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Abstract 

Flooding risks pose significant challenges to road infrastructure construction globally, causing delays, cost overruns, and 

reduced durability. In Rwanda, these challenges are particularly evident due to high rainfall intensity, frequent floods, and 

inadequate drainage systems, which exacerbate road damage and soil erosion. The Huye-Kibeho road construction project in 

Southern Rwanda has faced substantial delays and cost increases as a result of these flooding risks. This study examines the 

impact of flooding risks on road infrastructure construction, with a focus on the Huye-Kibeho road project. The research 

employs a descriptive survey design, utilizing both quantitative and qualitative methods. Data was collected through structured 

questionnaires and key informant interviews. The structured questionnaires, incorporating both closed-ended and Likert scale 

questions, will capture quantitative data, while interviews will provide deeper insights into the flooding-related challenges 

faced during construction. The analysis will include descriptive statistics (e.g., means, frequencies, and percentages) to 

summarize the findings, and inferential statistics, specifically correlation and regression analysis, was used to assess the 

relationship between flooding risk factors and road infrastructure performance. The regression analysis indicates a significant 

relationship between flooding factors and road construction, with flooding factors explaining 62.5% of the variance in 

construction delays and cost overruns (R² = 0.625, F (6, 137) = 378.171, p < 0.001). Qualitative data from interviews was 

analyzed thematically to identify recurring patterns related to the impact of flooding risks. The combination of these methods 

provides a comprehensive understanding of the issue. The study confirms that flooding risks have a substantial impact on road 

infrastructure construction, specifically on the Huye-Kibeho road project. The findings highlight significant delays and cost 

overruns linked to flooding factors, including high rainfall intensity, flood frequency, floodwater depth, soil erosion, drainage 

system inefficiencies, and the region’s topography. These challenges not only hinder the construction progress but also 

jeopardize the long-term durability and lifespan of the road. Based on the findings, it is recommended that the Huye-Kibeho 

road construction project implement enhanced flood mitigation measures, including the development of a robust drainage 

system, flood barriers, and soil stabilization techniques, to effectively manage the flooding risks and minimize the impact on 

construction delays, cost overruns, and long-term road durability. 
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1. Introduction 

Flooding poses a major challenge to road construction 

globally by damaging foundational structures, causing soil 

erosion, weakening embankments, and compromising con-

struction materials, which ultimately results in increased 

project costs and construction delays. It interferes with criti-

cal phases such as the curing of concrete and restricts the 

movement of materials and machinery to and from sites. 

Countries like Brazil, the United States, the United Kingdom, 

India, Ghana, and Uganda all experience severe flooding-

related disruptions to road infrastructure. These include site 

inaccessibility, weakened foundations due to erosion, and the 

frequent need for resource replenishment and structural re-

pairs caused by prolonged exposure to water [1]. Without 

adequate food preparation and drainage systems, these chal-

lenges often reduce the overall lifespan of road infrastructure 

and inflate long-term maintenance costs [2]. 

In the United States, flood-prone areas such as Louisiana 

and Texas face intense rainfall, with floodwaters sometimes 

reaching depths of up to four feet. This overwhelms drainage 

systems, especially in rural or coastal zones, leading to ex-

tended water retention and severe construction delays. Local 

governments have been forced to increase road reconstruc-

tion budgets by up to 15% due to repeated flooding damage 

[3]. In addition, soil erosion exacerbates foundation instabil-

ity, compelling contractors to invest in reinforcement 

measures that further escalate project costs [4]. In the United 

Kingdom, frequent flash floods especially in Wales and 

northern England combined with outdated drainage systems, 

cause water depths to exceed two meters in urban areas. 

Construction delays of up to 30% have been recorded, and 

roads built on slopes are particularly vulnerable to erosion-

induced instability [5]. Material deterioration in such envi-

ronments significantly shortens road lifespans [6]. 

In India, flooding during the monsoon season severely dis-

rupts infrastructure projects, particularly in states such as 

Kerala, Bihar, and West Bengal. Floodwaters reaching up to 

five meters often make construction sites inaccessible for 

extended periods, while regions like the Ganges Basin expe-

rience intensified erosion and instability [7]. In these flood-

prone areas, inefficient drainage systems contribute to delays 

and increased project costs, with contractors spending up to 

20% more on repairs and materials [8]. Similarly, Ghana 

experiences intense rainfall from May to September that 

overwhelms drainage systems, resulting in road damage and 

delays due to waterlogged sites [9]. In Uganda, seasonal 

heavy rains in the central and northern regions cause floods 

of up to two meters in depth, particularly in low-lying zones 

such as the Lake Victoria Basin. These conditions cause 

foundation instability and project delays of up to 25%, with 

cost overruns reaching 15% [10]. Poor drainage infrastruc-

ture in these areas fails to manage the frequency and intensi-

ty of flooding events [11]. 

In Rwanda, flooding significantly disrupts road construc-

tion during the two rainy seasons March to May and Sep-

tember to December particularly in mountainous and low-

lying areas. Poor drainage in rural provinces like the South-

ern Province causes severe road damage, soil erosion, and 

foundation instability. For example, the Huye-Kibeho road 

project has experienced delays of 20% and cost overruns of 

18% due to floodwater depths of up to three meters and per-

sistent material degradation [12]. In 2022, Rwanda experi-

enced a 30% increase in rainfall, intensifying these issues 

and further stressing the nation’s already vulnerable infra-

structure systems [13]. Beyond physical impacts, flooding 

also affects communities' mental well-being, as seen in 

Nyarugenge District, where 52% of residents reported PTSD 

symptoms after severe floods and landslides [14]. This study 

aims to examine how factors such as rainfall intensity, flood 

frequency, water depth, soil erosion, drainage efficiency, and 

topography influence road construction outcomes in Rwanda, 

using the Huye-Kibeho project as a case study to develop 

strategies for improved flood risk management. 

1.1. General Objective 

The general objective of the study was to analyze the im-

pact of flooding risk on road infrastructure construction in 

Rwanda, a case of Kineho-Huye road construction. 

1.2. Specific Objectives 

This research was guided by the following specific objec-

tives: 

1) To analyze the factors influencing the flooding in 

Huye-Kibeho road construction project. 

2) To evaluate Huye-Kibeho road construction project 

process and success. 

3) To assess the relationship between flooding factors and 

Huye-Kibeho road construction project. 

2. Materials and Methods 

2.1. Description of the Study Area 

The study area focuses on the Huye-Kibeho road construc-

tion project, located in the Southern Province of Rwanda, 

specifically within the Huye and Nyaruguru Districts. This 

region is characterized by a diverse landscape, including 

mountainous terrain, valleys, and agricultural land, making it 

highly susceptible to flooding and landslide hazards, particu-

larly during the rainy seasons. The road connects Huye Dis-

trict to Kibeho, a key location in Rwanda, and plays a crucial 

role in regional infrastructure development, facilitating 

transportation, trade, and access to essential services. 

However, the area’s vulnerability to natural hazards, such 

as intense rainfall, flooding, and landslides, presents signifi-
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cant challenges to road construction, impacting project time-

lines, costs, and overall infrastructure integrity. These haz-

ards are particularly critical for road construction, as they can 

delay work, damage materials, and increase project costs, 

making it essential to understand and address their impact. 

 
Figure 1. Area of the study. 

2.2. Research Design, Data Collection and Data 

Analysis 

The study employed a cross-sectional research design 

combining both quantitative and qualitative approaches to 

investigate how flooding factors influence road infrastructure 

construction in the Huye-Kibeho area. Quantitative data was 

collected using structured questionnaires distributed to engi-

neers, managers, and local officials involved in the road pro-

ject. This data, including rainfall intensity, flood frequency, 

and their impacts on costs, delays, and foundation stability, 

was analyzed statistically to understand the risks posed by 

flooding. Qualitative data, collected through semi-structured 

interviews, offered richer insights into stakeholders’ experi-

ences with flooding and the effectiveness of mitigation strat-

egies. A stratified random sampling technique ensured pro-

portional representation from RTDA, CRBC, consultants, 

and community members, resulting in a sample size of 154 

participants out of a population of 250. The study used both 

primary and secondary data sources, including surveys, in-

terviews, observations, and satellite imagery, to develop a 

comprehensive understanding of how environmental factors 

affect road construction. 

Data collection was conducted through field surveys, 

structured questionnaires with Likert scale items, and in-

depth interviews, focusing on identifying land use patterns 

and flooding-prone areas. Key informant interviews, particu-

larly with the project manager, provided detailed accounts of 

how flooding has disrupted construction timelines and budg-

ets. Satellite data from various Landsat missions and themat-

ic maps were used to identify flood and landslide-prone 

zones along the Huye-Kibeho road, aiding in future planning 

and risk mitigation. Data analysis was carried out using 

SPSS and Excel. Descriptive statistics, including mean and 

standard deviation, helped evaluate stakeholders' perspec-

tives, while inferential analysis through correlation and mul-

tiple regression assessed relationships between flooding and 

road construction outcomes. This robust methodological ap-

proach enabled the study to draw meaningful conclusions 

and practical recommendations for improving infrastructure 

resilience to environmental hazards. 

3. Results and Discussions of Findings 

Flooding and landslides are environmental hazards that 

have considerable impacts on infrastructure development, 
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particularly in regions with complex topography and season-

al climatic variations. In the context of the Huye-Kibeho 

road construction project, these hazards present critical chal-

lenges to construction timelines, structural integrity, and pro-

ject sustainability. Flooding, characterized by the overflow 

of water beyond normal levels, can lead to erosion, founda-

tion weakening, and delays in construction activities. Land-

slides, involving the downward movement of soil, rock, and 

debris triggered by gravitational forces and saturated ground, 

further exacerbate construction risks by destabilizing slopes 

and obstructing construction zones. This section presents the 

findings and discussion related to the occurrence of flooding 

and landslides, and their direct effects on the road infrastruc-

ture and construction processes in the Huye-Kibeho area. 

3.1. Rainfall Intensity 

Researcher asked the respondents to indicate their level of 

agreement with the statements relate to rainfall intensity as 

factors of flooding and the results are presented in table 1. 

below. 

Table 1. Respondent’s views on rainfall intensity. 

Statement Mean Std. Dev. 

The rainfall intensity in the Huye-Kibeho area frequently causes significant flooding during the road 

construction. 
4.32 0.68 

Rainstorms in this region have become increasingly intense, raising concerns about the risk of project de-

lays. 
4.18 0.74 

The heavy rainfall patterns in the Huye-Kibeho area make it difficult to maintain steady progress on road 

construction. 
4.25 0.71 

The current road infrastructure design is inadequate to handle the intensity of rainfall experienced in Huye-

Kibeho. 
4.08 0.8 

The frequency and intensity of rainstorms in the region pose a high risk of waterlogging on the construc-

tion site. 
4.20 0.73 

Sudden and intense downpours in the Huye-Kibeho area increase the flood risk, threatening the stability of 

the construction. 
4.30 0.69 

Source: Primary data, 2024 

Table 1 reveals a strong consensus among respondents that 

rainfall intensity has a significant negative impact on the 

Huye-Kibeho road construction. The high mean scores 

across all six items (ranging from 4.08 to 4.32) and the rela-

tively low standard deviations (0.68 to 0.80) indicate con-

sistent agreement on the severity of rainfall-related challeng-

es. Notably, the statement with the highest mean score (4.32) 

and the lowest variability (SD = 0.68) highlights the percep-

tion that intense rainfall frequently causes major flooding, 

disrupting road construction. 

Another key statement, which received a mean score of 

4.30 and a standard deviation of 0.69, points to the threat 

posed by sudden and intense downpours, emphasizing their 

role in elevating flood risk and undermining the stability of 

construction activities. This is consistent with [15], who ar-

gued that unpredictable climatic events pose a substantial 

challenge to infrastructure development, particularly in 

flood-prone regions, and stressed the need for adaptive engi-

neering approaches. 

Moreover, while the lowest mean score (4.08) was still 

relatively high, it was associated with the view that the cur-

rent road infrastructure design is inadequate to cope with the 

observed intensity of rainfall. The slightly higher standard 

deviation (0.80) for this item suggests some variability in 

perception, which may be influenced by differing levels of 

technical knowledge or experience with the road infrastruc-

ture. Nonetheless, this observation supports earlier studies 

such as those by [16], who noted that many public works 

projects in Rwanda are not yet sufficiently climate-resilient, 

and that there is a pressing need to integrate weather-

adaptive designs into construction planning. 

Collectively, the findings underscore the critical im-

portance of enhancing infrastructural resilience to intense 

and frequent rainfall. They affirm the need for improved 

drainage systems, climate-sensitive engineering designs, and 

the adoption of sustainable construction practices to mitigate 

the adverse effects of flooding. These observations are in line 

with the broader literature on climate adaptation and infra-

structure planning in sub-Saharan Africa, which emphasizes 

proactive responses to extreme weather events to ensure pro-

ject durability and community safety [17]. 

The results are supported the Figure 2 below. 
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Figure 2. Annual rainfall in Huye and Kibeho. 

Map 2 illustrates the rainfall patterns across the study area, 

divided into five distinct zones: very low, low, moderate, 

high, and very high rainfall. The "very low" zone, located in 

the eastern part of the area, experiences minimal precipita-

tion, leading to dry conditions that may limit water availabil-

ity and affect vegetation growth. While the risk of flooding is 

low, dry conditions can still pose challenges like soil erosion 

during sudden rainfall events. The "low" rainfall zone in the 

western region has slightly more consistent precipitation, 

supporting limited agriculture and water supply for construc-

tion. Although the risk of flooding is lower here, occasional 

moderate rains may disrupt construction activities if drainage 

systems are not properly managed. 

The central and southern "moderate" rainfall zone receives 

more consistent rainfall, supporting agriculture but also in-

creasing the risk of flooding, particularly in areas with poor 

drainage. In contrast, the "high" rainfall zone in the northern 

and western parts of the area experiences significantly higher 

rainfall, leading to lush vegetation but also a higher risk of 

flooding and water runoff, which can disrupt construction 

projects. The "very high" rainfall zone, located in the highest 

elevations, is prone to heavy rains, flooding, and soil instability, 

presenting the greatest challenges for road construction. This 

variability in rainfall across the region underscores the im-

portance of tailored design interventions and flood mitigation 

strategies for road infrastructure projects, such as those in the 

Huye-Kibeho area. Effective planning and adaptive measures 

are necessary to manage these diverse challenges and ensure the 

successful completion of construction projects. 

3.2. Flood Frequency 

Researcher asked the respondents to indicate their level of 

agreement with the statements relate to flood frequency as 

factor of floodingand the results are presented in table 2. 

below. 

Table 2. Perception of respondents on flood frequency. 

Statement Mean Standard Deviation 

The Huye-Kibeho road project has been frequently disrupted by repeated flooding events. 4.29 0.67 

Floods in this area occur more often than initially anticipated, increasing the risk to the project's 

completion. 
4.26 0.70 

The frequency of flooding in Huye-Kibeho poses significant risks to maintaining the road’s con-

struction schedule. 
4.31 0.68 

Recurrent floods in the Huye-Kibeho area have led to the degradation of key sections of the road 

infrastructure. 
4.28 0.72 

The risk of project failure is heightened due to the frequency of flooding along the Huye-Kibeho 4.24 0.75 
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Statement Mean Standard Deviation 

road construction site. 

Frequent flooding has caused serious challenges for the stability and sustainability of the road in-

frastructure being developed. 
4.30 0.69 

Source: Primary data, 2024 

Table 2 presents the mean and standard deviation of re-

spondents’ perceptions regarding the impact of flood fre-

quency on the Huye-Kibeho road construction. The high 

mean scores, ranging from 4.24 to 4.31, reflect strong 

agreement among respondents that frequent flooding is a 

significant challenge for the project. The standard deviations, 

ranging from 0.67 to 0.75, indicate low variability, suggest-

ing consistent perceptions across respondents. The highest 

mean score (4.31) corresponds to the statement, "The fre-

quency of flooding in Huye-Kibeho poses significant risks to 

maintaining the road’s construction schedule," with a stand-

ard deviation of 0.68. This highlights that recurrent flooding 

events disrupt timelines, emphasizing the need for proactive 

measures to address flood risks. This finding aligns with 

research by [18], which noted that frequent flooding in 

Rwanda severely impacts project schedules and increases 

construction costs. 

Similarly, the statement, "Frequent flooding has caused se-

rious challenges for the stability and sustainability of the 

road infrastructure being developed," has a high mean score 

of 4.30 and a standard deviation of 0.69. This underscores 

the long-term implications of flood frequency on infrastruc-

ture sustainability. Studies by [15] confirm that recurrent 

floods lead to significant structural degradation, requiring 

frequent repairs and additional resources [19]. 

The statement, "The risk of project failure is heightened 

due to the frequency of flooding along the Huye-Kibeho road 

construction site," has a slightly lower mean score (4.24) and 

the highest standard deviation (0.75), indicating some varia-

tion in perceptions. This variation may be due to differences 

in stakeholder experiences or varying exposure to project 

challenges [20]. Overall, Table 2 demonstrates that the fre-

quency of flooding in Huye-Kibeho is a critical factor affect-

ing road construction, with recurrent floods disrupting time-

lines, degrading infrastructure, and increasing the risk of 

project failure. These findings highlight the necessity of in-

tegrating flood-resilient designs and robust management 

strategies to ensure the sustainability and success of road 

construction projects in flood-prone areas. 

3.3. Soil Erosion 

Researcher asked the respondents to indicate their level of 

agreement with the statements relate to soil erosion and the 

results are presented in Table 3 below. 

Table 3. Perception of respondents on soil erosion. 

Statement Mean Standard Deviation 

The risk of soil erosion in the Huye-Kibeho region is high due to frequent flooding, 

affecting the road’s foundation. 
4.36 0.63 

Flood-induced soil erosion has already caused considerable structural damage to parts of 

the road under construction. 
4.33 0.67 

Erosion from floodwaters in this area poses a long-term risk to the stability and durability 

of the road infrastructure. 
4.32 0.66 

The current erosion control measures are insufficient to mitigate the risks posed by floods 

in Huye-Kibeho. 
4.3 0.68 

Flood-related erosion has led to the loss of construction materials, posing additional risks 

to road progress. 
4.34 0.65 

The severity of soil erosion during floods in Huye-Kibeho threatens the overall success of 

the road project. 
4.31 0.69 

Source: Primary data, 2024 
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Table 3 presents the mean and standard deviation of re-

spondents’ perceptions concerning the impact of soil erosion 

on the Huye-Kibeho road construction project. The mean 

scores, ranging from 4.30 to 4.36, indicate a strong consen-

sus that soil erosion caused by flooding significantly affects 

road construction. The low standard deviations, ranging from 

0.63 to 0.69, show consistent perceptions among respondents. 

The highest mean score (4.36) is associated with the 

statement, "The risk of soil erosion in the Huye-Kibeho re-

gion is high due to frequent flooding, affecting the road’s 

foundation," with a standard deviation of 0.63. This high-

lights that soil erosion undermines the structural integrity of 

the road, a concern corroborated by [14], who reported that 

flood-related erosion destabilizes construction foundations in 

Rwanda's high-risk areas. 

The statement, "Flood-induced soil erosion has already 

caused considerable structural damage to parts of the road 

under construction," also received a high mean score (4.33, 

SD: 0.67). This finding emphasizes the immediate and visi-

ble damage caused by erosion, consistent with findings by 

[21], who noted similar impacts in other road projects in 

Rwanda. The statement, "Flood-related erosion has led to the 

loss of construction materials, posing additional risks to road 

progress," scored a mean of 4.34 with a standard deviation of 

0.65. This highlights that erosion not only affects the road's 

foundation but also leads to financial and material losses. 

The statement, "The current erosion control measures are 

insufficient to mitigate the risks posed by floods in Huye-

Kibeho," received a mean score of 4.30 and a standard devia-

tion of 0.68, reflecting respondents’ concerns about the ade-

quacy of current mitigation efforts. Overall, Table 3 demon-

strates that soil erosion caused by flooding presents both 

immediate and long-term risks to the Huye-Kibeho road con-

struction project. The findings suggest a need for enhanced 

erosion control measures, such as reinforced retaining walls, 

sustainable land management practices, and improved drain-

age systems, to ensure the stability and sustainability of the 

road infrastructure. The results are supported by figure 3 on 

soil classification. 

 
Figure 3. Soil classification in Huye and Kibeho. 

Figure 3 presents the soil classification in the area where 

the Huye-Kibeho road is located, highlighting the different 

soil types that influence road construction and its vulnerabil-

ity to flooding risks. The area features several soil types, 

including Kibeho loam soil, Huye loam soil, sandy soil, and 

sandy loam soil, each impacting the infrastructure’s durabil-

ity and flood management strategies. Kibeho loam soil dom-

inates areas with moderate drainage and fertile organic mat-

ter. This soil type supports agricultural activities but presents 

challenges in heavy rainfall scenarios, leading to increased 

water retention and potential flooding risks along the road. 

Huye loam soil mirrors the characteristics of Kibeho loam 

but also retains moisture during prolonged rainfall, increas-

ing the likelihood of soil erosion and waterlogging. These 

effects are particularly pronounced in lower-altitude regions, 

where the road construction faces more significant challeng-

es in managing excess water and preventing structural dam-

age. Sandy soil predominates in drier areas with poor mois-
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ture retention. Although it drains well, it has lower fertility 

and proves problematic during heavy rainfall. In such areas, 

the soil's inability to hold moisture results in soil displace-

ment, destabilizing road structures and worsening flooding 

risks. 

Sandy loam soil represents a balanced combination of 

sand and loam, offering moderate water retention and drain-

age properties. Despite its balance, excessive rainfall still 

poses risks of water accumulation, leading to flooding in 

certain sections of the road. The distribution of these diverse 

soil types along the Huye-Kibeho road significantly influ-

ences road infrastructure stability, requiring targeted flood 

risk management strategies to mitigate potential damage. 

3.4. Drainage Efficiency System 

Researcher asked the respondents to indicate their level of 

agreement with the statements relate to drainage efficiency 

system and the results are presented in Table 4 below. 

Table 4. Perception of respondents on drainage efficiency system. 

Statement Mean Standard Deviation 

The drainage systems along the Huye-Kibeho road are inadequate to handle the volume of 

floodwater during heavy rains. 
4.42 0.61 

Inefficient drainage systems increase the risk of flooding, leading to more damage to the road 

under construction. 
4.4 0.64 

The current drainage infrastructure in the Huye-Kibeho project area has failed to mitigate flood 

risks effectively. 
4.35 0.67 

Poor drainage systems in the region contribute to water accumulation, increasing flood risk for 

the construction site. 
4.38 0.63 

The drainage systems designed for the Huye-Kibeho road construction do not sufficiently reduce 

the risks of flood damage. 
4.36 0.65 

Efficient drainage systems are critical to managing the flood risks that are currently affecting the 

Huye-Kibeho road project. 
4.45 0.59 

Source: Primary data, 2024 

Table 4 presents the mean and standard deviation of re-

spondents’ perceptions regarding drainage system efficiency 

and its impact on the Huye-Kibeho road construction project. 

The mean scores, ranging from 4.35 to 4.45, suggest a strong 

agreement among respondents that the inefficiency of drain-

age systems exacerbates the flood risks affecting road con-

struction. The low standard deviations, between 0.59 and 

0.67, indicate a high level of consistency in responses. 

The highest mean score (4.45) is attributed to the state-

ment, "Efficient drainage systems are critical to managing 

the flood risks that are currently affecting the Huye-Kibeho 

road project," with a standard deviation of 0.59. This under-

scores the critical role of proper drainage in mitigating flood-

related risks, as supported by [22], who emphasized the im-

portance of advanced drainage solutions in flood-prone in-

frastructure projects. 

The statement, "The drainage systems along the Huye-

Kibeho road are inadequate to handle the volume of flood-

water during heavy rains," also received a high mean score 

(4.42, SD: 0.61). This finding aligns with findings by [23], 

which highlighted that under-dimensioned drainage sys-

tems often fail to cope with intense rainfall, leading to pro-

longed water accumulation. Similarly, "Poor drainage sys-

tems in the region contribute to water accumulation, in-

creasing flood risk for the construction site," scored a mean 

of 4.38 and a standard deviation of 0.63. This highlights 

that poor drainage efficiency exacerbates flooding, causing 

project delays and additional costs. 

The statement, "The current drainage infrastructure in the 

Huye-Kibeho project area has failed to mitigate flood risks 

effectively," with a mean score of 4.35 and a standard devi-

ation of 0.67, points to the inadequacy of existing systems 

in addressing flood risks. This suggests a need for signifi-

cant upgrades to the current infrastructure. Overall, the re-

sults emphasize that drainage system inefficiency is a sig-

nificant challenge for the Huye-Kibeho road project, con-

tributing to prolonged flooding and project delays. Ad-

dressing these issues requires robust investment in flood-

resistant drainage systems, regular maintenance, and updat-

ed design standards to accommodate increasing rainfall 

intensities. The picture shows how the drainage system is 

well constructed with cover on top. 
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Figure 4. Drainage with cover (a). 

 
Figure 5. Drainage on the side of the road (b). 

3.5. Topography 

Researcher asked the respondents to indicate their level of 

agreement with the statements relate to topography and the 

results are presented in table 5. below. 

Table 5. Perception of respondents on topography. 

Statement Mean Standard Deviation 

The hilly topography of the Huye-Kibeho area increases the risk of floodwater runoff, affecting 

the road construction. 
4.43 0.6 

The natural landscape in Huye-Kibeho contributes to the risk of flash floods, threatening the road 

project. 
4.41 0.62 

Certain sections of the road construction site are more prone to flood risks due to the sloped ter-

rain. 
4.4 0.63 

The topography of Huye-Kibeho heightens the risk of landslides during heavy rains, which 

threatens the road infrastructure. 
4.39 0.64 

The local topography worsens the risk of water pooling in low-lying areas, increasing the likeli-

hood of flooding damage. 
4.42 0.61 

Flooding factors are exacerbated by the region’s topography, making it challenging to ensure 

long-term road durability. 
4.45 0.58 

Source: Primary data, 2024 

Table 5 presents the mean and standard deviation of re-

spondents’ perceptions regarding the impact of topography 

on the Huye-Kibeho road construction project. The mean 

scores, ranging from 4.39 to 4.45, indicate a high level of 

agreement among respondents that the region’s topography 

exacerbates flooding risks. The low standard deviations, be-

tween 0.58 and 0.64, reflect consistent perceptions across 

respondents. The highest mean score (4.45) corresponds to 

the statement, "Flooding factors are exacerbated by the re-

gion’s topography, making it challenging to ensure long-term 

road durability," with a standard deviation of 0.58. This em-

phasizes that the complex terrain of Huye-Kibeho signifi-

cantly impacts the sustainability of road infrastructure, con-

sistent with findings by [24], who noted that hilly terrains in 

Rwanda increase vulnerability to flood-induced damage. 

The statement, "The hilly topography of the Huye-Kibeho 

area increases the risk of floodwater runoff, affecting the 

road construction," scored a mean of 4.43 and a standard 

deviation of 0.60, further highlighting the challenges posed 

by runoff on sloped terrains. This finding aligns with studies 

by [16], which revealed that sloped regions in Rwanda expe-

rience more severe runoff and erosion, leading to construc-

tion delays. The statement, "The local topography worsens 

the risk of water pooling in low-lying areas, increasing the 

likelihood of flooding damage," received a mean score of 

4.42 and a standard deviation of 0.61, underscoring the dual 

challenge of runoff and water accumulation in low-lying 

areas. 
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The statement, "The topography of Huye-Kibeho height-

ens the risk of landslides during heavy rains, which threatens 

the road infrastructure," with a mean score of 4.39 and a 

standard deviation of 0.64, highlights that landslides remain 

a significant risk factor in the region, particularly during in-

tense rainfall events. Overall, the analysis reveals that the 

topography of the Huye-Kibeho area presents significant 

challenges for road construction, including increased runoff, 

water pooling, and landslides. To address these challenges, 

robust geotechnical engineering practices, effective drainage 

systems, and slope stabilization measures are essential to 

ensure the project’s success and long-term sustainability. The 

figure 6, presents the areas that are prone to flooding based 

on topography characteristics. 

Figure 5 analyzes the flood-prone areas in Huye and 

Kibeho, categorized into five risk levels: very low, low, 

moderate, high, and very high. These classifications high-

light the varying degrees of vulnerability across the region, 

influenced by topography, soil type, and hydrological condi-

tions. Very low-risk areas are typically located in elevated 

regions with well-drained soils, such as sand soil, which ef-

fectively channels excess water away from the surface. 

These areas experience minimal flooding impact, making 

them less prone to road infrastructure damage. 

Low-risk areas feature moderate drainage, often associated 

with sandy loam soil. These zones exhibit occasional water 

retention but manage runoff effectively, resulting in reduced 

susceptibility to severe flooding. Road construction in these 

areas faces fewer challenges related to water accumulation. 

Moderate-risk areas are characterized by loam soils, particu-

larly Kibeho and Huye loam soils, which retain moisture 

during rainfall events. These areas experience periodic flood-

ing, especially in flat or slightly sloping terrains, where water 

drainage slows down. The risk in these zones necessitates 

adequate drainage systems to support infrastructure stability. 

High-risk areas include low-lying regions with poor drain-

age, where water accumulation during heavy rains signifi-

cantly disrupts the surrounding environment. Such areas are 

often dominated by soils with higher moisture retention, such 

as clayey loam, increasing the likelihood of soil erosion and 

infrastructure degradation. Very high-risk areas are primarily 

found in floodplains and valleys, where water flow converg-

es during rainfall events. These areas face extreme flooding 

challenges due to their topography and proximity to water-

courses. The combination of prolonged waterlogging and soil 

saturation in these zones exacerbates risks for road construc-

tion and maintenance. 

The distribution of flood-prone areas in Huye and Kibeho 

underscores the need for tailored flood mitigation strategies 

that address the specific risks posed by each category, ensur-

ing road infrastructure resilience. 

 
Figure 6. Flood prone areas in Huye and Kibeho. 
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3.6. Road Damage 

Researcher asked the respondents to indicate their level of agreement with the statements relate to road damage and the re-

sults are presented in Table 6 below. 

Table 6. Perception of respondents on road damage. 

Statement Mean Standard Deviation 

Flooding has caused significant damage to sections of the Huye-Kibeho road during construction. 4.46 0.58 

The risk of road surface damage increases drastically after each flooding event in the Huye-Kibeho 

area. 
4.43 0.60 

Floods have led to frequent road structure failures in areas under construction along the Huye-

Kibeho route. 
4.45 0.59 

Floodwaters often cause cracks and potholes on newly constructed parts of the Huye-Kibeho road. 4.42 0.61 

The extent of road damage due to flooding has negatively impacted the progress of the Huye-Kibeho 

construction project. 
4.44 0.60 

Measures to mitigate flood-induced road damage have been inadequate in the Huye-Kibeho road 

project. 
4.41 0.62 

Source: Primary data, 2024 

Table 6 presents the mean and standard deviation of re-

spondents’ perceptions on the impact of road damage caused 

by flooding in the Huye-Kibeho road construction project. 

The mean scores, ranging from 4.41 to 4.46, demonstrate 

strong agreement among respondents regarding the signifi-

cant impact of flooding on road infrastructure. The low 

standard deviations, between 0.58 and 0.62, indicate con-

sistent perceptions across the sample. The highest mean 

score (4.46) is associated with the statement, "Flooding has 

caused significant damage to sections of the Huye-Kibeho 

road during construction," reflecting respondents' strong con-

sensus on the substantial impact of flooding. This finding 

aligns with studies by [25], which emphasize that flooding is 

a major contributor to road infrastructure degradation in 

Rwanda. 

The statement, "Floods have led to frequent road structure 

failures in areas under construction along the Huye-Kibeho 

route," received a mean of 4.45 and a standard deviation of 

0.59, underscoring the recurring challenges caused by struc-

tural failures during flooding. Similarly, "The extent of road 

damage due to flooding has negatively impacted the progress 

of the Huye-Kibeho construction project" received a mean 

score of 4.44, highlighting the adverse effects on project 

timelines and budgets. However, "Measures to mitigate 

flood-induced road damage have been inadequate in the 

Huye-Kibeho road project" scored a mean of 4.41, suggest-

ing respondents perceive a lack of effective mitigation strat-

egies. This aligns with findings from [15], who note the lim-

ited implementation of flood-resilient designs in similar pro-

jects. In summary, the analysis highlights that flooding-

induced road damage significantly impacts the progress and 

sustainability of the Huye-Kibeho road construction project. 

Addressing these challenges requires robust flood mitigation 

strategies, improved drainage systems, and climate-resilient 

road designs to ensure project success and durability. 

3.7. Construction Delay 

Construction delay refers to the time extension beyond the 

originally scheduled completion date of a construction pro-

ject. Delays can occur due to various factors, including ad-

verse weather conditions, supply chain disruptions, unfore-

seen site conditions, regulatory approval processes, and de-

sign revisions. In the case of road construction projects, such 

as the Huye-Kibeho road project, delays are often caused by 

external factors such as flooding, landslides, or logistical 

issues, in addition to the complexity of coordination between 

multiple stakeholders and phases. These delays can signifi-

cantly impact the overall timeline, cost, and quality of the 

project, highlighting the need for effective project manage-

ment, risk mitigation strategies, and flexible planning to min-

imize the impact of such delays. 
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Table 7. Timeliness of Huye-Kibeho road construction project. 

Phase of Construction 
Expected Completion 

Date 

Actual Completion 

Date 

Delay (in 

Months) 

% of Project Completed 

on Time 

Design Phase Dec-18 Feb-19 2 90% 

Groundbreaking Sep-18 Sep-18 0 100% 

Earthworks Sep-19 Dec-19 3 85% 

Asphalt Laying Sep-20 Dec-20 3 80% 

Road Structure and Drainage Mar-21 Jun-21 3 85% 

Final Inspection and Finishing Oct-22 Feb-23 4 75% 

Overall Project Oct-22 Feb-23 4 

 

Source: RTDA report (2024) 

Table 7 presents the timeliness of the Huye-Kibeho road 

construction project, highlighting the delays encountered 

across various phases and the overall project completion. 

The project, which started in September 2018 and was ini-

tially scheduled for completion within 3 years, faced signifi-

cant delays, with the final completion date extending into 

February 2023 instead of the anticipated October 2022. This 

resulted in a 16-month delay, which was due to a combina-

tion of environmental factors, logistical challenges, and regu-

latory processes. 

The Design Phase, expected to finish by December 2018, 

was delayed by 2 months and completed in February 2019. 

The delay was caused by revisions and approvals, a common 

challenge in large infrastructure projects (Muriithi et al., 

2022). Despite this, 90% of the phase was completed on time, 

indicating that, once the design was finalized, the remaining 

tasks were managed efficiently. The Groundbreaking phase, 

which commenced as scheduled in September 2018, faced no 

delays, reflecting strong initial planning and execution, 

aligning with findings by [26] that emphasize the importance 

of adhering to schedules in the early stages of construction. 

The Earthworks phase, originally scheduled for comple-

tion by September 2019, was delayed by 3 months and com-

pleted in December 2019 due to adverse weather conditions. 

This delay is consistent with similar challenges in road con-

struction, particularly in regions prone to heavy rains and 

floods [19]. Despite the delay, 85% of the phase was com-

pleted on time, suggesting some mitigation efforts were ef-

fective. Similarly, the Asphalt Laying phase, scheduled to 

end by September 2020, also faced a 3-month delay, finish-

ing in December 2020. Supply chain disruptions played a 

key role, a common issue in many African infrastructure 

projects, as noted by Njoroge (2023). Only 80% of the phase 

was completed on time, indicating that logistical challenges 

were significant during this phase. 

The Road Structure and Drainage phase was planned to 

finish by March 2021, but due to unforeseen site conditions 

and material shortages, the completion was delayed by 3 

months, concluding in June 2021. About 85% of the work in 

this phase was completed on time, aligning with [21], who 

found that such infrastructure tasks often face unanticipated 

delays. The Final Inspection and Finishing phase was initial-

ly expected to conclude by October 2022, but it faced a 4-

month delay, completing in February 2023. This delay was 

primarily due to extended checks, approvals, and regulatory 

processes, with only 75% of the phase completed on time. 

[15] also found that regulatory bottlenecks often delay the 

final stages of infrastructure projects, aligning with the find-

ings here. 

Overall, the project encountered delays at multiple stages, 

leading to an overall delay of 16 months and an on-time 

completion rate of 80% across the various phases. These 

delays underscore the importance of addressing environmen-

tal challenges, improving supply chain management, and 

streamlining approval processes to ensure more efficient 

project delivery. The findings from this study are consistent 

with previous research, which emphasizes the complex na-

ture of large-scale infrastructure projects and the need for 

robust project management practices to minimize delays [26]. 

3.8. Construction Delay 

Researcher asked the respondents to indicate their level of 

agreement with the statements relate to construction delay 

and the results are presented in Table 8. below. 
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Table 8. Perception of respondents on construction delay. 

Statement Mean Standard Deviation 

Flooding frequently disrupts construction activities, causing significant delays in the Huye-Kibeho 

road project. 
4.48 0.55 

Flooding factors have slowed down the overall timeline for the completion of the Huye-Kibeho 

road. 
4.46 0.57 

Unanticipated flooding events have extended the duration of the construction project. 4.47 0.56 

Flooding has forced the Huye-Kibeho road project to suspend construction activities, leading to 

delays. 
4.44 0.58 

The delay in project completion is directly linked to frequent flooding during the road construction 

phase. 
4.45 0.57 

Delays caused by flooding have increased the likelihood of missing critical project deadlines. 4.42 0.6 

Source: Primary data, 2024 

Table 8 presents the mean and standard deviation of re-

spondents’ perceptions on the impact of flooding on con-

struction delays in the Huye-Kibeho road project. The mean 

scores, ranging from 4.42 to 4.48, indicate a strong agree-

ment among respondents that flooding significantly disrupts 

construction timelines. The standard deviations, ranging 

from 0.55 to 0.60, show minimal variation in perceptions, 

indicating consistency among the respondents. The highest 

mean score (4.48) is associated with the statement, "Flooding 

frequently disrupts construction activities, causing significant 

delays in the Huye-Kibeho road project." This reflects a 

widespread consensus that flooding is a primary factor caus-

ing construction delays. Similarly, the statement, "Flooding 

factors have slowed down the overall timeline for the com-

pletion of the Huye-Kibeho road," received a mean score of 

4.46, further emphasizing the severe impact of flooding on 

the project’s timeline. 

The statement, "Unanticipated flooding events have ex-

tended the duration of the construction project," had a mean 

score of 4.47, pointing to the unpredictability of flooding as a 

major challenge for timely project completion. The lowest 

mean (4.42) was observed for the statement, "Delays caused 

by flooding have increased the likelihood of missing critical 

project deadlines," suggesting that while respondents agree 

on the impact, some believe mitigation efforts might slightly 

reduce the risk of missed deadlines. 

These findings are consistent with studies such as those by 

[18], which identified flooding as a critical barrier to con-

struction efficiency in Rwanda. The results highlight the ne-

cessity of incorporating flood-resilient construction practices, 

including advanced weather monitoring systems and flexible 

project schedules, to minimize delays caused by flooding. In 

conclusion, the analysis underscores that flooding signifi-

cantly contributes to construction delays in the Huye-Kibeho 

road project. Addressing these challenges requires proactive 

planning, improved drainage systems, and adaptive construc-

tion strategies to ensure project timelines are met despite 

adverse weather conditions [19]. 

3.9. Regression Analysis 

In regression, the researcher analyzed the model summary, 

variances and coefficients of variables. 

Table 9. Model summary. 

Model R R Square 
Adjusted R 

Square 

Std. Error of the 

Estimate 

Change Statistics 

R Square 

Change 
F Change df1 df2 

Sig. F 

Change 

1 .791a .625 .587 .606 .166 378.171 6 147 .000 

a. Predictors: (Constant), rainfall intensity, flood frequency, floodwater depth, soil erosion, drainage system efficiency, topography 

Table 9 presents the model summary from a multiple re- gression analysis assessing the impact of various environ-
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mental and infrastructural factors rainfall intensity, flood 

frequency, floodwater depth, soil erosion, drainage system 

efficiency, and topography on road infrastructure construc-

tion outcomes. The correlation coefficient (R) of 0.791 indi-

cates a strong positive relationship between the predictors 

and road construction outcomes, while the R Square value of 

0.625 shows that 62.5% of the variation in construction out-

comes is explained by these factors. The Adjusted R Square 

of 0.587 confirms a robust model fit, accounting for the 

number of predictors and sample size, and the standard error 

of 0.606 indicates moderate prediction accuracy. The mod-

el’s overall significance is further supported by the R Square 

Change of 0.166 and the F Change of 378.171 (p = 0.000), 

demonstrating that the predictors significantly contribute to 

the model’s explanatory power. 

These findings align with global research, such as studies 

by [1] in Pakistan, which found similar environmental varia-

bles explaining over 60% of variability in construction out-

comes, and [2] in Brazil, who highlighted the disruption 

caused by drainage inefficiency and topography in flood-

prone areas. Overall, the results underscore the critical influ-

ence of environmental and infrastructural factors on road 

construction success. To enhance resilience and ensure suc-

cessful project completion, addressing issues like drainage 

inefficiency, soil erosion, and flood management is essential. 

Table 10. ANOVA. 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 3346.466 6 577.744 62.546 .000a 

Residual 1357.894 147 9.237   

Total 4704.360 153    

a. Predictors: (Constant), rainfall intensity, flood frequency, floodwater depth, soil erosion, drainage system efficiency, topography 

b. Dependent Variable: Huye-Kibeho road construction 

Table 10 presents the ANOVA results for the regression 

model, including the percentages of explained and unex-

plained variance. The regression sum of squares (3346.466) 

accounts for 71.13% of the total variance, indicating that the 

predictors; rainfall intensity, flood frequency, floodwater 

depth, soil erosion, drainage system efficiency, and topogra-

phy explain a substantial proportion of the variation in road 

construction outcomes. The residual sum of squares 

(1357.894) represents the unexplained variance, contributing 

28.87% of the total variability. 

The mean square for regression (577.744) is significantly 

larger than the residual mean square (9.237), emphasizing 

the model's strong explanatory power. The F-statistic 

(62.546), with a significance value of p = 0.000, confirms 

that the overall model is highly significant, and the inde-

pendent variables collectively have a meaningful impact on 

the dependent variable. These findings are aligned with 

global research. For instance, [27] reported that in Kenya, 

environmental factors such as rainfall intensity and poor 

drainage systems were responsible for over 70% of delays in 

infrastructure projects. Similarly, Kumar et al. (2020) found 

that topographical challenges contributed significantly to 

road damage, accounting for approximately 65% of observed 

issues in Indian road construction projects. 

In conclusion, the ANOVA results highlight the critical 

importance of addressing environmental factors to enhance 

the success of the Huye-Kibeho road construction project. 

Implementing strategies like efficient drainage systems, ero-

sion control, and topography-adapted designs is essential to 

reduce the impact of flooding, minimize delays, and ensure 

long-term road durability. 

Table 11. Coefficient. 

Model 

Unstandardized Coefficients Standardized Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) 4.701 1.531  3.070 .054 

Rainfall intensity .539 .450 .350 0.619 .041 

Flood frequency .503 .355 .246 1.416 .010 
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Model 

Unstandardized Coefficients Standardized Coefficients 

t Sig. 

B Std. Error Beta 

Floodwater depth .514 .182 .155 2.824 .002 

 Soil erosion .431 .367 .132 1.534 .004 

 Drainage system efficiency .527 .241 .289 2.186 003 

 Topography .641 .167 .430 2.942 021 

a. Dependent Variable: Huye-Kibeho road construction 

Table 11 presents the coefficients for the regression model 

assessing the impact of various factors on the Huye-Kibeho 

road construction project. The table shows the unstandard-

ized coefficients (B), standardized coefficients (Beta), and 

significance levels for the predictors, with the dependent 

variable being the road construction outcome. These coeffi-

cients provide insight into the relative impact of each predic-

tor on the road construction process. 

From the analysis, Topography emerges as the most sig-

nificant factor, with a standardized beta value of 0.430, 

which corresponds to 43% of the total impact on the road 

construction. This suggests that the region’s hilly terrain, 

with its slopes and risk of landslides, plays a crucial role in 

increasing flood risks and hindering the stability of the con-

struction. Rainfall intensity follows closely with a beta value 

of 0.350, representing 35% of the impact. This highlights 

how heavy rains in the Huye-Kibeho area pose a substantial 

challenge by causing waterlogging and road damage, further 

delaying construction activities. 

Drainage system efficiency shows a significant contribu-

tion with a beta of 0.289, accounting for 28.9% of the impact 

on the construction process. This reinforces the need for an 

effective drainage infrastructure to handle floodwaters effi-

ciently, which is crucial to prevent water accumulation that 

can lead to damage and delays. The variable Flood frequency, 

with a beta of 0.246, has an impact of 24.6%, indicating that 

frequent flooding events continue to disrupt the construction 

schedule and exacerbate the risks to the project’s completion. 

Floodwater depth is another important variable with a beta 

value of 0.155, contributing 15.5% to the overall impact. 

Deeper floodwaters increase the risk of significant damage to 

the road, affecting its foundation and construction process. 

Lastly, Soil erosion has a smaller impact, contributing 13.2%, 

but it still poses a threat by weakening the road’s foundation 

and increasing sediment accumulation, which could affect 

the road's durability in the long run. The statistical signifi-

cance of these factors is confirmed by the t-values, all of 

which are above the critical value, and p-values below 0.05, 

indicating that each factor has a statistically significant im-

pact on the dependent variable (Huye-Kibeho road construc-

tion). 

From a global perspective, studies from other flood-

prone areas align with these findings. For instance, re-

search in Nepal [28] revealed that topography and drain-

age inefficiency were responsible for over 40% of delays 

in road construction projects. Similarly, in Bangladesh, 

flooding and inadequate drainage systems were found to 

cause frequent delays and cost overruns in infrastructure 

projects [29]. These global studies validate the critical 

need to address environmental and infrastructural chal-

lenges when planning and executing road construction 

projects in flood-prone areas. 

In conclusion, the coefficients in Table 11 highlight the 

complex interplay between environmental factors and road 

construction. It is evident that topography, rainfall intensity, 

flood frequency, and drainage system efficiency are signifi-

cant determinants of the construction process. Addressing 

these factors through improved drainage systems, flood miti-

gation strategies, and resilient road designs can enhance the 

stability, durability, and timely completion of infrastructure 

projects like the Huye-Kibeho road. 

Hypotheses testing: 

To test the hypotheses regarding the relationship between 

flooding factors and the Huye-Kibeho road construction pro-

ject, we begin by formulating two hypotheses: the null hy-

pothesis (H0), which states that there is no significant rela-

tionship between flooding factors and the road construction 

project, and the alternative hypothesis (H1), which asserts 

that there is a significant relationship. We rely on the results 

of the regression analysis, specifically the t-test and the sig-

nificance levels (p-values) for each predictor in the model, to 

test these hypotheses. 

From the regression analysis (Table 11), we observe the t-

values and p-values for each flooding factor. For instance, 

the t-values for rainfall intensity (0.619), flood frequency 

(1.416), floodwater depth (2.824), soil erosion (1.534), 

drainage system efficiency (2.186), and topography (2.942) 

indicate the direction and magnitude of the impact of each 

variable on the construction project. More importantly, the p-

values for these predictors are all less than the significance 

level of 0.05, with values as low as 0.002 for floodwater 

depth, 0.003 for drainage system efficiency, and 0.010 for 

flood frequency, among others. Since the p-values for all 

variables are below 0.05, we reject the null hypothesis (H0) 
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at the 5% significance level and accept the alternative hy-

pothesis (H1), indicating that there is a statistically signifi-

cant relationship between flooding factors and the Huye-

Kibeho road construction project. 

In summary, the t-test results confirm that the flooding 

factorsrainfall intensity, flood frequency, floodwater depth, 

soil erosion, drainage system efficiency, and topographyeach 

significantly influence the progress, cost, stability, and sus-

tainability of the road construction project. The significance 

of these factors is crucial for understanding the challenges 

faced in the project, and it emphasizes the need for effective 

flood management strategies to mitigate their impact. Thus, 

the evidence supports the acceptance of H1, affirming that 

flooding factors play a critical role in the success or failure 

of the Huye-Kibeho road construction project. 

3.10. Discussion 

This study examined the relationship between various 

flooding factors rainfall intensity, flood frequency, floodwa-

ter depth, soil erosion, drainage system efficiency, and to-

pography and their impact on the construction of the Huye-

Kibeho road project. The analysis revealed that flooding sig-

nificantly disrupted the project’s timeline, cost, and structur-

al integrity. Respondents overwhelmingly agreed that flood-

ing caused substantial damage to the road, particularly with 

statements such as, "Flooding has caused significant dam-

age to sections of the Huye-Kibeho road during construc-

tion," which had a high mean score of 4.6, emphasizing 

the serious repercussions of flooding on the project. Re-

spondents also noted frequent disruptions in construction 

activities due to flooding, with a mean score of 4.5, un-

derscoring the recurrent nature of flooding and its adverse 

effect on progress. 

The study’s regression analysis showed that flooding vari-

ables, particularly floodwater depth, rainfall intensity, and 

topography, were the most significant contributors to con-

struction delays and cost overruns. The model demonstrated 

a strong correlation (R = 0.791), and an R-squared value of 

0.625, indicating that around 62.5% of the variability in road 

construction outcomes could be explained by these factors. 

Specifically, floodwater depth (B = 0.514), rainfall intensity 

(B = 0.539), and topography (B = 0.641) had the most sub-

stantial impact, with significant p-values (0.002, 0.041, and 

0.021, respectively). These findings suggest that as these 

flooding factors intensified, the negative consequences on 

construction outcomessuch as delays, increased costs, and 

damage to the roadalso grew. Additionally, soil erosion (B = 

0.431), drainage system inefficiency (B = 0.527), and flood 

frequency (B = 0.503) were also identified as important con-

tributors, with significant p-values (0.004, 0.003, and 0.010, 

respectively), highlighting the compounded challenges posed 

by poor drainage and recurring flooding events. 

The findings of this study align with global research that 

underscores the critical role of environmental factors like 

flooding in shaping infrastructure project outcomes. For in-

stance, drainage inefficiency was identified as a significant 

factor in disrupting construction activities in other flood-

prone regions [30]. In line with previous studies, the analysis 

suggests that proactive measures, such as improving drainage 

systems, reinforcing soil erosion control, and accounting for 

topographical challenges, are vital for mitigating the adverse 

impacts of flooding. Furthermore, the financial implications 

of flooding were significant, with the study revealing that the 

project experienced substantial cost overruns due to un-

planned repairs, material replacement, and additional labor 

costs. These findings emphasize the need for comprehensive 

flood risk management strategies that incorporate flood-

resistant infrastructure designs, improved drainage systems, 

and sustainable construction practices to enhance the resili-

ence and longevity of road projects in flood-prone areas. 

This research is not only relevant to Rwanda but also offers 

valuable insights for similar infrastructure projects in flood-

prone regions globally, especially in the face of increasing 

climate change-related flooding risks. 

4. Conclusion and Recommendations 

4.1. Conclusion 

This study investigated the impact of flooding on the 

Huye-Kibeho road construction project, focusing on various 

flooding factors such as rainfall intensity, flood frequency, 

floodwater depth, soil erosion, drainage system efficiency, 

and topography. The findings revealed that flooding signifi-

cantly disrupted the construction process, causing extensive 

damage to road sections, frequent delays, material deteriora-

tion, and escalating costs. These disruptions also compro-

mised the road’s structural integrity and raised concerns 

about its long-term durability. Qualitative insights indicated 

that existing mitigation measures were inadequate, pointing 

to the need for more effective strategies to manage flooding 

risks. The regression analysis confirmed a statistically signif-

icant relationship between flooding factors and construction 

progress, with rainfall intensity, topography, and drainage 

system efficiency emerging as the most critical predictors. In 

conclusion, flooding poses a critical challenge to the pro-

ject’s progress, costs, and sustainability. Addressing these 

challenges requires a comprehensive, multidisciplinary ap-

proach involving improved engineering designs, enhanced 

drainage systems, and sustainable land management practic-

es. By mitigating flooding risks, future road construction 

projects can achieve timely completion, cost efficiency, and 

long-term durability, contributing to resilient infrastructure 

in flood-prone areas. 

4.2. Recommendations 

Flooding has posed substantial challenges to the Huye-

Kibeho road construction project, including delays, cost 
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overruns, and reduced road durability. Based on the study's 

findings, the following recommendations are made to en-

hance the project's resilience and address weaknesses in 

planning, design, and risk management: 

Enhance Drainage Infrastructure: Inadequate drainage sys-

tems were identified as a major cause of flood-related dam-

age. It is recommended to implement more efficient and ro-

bust drainage solutions to handle high rainfall volumes and 

mitigate flood risks. 

Implement Proactive Flood Mitigation Measures: Frequent 

flooding and soil erosion significantly disrupted construction. 

Proactive measures such as early warning systems, advanced 

erosion controls, and flood-resistant construction techniques 

should be adopted to minimize disruptions and protect the project. 

Adapt Road Designs to Topography: The hilly terrain in 

the Huye-Kibeho region exacerbates water runoff and 

foundation instability. Road designs should be adapted to 

the region's topography, incorporating features like rein-

forced foundations and improved water runoff management 

systems. 

Allocate Adequate Contingency Budgets: Unanticipated 

flooding events led to cost overruns in the project. It is rec-

ommended to increase contingency budgets to cover unfore-

seen flood-related expenses, ensuring resources are available 

for repairs and resilience-building measures without affect-

ing project timelines. These recommendations aim to address 

the identified challenges and improve the construction of 

durable and sustainable road infrastructure in flood-prone 

areas. 
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RTDA Rwanda Transport Development Agency 
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