
1 
 

American Journal of Mechanical Engineering and Technology 
1(1):1-7, June 2019. 

 
The balance principle and the Reynolds transport theorem in 

introductory fluid mechanics 
Donald D Gray, Wade W Huebsch 

Abstract 

This paper traces the evolution of the use of the Reynolds transport theorem to derive finite control volume 
equations for mass, momentum, and energy in introductory engineering fluid mechanics textbooks used in 
the United States. The paper demonstrates the superior merits of an alternative approach using the balance 
principle. The balance principle is easier to teach, to understand, and to apply in more complex situations. 
It better prepares students to understand the derivation of the partial differential equations of fluid 
mechanics and the finite volume equations of computational fluid dynamics. For these reasons, instructors 
should consider using the balance principle instead of (or at minimum in addition to) the Reynolds transport 
theorem in introductory fluid mechanics courses. 
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1. INTRODUCTION 

The construction industry has one of the highest failure rates among other industries. It is known of its 
complexity and tough competitive environment. A significant number of emerging firms in the construction 
sector fails within the first months of operation and makes no remarkable signs of growth or even ability to 
survive [1]. The contribution and significance of small and medium-sized enterprises (SMEs) as an 
important engine of growth are receiving increased attention in both developed and developing countries. 
These enterprises are often regarded as the “backbone” of the economy, serving as major sources of 
technological development, new jobs and a seedbed for entrepreneurship. They produced 73% of the 
sector's total value added and 69% of its output, in addition to employing 71% of the total workforce and 
generating 75% of the sector's total compensation. Moreover, their remuneration levels were on a par with 
those of the sector, with their compensation-to-value-added ratio only 1% higher than the sector as a whole. 
So the increasing demand on housing and related infrastructure and services led a notable number of 
investors to enter the field of construction, but with missing basic skills and inability to meet demands and 
then low survival rates and ultimate fails [2, 3]. 

In the Gaza Strip, small sized construction firms are in critical context due to its high failure rates. A 
preliminary inexperienced survey is enough to realize that the majority of small firms sustains disturbing 
conditions and predicts a dark future. The effect of this issue does not only concern owners and investors 
but rather it affects the socio-economic development process in general. Internal and external challenges 
and issues must be discussed through the successive stages of emerging small construction firms' 
evolutionary line. These stages are: (1) Start-up; (2) Survival and success; and (3) Growth. Despite the 
small-sized construction firms’ importance, they are seldom paid attention to strategic plans by the decision 
makers [4]. There is a misleading idea when it comes to identifying the challenges facing small-sized 
construction firms between the financial aspects and the managerial factors. Therefore, the aim of this study 
is to discuss the challenges facing small-sized construction firms in the Gaza Strip. 

2. LITERATURE REVIEW 
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The construction sector is considered as one of the most important economic sectors that affect the 
Palestinian national economy. Due to the interrelated relations with other economic activities, the 
construction sector has a vital role because of its contribution in finding housing, public services and 
infrastructure [5]. The construction market of Gaza Strip has many unique features that potentially can 
cause delays and additional costs overrun ending in disputes. Small enterprises are considered to be one 
of the most important elements of development in countries in general, whether economic or social, 
because of their effective role in dealing with poverty and unemployment. They also play a major role in 
increasing economic productivity. SMEs are well-known to be one of the main areas of concern to many 
strategy makers in the effort to speed up the rate of development in low-income countries to achieve the 
growth objectives [6]. 

According to Bezuidenhout [7], small business can be defined by means of numerous different lines. 
Businesses may be classified as “small” in terms of a number of parameters like physical size, sales 
turnover, the number of employed people and production capacity. There are three key characteristics that 
should be taken into consideration when defining a small business. First, in terms of economic, a small 
business should have a relatively small share of its market. Second, a small business management should 
be its owners themselves and should be free from outside control in their major decisions. And third, it is 
independent which means that it does not form part of a larger business. The concept of small and medium 
terms varies from country to country, and even from one region to another within the same country. There 
is no unanimously definition of Small Construction Firms (SCFs), which are also considered as enterprise 
or business. Some of the usually used criteria are the number of workers, value of fixed assets, value of 
trades and size of invested capital as well as turnover. Nevertheless, the National Board for Small Scale 
Industries (NBSSI) defined small and medium enterprise as “one which employs not more than twenty-nine 
persons with plant and machinery value (excluding land, buildings and vehicles) not exceeding the 
equivalent of US$100,000” [8]. Small-sized firms are different from the other firms by the following 
characteristics: Direct supervision by the owner of the project, since the management of these projects is 
carried out by the owner personally. Therefore, the project management and decisions are flexible to ensure 
the success of the work of the project and a kind of human relations between workers within the project are 
built. The ease of adapting production according to the needs: taking into account the consumer's 
satisfaction and the rapid change in the market. In addition, small sized firms have less risk than others 
[9, 10]. 

Business growth is the increase in the size of a simple or complex economic unit, made with structural 
changes and possibly of system variables accompanied by economic progress. This concept is inextricably 
linked with the increase in the size and structural change of the firm [11]. Lewis and Churchill, 1983 
delineated five stages of development of a growing business which were; Existence, Survival, Success, 
Take-off, and Resource Maturity [12]. 

SMEs development is blocked by several challenges that are related to the regulatory environment, 
management skills, financial infrastructure, lending capacity and liquidity and the availability of risk-sharing 
instruments. Aigbavboa and Thwala [13] summarized the main challenges facing small contractors in as 
follows: Cash flow, Construction management skills, Contract documentation, Working relationships, 
Facilities and equipment, Communication Cultural impact, and financial management skills. The aim of this 
study is to identify the main internal and external challenges that small-sized construction firms are wrestling 
in the Gaza Strip. In addition to that, to review briefly small-sized construction firms’ characteristics, stages 
of survival and growth, source of funding and importance to the economy 

3. METHODOLOGY 

In this study, a questionnaire survey (a quantitative approach) was used to collect the factual, perceptive, 
and attitudes of the respondents [14, 15]. A pilot study for the questionnaire was conducted. The 
participants were asked to examine the questionnaire and confirm the validity of the questionnaire and its 
own relevance to the study objectives and give their comments. Generally, they decided that the 
questionnaire would work to attain the study objectives with comments and important points which have 
been addressed. The targeted population was the construction companies which have a valid registration 
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in the Palestinian Contractors Union (PCU) in Gaza Strip. For deciding the sample size of the population, 
Eqn 1 was used [16, 17]. 

 [n' = S2/V2]: The definitions of all variable can be defined as the following; n: sample size from finite 
population; N: Total population (85 small sized construction firms); V: Standard error of sample population 
equals 0.05 for the confidence level 95. S2: Standard error variance of population elements, S2= P (1-P); 
maximum at P= 0. 

Although the calculated sample size is forty-six, the questionnaire was distributed to seventy-five firms to 
overcome the risk of not responding from the respondents and to reflect higher reliability. Sixty-eight 
questionnaires were received back with 90%. response rate. Likert scaling was used to rank questions that 
have an agreement level. The respondents were asked to give their perceptions in-group of questions on 
five-point scale1, for the strongly disagree to 5 for the strongly agree), which reflects their assessment 
regarding the factors affecting the bidding process. 

The collected raw data were first sorted, edited, coded and then entered into computer software. Two 
software were used, the Excel sheet and SPSS. The ordinal scale is a rating data, which uses integers in 
ascending or descending order. The Relative Important Index (RII) was used in the analysis. In addition, 
Analysis of Variance (ANOVA) tests, frequencies and percentiles were used. The RII method has been 
widely used in construction research for calculating and formulating attitudes with respect to surveyed 
variables. Then, the RII was computed using Eqn 2 [18-24]: 

where W is load given for every factor by the respondent, between 1 to 5, (n1= number of respondents for 
who agreed strangely, n2 = number of respondents who don't agree, n3 = number of respondents for 
neutral, n4 = number of respondents for agree, n5 = number of respondents who agreed strangely). A is 
the first load (i.e. 5 in the study) and N is the total number of samples. RII value is between 0 and 1. The 
analyzed data was finally presented using descriptive methods for easy interpretation and to enable and 
make comparison easy. 

4. RESULTS AND DISCUSSION 

Questionnaire results were obtained from 68 questioners, section one of the questionnaire discusses the 
personal information of the respondents of the questionnaire, section two discusses the basic information 
of the examined construction firms and section three discusses the factors related to finance, factors related 
to material and equipment, factors related to the human resources, factors related to the higher 
management skills, factors related to communication and work relations and factors related to the business 
environment all represent the challenges facing the new small-sized construction contracting firms. These 
sections were designed to achieve the defined objectives of this research and to propose recommendations 
to improve the criteria of the work to guarantee the success of these firms. 

4.1. Personal Information of the Respondents 

Table 1 shows that 36.8% from the sample nature of work is “Chairman”, 32.4% “Executive manager”, 
16.2% “Project Manager”, 8.8% “Site Engineer”, and 5.9% “Office Engineer”. The majority of the 
respondents are from high management positions because they are often the owners of the business and 
they do not need or tend to hire much employees. Table 1 further shows that 35.3% from sample's 
experience in the company “Less than 5 years”, 35.3% “5 to 10 years”, 20.6% “10 to 15 years”, and 8.8% 
“More than 15 years”. 

4.2. Basic Information of the Examined Firms 

Table 2 shows that 91.2% of the companies have 1 to 5 number of permanent employees, and only 8.8% 
of the companies has 6 to 10 permanent employees. The results are definitely expected; small firms’ owners 
are often the ones who cover all the duties themselves. In addition, Table 2 shows that 45.03% from type 
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of business carried out by the company are “Building construction”, 33.11% “Roads”, 9.93% “Water & 
Drainage”, 2.65% “Electro-mechanic”, and 9.27% “Public works and Maintenance”. With respect to the 
average of projects carried out by the companies, the results show that 79.4% from the average value of 
projects carried out by the company annually are “Less than $1 million”, and 20.6% are “from $1 to less 
than $2 million”. The results reflect the difficulty of accessing to work opportunities. 

4.3. Small Sized Construction Firms Challenges 

This part shows the results of the respondents regarding the challenges facing the small-sized construction 
firms which are divided into six groups as follow: Financial challenges, Material and equipment, Human 
resources, Higher management skills, Communication and work relations, and Business environment. 
Table 3 illustrates the Mean, Std. Deviation, t-value, and the rank of the challenges groups according to 
RII. Financial challenges are the biggest challenge to the small contractors, RII 79.25%. Material and 
equipment ranked second with RII of 79.12%, it is undoubted that supplying material to projects is a 
challenge that is disturbing small contractors because of the close link to the political and security affairs in 
the Gaza Strip. Finally, the lowest score was for communication and work relations field, RII 60.69%. 
Despite the importance of the factors of this field and the mandatory need to cover them professionally, it 
is not striking that the field occupies the last position because respondents would be inattentive towards 
factors that are related to the personal characteristics of the firm's owners. 

4.4. The Most Important Challenges for Small-sized Construction Firms 

The highest three factors from each group are illustrated in Table 4 ranged from highest to lowest according 
to RII. 

Factors related to the Finance Results from Table 4 indicated that the Start-up cost was the highest loading 
factor with a mean equals “4.53”, RII “90.59%” and P-value equal 0.000 which is smaller than the level of 
significance α= 0.05. The result seems logical and predictable. The founders of new construction firms in 
Gaza Strip are expected to expend a minimum amount of ten thousand dollars to cover the registration fees 
at the government departments, the Chamber of Commerce and the Contractors' Union. Add to that, the 
expenses of the Law office and Accounting office beside the expenses of opening a bank account and 
getting a checkbook. All the above, besides the expenses of establishing and furnishing an office according 
to standards form a real obstacle to beginner investors. Mafimidiwo [25] indicated that the majority of small 
contractors obtained their start-up capital from personal savings and this is the reason for the excessive 
interest in this factor. The second-high factor loaded in this component was (Foreign currency 
fluctuation) with a mean equals “4.24”, RII “84.71%”, and P-value 0.000, which is smaller than the level of 
significance α= 0.05. The majority of the construction projects in Gaza Strip gets funds from international 
relief societies that depend on non-local currency transactions. Therefore, determining the most appropriate 
price to determine the value of the foreign currency in local currency to reach the optimum bid price is a 
real challenge. Especially as the process of tendering, awarding and execution extends for a long time, 
which means there is enough margin for a change in the currency exchange rate which is fluctuating in 
nature. 

Factors related to material and equipment (Continuous abruption of construction material) was the highest 
loading factor with a mean equals “4.74”, RII “94.71%” and P-value equal 0.000 which is smaller than the 
level of significance α= 0.05. The logical of this factor is due to the unilateral control by the Israeli 
government of the crossings and the entry of materials and personnel into the Gaza Strip, the entry of 
construction materials for projects has become closely linked to security and political issues. The second-
high factor loaded in this component was (High and unstable prices of construction material) with a mean 
equals “4.47”, RII “89.41%”, and P-value 0.000, which is smaller than the level of significance α= 0.05. As 
a result of the restrictions imposed on the entry of construction materials, the prices of building materials 
are high compared to their prices from the source, or their price in the neighboring regional markets. 
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Factors related to the human resources (Nomination and recruitment policies for the team) were the highest 
loading factor with a mean equals “3.74”, RII “74.71%” and P-value equal 0.000 which is smaller than the 
level of significance α= 0.05. It can be concluded that a large number of arising companies are known to 
be family businesses or companies based on the partnership of former friends or colleagues, and the 
policies for the nomination of team members for projects are a serious challenge. The second-high factor 
loaded in this component was policies to maintain staff stability with a mean equals “3.65”, RII “72.94%”, 
and P-value 0.000, which is smaller than the level of significance α= 0.05. As the nature of work in small-
sized companies depends on the mixing of tasks assigned to employees, unlike the big companies that 
tend to specialize. It is a constant concern for small-sized companies to develop a policy to maintain the 
basic staff by seeking to provide continuous work to ensure the minimum coverage of these staff. 

Factors related to the management skills (The lack of clarity of vision and the difficulty of developing a 
strategic plan) were the highest loading factor with a mean equals “3.62”, RII “72.35%” and P-value equal 
0.000 which is smaller than the level of significance α= 0.05. In the Gaza Strip, the security and political 
situation are always unpredictable. So the result here was expected and it also applies to all companies 
whether large, medium or small-sized. The result is not far from what Mafimidiwo [25] listed in their study 
of problems facing small building contractors. In their study, strategic planning was among the ten most 
influential among forty-five factors. The second-high factor loaded in this component was the need for a 
permanent marketing system and skills with a mean equals “3.32”, RII “66.47%”, and P-value 0.000, which 
is smaller than the level of significance α= 0.05. Marketing for a company in contracting is very important. 
All employees in this field have seen the shift in bid evaluations and to what extent the interest in the 
technical evaluation of companies has become urgent. What makes it even more urgent for newly emerging 
companies is that the general culture towards newcomers is always negative because they are unknown. 
The result matches to what Bouazza et al. [26] concluded in their study of factors affecting the growth of 
small businesses in Algeria. 

Factors related to communication and work relations (Involvement of the owner in the details of the 
execution of the work) were the highest loading factor with a mean equals “3.59”, RII “71.76%” and P-value 
equal 0.000 which is smaller than the level of significance α= 0.05. The role of the owner in the success of 
the project is undeniable, especially its role in defining the scope of the project and facilitating of payments 
to the contractor. The result matches to those of Raghavan and Kumar [27] who listed the involvement of 
the owner as of the third loaded factor. The second-high factor loaded in this component was complexities 
of dealing with suppliers with a mean equals “3.44”, RII “68.82%”, and P-value 0.000, which is smaller than 
the level of significance α= 0.05. The difficulty is expected to emerge as a result of the difference in business 
reputation and financial resources between the parties. The supplier may not be interested in dealing with 
a small-sized company that buys construction materials in small quantities and spaced frequency. The 
contractor's need to purchase materials pay by installments or delayed payments may force the contractor 
to comply with the supplier's conditions, including raising the price for deferment of payments. In addition, 
choosing a supplier that agrees to delay payments may often mean choosing the inappropriate supplier. 
The result meets with the reference [25, 27] and it definitely matches practical facts. 

Factors related to the business environment (The general economic situation is unstable) was the highest 
loading factor with a mean equals “4.47”, RII “89.41%” and P-value equal 0.000 which is smaller than the 
level of significance α= 0.05. The economy in Gaza is suffering from the Israeli blockade since 2007. The 
movement of goods and individuals (businessmen) through the crossings is almost paralyzed. As a result, 
employment opportunities are not available, the average income is very low and the incentives for urban 
expansion and the development of infrastructure are virtually non-existent. So the chances of projects will 
be less and the general competition will be more severe. The economic blockade for a relatively long time 
has created a pessimistic and unfavorable atmosphere for investment. Aigbavboa and Thwala [13] also 
ranked the economic situation as the second loaded factor among all the factors in their local studies.The 
second-high factor loaded in this component was (Competitive nature of construction and contracting) with 
a mean equals “4.00”, RII “80.00%”, and P-value 0.000, which is smaller than the level of significance α= 
0.05. The competitive environment is one of the incentives to attract investment in open and healthy 
markets. The problem lies not in the competition itself, but in the unequal competition between small 
companies and large companies, which have been driven by the lack of opportunities to compete for small 
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projects. The result is common in many similar studies such as Mafimidiwo and Iyagba [25] who ranked 
competition as the highest loaded factor among all factors. In addition, Aigbavboa and Thwala [13] ranked 
competition as the third loaded factor while Raghavan and Kumar [27] ranked competition as the fifth loaded 
factor. 

CONCLUSION 

Small firms are active participants in the national economic empowerment, especially in developing 
countries. In the Gaza Strip, despite their importance, small firms have seldom paid attention to strategic 
plans and studies. The study was carried out through a questionnaire survey to the small-sized construction 
firms’ representatives. The study found that the most important groups of challenges are as follows: 
Financial challenges, challenges related to material and equipment, challenges related to human 
resources, challenges related to higher management skills, challenges related to communication and work 
relations and finally, challenges related to the general business environment. The most influencing 
challenges are: start-up cost, foreign currency fluctuation, access to finance, continuous abruption of 
construction material, high and unstable prices of construction material, nomination and recruitment policies 
for the team, policies to maintain staff stability, the lack of clarity of vision and the difficulty of developing a 
strategic plan, the need for a permanent marketing system and skills, involvement of the owner in the details 
of the execution of the work, complexities of dealing with suppliers, the general economic situation and 
competitive nature of construction and contracting. Some of the factors are strongly related to the nature of 
the construction industry, some are related to the characteristics of small-sized firms and some are specific 
to the general situation of the Gaza strip. 
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