024; Koval-
chuk, Sobolevska, Onyshchenko, et al., 2021). The 
reliability of the adhesion is ensured by high adhe-
sive properties with the concrete of the reinforced 
structure and with external steel reinforcement in 
the form of permanent formwork. In addition, me-
thyl methacrylate based polymer concretes have a 
high setting speed  in a temperature range from 
minus 30  
MPa can be achieved in 1.5 2 hours. 



ISSN 2413-6212 (Online), ISSN 2227-1252 (Print) 
Bridges and tunnels: theory, research, pr  

 
BRIDGES AND TUNNELS: THEORY, RESEARCH, PRACTICE 

V. V. Kovalchuk, M. P. Koval, O. I. Rykovtsev, 2025 Creative Commons Attribution 4.0 International 
 

32 

The results of the literature review indicate the 
theoretical effectiveness of using methyl methacry-
late (MMA) based compositions to strengthen rein-
forced concrete structures; therefore, obtaining 
objective scientific data on real objects is im-
portant for confirming theoretical assumptions. 

Purpose 

The purpose of the work was to conduct dy-
namic tests of the reinforced concrete bridge span 
structure before and after strengthening the main 
beams with external reinforcement bonded with 
methyl methacrylate compositions, as well as to 
analyze the results of these tests with an assess-
ment of the effectiveness of the selected strength-
ening method. 

Methodology 

The tested highway bridge (Fig. 1) is located at 
km 4+014 of the M-10-01 highway (Western By-
pass of Lviv) and crosses a double-track electrified 
railway. The bridge, with a carriageway width of 
10 m and two sidewalks 1.5 m wide, was built in 
1957 as a simple beam, four-span, prefabricated 
reinforced concrete structure. The first, second, 
and fourth spans are constructed of prestressed re-
inforced concrete I-beams according to the stand-
ard VTP-16 design (14 beams in cross section) 
with a length of 16.76 m and a height of 0.9 m. In 
the third span, above the railway, the span structure 
is constructed from 12 pre-stressed slabs with cy-
lindrical voids (standard VTP-21 design or equiva-
lent) with a length of 18 m. According to the re-
sults of an inspection conducted in 2019, a number 
of defects were identified, resulting in the bridge 
being given a rating of E=29 points, which corre-
sponds to operational condition 5  inoperable. 

 

Fig. 1. Left facade of the tested bridge 

The typical VTP-16 design is one of the most 

dangerous in terms of unpredictability of opera-
tional condition  the so-called prestressed con-
crete beams. Pre-stressed beams are reinforced 
with wire strings  thin wires with a diameter of 3 
or 5 mm. Due to the presence of longitudinal joints 
between the prefabricated beams and the primitive 
design of the bridge deck, all prestressed concrete 
beams were soaking wet throughout their entire 
service life. The outer beams were the most active-
ly soaking  two on each side in each span. As a 
result, the reinforcement strings of the beams ac-
tively corroded, became exposed, and broke off 
(Fig. 2). 

As part of emergency measures carried out on 
behalf of the Road Service in Lviv Region by 
LLC "VK "REMM", the beams affected by defects 
were strengthened  two beams on each side in 
three spans, 12 beams in total. 

 

Fig. 2. View of broken strings in beam B-13, span 3-4 

The strengthening, which was carried out with-
out completely closing the bridge to traffic, was 
performed using U-shaped boxes (Fig. 3) made of 
8 mm thick S235 steel, fixed to the beams by a 
system of vertical (along the length of the span) 
and inclined (in the support areas) ties with a gap 
of 20 mm between the box and the beam. Washed 
and dried quartz sand was poured into the space 
between the beam and the box, which was then 
compacted by vibration and impregnated with an 
MMA-based polymer composition. 

As a result of polymerization, a polymer con-
crete mass with high adhesive properties was 
formed, which bonded the box to the concrete of 
the beam. In addition, thanks to its low viscosity, 
the MMA composition penetrated into cracks, im-
pregnating and bonding the concrete and preserv-
ing the corroded reinforcement bars. The quality of 
the polymer concrete mass was checked by tapping 
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the boxes across the area, during which no dull 
sounds were detected that would indicate the pres-
ence of voids or areas not filled with polymer con-
crete. 

 

Fig. 3. View of strengthened beams B-13 and B-14, 
span 3-4 

The effectiveness of span structure strengthen-
ing can be assessed by comparing its deflections 
before and after strengthening under the same or 
comparable load. Static tests are ideal for this pur-
pose, but the Western Bypass of Lviv is a road 
with high traffic intensity, and prolonged closure 
of traffic on it is impossible. In this regard, the au-
thors decided to conduct dynamic tests, which con-
sisted of driving a test load  KrAZ vehicles with a 
gross weight of 13 tons (Fig. 4)  across the bridge 
one after another at speeds of 20 km/h and 10 
km/h, as well as 40 km/h and 30 km/h. 

 

Fig. 4. Passage of a KrAZ truck 
in the left lane of the bridge 

Dynamic tests were performed in spans 3-4 in 
two stages: before and after the reinforcement of 
the outer beams. At each stage, the same patterns 
of KrAZ truck passage and placement of measur-
ing equipment were used (Fig. 5).  

To measure vertical deformations during dy-
namic bridge tests, an E14-140-M analog-to-digital 
converter, an ADXL 335 high-frequency root sen-
sor, a potentiometric linear displacement sensor, 
digital clock-type indicators, and a Lenovo person-
al computer were used (Fig. 6). Specialized soft-
ware was used to store and back up the obtained 
data, process it, and visually reproduce it. This 
software allows for the collection, visualization 
(real-time viewing), recording (digital storage), 
and export of analog signals received from various 
data collection devices 

 

Fig. 5. Layout of switchgear: 1  ADXL 335 acceleration sensor; 
2  potentiometric linear displacement sensor; 3  digital clock-type indicators 
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a) b) 

 

Fig. 6. Views of the installation 
of a potentiometric linear displacement sensor 

and a digital clock-type indicator under beam B-10 (a) 
and an analog-to-digital converter with a computer (b) 

Findings 

Fig. 7 shows graphs of deflections of beams  
B-1, B-3, B-12, and B-14 in span 3-4 when KrAZ 

trucks passed on the left (Fig. 7, a, b) and right 
(Fig. 7, c, d) lanes at speeds of 20 km/h and 
10 km/h. 

Deflections were measured before and after the 
strengthening of beams B-1, B-2, B-13, and B-14 
in span 3-4. Fig. 8 shows graphs of deflections of 
beam B-10 in span 3-4 when KrAZ trucks passed 
in the right lane at speeds of 20 km/h and 10 km/h 
(Fig. 8, a), as well as at speeds of 40 km/h and 30 
km/h (Fig. 8, b). The results of the analysis of 
these graphs show that the deflections of both 
strengthened (outer) beams and non- strengthened 
(inner) beams have decreased significantly, which 
indicates the inclusion of reinforcement in the joint 
work with reinforced beams and an overall in-
crease in the stiffness of the span structure. 

a) b) 

  

c) d) 

  

Fig. 7. Deflection graphs for beams B-1 (a), B-3 (b), B-12 (c), and B-14 (d) during the passage of KrAZ trucks at 
speeds of 20 km/h and 10 km/h before and after the strengthening of the outer beams of the bridge

Table 1 shows the summary results of dynamic 
tests of the bridge in the form of maximum 
deflections of the main beams measured before and 
after strengthening, calculated percentage values of 
deflection reduction, and the average value of 

deflection reduction. These data confirm the 
overall increase in the stiffness of the span 
structure: in all beams, the maximum deflections 

 %, with an average 
reduction of 41 %. 
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a) b) 

  

Fig. 8. Deflection graphs for beam B-10 before and after the strengthening of the outer beams of the bridge during 
the passage of KrAZ trucks at speeds of 20 km/h and 10 km/h (a) as well as 40 km/h and 30 km/h (b) 

Table 1  

Summary results of dynamic bridge tests 

Parameter 
Beam of span 3-4 

B-1 B-3 B-10 B-12 B-14 

Maximum de-
flection, mm 

before strengthening 0,73 1,65 2,41 1,33 0,98 

after strengthening 0,47 0,80 1,41 0,98 0,51 

Percentage reduction in deflection 36 % 52 % 42 % 26 % 48 % 

Average reduction 41 % 

These data confirm the effectiveness of the 
strengthening of the main beams of the bridge us-
ing external reinforcement adhered with methyl 
methacrylate compositions: the strengthening ele-
ments worked together with the concrete of the 
beams, and thanks to the thickness of the sheets 
and the high modulus of elasticity of steel, the 
moments of inertia of the reinforced beams and the 
overall stiffness of the span structure have in-
creased. It would probably be impossible to 
achieve such high results in reducing deformability 
when using non-metallic reinforcement elements (for 
example, carbon composite tapes) due to the much 
lower modulus of elasticity of non-metallic com-
posite materials, despite the fact that their tensile 
strength can exceed that of steel several times over. 

Lastly, it should be noted that after the beams 
were strengthened, the bridge on the Western By-
pass of Lviv operated without incident for three 
years  until it was dismantled and reconstructed. 
The relatively low financial costs of the strength-
ening work and the avoidance of damage to 
Ukraine s transport network caused by an emer-
gency situation resulting from the failure of dam-

aged beams (the extent of which is difficult to pre-
dict) may be evidence of the economic efficiency 
of strengthening concrete bridge structures with 
external reinforcement adhered with methyl meth-
acrylate compositions. 

Originality and practical value 

For the first time experimental data were ob-
tained on the deflection of reinforced concrete 
bridge beams before and after reinforcement with 
external reinforcement, adhered with methyl meth-
acrylate compositions, under dynamic loading, 
which made it possible to evaluate the effective-
ness of this strengthening method. 

The practical significance of the study lies in 
obtaining objective scientific data on the perfor-
mance of concrete bridge structures, strengthened 
with external reinforcement, adhered with methyl 
methacrylate compositions, drawing conclusions 
about the prospects of this strengthening method, 
and determining the need for further research. 

Conclusions 

Based on the results of dynamic tests conducted 
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on the bridge, whose beams were strengthened us-
ing external reinforcement adhered with methyl 
methacrylate compositions, the following conclu-
sions were made: 

1. The use of methyl methacrylate composi-
tions is a promising direction not only in the repair 
of reinforced concrete bridge structures, but also in 
their strengthening. 

2. The results of dynamic tests confirm the ef-
fectiveness of strengthening concrete bridge beams 
using external reinforcement adhered with methyl 
methacrylate compositions: this is evidenced by an 
average reduction in deflection of main beams 
(both strengthened and non-strengthened) by 41 %. 

3. The use of methyl methacrylate composi-
tions in transport construction deserves further the-
oretical and practical research in order to establish 
the characteristics of the stress-strain state of struc-
tures repaired and strengthened using these compo-
sitions under various loading and operating condi-
tions. 
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