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ABSTRACT

Road construction firms encounter various challenges particularly in managing quality of construction projects in relation to weather. In some cases, scheduled time and scope of work, and budgeted funding resources are constrained by the weather events during construction projects. Moreover, decision making on when to start and finish the project as well as the kind of extra materials and technology to employ to contain the challenges of weather events become a difficult task. This study intended to analyze the influence of meteorological data on quality management in road construction projects in Tanzania, with a case of Dar es Salaam region. The study adopted descriptive survey research design, where quantitative data were analysed by using inferential statistics where regression model (equation) was performed, while qualitative data were analysed by using thematic techniques. The population of the study was construction companies in Dar es Salaam and officials from construction companies as unit of analysis. A total of 55 individuals from construction companies including TANROADS and TMA were purposively selected and engaged in data collection through questionnaires and interview discussion. Moreover, documentary reviews on various documents from the companies were conducted. The study indicates that meteorological data on temperature (p<0.05; ß =.181), amount of rainfall (p˂0.05; ß =.185) and extent of wind (p˂0.05; ß =.111) have significant contribution on efficient quality management in road construction activities in Tanzania. Moreover, the study indicates that meteorological data on temperature has highest contribution in facilitating production of quality road products. The study recommends that meteorological data to be heavily applied during road construction project works.
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CHAPTER ONE
INTRODUCTION
1.1 Introduction

This chapter presents background of the study where the problems were critically studied and discussed in detail. The chapter gives background to the problems under study by explaining the underlying concept. It comprises of background of the study, statement of the problem, objectives of the study, research questions, and significance of the study and scope of the study.
1.2 Background of the Study

Road infrastructure is the major means of facilitating transportation and delivery of goods and utility services between two points, providing greater strategic importance in a country’s economic and social development (Bryceson et al, 2006; Arethun & Bhatta, 2012). Inspite of/and strategic importance of roads and rapid progress in transport construction structures in many countries, road infrastructures in developing countries are vulnerable in particular to the impacts of climate change and weather related disasters; which pose greater risk to sustainability of many roads. Between 1975 and 2015 Africa has experienced more than 1 400 weather related disasters of different kinds as recorded in various measurements; meteorological, hydrological and climatologically data. These disasters have affected the continent lives and infrastructures to a very high extent while crippling some transport infrastructures (CRED, 2016). Moreover many roads which were built with absence of sophisticated quality management of construction processes experienced greater impacts to a point beyond repair.

Weather related disasters have led to deterioration of quality of road infrastructures in Africa. For the past few decades, there is recorded increase in the frequency of extreme weather related events across the world (Green Paper EU, 2007). Number of weather-related disasters is reported in different parts of the world including heavy storms, drought and floods. There is predictable likely increase in precipitation in the future as the global average temperature increases drastically (IPCC, 2013). This will be associated with simultaneously increase in rate of extreme precipitation events hitting the transport infrastructure eroding the quality of structures and increase costs of maintenance. Climatic conditions challenge road designers and contractors’ construction programs as well the authorities in executing budgetary policies. If designs are insufficiently fail to cater for the effects of changing climatic conditions it may increase the cost of maintenance as a result of low durability and sustainability of constructed road infrastructures.
The designers of road infrastructures generally base their programs on the past conditions in managing quality of the project under construction. In most cases, designers of pavement and modelling options make use of climatic factors, classes and zonations recruited from meteorological data and information on climate of a given location gathered for the past four to six decades (SATCC, 2003). As the climatic condition changes, zonations and classifications are highly affected which influences future design and modelling in management of quality of construction hence greater need for update adaptation with the situation. Past historic climate data provide a base for indication of future climate hence opportunities for road constructors’ authorities to take into account the probable challenge in the course of construction of road projects in managing quality of structures.

Quality is the major factor in determining the extent of success or failure of a given construction works and projects. The performance of quality management in construction projects is measured from the outcomes of construction projects at a given time, cost and quality (Olatunji et al., 2012). Furthermore, client satisfaction is of greater importance in measurements of performance of the projects. This can be effectively achieved by installation of quality infrastructures monitoring, as well as awareness within internal firm’s operational environment and delivered completed projects. 
According to TMA (2018), sustainable monitoring is crucial in creating awareness to different stakeholders including public, policy makers and construction companies. To understand variation and changes of element of weather and climate enables stakeholders to understand socio-economic impacts associated with climatic changes and events. Climate change monitoring facilitates awareness on the trend of the variation of weather factors and the impacts on socio-economic activities. Monitoring climate change events from meteorological reports and historical data from past weather forecasts is important in managing quality of constructed road work.
Inspite of well-sophisticated weather forecasting techniques employed in meteorology, weather uncertainties always affect accuracy of provided forecasts especially of the extreme weather factors in climate change (Sato et al., 2017). While some constructors commonly need forecast information for short-term decision making such as within consecutive two days when to pour concrete or whether the prevailing winds will affects progress of work, in most cases project planning should be executed anticipating weather events beyond forecasted ability of the Authority. Unlike human being, the applied equipment, machinery, vehicles and special supplies lack maneuverability ability for adjustment and coping with changing weather. In this regards, adoption of meteorological data gathered from historical weather information is crucial during given project research instead of normal and short term weather forecasts.
1.3 Statement of the Study

Climate change has been for so long, the major challenge for an increase in average temperature, rainfall, winds and rising sea level which on the other hand lead to extreme weather and climatic events such as droughts and floods. The impacts of the weather events is seen in destruction of homesteads leading to displacement of societies, destruction of properties such as houses as well as infrastructures including roads and bridges, and consequently increase the cost of human despair and infrastructures maintenance (TMA, 2018). Climate change poses greater risks to infrastructure development leading to retardation of the country’s economic development. Climatic change factors could lead to severe impacts on the present road infrastructure and future transport development if no effective mitigation is efficiently and timely undertaken.  Road transport system is a crucial component for development of societies and increase in national economy. 
With changing climatic condition, road projects have been subjected to quiet different environmental mitigation, making construction more complicated with increasing call for more resources thus disturbing the whole of quality management of the project. In the same scenario, the dramatic climatic changes might cause greater stress to the current infrastructure to a point beyond irresistible effects. 

It has been found that 90 per cent of disasters recorded globally are the products of weather related events including flooding, storms, droughts and extreme temperature (CRED & UNISDR, 2016). Studies show that, developing countries, Tanzania in particular are hit hard with some of these disasters due to their socio-economic vulnerability, high utilization of natural resources as a result of increase in population as well as growing weather related natural hazards with high frequencies and intensities (CRED & UNISDR, 2015; Engelbrecht et al., 2015). 
According to Eckstein et al (2020), the climate Risk Index 2020 clearly shows, signs of escalating climate change and their related impacts can no longer be ignored-on any continent or in any region, Tanzania in particular. This implies that most road infrastructures are poor with low quality making them susceptible to weather events. Therefore, effective management and investing of more capital in construction design and maintenance of road systems is important (Cao et al., 2006). Roads are to be designed to be compatible with local environment to withstand various environmental related forces to avoid the destabilization of infrastructure integrity and quality destruction.
There are number of studies on the impacts of climatic events on construction works across the world. The studies revealed various consequences of weather conditions to the roads and bridges infrastructures, and suggesting various measures to be undertaken (Apipattanavis et al., 2010; Chinowsky et al., 2011; Thomas et al., 2014; Moretti and Loprencipe, 2018; Ballesteros-Pérez et al., 2018). They show how factors of weather have affected and disrupted existing infrastructures using historical meteorological data for a given period of time. Inspite of wider coverage of the studies on relationship between weather events and infrastructure disruptions, there are little coverage on how usage of meteorological data influence decision making prior to commencement of road construction works or projects and how the data can affects quality management during specific road construction project/works. 
In this regard, this study focused to analyze the influence and/or contribution of Meteorological information/data on quality management in road construction projects and how roads are designed to account on the effect of weather events.
1.4 
Objectives of the Study

1.4.1
Main Objective

The objective of this study was to analyze the influence of Meteorological information on quality management in road construction projects in Tanzania, using Dar es Salaam city as a case of the study. 
1.4. 2
Specific Objective

Based on the topic of the study, the specific research objectives addressed were; 

(i) To examine the influence of extent of rainfall historical data on quality management in road construction projects

(ii) To assess the influence of extent of wind strength historical data on quality management in road construction projects

(iii) To determine the influence of extent of temperature historical data on quality management in road construction projects

 1.5
Research Questions

To address the above specific objectives, the study was guided by the following research questions; 

(i) What is the influence of extent of rainfall historical data on quality management in road construction projects?

(ii) What is the influence of extent of wind strength historical data on quality management in road construction projects?

(iii) What is the influence of extent of temperature historical data on quality management in road construction projects?

1.6
Significance of the Study

Since weather events are major concerns by contractors during road construction, the findings of this study are valuable to different stakeholders. This study has generated very useful knowledge to academicians, policy makers, the government and construction sector and it is very informative on how weather and climatic condition of a certain area can affect the operations during road construction projects as well the impacts on the quality management of such projects. 
The findings of this study have consolidated and added value to the existing body of knowledge on construction sector particularly road construction projects, as well provide academicians with new knowledge on influence of weather factors on construction projects. The study findings as well may be a useful source to construction firms and the public in general as it showed how weather factor affects quality management in construction and gave the way forward. The results from the study inform policy makers and the government on the need to adopt new ways of addressing the effects of weather events in road construction projects, hence improve resource allocation as well as make better planning of road construction projects.
1.7
 Scope of the Study

This study analyzed the impacts of meteorological data on quality management in road construction projects in Tanzania, by sampling Dar es Salaam to its representative. The study included Dar es Salaam based construction firms undertaking road construction works in different parts of Tanzania mainland and which have operation experiences of more than five years. This is because the study required sufficient information, which included number of events.

CHAPTER TWO
LITERATURE REVIEW
2.1
Introduction

This chapter discusses various previous studies conducted around the world through literatures reviewed based on the objective of the study. The chapter extends further to discuss theory underpinning the current study through various scholars. The chapter comprises of; definition of key concepts, theoretical review, empirical review relevant to the study and furthermore, the study discussed the conceptual framework.
2.2
The Concept of Quality Management 

In ancient time, the concept of quality management involved inspecting products resulted from process to ensure that they met specifications (Reid and Sanders, 2007). The concept had been used for centuries in many communities such as pyramid construction works in Egypt in 1450BC where measurement was critical components in establishing structures (Evans and Lindsay, 2008 cited in Sabah 2011). During World War II where precision weapons were of high need, various strategies were adopted to evaluate quality where some military firms used quality control charts to monitor the production process in military hardware manufacturing plants (Sabah 2011). In post World War II, after 1960s when many countries recovered from war and turned to normal production, the concept of quality took to a wider application in range of production industries. 
Many countries emerged with quality policies in their production processes in order to sustain competition in products’ market. Development of quality consultants based and quality training programs institutions grew more importantly (Sabah, 2011). In recent time, quality management is an important component in determining performance of products in the market. Many industries are constrained to meet standard of production through improving quality management of their production process. In construction industry, quality management implementation has been criticized for their ineffectiveness in monitoring construction projects (Hoonakker, 2006). Clients in construction industry are increasingly demanding improved service quality, timely delivered projects and greater technological innovations.
2.3
Theoretical Review

Subject to the objectives of the study, this section discusses the theories of which the discussion of the study is based. In this regard, the two theories underpining the study are the theory of project management and Resource-based View theory.
2.3.1
Theory of Project Management
The theory of project management is the outcomes of the causal relationships concepts of project production and operations management (Whetten, 1989). The theory is characterized by contribution of actions to the set goals of projects implementation. In project management three steps are incorporated namely; designing and making, execution and system control, and monitoring of those systems in order to facilitate the systems improvements. Management of projects is associated with three major goals including facilitation of production of products, cost minimization and level of utilization of resources in the category of internal goals and customer satisfaction needs in the category of external oriented goals. This is commonly in construction industry where the construction firms try to minimize costs by observing construction schedules while ensuring that the final products of their construction works meet client’s expectation and satisfaction.
In general the theory plays various functions in a wider range of environments as proposed by Koskela (2000). The theory can be used to form basis of designing and controlling procedures in productions and construction projects. It gives ground for cooperation and understandings among workers undertaking construction projects or organizational employees. It gives directions of future prospects of the undertaken projects and facilitating transfer of innovations to other settings for applications in a given environment. It gives more knowledge by empowering novices facilitating their ability to work beyond their current limits. The theory gives bases of management of quality of operations of project works. To achieve quality performance, the designing and controlling procedures are key components in construction projects. This determine the end products hence clients reaction to finished projects.
According to Koskela (2000), the theory is built by basing on the transformation view on production operations. In this view, the concept of project is seen as the phenomenon of transforming production inputs into outputs. Project management is channelled through various principles some of which are commonly applied in operations. According to one of the theories, for effective project management, it is suggested to decompose a set of transformation hierarch into smaller tasks so that to work out each task separately with minimal costs. This increases effectiveness of the operation as the tasks are specified with respect to professionalism. These tasks include functions played by engineers, surveyors, quality assurance and control professionals and project owners. The theory of project management can help to incorporate management of risks associated with construction projects development where the role of quality assurance and control professionals comes into centre stage. Quality work is the major factor influencing performance of construction firms as the means to end. For effective quality management of the project, the impacts of environmental climate and whether condition on the construction work should be accounted and assessed with respect to undergoing construction project.
2.3.2
The Resource-based View Theory (RBV)

The Resource-based View theory is the resource most applied in project management focusing on effective utilization of resources to create competitive advantage in a competitive environment hence improved performance in terms of returns on investment. The theory was differently considered and proposed by different gurus, in regard of this study, a theory version by Porter (1985) who believed that competitive advantage can be acquired by a firm if it effectively utilizes external environment such as location of the business, nature of product, and customer base, was taken aboard. The theory suggests development of unique capabilities, which will limit the rivals imitation of strategies hence taking advantages of lasting benefits (Killen et al., 2012). 
The theory is based on a belief that, heterogeneousity in organizations resources and capabilities should be strictly avoided in order to constrain rivals at crossroads with limited alternatives to adapt. The utilization of this concept can be the basis of explaining the variations among firms (Kraaijenbrink et al., 2010). This implies that a firm can exert grip on its products market if it acquire and enjoy control of uncommon, difficult to substitute and valuable resources and capabilities. Effective maintenance and sustainability of resources and capabilities have direct associations with good organizational performance.  The theory is the driver of organization adoption of strategic capabilities that leads to more benefits.
Resource-based View argued that, in addition to tangible resources the firm can own to gain competitive advantages, the intangible resources play a key role in consolidating the organization ability to secure rare and unique features (Killen et al., 2012). Skills, know-how and expertise are some of the intangible resources that help an organization to secure competitive advantages and consequently perform better. The theory has been considered one of the most influential strategic management theories in project management world. Nevertheless the theory faced criticism in the argument that is defined with inadequate of real conception since it is relied of conceptual and empirical methodology. Moreover, the theory is referred as overenthusiastic attitude and creates disgusting gestures to critics. 
The theory Resource-based View is relevant to current study in a sense that construction firms are business oriented companies working in a market with similar firms which create state of competition. The performance or survival of the firm in the market depends on how it is designed to come up with quality and distinctive products. This is achieved by utilizing effectively the available internal resources. Construction industry is a function of technology, skilled and well trained workers and good management. As the industry uses the resources at its maximum level it can achieve success and increases its competitive advantages. The key strategy to achieving competitive advantage is to improve quality management during construction operations by monitoring all processes, materials, and technology as well external factors such as climatic condition of an area. Putting all the elements under monitoring is of strategic importance in projects constructions.
2.4
Tanzania Meteorological Authority (TMA) and Meteorological Information
Tanzania Meteorological Authority (TMA) is entrusted the responsibilities of providing timely weather forecasts and warning associated with extreme weather events. The Authority releases annual statement of climate change in Tanzania with the aim of enhancing the awareness among various stakeholders on climate change and climate variations, and the implication of the changes or variations on social welfare and national economy. It issues up-to-date data and information regarding to climatic status of the country. The information provided by TMA play major roles to protect community lives and properties, enabling design and formulation of better policies on the issues regarding society and national economic development. Moreover, the annual information issued by TMA report can support in risks and quality management of construction projects particularly roads construction projects, which are normally exposed to weather factors.  The information facilitates the effective decision making based on construction schedules. There are series of weather events reported by TMA in Tanzania, sweeping through almost every part of the country and results into devastation and destruction of lives and properties. This study shade light in some of notable events as reported by TMA annual report in the period between 2015 and 2019.
In 2016 extreme weather caused some destruction of infrastructure due to heavy rainfall across the country. The road connecting Kilombelo and Ulanga districts were destroyed leading to crippling of transportation services across the region (TMA, 2016). In the year 2017 Lushoto-Mombo road in Tanga region was flooded due to heavy rainfall accompanied with floods (TMA, 2017). In the same year, a Usafiri Dar es Salaam Rapid Transport system (UDART) operation centre at jangwani area in Dar es Salaam was submerged crippling public transport as well as destroying the system properties and infrastructures. The rain caused submerged of Jangwani Bridge making roads inaccessible and disruption of transportation of people and goods (TMA, 2017). 
In 2018, some sections of central railways in areas of Mpwapwa-Dodoma and Kilosa-Morogoro were severely damaged by weather related events. The same year, the city of Dar es salaam was hit by heavy rainfall causing floods and destruction of some roads across the city (TMA, 2018). In the year 2019 severe thunderstorm accompanied with powerful winds swept across Arusha region causing disruption of transportation across the region. 
In the same year, Zanzibar and Dar es Salaam experienced severe flooding with deaths and destruction of road infrastructure reported and consequently shut-up of public transport through Morogoro road with higher severity at Jangwani area in Dar es Salaam. Several bridges of more than 15 under TARURA were destroyed in Handeni district Tanga. Arusha-Dar es salaam highway was closed after heavily hit by flooding. Handeni-Korogwe road was cut off after its section was washed away by heavy rainfall observed in the area (TMA, 2019).
The average surface temperature around the globe is continuously increasing as a result of greenhouse gases emitted from the earth to the atmosphere due to several human activities (TMA, 2018). In consequence of the changes, there are extreme weather events reported across the globe as a result of temperature rise. Flooding, heavy rainfall and strong winds are witnessed to increase leading to damaging and destructions of infrastructures and construction works.
2.5
Weather and Time of Project Completion 

Weather is the major driver of project delays in most construction works due to harmful effects imposed on the construction activities (Orangi et al., 2011, Mentis, 2015). The weather condition affects construction works in various ways including retardation of productivity and in some occasion halts construction works (Rogalska et al., 2006). This involves destroying exposed constructed section, disrupts accessibility to construction site locations and eruption of disputes between the contractors and project clients (El-Rayes & Moselhi, 2001; Alarcon et al., 2005; Nguyen et al., 2010). Mega projects which always invested with huge resources they are intensively monitored on any changes of activities’ time schedule. In all seasonal weather forecasts the benchmark acceptable qualities span a maximum 10-d window (White et al., 2017). Projects delay may affects subcontractors by affecting the resources supply planning since resource demand projections may be difficult. The accuracy of dealing with demands may collapse as occurrence of multiple projects may lead to overlaps of resource demand (Shahin et al., 2011). Moreover untimely projects delivery creates state of disturbance and discomfort among users and construction projects’ neighborhood residents (Mezher & Tawil, 1998). 
The impact of weather is categorized into foreseeable and unforeseeable phenomena (Tian & De Wilde, 2011) and as well as extreme and non-extreme weather events (Jung et al., 2016). Foreseeable weather condition is normally accompanied with extreme adverse weather events that greatly affect progress of execution of projects under construction if no effective precautions are in place. During construction phase of mega projects, considerations of foreseeable weather are accounted to reduce the risk associated of the current weather (Jung et al., 2016).
2.6
Weather Elements Affecting Roads Construction
Road infrastructures are subjected to climatic change and variations, which simultaneously affects the infrastructure, and increase vulnerability of roads. Intensities of weather variables play determinant roles on feasibility of performance of project at a given time. The influence of a particular set of weather variables and intensities on certain planned activity varies with situation on which the construction project is undertaken. Some of determinant factors include; adopted technology, tools and equipment employed, construction procedures designed exposure of construction site, persistent classification of weather, and the region or area benchmark normal weather. There are range of factors generating greater impacts on road infrastructure particularly volume access roads. The common climatic or meteorological factors affecting the roads are temperature, precipitation and wind. 
According to Mahamid et al., 2012; Ruqaishi & Bashir, 2015, across the world, construction industries are commonly faced with failure to meet the construction schedules in construction projects. The problem of completion time of projects has been long a big challenge for both the contractor and the client who draw conflicts of interests (Thorpe & Karan, 2008). From project owner’s perspective, untimely and late handover of the projects means the start of the project construction was delayed. Consequently this implies losing business opportunity, loss the client firm’s competitiveness, delay of return on investment and hence lowering client firm’s profitability (Trauner et al., 2009, Głuszak & Les0niak, 2015). From the contractors’ perspective, delaying completion time means subjection to penalties, to limit the reallocation of resources for quite extended period, lower the capacity of resource production and ultimately elevate indirect and overhead costs of the construction firm (Jang et al., 2008, Hamzah et al., 2011). 
2.6.1
Temperature 

Temperature changes affect construction activities on land involving concrete; for effective work, before worked land is fully hardened, the temperature should not drop below 00 C. this may lead to micro fracture of the constructed concrete road (American Concrete Institute 1985). Moreover if the temperature rises above 400 C, it may cause the concrete to dry up quickly during curing. The same applies when the there is wind speed greater than 30knots; the site will easily dry out causing problems (American Concrete Institute, 1985). Temperature increase has grater impacts on road pavements today and the future. It is one of the major factors designers consider the most in planning road construction projects. Temperature has number of effects on roads construction as it affects the roads and the environment site for designed road.
 The potential effects of increasing temperature which have impacts on road infrastructure include; acceleration of evaporation from the soil, lowering moisture content in pavement layers which may lead to shrink of soils, drying and softening of bitumen, expansion of concrete and bitumen, causing an increase in alteration of marginal quality road materials due to faster reaction. Furthermore high temperatures affects workers productivity as it lower construction rates and as workers are subjected to extreme hot condition.
Table 2.1: Temperature and Risks to the Road Infrastructure
	Climate Change Events


	Risks to the Road Infrastructure

	Higher temperature (heat waves) 
	· Concerns regarding pavement integrity, e.g. softening, traffic-related rutting, embrittlement (cracking).

· Thermal expansion in bridge joints and paved surfaces 

· Impact on landscaping 

· Temperature break soil cohesion and increase dust volume 


Source: RIMAROCC
2.6.2
Amount of Precipitation 

The intensity of precipitation in the area of construction affects the concrete road construction in a given weather condition. It is recommended that, the extra water resulted from rain, snow or hail to be as low as 10 mm to avoid disruption of water/cement ratio causing variation hence effects on strength and durability of final structure (NCHRP 1978, American Concrete Institute, 1985). 
During construction work, when the ground under which construction project is undertake is partially or totally frozen it makes it difficult for execution of earthwork activities (Shahin et al. 2011, 2014). This is also same when there is sloped instability resulted from when there is too much water (El-Rayes & Moselhi, 2001). Flooding is one of the main disasters, which poses greater risk to road infrastructure and hence impacts on economy. It accounts to 61 per cent of all major weather related disasters (LTAS, 2014).
High intensity rainfall may cause floods dislocating communities as well as cause greater damage to the existing roads. Extreme rainfall could potentially destroy embankments, affects drainage structures and bridges and cut roads. In the course of construction of road projects rainfall may lead into greater challenge to contractors limiting their capability to accomplish the project at desired time, cost and quality. The likely problems associated with extreme rainfall includes; lowering strength of soil and construction materials, severe soil erosion and siltation, increased vegetation growth and increase in demand for fit-for-purpose drainage systems. 
On the other hand insufficient rainfall and subsequent drier conditions may pose some challenges in road construction projects. Some of the problems resulted from low rainfall includes; desiccation of the soil around and beneath the roads, which may lead to road cracking due to shrinkage, lower vegetation growth hence increase erosion and siltation. When prolonged dry seasons are followed with sudden high rainfall, the land swells and spark erosion.
Table 2.2: Extreme Rainfall and Risks to the Road Infrastructure
	Climate Change Events 


	Risks to the Road Infrastructure 

	Extreme rainfall events 


	• Overtopping and wash away 

• Increase of seepage and infiltration pass 

• Increase of hydrodynamic pressure of roads 

• Decreased cohesion of soil compaction 


Source: RIMAROCC 

2.6.3
Wind Intensity

Wind as one of the major factors of weather condition affecting road infrastructure is of important consideration during road design and construction. Strong winds have potential impacts on roads and future prospects of road construction. Increased wind intensity results into various challenges in road construction sector. It cause harmful impacts on unpaved roads in particular by removing fine materials (dust) from the roads as well transferring of dusts and soil particles over roads. Wind blow and causes falling of trees disrupting traffics movement in some highways and other roads. Blown of power cables and traffic sign boards are common in season of extreme winds. During construction of road projects, designer should take into account the impacts of winds particularly by identifying wind prone area and make compatible design, which will fit the weather condition.
Table 2.3: Wind Speed and Risks to the Road Infrastructure
	Climate Change Events 
	Risks to the Road Infrastructure 

	Extreme wind speed 
	• Threat to stability of bridge decks 

• Damage to signs, lighting fixtures and supports 

• Causes the dynamic force of water generated by waves on road embankments 




Source: RIMAROCC 

2.7
Quantification and Prioritization of Risks
A geospatial roads infrastructure risks related to climate change and variability is always addressed by assessing vulnerability of the structure under constructions. This can provide important geographic information necessary for adapting various decisions related to both construction of new structure and maintenance of existing road structures. Assessment should incorporate translation of projected climate change and/or variability of a given area of potential construction into risks changes associated with roads projects. This may be assisted by employing meteorological data obtained from meteorological authority; the data could help to determine the potential vulnerability of project due to be constructed. The assessment could play crucial role in providing information to project stakeholders and project funding decisions. Undertaking assessment can help gather key and important details in helping road construction and engineering personnel to prioritize appropriate measures on specific road sections (Descheemaeker et al., 2014).
2.7.1
Construction

Various climate change phenomena are likely to influence future road construction procedures. Construction firms have adopted various operations to contain the challenges related to climate change to road construction projects to avoid irregularities which could be potentially posed to the stability and/or quality of the road structures. During construction works, constraints are addressed by various measures including sealing, placing of concrete and stabilization of structures against future potential change in temperatures and rainfall. The contractors and company management have to make thorough revision on the temperature boundary; upper and lower temperatures to come out with efficient strategies that may work well with construction operations. The issues of water for construction should be well assessed with effective planning and programmes put in place. This is prevalent particularly in areas with insufficient water or prolonged droughts or hot conditions.

2.7.2
Maintenance   

Road infrastructures affected by factors of climate change consider maintenance as the key issues in containing climate resilience and vulnerability of roads structures. Investing time and financial resources in maintenance is essential in minimizing vulnerability of roads in the time of climate change. Road adaptation guidelines should incorporate the need for identifying maintenance planning. Construction should also involve making water courses at some distances in order to avoid delivery of eroded and storm debris to the road structures.
2.8
Empirical Review

Quality management is a key factor in determining quality project delivery hence acceptance and extent of contractual payment implantation (Battikha, 2002). It plays major roles in ensuring quality construction works and crucial in achieving customer satisfaction hence attaining competitive advantage. It has been found that in most cases, quality levels in the construction industry is a serious problem to contractors in attaining time of completing the project and maintaining costs of construction under dynamic, complex and environmental competitiveness. Quality management is increasingly becoming important for construction firms to adopt as strategy of solving quality problems to achieve client’s satisfaction (Hoonakker, 2006). According to Hoonakker et al., (2010), due to complexity of construction industry, it is the most and critical industry with high need of Quality Management of its operations.
Agbenyega (2014) conducted a study to evaluate the Quality Management Practices in construction industry in Ghana with some registered construction firms in the country. The study aimed to investigate commitment of the contractors to Quality Management Plans on the constructed projects, to identify main challenges engulfing the contractors in undertaking quality assurance in the course of execution of the projects and suggested effective measures for implementing assurance practices efficiently. 
The study adopted descriptive survey design with quantitative study approach using questionnaire data collection. The study findings indicated that most contractors are much aware of quality management practices however they adopt them in small extent. The study found that insufficient information as the major challenge to the application of quality management, ineffective supervision, communication problems, and poor management’s commitment to quality assurance, inefficient construction equipment and improper installation of quality assurance team. The study proposed the industry to focus more on effective Supervision, improvement of effective Communication, increase in Management’s Commitment to Quality Assurance, employing efficient Equipment and developing Quality Assurance Team to observe and monitor the entire construction process.
Ballesteros-Pérez et al., (2018) conducted a study to analyze the incorporation of weather effect in construction scheduling and management in United Kingdom (UK). The study employed case study using many historical whether data gathered from various weather stations across UK.  A sine wave fitted with processed data was used to present the relationship between weather variables under considerations and project delay to determine the coefficient loss in productivity based on construction planning of the given project. Study findings indicated that weather conditions normally extend the project construction scheduled time by average of 21 percent. Moreover the study found that climatological data extracted from weather stations, if were involved during planning prior to project commencement it could lead to cut of project durations of 16 percent hence reduction economic losses associated with indirect costs and overhead costs.  It was concluded that in the UK, weather has adverse effects in construction projects, which lead to delays in completion of projects and hence legal claims and increased costs.
Chinowsky et al., (2011) conducted a study to analyze the impact of climate change on road infrastructure in Africa. The study specifically focused to identify various costs lead by climate change on roads including repairing and maintaining costs for six climatic scenarios in the continent. The study found that most of roads in Africa are well damaged from temperature and precipitation changes resulted from forecasted climate change in the past 10 years. Considering five regions in the African continent, the results of analysis indicated varying impacts in the regions with contrast range from 22 percent to 168 percent of opportunity costs. 
The study learned that the costs have tendency of creating delay of construction schedule duration hence effects on road infrastructure development. The problem constrains governments in executing planning hence facing billions of US dollars liability in maintaining damaged roads. Lack of enough funds to spend on roads repair and maintenance drive African countries to adopt climate predicted change approach to contain the challenge posed by climate change on road infrastructures. 
Thomas et al., (2014) conducted a study to examine the economic benefits of meteorological data services on road transportation sector in Switzerland. The study highlighted the general importance of meteorological data in the sector including information on atmosphere and the ground surface and various weather forecasts. The use of the weather forecasts has financial benefits to the government through support and improving weather related decision making by construction sector stakeholders. 
The study found that application of meteorology in the road transportation sector has significant economic benefit to the national economy of the country; contributing to generation of 78.84-95.72 millions USD excluding the benefits resulted from other sectors depending on meteorological information such as aviation, agriculture, tourism, media etc. this implies that, the economic benefits of meteorology in Switzerland is far greater from the figure identified by the study. Meteorological data play a wider range benefits in many aspects of state economy.
Moretti and Loprencipe (2018) studied to identify globally adopted technologies in adapting and defending transport infrastructures in different parts of the world, mainly America and Europe, against impacts of climate change. The study considered three categories of climate change variables as the main challenge in transport infrastructures in the world including; temperatures variations, water bombs, and change in sea level. Each phenomenon was examined and geared with engineering and architectural solutions to contain the challenge associated with disastrous climatic change during service life of the transport infrastructure. 
According to the study, the strategies adopted or designed to address the problem of weather condition are based on three goals such as; to prevent the damages, protect the structures, and monitor and communicate to users the current conditions. The findings of the study analysis indicated that the current trend of climate change will have adverse effects on transport infrastructures as well subjecting users into bad risks. The study concluded that the challenges will be addressed through regular and frequent prevention and protection measures adoption to eliminate the risks.
Apipattanavis et al., (2010) conducted a study on the effect of weather conditions on construction projects using historical data obtained from meteorological stations in Texas, USA. The study employed forecasting models in analyzing various weather condition variables; rainfall, temperature and wind with the focus on construction activities including concrete and asphalt paving, structures, excavations and grading. 
Liljas (2000) argued the need for employing future climate change data for several years as a basis in planning and regulating road construction to contain the problem of prevailing extreme weather events. He suggested a well-defined strategy for enhancing sustainability of road infrastructure system by focusing on greater knowledge on the extent of vulnerability of roads under the destructive weather events.
2.9
Conceptual Framework

This section describes the conceptual framework of the study based on the literature review of the study.  Framework describes the existing relationship between independent and dependent variables of the study. The independent variables which are the predictor of the study are weather factors (rainfall, wind, temperature) and dependent variable is quality management. Figure 2.1 shows the conceptual framework of the study.
Independent Variables                                                               Dependent Variable 
Figure 2.1: Conceptual Framework

Source: Research design (2020)

2.10
Research Gap

The literature above gives number of studies on issues of climatic or meteorological conditions and impacts on transport infrastructures as well as various adoptions to address the effects of weather events and respective findings of the studies. The studies used different methodologies with historical data of different interval. The study largely based on management of construction time schedule (Ballesteros-Pérez et al., 2018), economic impacts of climatic events on transport construction (Chinowsky et al., 2011), economic benefits of meteorological data services on road transportation sector (Thomas et al., 2014), adopted technologies in adapting and defending transport infrastructures against impacts of climate change (Moretti & Loprencipe, 2018) and effect of weather conditions on construction projects (Apipattanavis et al., 2010). The studies have not shown how historical data can be used to determine the design of projects in compatible to climatic conditions of construction sites. The studies show no issues of management of quality of works under constructions based on the historical climatic data. This created a gap the current study intended to fill, which related the quality management in road construction projects with meteorological data (rainfall, temperature and wind).

CHAPTER THREE
RESEARCH METHODOLOGY
3.1
Introduction

This chapter focuses on discussing the methodology of which the study was conducted. It includes the Study Area, Research design, target population, sample size, sampling procedures, types of data and method of data collection, data collection instruments, data analysis, reliability and validity of data and finally it discussed ethical consideration of the study.
3.2
Study Area

The study was conducted in Dar es Salaam region. The region houses the Tanzania’s largest city of Dar es Salaam with varieties of road infrastructures and bridges, ongoing road construction projects, and road constructions firms. The region is the Headquarters of TANROADS, TMA and many large, medium and small construction firms undertaking various construction activities across the country. There are numerous road and bridges construction projects undertaken across the region of which some are central government projects mainly megaprojects while others are projects under local governments. The region is currently busy with road construction projects of various sizes. Having undergoing road construction projects and being home to many construction companies made the region appropriate area for this study.
3.3
Research Design

A research design is a conceptual structure forming framework for the collection, measurement and analysis of data within which research is conducted (Kothari, 1990). This study adopted descriptive survey research design in obtaining the data for the study. According to Mugenda et al., (2003) descriptive survey facilitates utilization of both qualitative and quantitative methods objectively without altering the study environment. It employed mixed research approaches with two categories of data; quantitative and qualitative data. Both primary and secondary sources of data have been used to obtain information to the study. Questionnaire and Interview employed as the major tools for gathering primary data while the reviewing of various documents with rich data as a secondary.
3.4
Population of the Study

According to Kombo and Tromp (2006) a population is a well-defined or set of people, services, elements, events, group of things or households that are being investigated generalize the results. The population of the study was construction companies in Dar es Salaam and whose construction activities include road constructions.  This study targeted and faced officials from various construction companies in Dar es Salaam and who had undertaken road construction projects in the country, and considered as its units of analysis. These officials comprised of; 28 engineers, 14 architects, 3 project managers, 8 surveyors, and 2 consultants. Moreover the officials were the ones directly working or involved with the construction companies or entities. Furthermore officials from Tanzania Meteorological Authority (TMA) and TANROADS were part of the study sample which was 55 in total.
3.4.1
Sample Unit and frame
According to Sapsford et al (2006), a sample unit is the building block of data set, which can be an individual member of the population or a cluster of members of the population. Sapsford et al (2006), defines a sample frame as a list or other device used to define a study’s population or the source material or device from which a sample is drawn. This study considered road construction experts as its sample unit, and the study frame had Civil engineers with specialities in road and bridges, Architects, road construction project managers, surveyors, consultants in road constructions and meteorology from road construction firms, TANROADS and TMA. 
3.5
Sample Size

Sample refers to a subset of entire set of entities that the decisions are going to base on (Thorpe, Smith & Jackson, 2008). A sample size of 55 respondents was purposively selected out of which were officials from the construction firms in the study area and key informants from TMA and TANROADS who happened to be engaged in providing relevant information required by the study.
3.6
Sampling Procedures

Kothari (2004) established that there are various sampling procedures normally applied in research study which always dependent on available resources to be used. This study employed purposive sampling procedures in obtaining samples for the study. 
3.6.1
Purposive sampling

The study employed purposive sampling technique to select specific members of population based on their ability to provide rich data required for the study. In this sampling, the study was able to include informants who have deeper understanding of the subject under study and have capacity to inform the study on sensitive information. In this regard, purposive sampling was applied to select 55 officials from construction industries, TANROADS and TMA. The technique was appropriate because it focused on individuals who could provide important information, which could not easily be accessed.
3.7
Type of Data and Data Collection Methods
This study considered in its inclusion primary and secondary data of which primary data was both quantitative and qualitative while secondary data was purely quantitative.
3.7.1
Primary Data

This is the first hand data that was gathered by researcher from the field of study. This data type was collected using tools such as questionnaire and interview discussion, mainly gathered from respondents of the study including contractors, surveyors, project managers, engineers, and architects as well TANROADS and TMA officials. 
3.7.2
Secondary Data 

This is the data the study obtained from different sources with relevant information, collected by reviewing various records and documents. In this case, the study reviewed TMA records including climatological data, annual meteorological data, daily weather forecasts, annual reports and publications. 
3.8
Data Collection Instruments

Data collection instrument refers to the tools used during data collection from the field of study based on the study subject (Orodho, 2008). This study employed various data collection instruments in collection of data. Using multiple sources is to enable the weakness of one instrument to be supplemented by the strengths of the other. This study used three main data collection tools. Semi structured questionnaire, interview guide and documentary review.
3.8.1
Questionnaire

This study used questionnaire in obtaining primary and quantitative data from respondents particularly officials from construction firms. The researcher prepared questionnaires with a set of 40 questions divided into three sections. The first section included questions based on the respondent general information; the second section based on questions, which focused on weather events and construction activities, and the last section had questions designed in Likert scale and which were based on research objectives. The questionnaires are advantageous because they are cost effective and time saving tools (Saunders, 2003). The questionnaire contained both close and open ended questions for the respondents to respond. The researcher administered the entire process of data collection mainly using questionnaires.
3.8.2
In-depth Interview discussion

This study applied in-depth interview discussion to gather primary qualitative data from key informants of the study. This comprised of TMA and TANROADS officials through discussion of interview guide questions. This tool involved one to one discussion of a set of 6 questions between researcher and each respondent at different times and places of convenience. A total of five (5) officials from TMA and TANROADS were engaged in the interview discussion where the researcher took down and recorded points during the discussions. The interview discussion gave a researcher opportunity to speculate and explore deeper into the mind of interviewee. It also gave informants (interviewee) opportunity to open up and express their inner feelings and opinions on the subject.
3.8.3
Documentary Review

To obtain secondary data, the study considered reviewed documents and records relevant to the required data. In this regard, the researcher sought various TMA and TANROADS records including climatological data, annual meteorological data, daily weather forecasts, annual reports and publications for review and extraction of data. Documentary Review was appropriate because it enabled the researcher to readily access data whose accuracy had been proved.
3.9
Data processing and Analysis Methods

Based on the study, analysis of data basically depended on the type and nature of the collected data. In this regard, analysis based on both quantitative and qualitative data analyses. 
3.9.1
Analysis of Quantitative Data

The study analyzed quantitative data obtained from questionnaire and documentary review using descriptive statistics. The data were entered into SPSS data editor, cleaned and processed to yield various information presented in tables and charts. The data have been presented in frequencies and percentages for easy interpretation. Moreover, the quantitative data have been analyzed using inferential statistics where multiple regression analyses were performed to indicate the contribution each weather factor as a predictor of quality management in road construction projects.  This was represented using the regression equation shown below:
                                    Y=   β0 + β1X1 + β2 X2 +   β3 X3 + ε
Where:   Y   =             quality management in road construction projects                  

               β    =            constant

                X1 = 
extent of rainfall

                X2 = 
extent of wind strength

               X3 = 

extent of amount of temperature

               ε   = error

3.9.2
Qualitative Data Analysis

The qualitative data obtained from interview discussion were analyzed using thematic techniques. Braun and Clarke (2006) define thematic analysis as techniques applied to identify, analyze and report patterns (themes) within data. In this technique, a theme captures necessary information to represent certain meaning within the data collected. According to Braun and Clarke (2006) the researcher went through six major phases in conducting thematic analysis including data familiarization, data coding, identifying themes, and checking the themes. Moreover the researcher defined and named the themes and finally made a write up analysis of the data. 
3.10
Reliability and Validity of the Data

3.10.1
Reliability of Data

Mugenda and Mugenda (1999) refer reliability as a measure of degree to which research instrument yields consistent results after repeated trials. To ensure reliability of data collection instrument, the study conducted Cronbach’s alpha test through SPSS where the value of alpha obtained from analysis determined the reliability of the study tools as indicated in Table 3.1. The instrument has regarded to have high degree of reliability as the alpha Coefficient value was greater than 0.7 as noted by Croswell, (2008).
Table 3.1: Reliability Analysis
	Weather factors
	Cronbach's Alpha
	Number of Items

	Temperature
	0.86
	6

	Rainfall
	0.84
	6

	Wind 
	0.72
	6


Source: Field Data (2020)

3.10.2
Validity of Data

According to Kathuri and Pack (1998) validity is the degree to which a test actually measures variables it claims to measure. To ensure validity of data collection instruments, a portion of about 10% of the data instruments were tested using pilot test to some respondents among the sample study. This helped the researcher to check the accuracy of the instruments, identify as well as correct ambiguities and confusing questions to the respondents, before administering the process of collecting data. This minimized difficultness to respondents in answering questions subjected to them. 
3.11
Ethical Considerations

Before commencement of data collection process, the researcher sought an introduction letter from the Open University of Tanzania to take with him for introduction in various data collection field. During data collection process, the researcher ensured the adherence with norms and culture of the field of research by executing a harmless process to participants or the institution where data were collected from. High integrity and moral values were maintained by ensuring that, confidentiality of the data obtained was preserved as well as participants’ identities were not disclosed in anyhow. 

CHAPTER FOUR
STUDY FINDINGS, ANALYSIS AND DISCUSSIONS
4.1
Introduction
This chapter presents detailed results and analysis of the data obtained from the field of study in regard to the application of meteorological data in road construction works. The chapter is divided in sections and sub sections; First section provide respondent demographic information, section two focuses on general understanding and experience with meteorological data during construction activities, third section will entails on the objectives of the study and finally the fourth part is the discussion of results from analysis. 
4.2
Response Rate

The study involved 55 respondents of which 55 questionnaires were distributed among the target study respondents. Table 4.1 shows the response rate in data collections. 
Table 4.1: Response Rate
	Number of questionnaires issued to respondents
	Number of questionnaires collected from respondents
	          Response rate

	55
	52
	94.5


Source: Field Data (2020)

Results in Table 4.1 indicate that out of total questionnaires distributed, 52 questionnaires were returned dully filled. This implies that the response rate was 94.5%, which is a good number to justify the study. Since the study involved experts with interests in the study topic, therefore participation was very well and significant.
4.3
Study Validity and Reliability Analysis 

The study ensured validity of data instruments through conducting pilot test by using few amongst the sample study involved in the study. Also the study involved experts with knowledge and understanding in road construction activities and application of data from weather forecasting authority. The instruments were revised with some corrections made before data collection activities conducted. On the other hand to ensure reliability of the study, the study employed reliability analysis using SPSS data editor and the information presented using Cronbach’s Alpha coefficient. Table 4.2 shows the results.
The results in the Table 3.1 show the results of reliability based on all three variables of the study. According to the results, all the three factors of weather had Cronbach’s Alpha coefficient greater than 0.7; temperature (0.86), rainfall (0.84) and wind (0.72). The value is good, indicating that there is internal consistency. The results are consistent with suggestion by Sounders et al (2012) and (Croswell, 2008) who suggested that the reliability coefficient should be greater than 0.7 for the data to be reliable.
4.4
Respondents Demographic Information
This section presents general information of respondents involved in the study. The characteristics analyzed include level of education of the respondents and experience in road construction industry. 

4.4.1 
Education Level of Respondents

The respondents were required to indicate their educational status. Figure 4.1 shows the following results.
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Figure 4.1: Respondents’ Level of Education Qualification

Source: Field Data (2020)

The results shown in Figure 4.1 reveals that out of 52 respondents participated in the study 8(15.4%) of the respondents had Diploma education level, 34 (65.4%) of the respondents had Bachelor degree education level and those with Master degree level and above were 6 (11.5%). Moreover respondents with professional qualification from different disciplines related to road construction were only 4 (7.7%). This implies that majority of respondents participated in the study had bachelor degree level of education, a level with skilled people on the field.
4.4.2
Respondents Experience of Working in the Construction Industry
The study asked respondents to state their experience working in construction industry particularly road construction sector. The results are as shown in Figure 4.2.
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Figure 4.2: Respondents’ Experience of Working in the Construction Industry

Source: Field Data (2020)
The results shown in Figure 4.2 reveals that out of 52 respondents participated in the study 12(3.1%) of the respondents had been working in road construction sector for less than 5 years, 18(34.6%) of the respondents had been engaged in road construction activities for duration between 5 and 10 years and 16 (30.8%) have been in road construction sector for period between 10 and 20 years. Moreover respondents who had been engaged in road construction activities for more than 20 years were only 6 (11.5%). This implies that majority of respondents participated in the study had been working in road construction sector for period between 5 and 10 years.
4.4.3
Respondent Position in the Construction Firms
The study asked respondents to state their position in their respective construction firms. The results are as shown in Figure 4.3.
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Figure 4.3: Respondents’ Positions in the Construction Company

Source: Field Data (2020)
The results on professional position in the firms are as shown in Figure 4.3 show that out of 52 respondents participated in the study 2(3.9%) were contractors, 8 (15.4%) of the respondents were surveyors and 14(26.9%) were architects. Furthermore 28(53.8%) were engineers. This implies that majority of respondents participated in the study were engineers, professional qualification normally forming the bulk of professionals in road construction sector. 
4.5 
Weather Events and Effects on Quality Construction
4.5.1
The Weather Event Commonly Affecting Road Construction Processes
The study sought to understand which weather event commonly affects road construction processes in their projects. The results are as shown in Figure 4.4.
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Figure 4.4: Weather Event Commonly Affecting Road Construction Processes

Source: Field Data (2020)

The results shown in Figure 4.4 reveals that when asked to indicate which weather event commonly affects road construction processes, out of 52 respondents participated in the study 17(32.7%) of the respondents indicated temperature as the common weather event that affects road construction activities, 24 (46.1%) of the respondents indicated rainfall as the common weather event that affects road construction activities and 11(21.2%) indicated wind as the common weather event that affects road construction activities. This implies that majority of respondents participated in the study pointed out to rainfall as the common weather event that affects road construction activities in various projects undertaken.
4.5.2
Respondent Frequency Experienced Weather Challenges During Construction

The study sought to understand at what frequency has the respondent experienced weather challenges during roads construction projects. The results are as shown in Figure 4.5.
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Figure 4.5: Frequency of Experiencing Weather Challenges During Construction

Source: Field Data (2020)

The results shown in Figure 4.5 reveals that when respondents asked to indicate the frequency of experiencing weather challenges during road construction 34(65.4%) of the respondents indicated that they experience weather related challenges always, 4 (7.7%) of the respondents indicated to experience weather related challenges rarely and 12(23.1%) indicated experience weather related challenges in some occasions. Moreover, 2 (3.8%) indicate to have not experienced weather related challenges during road construction. This implies that majority of respondents participated in the study have been always experiencing weather related challenges during road construction.
4.6
Findings from descriptive Statistics
The results from descriptive statistics analysis which are presented in terms of mean weight shows various phenomena describing various issues associated with meteorological data on weather events and efficient of quality management in roads construction projects. The analysis was based on 5-point Likert Scale with items range from 1 to 5 where 1-Strongly agree, 2–Agree, 3-Neutral, 4-Disagree, 5-Strongly disagree. A mean value greater than 3 indicated that the attribute was agreed by majority of respondents. Likewise the mean with value less than 3 indicates that the attributes was not agreed by majority of respondents hence the weight of the items depends where its mean ranges. Table 4.3 shows the results.
Table 4.2: Descriptive Statistics
	Attributes 
	
	         Mean
	Rank

	Insufficient meteorological data affects quality of road construction projects to a high extent due to insufficient information on weather events supplied.
	
	4.5563
	5

	Meteorological data largely affects completion time of road construction projects due to insufficient information on weather. 
	
	4.4357
	6

	Insufficient meteorological data on climatic conditions increases costs of road construction activities due to insufficient information on the effects of weather.
	
	4.6382
	4

	There is high quality management practices in road construction projects based on meteorological data
	
	4.4132
	7

	Meteorological data affects the road construction projects in terms of completion time management.
	
	3.4712
	10

	The major challenge to the application of quality management in road construction projects is insufficient meteorological information 
	
	3.8326
	9

	Climatologically data extracted from weather stations are incorporated into planning prior to road construction project commencement
	
	4.7358
	3

	Applying meteorological data enhance sustainability of road infrastructure system by focusing on the extent of vulnerability of roads due to different climatic events


	
	4.8004
	2

	Main weather events challenges during road construction projects are temperatures, rainfall and wind problems 
	
	4.1734
	8

	Challenge associated with disastrous climatic change affects life of the transport infrastructure
	
	4.8853
	1


Source: Field Data (2020)

The results of descriptive analysis in Table 4.2 shows that, the challenge associated with disastrous climatic change affects life of the transport infrastructure was the most agreed attributes with a mean 4.8853, the attribute that applying meteorological data enhance sustainability of road infrastructure system by focusing on the extent of vulnerability of roads due to different climatic events was the second highest agreed with a mean 4.8004 and climatologically data extracted from weather stations are incorporated into planning prior to road construction project commencement was the third most agreed giving a mean 4.7358. 
The items insufficient meteorological data on climatic conditions increases costs of road construction activities due to insufficient information on the effects of weather was the forth, gave a mean 4.6382, insufficient meteorological data affects quality of road construction projects to a high extent due to insufficient information on weather events supplied was the fifth, gave a mean 4.5563 and meteorological data affects completion time of road construction projects due to insufficient information on weather was the sixth most agreed, gave a mean 4.4357. The attributes; there are high quality management practices in road construction projects based on meteorological data with a mean 4.4132 and main weather events challenges during road construction projects are temperatures, rainfall and wind problems with a mean 4.1734 are seventh and eighth in the rank of agreement by respondents. 
Moreover, the attributes; the major challenge to the application of quality management in road construction projects is insufficient meteorological information with a mean 3.8326 and meteorological data affects the road construction projects in terms of completion time management with a mean 3.4712 were the least agreed by respondents based on their understanding and experience. This implies that various attributes considered in the study are well agreed that they related with meteorological data and road construction activities.
4.7
Inferential Statistics

To achieve the objective of the study, inferential statistics was conducted to analyze quantitative data collected through questionnaires. The study employed techniques of grouped factors based on each variable of the study and analyze the existing relationship among the variables. In this regard, the study employed different statistics analysis tools including correlation coefficient, ANOVA and multiple regression analysis.  Correlation Coefficient was employed to determine the association among variables of the study and regression analysis was applied to examine the relationship in terms of contribution of each predictor variable on the dependent variable.
4.7.1 
Correlation Analysis

In determining the relationship among various variables used in the study, Pearson correlation analysis was conducted. The results of correlation outputs are as shown in Table 4.3.
The results in Table 4.3 indicate that there was weak and positive statistically-significant correlation between quality management and application of metrological data on Temperature is weak and positive (0.199) and metrological data on amount of rainfall is weak and positive (0.199) in road construction industry. Moreover, the relationship between quality management and metrological data on strength of wind is weakly positive (p=0.126). All variables have positive correlation with one another.

Table 4.3: Correlation Analysis
	
	Quality Management
	Temperature
	Rainfall
	Wind

	Pearson

Correlation
	Quality Management
	1.000
	.199
	.199
	.126

	
	Temperature
	.199
	1.000
	.060
	.059

	
	Rainfall
	.199
	.060
	1.000
	.023

	
	Wind
	.126
	.059
	.023
	1.000

	Sig. (1-tailed)
	Quality Management
	.
	.015
	.015
	.084

	
	Temperature
	.015
	.
	.259
	.260

	
	Rainfall
	.015
	.259
	.
	.400

	
	Wind
	.084
	.260
	.400
	.

	N
	Quality Management
	52
	52
	52
	52

	
	Temperature
	52
	52
	52
	52

	
	Rainfall
	52
	52
	52
	52

	
	Wind
	52
	52
	52
	52


Source: Field Data (2020)

4.72
Model Summary

To determine the extent of contribution of meteorological data of weather events on quality management in road construction industry, coefficient of correlation (r) and coefficient of determination (R-Square) were determine and results displayed as shown in Table 4.4.
Table 4.4: Model Summary
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.535a
	.286
	.237
	.59487

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	a. Predictors: (Constant), Temperature, Rainfall, Wind. 

b.  Dependent Variable: Quality Management




Table 4.4 shows the value of coefficient of correlation (r) and coefficient of determination (R-Square) of the information resulted from analyze data. The results indicate that 28.6 percent of variations in quality management in road construction in Tanzania can be explained by the meteorological data on amount of rainfall, temperature and wind strength. This is an implication that the meteorological data on the three weather events; temperature, rainfall and wind are good predictor of efficiency of quality management in road construction works.
4.7.3
 Analysis of Variance

The study applied analysis of Variance (ANOVA) at level of significance P<.05 to compare the means of the variables under study and whether the relationship between meteorological data on weather events and efficiency of quality management. The ANOVA analysis was conducted to determine whether the predictor variables perfectly explain the outcomes of the study. In this study, the predictor variables were meteorological data on temperature, rainfall and wind, which were the elements of weather events and the outcome variables (dependent variables) are efficiency in quality management. The results are as shown in Table 4.5.
Table 4.5: Summary of ANOVA 

	ANOVAa

	    Model
	Sum of Squares
	df
	Mean Square
	F
	  Sig.

	
	Regression
	5.356
	3
	1.785
	3.734
	.014b

	
	Residual
	48.978
	114
	.430
	
	

	
	Total
	52.864
	118
	
	
	


a. Dependent Variable: Quality Management

b. Predictors: (Constant). Temperature, Rainfall, Wind

Table 4.5 shows the results of ANOVA as indicated by different values. From the table the value of F= 3.734 at P-Value 0.014 which is less than 0.05 an indication that the model goodness is fit to predict and explain the performance of quality management in relation to availability of meteorological data. Moreover the information on the table particularly P-Value shows that the relationship between application of meteorological data in road construction and efficiency of quality management is statistically significant.
4.7.4
Regression Coefficients

To determine the amount of contribution of each variables of the study on quality management in road construction sector, the study conducted recessional analysis to determine Regression coefficient and level of significance. This study employed multiple regression analysis and the results are as shown in below Table 4.6.
Table 4.6: Regression Coefficients
	
	Unstandardized Coefficients
	Standardized Coefficients
	
	
	

	Model
	B
	Std. Error
	Beta
	t
	Sig.

	(Constant)
	3.005
	.603
	
	4.987
	.000

	Temperature
	.191

	.093
	.181
	2.036
	.044

	Rainfall
	.162
	.076
	.185
	2.086
	.039

	Wind
	.106
	.083
	.111
	1.253
	.013


a. Dependent Variable
Table 4.6 indicates the results of regression analysis and the direction of level of significance.   The study independent (predictor) variables were temperature, rainfall and wind as provided by meteorological data and the dependent variable was quality management in roads construction projects. 
The constant value as shown above indicated that, in absence of meteorological data on temperature, rainfall and wind there will be quality management efficiency of 3.005 at 5% level of significance. The results indicated that increase in one unit of meteorological data on temperature lead to increase of 0.191 units of quality management efficiency given that other factors remain constant. Also the results showed that an increase in one unit meteorological data on amount of rainfall caused an increase of 0.162 units of quality management efficient and increase in one unit of meteorological data on wind strength lead to an increase of 0.106 units of quality management efficient. The overall contribution of each independent variables is given by meteorological data on temperature P=0.044 (p<0.05; ß =.181), meteorological data on rainfall P=0.039 (p<0, 05; ß =.185 and meteorological data on wind strength P=0.013 (p<0.05; ß =.111) at 5% level of significance. The regression equation resulted from results of analysis is presented by the relationship.
Y = 3.005+ .191 X1 + .162 X2 +. 106 X3 + ε

Where:   Y   =             quality management in road construction projects                  

               β    =         constant

                X1 = 
extent of rainfall

                X2 = 
extent of wind strength

               X3 = 

extent of amount of temperature

               ε   = error

4.8
Discussions of the Findings

This section discusses the findings of the study in relation to objectives of the study, which intended to   analyze the contribution of Meteorological information on quality management in road construction projects in Tanzania.  The section is divided into three subsections of which each subsection is based on single objective in order.  The discussions of the findings compared on the previous study results to strengthen the arguments resulted from the findings.
4.8.1
Meteorological Data on Temperature And Quality Management 
The study findings indicate that meteorological data on temperatures in a given site of project construction are important during construction works; the data are helpful from planning to execution of road construction project in Tanzania. In most cases the data are used to understand the intensity of temperature expected in the course of construction activities and how to minimize the impacts in the execution processes. 
Meteorological data on temperatures play important roles in ensuring that all potential effects of temperature on road construction work are accounted to avoid negative consequences resulted from temperature or heat. From contractors’ point of view meteorological data on temperature influences the quality of construction works hence quality of completed work. The data on the hotness and coldness of the area of the site under construction are important for deciding on the appropriate construction materials that can sustain any temperature conditions.
According to the findings, the data on intensity of temperature are used to determine when and how the projects is to be implemented to avoid affecting the quality of construction material, and save time in relation to time schedule. The findings are supported by Ballesteros-Pérez et al., (2018) who found that climatologically data extracted from weather stations are involved during planning prior to project commencement it could lead to cut of project durations by significant value. The data helps in accounting for thermal expansion in bridge joints and paved surfaces. 
Meteorological data on temperature are commonly applied to address concerns regarding pavement integrity such as cracking of constructed roads as they are directly affected by temperature. Applications of the data on temperature are crucial and reduce risks of losses as the construction materials are economically used for better productivity. Moreover, the data are also useful in avoiding harmful effects to the surfaces of constructed projects such as quick drying of the surfaces that lower the planned quality of project.
The findings of the study indicate that the meteorological data on temperature are crucial in determining measures to be undertaken to prevent destruction of soil cohesion which may increase dust volume and affect construction process; the data are also used to determine measures to control rapid evaporation and absorption of water from mortar during construction work. Undertaking all the process ahead of construction always consumes much time making the project fail to meet construction timeframe. In support of the study, Ruqaishi and Bashir (2015) argued that construction industries are always faced with failure of to meet the construction schedules during construction works due to weather events, which disrupt some sections of the activities. The data enables constructors to control moisture level that can have dramatic effects on building materials, reduction of the elasticity of seals and sealants that may result in failure and damage to the hardware. Furthermore temperature as a meteorological parameter affects cost of construction projects by considering the type of materials to be purchased for the project. Proper and effective usage of climatic historical data helps to guide contractors on how to address temperature related challenges in construction works.  In the line with the findings Apipattanavis et al., (2010) found that using historical data obtained from meteorological stations on weather conditions have greater support to contractors during construction projects. 
The findings of the study indicate also that, there is relationship between meteorological data on temperature and efficiency of quality management in road construction projects in Tanzania. Based on inferential statistics analysis, the estimated coefficient of the meteorological data on temperature was 0.191 and the P-value was, P= 0.044 which is less than 0.05 (p<0.05) at 5% level of significance. The findings based on these results indicate that meteorological data on temperature has significant contribution on efficient quality management in road construction activities in Tanzania. 
The results indicate that change in one unit of meteorological data on temperature result to change of quality management efficiency by 0.191 (p<0.05; ß =2.036) units, given that other factors remain constant. Moreover the study findings indicated that the extent of contribution of meteorological data on temperature on efficient quality management in road construction was 0.191 units making it the factor with highest contribution in facilitation production of quality road products. This implies that meteorological data on temperature influenced quality management in road construction work. Therefore, based on the findings and discussions in this section it is evident that the null hypothesis was rejected.

The study results showed that there is positive correlation between meteorological data on temperature and quality management in road construction in Tanzania. This implied that increase of provision of meteorological data on temperatures increases quality management on road construction. This is an indication that meteorological data on temperature in road construction projects improves quality of constructed road structures as it provides important information, which is applied in making plans and decisions prior to commencement of construction works. In absence of meteorological data contractors fail to understand the weather and climatologically based outcomes leading to inappropriate decisions, slowing down progress and consequently lower quality construction products due to unexpected weather events such as high temperature in a given time of construction. Study by Rogalska et al., (2006) agree with the current study findings by pointing out that the weather condition affects construction works by retarding productivity through halting construction works.
4.8.2
   Meteorological Data on Rainfall and Quality Management  

The findings of the study indicated that data on amount of rainfall in a given area under consideration play major roles during construction works, from planning to execution of the activities. The data are largely used to determine when and how the project should be executed to avoid the negative impacts of the rainfall on the project under progress as well on the finished project. Contractors find it useful in applying meteorological data in making various plans and decisions regarding various issues related to road construction work. It is known that weather events have greater impacts on road construction, and if not considered in construction planning, the projects may be hit at any stage of construction crippling all activities and affect the structure quality at any stage at given time. The finding is supported by Moretti and Loprencipe (2018) who asserted that global construction industry employ adopted technologies in addressing weather events in defending transport infrastructures against impacts of climate change. 
The findings of the study indicated that contractors largely apply meteorological data on rainfall during road construction projects to ensure that all associated risks are eliminated and the quality of end products are maintained for better productivity. According to the study based on rainfall, meteorological data help to determine when to start construction works to avoid effects of whether events and enable the contractors to save costs during construction works. Taking into account information on rainfall is crucial to contractors as it helps to avoid the risk of flooding and fast moving water which may affect the quality of constructed work. The argument is supported by study conducted by LTAS (2014) which noted that extreme rainfall which result in flooding is one of the main disasters which poses greater risk to road infrastructure and accounts to 61 percent of all major weather related disasters in the area. Extreme rainfall disastrous in road construction projects as it can affect the project at any stage causing greater loss to the firm and affecting the project’s client. 
Findings of the study show that climatic historical data on intensity of rainfall can be applied in determining the kind of soil to use during road construction works as well decisions on whether the information obtained can lead to complete suspension of road construction works for given period of time, hence disruption of project. Most weather events are unpredicted, resulting into increasing risk during construction unless the climatic historical information are provided. In line with the study, Jung et al., (2016) argued that, during construction phase of mega projects, considering foreseeable weather are accounted to reduce the risk impacts associated with the current weather. 
Moreover rainfall has been found to destroy the quality of constructed projects, which find it important to apply meteorological data to determine the extent of rainfall expected in a given site. The findings are conversant with observation made by TMA (2016), which noted that rainfall destroys the already built road infrastructures in different parts of the country destabilizing structures and causing losses. Ineffective application of the area climatic historical data has greater repercussion during construction work and disrupting planned activities. This also leads to change in the scheduled time of the construction projects due to various uncertainties created by unknown strength of rainfall. In support of the findings, Ballesteros-Pérez et al., (2018) indicated that weather conditions normally extend project construction scheduled time by average of 21 percent.
The findings of the study show the relationship existing between meteorological data on amount of rainfall and efficient quality management in road construction projects. Based on inferential statistics analysis, the estimated coefficient of the meteorological data on rainfall was 0.162 and the P-value was, P= .039 the value which is less than 0.05 (p<0.05) at 5% level of significance. The findings based on these results indicate that meteorological data on rainfall has significant contribution on efficient quality management in road construction activities in Tanzania. The results indicate that change in one unit of meteorological data on rainfall result to change of quality management efficiency by 0.162 (p˂0.05; ß =.2.036) units, given that other factors remain constant. Moreover the study findings indicated that the extent of contribution of meteorological data on rainfall on efficient quality management in road construction was 0.162 units making it the factor with second highest contribution in facilitation production of quality road products. This implies that meteorological data on rainfall influenced quality management in road construction work. 
Findings of the study based on correlation analysis indicated that there is positive correlation between meteorological data on rainfall and quality management in road construction in Tanzania. The findings of the study showed that increased application of meteorological data on rainfall has positive effects on quality management in road construction. The study findings showed that meteorological data on rainfall in road construction projects had significant and positive influence on quality management in road construction at 5% level of significance. Extreme rainfall has greater effects on the constructed site particularly area where construction project has undertaken, if proper and effective measures are not undertaken particularly application of meteorological data the weather event may destroy quality of the project which may force the contractor to rebuild the project under client’s pressure. In support of the findings, Nguyen et al., (2010) claim that in some occasions, weather events destroy exposed constructed section, disrupts accessibility to construction site locations and eruption of disputes between the contractors and project clients.
4.8.3
The Meteorological Data on Strength of Wind and Quality Management 
The study findings show that data on wind strength has greater effects during construction planning and decision making. Meteorological data on wind strengths are applied in the course of construction activities to contain the probable risks that may occur. The data are largely used to determine various adjustments to be made on the original design to match up with the nature of construction sites. The data related to wind strength enables contractors and the construction team to make various decisions related on time of starting construction work and measures to counter any potential impacts of wind on schedule time during construction works and quality of road structures. The findings is supported by Chinowsky et al., (2011) who noted weather events have tendency of creating delay of construction schedule duration hence effects on built infrastructures. 
Findings of the study indicate that meteorological data on wind strength are of important considerations by project contractors before and in the construction process. According to contractors’ perspectives, meteorological data on wind strength is commonly applied during planning of road construction process. The wind strength influence stability and quality of bridges during and after construction determining the quality performance of the final project structures. Applications of the data help the contractors to manage scheduled time effectively by taking into accounts the timing of the events relative to the weather conditions. In support of the study, Mentis (2015) argued that weather events are the major drivers of project delays in most construction works due to harmful effects imposed on the construction activities. The data on wind strength are applied in determining the strength of materials to be used during road construction works. Moreover timing of execution of the project is important, requiring construction work to be undertaken in the time when wind intensity is less extreme; since wind may cause swinging and rotating of cranes and cause them to crash during construction work. 

Findings of the study show that meteorological data on wind strength enables contractors to avoid serious injuries to workers and heavy damage to rigging hardware and equipments; the data facilitate decision making and measures to be undertaken prior to start of construction project. Moreover, it was indicated that meteorological data on wind strength determine the strength of projects’ structures to be built in a given location relative to climatic condition. The climatic data can support in monitoring the strength of the winds such that in area with extreme winds the structures must be built to withstand the strength while in low wind area the consideration must match up. The findings are conversant with Jung et al., (2016) who found that the impact of weather is categorized into extreme and non-extreme weather events of which the later is carefully monitored during construction works to avoid destruction impacts. Contractors find it productive and effective to employ meteorological data on wind strength as a means to ensure that quality of the project under construction is met.
The findings of the study show the relationship existing between Meteorological data on wind strength and efficient quality management in road construction projects. Based on inferential statistics analysis, the estimated coefficient of the meteorological data on strength of wind was 0.106 and the P-value was, P= .013 the value which is less than 0.05 (p<0.05) at 5% level of significance. The findings based on these results indicate that meteorological data on strength of wind has significant contribution on efficient quality management in road construction activities in Tanzania. This indicate that road construction ought to use the data to ensure that they take into control all necessary measures when designing programs based on the forecasted details. In conversant with the study, White et al., (2017) noted that mega projects which always invest huge resources have programs intensively design to monitors various changes occurring due to weather forecast in relation to standard measured qualities. 
The results indicate that change in one unit of meteorological data on strength of wind result to change of quality management efficient by .106 (p˂0.05; ß =.111) units of given that other factors remain constant. Moreover the study findings indicated that the extent of contribution of meteorological data on strength of wind on efficient quality management in road construction was 0.106 units making it the factor with second highest contribution in facilitation production of quality road products. This implies that meteorological data on strength of wind influenced quality management in road construction work. 
The findings of the study based on correlation analysis indicated that there is positive correlation between meteorological data on strength of wind and quality management in road construction in Tanzania. The findings of the study showed that increase in application of meteorological data on strength of wind in road construction projects has positive effects on quality management in road construction hence production of better infrastructures for economic development. In the line with the findings, Thomas et al., (2014) found that application of meteorology in the road transportation sector has significant economic benefit to the national economy of the country The study findings showed that meteorological data on strength of wind had significant and positive influence on quality management in road construction at 5% level of significance. 

CHAPTER FIVE
SUMMARY, CONCLUSIONAND RECOMMENDATIONS
5.1
Chapter Overview
This chapter presents summary, conclusion and recommendation on findings based on study objective, which intended to analyze the contribution of Meteorological data of weather events on quality management in road construction projects in Tanzania. The chapter is divided into four sections namely; summary of findings, conclusion, recommendations and suggestion of area of future research in relation to study results and findings. 
5.2 
Summary of the Main Findings
The findings of the study indicate that meteorological data on temperature has significant contribution on efficient quality management in road construction activities in Tanzania. The results indicate that change in one unit of meteorological data on temperature result to change of quality management efficiency by 0.191 (p<0.05; ß =.181) units given that other factors remain constant. Moreover the study findings indicated that the extent of contribution of meteorological data on temperature on efficient quality management in road construction was 0.190 units making it the factor with highest contribution in facilitation production of quality road products. 
The findings of the study indicate that meteorological data on rainfall has significant contribution on efficient quality management in road construction activities in Tanzania. The results indicate that change in one unit of meteorological data on rainfall result to change of quality management efficient by 0.162 (p˂0.05; ß =.185) units, given that other factors remain constant. Moreover the study findings indicated that the extent of contribution of meteorological data on rainfall on efficient quality management in road construction was 0.159 units making it the factor with second highest contribution in facilitation production of quality road products. 
The findings of the study indicate that meteorological data on strength of wind has significant contribution on efficient quality management in road construction activities in Tanzania. The results indicate that change in one unit of meteorological data on strength of wind result to change of quality management efficient by .106 (p˂0.05; ß =.111) units of given that other factors remain constant. Moreover the study findings indicated that the extent of contribution of meteorological data on strength of wind on efficient quality management in road construction was .104 units making it the factor with the least contribution in facilitation production of quality road products. 
5.3 
Conclusion

Efficient quality management in road construction activities is crucial and determinant of the quality of final structure produced. Managing quality in road construction save cost, help to manage durability of roads as well avoid breakdown during construction process. Effective management in road construction is influenced by meteorological on weather events data obtained from meteorological stations in Tanzania; the data were provided by TMA. Various meteorological data are commonly applied in road construction activities as indicated by study findings. 
The study concluded that, employing meteorological data on temperatures are used by contractors in ensuring that all potential effects of temperature on road construction work are accounted to avoid problems that may result from temperature changes. Meteorological data on temperature influences the quality of construction works hence quality completed work. It is important to apply the data on intensity of temperature over period of time so as to determine when and how the projects are to be installed to avoid the impacts of changing temperatures that may affect the quality of construction material and other processes. 
The study concluded that, meteorological data on temperature are commonly applied to address contractors’ concerns over stability of constructed road pavement and their integrity in avoiding cracks and other related problems. The data are crucial to contractors in determining measures to be undertaken to prevent destruction of soil cohesion, which may increase dust volume and affect construction process. Moreover, the data can also be used to determine measures of how to control rapid evaporation and absorption of water from wet mortar during construction. The meteorological data enables constructors to control moisture level of building materials to avoid dramatic effects on building materials reduction of the elasticity of seals and sealants resulting in failure and damage of constructed structures. Furthermore Meteorological data on temperature affects cost of construction projects by considering type of materials to be purchased for the project. It is evident that the data also influence the project completion time.
The study concluded that, employing meteorological data on rainfall are used by contractors in ensuring that all potential effects of precipitation on road construction work are accounted to avoid problems that may result from rainfall changes. It was noted that contractors find it useful in applying meteorological data on rainfall in making various plans and decisions regarding various issues related to road construction work. It is known that weather events related to heavy rainfall have greater impacts on road construction activities. To avoid disastrous outcomes from constructed projects, effects of rainfall must be considered in construction planning, otherwise the projects may be affected at any stage of construction ruining the structure quality.
Meteorological data on rainfall play major roles on roads construction projects, the data help to determine when to start construction works to avoid effects of whether events and enable the contractors to save costs during construction works. The data can be applied in determining the kind of soil to use during road construction works, as well data on expected amount of rainfall in construction area may lead to complete suspension of road construction works hence disruption of project. This on the other hand changes planned scheduled time of completion of construction projects and consequently increases costs of constructed projects. 
The study concluded that, employing meteorological data on wind strength are used by contractors in ensuring that all potential effects of wind on road construction work are accounted to avoid problems that may result from wind strength changes. The data related to wind strength enables contractors and the construction team to make various decisions related on time of starting construction work and measures to counter any potential impacts of wind during construction works. Meteorological data on wind strength is commonly applied during planning on road construction process to prepare to face it right away or to adjust time of construction works. 

The study concluded that the wind strength influence stability and quality of constructed structures such as bridge during and after construction. The data on wind strength are applied in determining the strength of materials to be used during road construction works as wind may cause swinging and rotating of cranes leading them to crash during construction work. Meteorological data on wind strength enables to avoid serious injuries to workers and heavy damage to rigging hardware and equipments as the data enables measures to be undertaken prior to start of project construction. Moreover, meteorological data on wind strength determine the strength of projects structure to be built in a given location relative to climatic condition.
5.4
Recommendations

The current study shade light on the influence of meteorological data regarding weather events such as temperature, rainfall and wind strength on quality management in road construction projects. From findings and discussions of the findings the study recommends the following:
(i) The study recommends the road construction firms including TANROADS as the government agency concerned with national roads management to ensure that meteorological data on weather events particularly historical climatic data are heavily deployed at the construction projects disposal. The data should be heavily used as they prove useful in managing quality in road construction activities.
(ii) The study recommends TMA to ensure that it communicate well with road construction firms through making historical climatic data on different parts of the country are made available and accessible to the contractors. Moreover, TMA must play major roles in providing education on importance of meteorological climatic data during construction works.
(iii) The study recommends TANROADS management to take measures to ensure that the available meteorological climatic data on weather events provided by TMA are effectively utilized to avoid problems which have been occasionally observed due to ignorance of weather events during construction work. Roads as public must be safe and durable to increase consumers’ utility. This can be achieved through effective use of meteorological data from meteorology stations.
5.5 
Limitation of the Study

In entire process of conduction of this study, there were various limitations experienced by researcher himself particularly in data collection process. However the impacts of the limitations on the study results were minimized to a large extent.
The study faced resources constraints such as time and fund. The study takes too long due to eruption of Covid-19 pandemic made the study to face problems in interacting with respondents in a fear of the pandemic. Most field of study was strictly restricted for socialization making the data collection difficult task.  However, the researcher ensured that this constraint has minimum effects on the study and does not affect the results.
The study faced financial constraints as more resources were needed during data collection as the researcher was to travel to meet respondents as well as make follow-ups on the responses from the study sample. The researcher ensured that this constraint has minimum effects on the study and does not affect the results.
The study faced time constraints as the researcher did the research work while simultaneously preoccupied with other job/work activities. As an in-service work, the researcher had to divide his limited time to undertake the study simultaneously. The researcher ensured that this constraint has minimum effects on the study and does not affect the results.
Moreover, the researcher faced constraints with some respondents during data collection. Some respondents were reluctant to participate in the study fearing to expose their internal information. Nevertheless, the researcher worked hard to explain the aim of the data and assured them of not misusing the data or information provided. 
5.6
Area of Future Research

Based on the scope of the current study, it is evident that the study did not make wider coverage on the topic under study. In this regard, the study has the following suggestion.

(i) The study suggests further study on the influence of meteorological data on performance of construction firms through production of quality products.

(ii) The study suggests further study on the influence of meteorological data on exact time of completion of constructed projects and cost of construction.

(iii) The study suggests further study on analysis of quality practices in construction industry and how they influence the project quality. 
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APPENDICES
Appendix 1:  Study Questionnaires
Introduction

Dear respondent, I am a postgraduate student at the Open university of Tanzania pursuing a master degree in project management. I would like to engage you in this study by participating in filling this questionnaire. This study is for academic purpose which intends to analyze the contribution or influence of meteorological data on quality management in road construction projects. The confidential of information given and the identity of respondent will not be disclosed and all ethical considerations are in place. The questionnaire has two major section with several parts sections. Kindly respond to the questions as required by each section of this questionnaire. Where the brackets or boxes are given please put a tick in the bracket/box corresponding to the best answer of yours against appropriate alternatives given

SECTION A:  RESPONDENT PROFILE, WEATHER EVENTS AND QUALITY MANAGEMENT

This section describes demographic information on respondent, weather events and organization understanding of quality management during roads construction process.

Part 1: 
Respondent Demographic Information 

This part reflects on information of the respondent based on education level, experience and position in the organization. Put a tick (√) in a given bracket in each question choices.

1.  Level of your education qualification 
a)
Diploma level



(   )

b)
Bachelor degree level


(   )

c) 
Master degree level and above
(   )

d)         Professional qualification 

(   )

2.  How long have you been working in this institution/road construction industry? 

a)
Less than 5 years 


(   )

b)
Between 5 and 10 years 

(   )

c)
Between 10 and 20 years 

(   )  

d)
More than 20 years 


(   )

3.    What is your position in your company? 
a) 
Contractors



(   )  

c) 
Surveyors        


(   ) 

c) 
Architects        


(   )

d) 
Engineers       



(   ) 

Part II: Weather Events during Construction Works

4.    Which weather event is commonly affecting road construction processes and management?

a) 
Temperature



(   )  

c) 
Rainfall        

  

(   ) 

c) 
Winds        

  

(   )

d) 
Others (specify)     
  

(   ) 

5.  At what extent ever experienced weather events challenges during construction works

a) 
Always 


 
(   )  

c) 
Rarely     


 
(   ) 

c) 
In some occasion     

  
(   )

d) 
Never experienced     

  
(   ) 

Part III: Meteorological Data and Quality Management in road Construction Industries

Indicate your level of agreement by putting a tick (√) to the space of your best choice. Key: 1-Strongly agree, 2–Agree, 3-Neutral, 4-Disagree, 5-Strongly disagree.

	
Item
	1
	2
	3
	4
	5

	Insufficient meteorological data affects quality of road construction projects to a high extent due to insufficient information on weather events supplied.
	
	
	
	
	

	Meteorological data affects completion time of road construction projects due to insufficient information on weather. 
	
	
	
	
	

	Insufficient meteorological data on climatic conditions increases costs of road construction activities due to insufficient information on the effects of weather.
	
	
	
	
	

	There is high quality management practices in road construction projects based on meteorological data
	
	
	
	
	

	Meteorological data affects the road construction projects in terms of completion time management.
	
	
	
	
	

	The major challenge to the application of quality management in road construction projects is insufficient meteorological information  
	
	
	
	
	

	Climatologically data extracted from weather stations are incorporated into planning prior to road construction project commencement
	
	
	
	
	

	Applying meteorological data enhance sustainability of road infrastructure system by focusing on the extent of vulnerability of roads due to different climatic events
	
	
	
	
	

	Main weather events challenges during road construction projects are temperatures, rainfall and wind problems 
	
	
	
	
	

	Challenge associated with disastrous climatic change affects life of the transport infrastructure
	
	
	
	
	

	Please provide any details seem necessary under this section:


B:   METEOROLOGICAL DATA ON QUALITY MANAGEMENT IN ROAD CONSTRUCTION PROJECTS

The following table shows the likert scale of various statements attribute to the analysis of the contribution of meteorological data on quality management in road construction projects in Dar es Salaam. Provide your choice of agreement of the statement by putting a tick in the space given in each part.

Part I: The influence of extent of rainfall historical data on quality management 

Indicate your level of agreement by putting a tick (√) to the space of your best choice. Key: 1-Strongly agree, 2–Agree, 3-Neutral, 4-Disagree, 5-Strongly disagree

	
	                      Items


Item
	1
	2
	3
	4
	5

	i. 
	Meteorological data on rainfall are commonly applied in our projects works during road construction process 
	
	
	
	
	

	ii. 
	Meteorological data on rainfall is commonly applied in determining when to start construction works to avoid effects of whether events.  
	
	
	
	
	

	iii. 
	Meteorological data on rainfall enable the construction company to save costs during construction works. 
	
	
	
	
	

	iv. 
	Meteorological data on rainfall is commonly applied in determining the kind of soil to use during road construction works
	
	
	
	
	

	v. 
	Meteorological data on expected extent of rainfall in construction area may lead to complete suspension of road construction works
	
	
	
	
	

	vi. 
	Meteorological data on rainfall affects quality of road construction projects through disruption of construction works
	
	
	
	
	

	vii. 
	Meteorological data on rainfall affects time of  completion of construction projects as it warn on prospective effects of the rainfall
	
	
	
	
	

	viii. 
	Please provide any details seem necessary under this section:


Part II: The influence of extent of wind strength historical data on quality management 

Indicate your level of agreement by putting a tick (√) to the space of your best choice. Key: 1-Strongly agree, 2–Agree, 3-Neutral, 4-Disagree, 5-Strongly disagree

	
	
Item
	1
	2
	3
	4
	5

	i. 
	Meteorological data on wind strength is commonly applied in our company during planning on road construction process
	
	
	
	
	

	ii. 
	Meteorological data on wind strength influence stability and quality of bridge during and after construction
	
	
	
	
	

	iii. 
	Meteorological data on wind strength is commonly applied in determining the strength of materials to use during road construction works 
	
	
	
	
	

	iv. 
	Meteorological data on wind strength helps to avoid load swinging and rotating to prevent crane to overload and crash during construction work
	
	
	
	
	

	v. 
	Meteorological data on wind strength enables to avoid serious injuries to workers and heavy damage to rigging hardware and equipments
	
	
	
	
	

	vi. 
	Meteorological data on wind strength determine the strength of projects structure to be built in a given location relative to climatic condition.
	
	
	
	
	

	vii. 
	In case of wind effects at any phase of road construction, how long does the effect last?
	
	
	
	
	

	viii. 
	Please provide any details seem necessary under this section:


Part III: The influence of extent of temperature historical data on quality management 

Indicate your level of agreement by putting a tick (√) to the space of your best choice. Key: 1-Strongly agree, 2–Agree, 3-Neutral, 4-Disagree, 5-Strongly disagree.

	
	
Item
	1
	2
	3
	4
	5

	i. 
	Meteorological data on intensity of temperature affects quality of construction projects by considering when and how the projects is to be implemented
	
	
	
	
	

	ii. 
	Meteorological data on intensity of temperature help to take into account thermal expansion in bridge joints and paved surfaces 
	
	
	
	
	

	iii. 
	Meteorological data on intensity of temperature help to address concerns regarding pavement integrity such as cracking of constructed roads
	
	
	
	
	

	iv. 
	Meteorological data on intensity of temperature helps to determine destruction of  soil cohesion which may increase dust volume and affect construction process
	
	
	
	
	

	v. 
	Meteorological data on intensity of temperature determine measures to control rapid evaporation and absorption of water from mortar
	
	
	
	
	

	vi. 
	Meteorological data on intensity of temperature helps to control moisture level that can have dramatic effects on building materials
	
	
	
	
	

	vii. 
	Meteorological data on intensity of temperature help to prevent reduction of the elasticity of seals and sealants resulting in failure and damage to the hardware.
	
	
	
	
	

	viii. 
	Meteorological data on intensity of temperature affects cost of construction projects by considering type of materials to be purchased for the project
	
	
	
	
	

	ix. 
	Please provide any details seem necessary under this section:


Appendix II: Study Plan
	Activity
	Time

	
	JAN.-APR.2020
	MAY-JULY
	AUG.&SEP
	OCT.
	NOV.2020
	DEC.2020
	JAN.2021
	FEB.
2021

	Proposal Structure
	
	
	
	
	
	
	
	
	
	
	
	
	

	Review of Literature
	
	
	
	
	
	
	
	
	
	
	
	
	

	Submission of proposal
	
	
	
	
	
	
	
	
	
	
	
	
	

	Data collection
	
	
	
	
	
	
	
	
	
	
	
	
	

	Data analysis and reporting
	
	
	
	
	
	
	
	
	
	
	
	
	

	First draft submission
	
	
	
	
	
	
	
	
	
	
	
	
	

	Errors corrections and accommodation of recommendations
	
	
	
	
	
	
	
	
	
	
	
	
	

	Final draft dissertation
	
	
	
	
	
	
	
	
	
	
	
	
	

	Printing dissertation work
	
	
	
	
	
	
	
	
	
	
	
	
	

	Submitting dissertation
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