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Abstract: - This study examined the use of polyurethane expanding foam as a potential solution for repairing cracks on local concrete 
roads in the Philippines. The researchers conducted the study in Pangatlan, Mexico, Pampanga, for a period of six weeks. The 
polyurethane foam was applied in different crack width categories to monitor its performance as a viable repair, observe physical 
and chemical changes, and assess its adhesiveness. The crack widths are subdivided into three categories: category I (1 to 15 mm), 
category II (16 to 30 mm), and category III (31 to 45 mm), with three samples per category. The results showed that the foam is 
applicable for all categories, with widths ranging from 3.60 to 41 mm. Polyurethane foam changed its color due to environmental 
factors but remained adhered to concrete, with a rough outermost layer, and some areas shrank due to vehicular loads. As a result, 
this study suggests that polyurethane expanding foam can be used as a temporary solution for repairing local concrete roads in the 
Philippines wherein urgent repair is needed due to its ability to adhere with the concrete pavement. This study recommends a longer 
observation period, which could be beneficial for capturing the long-term effects and durability of the polyurethane foam on the 
concrete pavements. 
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I. INTRODUCTION 

Transportation is significantly vital in people's daily 
lives since it makes traveling much easier, provides 
convenience, and opens up many opportunities. It also feeds the 
global economy by transporting people and things from one 
location to another, as they act as the workforce and consumer 
items. Following the economic principle of supply and demand,  

 

 

 

 

 

this commuting process makes the conveyed entity more 
productive and valuable than it was in its original location, 
making it very significant in the national and local economies 
and its development. To maintain the sustainability and long-
term viability of road transportation, it is crucial to emphasize 
the significance of diverse transportation options and the 
integration of multiple commuting modes. This is particularly 
important in a country, like the Philippines, with vast land areas 
and densely populated urban centers.  

In the Philippines, there are two main modes of land 
transportation which are roads and railways transport. 
According to Boquet (2013), due to the lack of adequate rail 
transportation, the country mostly relies on road transportation. 
In fact, road transport accounts for 98% of passenger traffic and 
the transportation infrastructure has been developed and spread 
about 215,000 kilometers of roads in the entire country. The 
road transport mode includes use of the public and private 
utility vehicles, buses, motorcycles, and so on.  
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According to the Department of Public Works and Highways 
(DPWH), roads are classified as national roads, provincial 
roads, city roads, municipal roads, and barangay roads. 
However, the primary focus of this study will be on barangay 
roads, also known as local roads. Barangay roads are rural roads 
located outside of urban areas. 

It is indeed that roads are important public assets. 
Transportation would be extremely difficult and time-
consuming without good roads. However, the quality of roads 
in the country is currently in dire need of improvement. 

One of the major issues of the road conditions in the Philippines 
are road cracks caused by several factors like low quality of 
workmanship and poor maintenance. Based on the study of 
Tarawneh & Sarireh (2013), concrete pavement damages and 
cracks are serious problems of roads and traffic highway sector; 
the construction of new roads, replacement and rehabilitation, 
and maintenance can cost hundreds of millions of pesos and can 
be time-consuming. Furthermore, the increased road 
unevenness and roughness caused by the existence of cracks 
make traveling on the road problematic for road users; reduces 
road safety; increases vehicle wear and tear, which raises 
vehicle operating costs; and increases travel time, resulting in a 
loss of useful man-hours to the local economy (Chamia et al., 
2017). 

Road infrastructure is critical in a community and a country 
because society relies on it. Barangay roads are essential to the 
development and the economic growth of its municipality and 
city. According to the DPWH, they act as feeder or farm-to-
market roads, wherein they are being used as a way to transport 
farm goods to the municipality proper and marketplaces. Proper 
maintenance, as well as a solution for barangay road problems 
such as road cracks, are necessary. As a result, the study aims 
to use the concept of using polyurethane expanding foam to 
repair cracks in local concrete roads in the Philippines. 
Polyurethane expanding foam is commonly used for insulation, 
soundproofing, filling gaps, and sealing cracks in walls and 
floors, as well as for other applications such as concrete 
pavement leveling and soil subsurface stabilization. 

1.1 Study Area 

The researchers conducted the study in the road of Barangay 
Pangatlan, Mexico, Pampanga. The study area has 1 kilometer 
of road, which serves as the route for motorists and residents 

traveling from the neighboring barangays to the municipality 
proper. The area is also a primary route for students coming 
from the surrounding barangays since it is close to three 
schools: two primary schools and one secondary school. The 
chosen location is also known as a roadway for farmers and 
tractors since the area is surrounded by rice and corn farms, as 
well as truck drivers because it is close to warehouses and 
quarries. The area is susceptible to heavy traffic of highly 
loaded trucks, especially during peak working hours and 
harvest season. According to Municipal Ordinance No. 002 of 
Mexico, Pampanga, all trucks, whether private or public trucks, 
are only banned from passing through the Gapan-Olongapo 
Road along the town proper and at Barangays San Antonio and 
Sto. Cristo and as a result, the road in barangay Pangatlan is 
prone to damage and cracks. 

Fig.1. Vicinity Map of the Study Area 

II. METHODOLOGY 

2.1 Research Design 

In this study, an experimental method was used. The 
experiment was about using polyurethane expanding foam as a 
crack repair solution. The researchers chose road cracks in 
concrete pavement to treat in order to test the performance of 
the polyurethane expanding foam. To make data collection 
easier, these specified cracks were subdivided into three width 
categories: category I: 1–15 mm, category II: 16–30 mm, and 
category III: 31–45 mm. The categories were made based on 
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DPWH D.O. No. 45, Series of 2006, and an article by Davis 
(2022), in which the department order shows the minimum  

width requirement for road crack repair and the author of the 
article introduced a crack width categorization system. 
Category I was defined as hairline to small width cracks, while 
category II included medium- to large-width cracks. The 
addition of category III aimed to determine if PU foam is still 
applicable to larger crack widths. This categorization system 
provides a useful framework for understanding and addressing 
different types of cracks in various structures. By identifying 
the specific category of crack, engineers and builders can 
choose the appropriate repair method, which can help ensure 
the longevity and safety of the structure. Furthermore, this 
system helps avoid redundancy and repetition in repair work by 
providing a clear roadmap for addressing different types of 
cracks. 

After being divided, the cracks underwent cleaning to remove 
dust and impurities. Then, the sample cracks were treated with 
polyurethane expanding foam. The applied polyurethane 
expanding foam was monitored and observed to see if there 
were any color changes since it can cause distraction to the road 
users that may result in an accident. Physical changes were also 
monitored, such as texture changes, deformities and damages, 
and its adhesiveness was assessed. The experiment was made 
based on the observation of road cracks in Pangatlan, Mexico, 
Pampanga, in particular the transverse cracks. 

2.2 Preparation of Materials 

The following are the tools and materials needed for the study. 

2.2.1 Materials 

Polyurethane Expanding Foam. It is a type of insulating 
material that is created from a two-component liquid system 
that expands and solidifies into a foam. It is commonly used for 
insulation, soundproofing, filling holes and gaps in walls, 
floors, and ceilings, as well as concrete leveling and soil 
subsurface stabilization. 

2.2.2 Tools 

Brush. A tool composed of bristles typically set into a handle 
and used especially for sweeping, smoothing, and scrubbing. 

Hand Broom. A cleaning tool consisting of usually stiff fibers 
attached to, and roughly parallel to, a cylindrical handle. 

High-pressure Water Spray. A water spray with a pressure 
pump used mostly for cleaning glass windows. It is also used to 
water plants as well as spray fertilizers and insecticides. 

Micrometer Caliper. A precision measuring tool used to 
determine the size of small objects or the separation between 
two points. It is frequently used to measure linear dimensions, 
such as the thickness of a material or the diameter of a small 
part. 

Trowel. A tiny, handheld tool with a flat, pointed blade that is 
usually used to distribute plaster or cement. 

2.3 Research Locale 

The researchers identified the location of the barangay road 
based on the existence of cracks. The proponents used a 
micrometer caliper to measure the widths of each transverse 
crack and determine its category based on the measurements. 
The researchers then used the polyurethane expanding foam to 
treat the fractures in the concrete pavement. 

2.4 Viable Solution for Cracks on Actual Concrete Road  

2.4.1 Inspection Stage 

The researchers were at the road of barangay Pangatlan to 
assess the concrete road and look over the existence of cracks. 
However, the researchers first requested permission from the 
barangay captain to conduct the study through a letter validated 
and certified by Don Honorio Ventura State University 
(DHVSU). The researchers then checked the road for the 
existence of cracks. 

2.4.2 Measurement of Widths of Road Cracks 
• Using the micrometer caliper, measure the width of 

the crack. 
• Determine the width category of the crack. 

2.4.3 Application of Polyurethane Expanding Foam on Actual 
Concrete Road 

• Scrape and brush the sand that has gathered inside the 
crack with the trowel, hand broom, and brush. 
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• Rinse and clean the crack with water using a high-
pressure spray to remove any dust and impurities. 

• Let until the crack has dried for at least an hour before 
applying the polyurethane expanding foam to ensure 
complete adhesion to the concrete road. 

• Fill the crack with polyurethane expanding foam. 
Spray from the bottom most part of the crack to ensure 
that the foam expands and molds into every corner of 
the fracture. 

• Allow it to dry and settle for about 30-45 minutes until 
it reaches 90% of its strength. 

• Using the trowel, level the surface of the polyurethane 
expanding foam-sprayed area and remove any excess 
expanded foam. 

2.5 Monitoring Stage 

The researchers monitored the applied polyurethane expanding 
foam for 6 consecutive weeks to determine the following: 

Physical and chemical changes on the applied polyurethane 
expanding foam 

To monitor every week for a span of six weeks to see whether 
there are any color or texture changes, as well as any 
deformities, shrinkage, or damages. 

Ability to adhere of the polyurethane expanding foam to the 
Concrete Pavement 

To monitor every week for six weeks straight to see if the 
applied polyurethane expanding foam is still in place and 
completely adhering to the concrete pavement. 

2.6 Evaluation  

The evaluation was conducted after the monitoring stage based 
on the data collected over a period of six weeks. The results 
were assessed to determine the performance of polyurethane 
expanding foam and its viability as a solution for fixing cracks 
in concrete pavement. 

III. RESULTS AND DISCUSSION 

3.1 Results 

3.1.1 Determination of the width range of road cracks 

Table.1. Categories and Width Range of Road Cracks 

Crack Sample Category Crack Width Applied 
Foam 

Result 

  

I 

 

3.60 mm 

  

Applicable 

 I 12.00 mm  Applicable 

 I 15.00 mm  Applicable 

 II 16.00 mm  Applicable 

 II 21.00 mm  Applicable 

 II 25.00 mm  Applicable 

 III 32.00 mm  Applicable 

 III 37.80 mm  Applicable 

 III 41.00 mm  Applicable 
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The following data represents the allowable widths of road 
cracks in the application of Polyurethane Foam. The road 
cracks are subdivided into three categories, each with three 
sample cracks: category I, that measures 1-15mm, category II, 
that ranges from 16-30mm, and category III, whose width 
ranges 31-45mm. The results showed that applying 
polyurethane expanding foam is applicable to all the given 
categories of crack widths. 
 
3.2 Weekly Monitoring 
 

3.2.1 Week 0: Day of Application of Polyurethane Expanding Foam 
on Concrete Roads 

Based on the observations which are documented in Table 3, 
the polyurethane expanding foam adhered well when applied to 
concrete road cracks. It also shows that the foam's initial color 
is white upon drying. Since the applied foam has not yet been 
subjected to any vehicular loads, no deformations or damages 
have been observed. 
Table.2. Day of Application of Polyurethane Expanding Foam 

Categories I II III 
 
 
 
 
 
 

Documentations 

   

3.2.2 Week 1: First week of Observation and Monitoring 

The table below illustrates that a week after applying 
polyurethane expanding foam to concrete road cracks, the color 
changed from white to yellow with random black spots. The 
discoloration was caused by environmental variables such as 
sunlight, air, and water exposure, as well as the constant contact 
of the foam to car wheels. Although the topmost layer of the 
foam was flattened due to vehicular loads and it became rough 

and brittle due to environmental factors, it remained adherent 
to the concrete without wearing. 

Table.3. First Week of Observation and Monitoring 
Categories I II III 

 
 
 
 
 
 

Documentations 

   

 
3.2.3 Week 2: Second Week of Observation and Monitoring 
The table below presents how some parts of the polyurethane 
expanding foam changed its color from yellow to orange and 
dark orange with random black spots and the surface started to 
flatten two weeks after applying it to concrete road fractures 
due to environmental factors and daily contact with car wheels. 
Although the foam's outermost layer increased its brittleness, it 
retained its adhesion to the concrete without wearing. 
 
Table.4. Second Week of Observation and Monitoring 

Categories I II III 
 
 
 
 

Documentations 
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Week 3: Third Week of Observation and Monitoring 
 
The table shows the continuous discoloration of the 
polyurethane expanding foam. The color had become a mixed 
spot of orange, brown and some black caused by weather 
exposures and contact from different vehicle wheels. 
Meanwhile, due to vehicular loads, certain areas of the foam 
began to settle and shrink. Despite this, no wearing or any 
damage was observed, and the polyurethane foam is still 
adhered to the concrete pavement. 
Table.5. Third Week of Observation and Monitoring 

Categories I II III 
 
 
 
 
 
 

Documentations 

   

 
Week 4: Fourth Week of Observation and Monitoring 
 
The table exhibits that some parts of the polyurethane 
expanding foam continued to shift its color making it darker in 
tone and appear color brown because of the continuous 
exposure to the environmental factors and hot weather 
conditions. Aside to the wear and tear from the loads it endured 
over the course of a week, the foam constantly shrinks and 
settles. Despite issues in other areas, the material was still 
adhered to the road crack surface. 
 

Table.6. Fourth Week of Observation and Monitoring 
Categories I II III 

 
 
 
 
 
 

Documentations 

   

 
Week 5: Fifth Week of Observation and Monitoring 
 
Following the trend from previous weeks, the polyurethane 
expanding foam suffered a considerable color change, 
darkening to a brown hue as a result of extended exposure to 
external variables and high temperatures, as presented in Table 
8. Furthermore, the flattened surface of the foam shows a little 
shrinkage, as a result of the strain brought on by the weights it 
carried throughout the week. But the polyurethane expanding 
foam remained intact and still adheres to the concrete road 
crack despite these setbacks. 
 
Table.7. Fifth Week of Observation and Monitoring 

Categories I II III 
 
 
 
 
 
 

Documentations 

   

 
Week 6: Sixth Week of Observation and Monitoring 
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Table shows that after the span of 6 weeks, the polyurethane 
expanding foam was able to withstand vehicular loads and 
exposure to weather having only minimal deformities, 
damages, and changes in its surface texture. Even though some 
parts of the foam's color continuously darkened over time to 
color brown and some black spots, the foam is able to adhere in 
the concrete pavement. 
Table.8. Sixth Week of Observation and Monitoring 

Categories I II III 
 
 
 
 
 
 

Documentations 

   

 
3.2 Discussion 
3.2.1 Observation of Physical and Chemical changes of the 
applied polyurethane expanding foam for 6 weeks. 
 
The applied Polyurethane Expanding Foam was monitored to 
determine the change in its color and surface texture, as well as 
any deformations and damages. Below is a table that shows the 
results from the observation. 
 
Table.9. Observation of Physical and Chemical Changes of 
Polyurethane Expanding Foam Applied to Road Cracks in a Period of 
6 Weeks 

Week 0 1 2 3 5 6 7 
Color White Yellow 

and 
some 
black 
spots 

Yellow, 
orange, 

dark 
orange, 

and 
some 
black 
spots 

Orange, 
brown 

and 
some 
black 
spots 

Orange, 
brown 

and 
some 
black 
spots 

Orange, 
brown 

and 
some 
black 
spots 

Orange, 
brown 

and 
some 
black 
spots 

Surface 
Texture 

Smooth Rough Rough Rough Rough Rough Rough 

Deformities No 
deformities 

Flattened 
surface 
layer 

Flattened 
surface 
layer 

Flattened 
surface 

layer and 
shrinkage 

occurs 

Flattened 
surface 

layer and 
shrinkage 

occurs 

Flattened 
surface 

layer and 
shrinkage 

occurs 

Flattened 
surface 

layer and 
shrinkage 

occurs 

Damages No 
damage 

No 
damage 

No 
damage 

No 
damage 

Abraded 
Surface 

Surface 
abrasion 
and cuts 

occur 

Surface 
abrasion 
and cuts 

occur 

 

Based on the performed observation that is recorded in Table 
10, the color of the applied Polyurethane Expanding Foam 
shifted from white to brown throughout the course of 6 weeks. 
The foam's surface texture is smooth after application to 
concrete, but it becomes rough due to environmental variables 
and frequent contact with vehicles. The sprayed foam had no 
deformities for the first two weeks, but starting in the third week 
and continuing through the remaining weeks, the foam began 
to shrunk and settle due to vehicle loads. The applied 
polyurethane expanding foam surface layer became brittle and 
rough due to environmental factors, and on its 4th week the 
brittle surface started to break and showed cuts on its last week. 
Throughout the span of 6 weeks the applied foam also shows 
that it can prevent debris and water from entering the crack. 
 
3.2.2 Observation on the Adhesiveness of the applied 
Polyurethane Expanding Foam in a span of 6 weeks. 
 
The adhesiveness of the polyurethane expanding foam was 
investigated by monitoring if the foam that was applied to the 
concrete road fracture remained adhered and in place. The 
results of the observation are shown in the table below. 
 
Table.10. Observation on the Adhesiveness of the applied 
Polyurethane Expanding Foam in a span of 6 weeks 
. 

Week 0 1 2 3 4 5 6 
Adhesiven

ess 
Adher
ed to 
the 

concre
te 

Adher
ed to 
the 

concre
te 

Adher
ed to 
the 

concre
te 

Adher
ed to 
the 

concre
te 

Adher
ed to 
the 

concre
te 

Adher
ed to 
the 

concre
te 

Adher
ed to 
the 

concre
te 

 
Based on the information gathered in Table 11, the 
Polyurethane Expanding Foam remained intact and adhered on 
the concrete road crack after 6 weeks. 

IV.     Summary, Conclusions and Recommendations 

The summary of results, the conclusion, and the 
recommendations for the development of the investigation are 
presented in this chapter. 

4.1 Summary 

This summary provides a brief overview of the main findings 
of the study: 

• Polyurethane expanding foam was found to be 
applicable to various widths of road cracks. It is 
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suitable for categories I, II, and III, with crack widths 
ranging from 3.60mm to 41.00mm. 

• The color of the polyurethane expanding foam 
changes over time due to environmental factors such 
as sunlight, air, water exposure, and daily contact with 
car wheels. The color changes from white to yellow, 
then to orange, dark orange, and finally to brown with 
random black spots. 

• The outermost layer of the polyurethane expanding 
foam becomes rough over time due to exposure to 
environmental factors and loads. 

• Certain areas of the polyurethane expanding foam 
begin to settle and shrink progressively due to 
vehicular loads, resulting in minimal deformities and 
damages. 

• Based on the observations, polyurethane expanding 
foam adheres well to concrete road cracks and 
maintains its adhesiveness over time despite exposure 
to environmental factors and loads. 

4.2 Conclusion 

To conclude and draw final insights from the results, the use of 
polyurethane expanding foam as a viable solution for repairing 
cracks on local concrete roads in the Philippines shows that it 
adheres well to the concrete surface, which is an important 
factor in the longevity of any repair work. The study revealed 
that using polyurethane expanding foam as a repair for road 
cracks could prevent debris and water from entering the cracks 
that could cause more damage to the concrete pavement. It was 
also concluded that the polyurethane expanding foam could be 
utilized as a temporary solution in situations where immediate 
repairs are required but the resources to complete a full repair 
are unavailable. 

4.3 Recommendations 

These recommendations will suggest potential avenues for 
further research and improvements in the field of road crack 
solutions: 

• Conduct a longer observation period, which could be 
beneficial for capturing the long-term effects and 
durability of the polyurethane foam on the concrete 
pavements. 

• Explore the use of coatings or additives to enhance the 
polyurethane expanding foam's color stability and 

smoothness, as well as to minimize surface cuts and 
abrasions over time. 

• Investigate and thoroughly analyze various road crack 
solutions to determine their long-term cost-
effectiveness, durability, and environmental impact, 
as well as preventive measures to improve pavement 
conditions and reduce the occurrence of road cracks, 
and indicate how expanding foam will weigh against 
these methods. 

REFERENCES   
[1]. Alaamri, R. S. N., Kattiparuthi, R. A., & Koya, A. M. (2017, 

July). Evaluation of Flexible Pavement Failures-A Case 
Study on Izki Road. International Journal of Advanced 
Engineering, Management and Science, 3(7).  

[2]. Ameri, M., Mansourian, A., Khavas, M. H., Aliha, M.R.M., 
& Ayatollahi, M.R. (2017). Cracked asphalt pavement under 
traffic loading – A 3D finite element analysis. Engineering 
Fracture Mechanics, 78(8), 1817-1826.  

[3]. Bhandari, S., Luo, X., & Wang, F. (2022, March 16). 
Understanding the Effects of Structural Factors and Traffic 
Loading on Flexible Pavement Performance. nternational 
Journal of Transportation Science and Technology.  

[4]. Boquet, Y. (2013, December). Bus transportation in the 
Philippines. Academia Accelerating the world's research. 
hal-00920111. 

[5]. Chamia, B. K., Gariy, Z. A., & Mulei, S. M. (2017). Causes 
of Cracks on Recently Constructed Flexible Pavements: A 
Case Study on Kabati to Mareira Road in Kenya. Open 
Journal of Civil Engineering, Vol.07 No.02, 17.  

[6]. Chandy, A., & Janagan, S. S. (2018, January). Study On 
Foamed Concrete with Polyurethane as Foaming Agent. 
International Research Journal of Engineering and 
Technology (IRJET), 5(1).  

[7]. Davies, J. (2022, February). Preventing and repairing 
potholes and pavement cracks. The Magazine of Asphalt 
Institute.  

[8]. Department of Public Works and Highways. (2006). 
Department Order No. 45 Series of 2006: Interim Guidelines 
for The Maintenance and Rehabilitation of Unreinforced 
Concrete Roads. Bureau of Research and Standards.  

[9]. Fakhar, A. M., & Asmaniza, A. (2016). Road Maintenance 
Experience Using Polyurethane (PU) Foam Injection 
System and Geocrete Soil Stabilization as Ground 
Rehabilitation. IOP Conference Series: Materials Science 
and Engineering.  

[10]. Fortunatus, M. (2018). Evaluation of the performance of 
polyurethane foams in rigid pavement preservation. Master 
Theses and Doctoral Dissertations.  

[11]. Golos, M. (2021). A Division of CMC. Tensar, (Types of 
road cracks and how to avoid them).  



 INTERNATIONAL JOURNAL OF PROGRESSIVE RESEARCH IN SCIENCE AND ENGINEERING, VOL.4, NO.07, JULY 2023. 

  
MARK JOHN P. PANGAN., ET. AL.: POLYURETHANE EXPANDING FOAM APPLICATION: A PROPOSED ALTERNATIVE SOLUTION FOR 
CRACKS ON LOCAL CONCRETE ROADS IN THE PHILIPPINES 42 

 

[12]. Griffin, S., Farrant, B., & Askarinejad, H. (2017, August). 
Evaluation of Epoxy Injection Method for Concrete Crack 
Repair.  

[13]. Haddar, M. A. (2020, March 9). Analysis Of Pavement 
Condition Index Due to Climate Factors for Regency Road. 
Civil Engineering Program Faculty of Engineering 
Universitas Muhammadiyah Surakarta.  

[14]. Harith, I. K. (2018, June). Study on polyurethane foamed 
concrete for use in structural applications. Case Studies in 
Construction Materials, Volume 8, 79-86.  

[15]. Hou, F., Li, T., Li, Y., & Guo, M. (2021, August). Research 
on the Anti-Reflective Cracking Performance of a Full-
Depth Asphalt Pavement. MDPI Open Access Journals, 
13(17).  

[16]. Issa, C. A., & Debs, P. (2017, January). Experimental study 
of epoxy repairing of cracks in concrete. Construction and 
Building Materials, 21(1), 157–163.  

[17]. Jamal, H. (2017). Road Cracks | Types of Road Cracks - 
Road Cracking Reasons. AboutCivil.Org. Retrieved 
November 23, 2022. 

[18]. Miller, J. M., Cal, P. C., & Rayner, N. C. (2012). Philippines 
Transport Sector Assessment, Strategy, and Road Map. 
Asian Development Bank.  

[19]. PolyLEVEL Polyurethane Injection Pros & Cons. (n.d.). 
The Foundation Specialists. Retrieved November 23, 2022. 

[20]. Poor Road Conditions in the Philippines. (2022, October 
10). Rua Seguridad. Retrieved November 23, 2022. 

[21]. Radzi, S. M., Ghani, A. N., Ismail, M. N., Hamid, A. H., & 
Ahmad, K. (2017, April). A Study on The Use of 
polyurethane For Road Flood Damage Control. International 
Journal of GEOMATE, 12(32), 82 - 87.  

[22]. Raffaniello, A., Bauer, M. B., Safiuddin, M., & El-Hakim, 
M. (2022, July 29). Traffic and Climate Impacts on Rutting 
and Thermal Cracking in Flexible and Composite 
Pavements. Infrastructures, 7(8).  

[23]. Ramos, J. A. B., Dacanay, J. P. T., & Ambrocio, L. B. 
(2022). A Review of the Current Practices in the Pavement 
Surface Monitoring in the Philippines. National Center for 
Transportation Studies, University of the Philippines 
Diliman, Philippines.  

[24]. Republic of the Philippines Province of Pampanga 
Municipality of Mexico Office of The Sangguniang Bayan 
Excerpts from The Minute. (2016). Municipality of Mexico 
Pampanga. Retrieved May 31, 2023. 

[25]. Rosquoët, F., Khelidj, A., & Phelipot, A. (2013). 
Experimental study of cement grout. Cement and Concrete 
Research, 33(5), 713-722.  

[26]. Saharuddin, I. N. A., & Ing, D. S. (2019, February). Factors 
Influencing Road Damage in Developing Countries. 
International Journal of Engineering Research and 
Management (IJERM), 6(02).  

[27]. Sharma, A. K. (2019). Cracks in Pavement Quality Concrete 
(PQC) - Causes and Remedies. International Advanced 
Research Journal in Science, Engineering and Technology, 
6(10).  

[28]. Shen, D., Shi, S., Xu, T., Liao, G., & Chen, J. (2018, June 
20). Development of shape memory polyurethane-based 
sealant for concrete pavement. Construction and Building 
Materials, Volume 174, 474-483.  

[29]. Tarawneh, S., & Sarireh, M. (2013). Causes of Cracks and 
Deterioration of Pavement on Highways in Jordan from 
Contractors’ Perspective. Civil and Environmental 
Research, Vol.3, No.10.  

[30]. Vennapusa, P., & White, D. (2014, November 3). Field 
assessment of a jointed concrete pavement foundation reated 
with injected polyurethane expandable foam. International 
Journal of Pavement Engineering, Volume 16(Issue 10).  

[31]. White, D. J., Vennapusa, P. K. R., Zhang, Y., & Wolfe, A. 
J. (2015, August). Jointed Concrete Pavement Rehabilitation 
with Injected High Density Polyurethane Foam and Dowel 
Bar Retrofitting – Pennsylvania US 422 Field Study. 
National Concrete Pavement Technology Center.  


	I. Introduction
	II. Methodology
	III. Results and discussion
	References

