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ABSTRACT 

Renewable energy, specifically solar thermal harvesting is the world’s current focus, proven 

technically and economically important for home and industrial uses. Tanzanians make struggle 

for fossils and electricity which they barely can afford and threat to environment. However, 

overheating of the parabolic solar concentrator caused by intensity of solar irradiances, may 

destroy the concentrator, house burning and threatening the livelihood. A good number of 

researches partially addressed overheating with less significant reason. These researches put 

much effort on heat optimization, limited to industrial consumptions only. To solve this problem, 

we have established and simulated parabolic dish, temperature control circuit and solar motion 

tracking and dish control circuits aiming at harvesting sufficient solar energy and control heat by 

focusing and defocusing the dish to the required energy limits. The experimental results were 

compared between the current model and existing models. This model shows higher performance 

on solar energy harvests and heat intensity control mechanism. The significance was to help low 

income earners by consuming free solar energy instead of paying for charcoal, firewood and 

electric bills which are too expensive to afford for many Tanzanians. By so doing we also 

conserve our environment. 

Keywords: Parabolic, Thermal concentrator, Thermal control, solar cooker. 

1.0 INTRODUCTION 

Renewable energy harvesting is the world’s current focus, proven technically and economically 

important. Worldwide supplies from renewable (such as solar, thermal, photovoltaic, wind, 

hydro, bio fuels, wave, tidal, ocean and geothermal sources) are essential components of every 

nation’s energy strategy and necessary concerns for the energy affordability, environment and 

sustainability (Demirbaş, 2006). 

Solar energy is the most abundant and renewable form of energy compared to other counterparts 

such as wind-power, fossil, hydro-power and biomass (http://www.scearthconnection.org, 2017). 

It’s cheap, one can literally find it anywhere during the daytime, and it can be used for a variety 

of purposes. Sunlight can be used for heating and lighting homes and buildings, for generating 

electricity, and more. It does not require a huge operating area in order to produce large amounts 

of energy. Unlikely other forms such as; hydro-power plants, windmills take up a lot of space, 

which limits the usage of wind power on a global scale. 

In Tanzania, fossil fuels, charcoal and firewood have always been a main source of energy 

throughout the years (Barry, 2011). But since they can’t be replenished and can do the 

environment harm, renewable sources of energy are slowly taking their place. 
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Renewable energy is paving the way for an environmentally safer means of producing power and 

electricity. While the other types of energy do have their own advantages and disadvantages, 

solar energy definitely stands out. Given the state our planet is in, solar energy is definitely the 

best choice when it comes to creating new technologies and ways to save our planet. 

Parabolic solar thermal concentrating system is an optical system that concentrates solar energy 

by converting it into usable energy (Barry, 2011). Considering economic status of most 

Tanzanian citizens, solar concentrating systems should be designed basing on energy-efficiency, 

cost effectiveness and affordability. Currently, most Tanzanians consume fossil energy such as 

firewood and charcoal for domestic use, especially for indoor cookery. Unfortunately, the use of 

firewood and charcoal releases huge amount of greenhouse gases which have adverse 

consequence on the environment. Therefore, alternative sources of energy are inevitable to meet 

future energy demand and sustainable growth of mankind. This study proposes a parabolic solar 

thermal concentrator control system for in-door cooker. 

A parabolic solar concentrator uses solar radiations as free and efficient source of energy. This 

may be the best option source of energy for many Tanzanian households, particularly, for the 

low-income earners who cannot afford to pay for other sources of energy. The indoor solar 

cooker from the parabolic solar thermal concentrator can be the best substitute, as it is a clean 

energy production, thus serving best in protecting the environment from greenhouse gases 

pollutants. 

However, overheating of a parabolic solar thermal system caused by high intensity of 

temperature harvested from solar radiation may cause serious damage to the solar cooker and 

even be life threatening, careless in operation of the parabolic solar thermal collector households 

may result in house fires or even loss of life, thus one must familiarize oneself with the operation 

guidelines. 

There has been no simple temperature control mechanism for parabolic solar cookers like those 

seen in electric or gas heaters. This is due to the fact that the energy source is optical in nature. 

The user needs to manually turn the parabolic dish away from the sun radiation in order to avoid 

an overcook or food burn. This manual operation process may put the household life in danger if 

crosses along the focal point of the solar collector. This necessitates the invention of a 

temperature control mechanism. Thus; this study focuses on filling this gap, by designing a 

reliable thermal influx controlled parabolic trough solar cooker using solar concentrator. The 

study addresses the overheating of the parabolic trough, which is a detrimental factor causing 

many Tanzanian households to intentionally avoid the use of solar cookers. 

The study aims to develop a temperature monitoring and control mechanism for a parabolic solar 

thermal concentrator for indoor solar cookers. The study has focused on the following specific 

objectives: 

i. To identify the possible technical causes of overheating and/or under heating of the 

parabolic trough heat concentrators. Linear correlation and multiple regressions were 

performed on the reviewed data to identify which parameter could have been the most 

influential factor towards solar energy harvest.  

ii. To design the temperature, solar motion control circuit and parabolic dish of proposed 

solar concentrator. We set up all tools and measurements related to each component, then 
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experimentation was performed form each proposed and existing models, the results 

where then compared and draw conclusion based on the results. 

iii. To determine the relationship between attained temperature and the tilting angle of the 

parabolic solar concentrator as it withdraw away from right angle degrees of solar 

concentrator to the diminishing sine of solid angle. We tested various technical 

parameters as inputs towards solar insolation production. 

iv. To integrate up circuit components, parabolic trough, temperature, tilting angle sensors 

and firmware/algorithm to form a single system. The integration was made by combining 

up all essential components into a complete parabolic solar concentrator. 

The study intends to focus on domestic and community aspect of solar cooker, by discussing the 

technical aspect and details of designing solar cooker systems, such as parabolic trough design, 

circuit design, microcontroller programming and sensors integration. 

2.0 MATERIALS AND METHODS 

2.1 Parabolic Solar Thermal Concentrator  

A parabolic solar thermal concentrating system was designed to concentrate solar irradiance for 

conversion into thermal forms of usable energy. It collects direct solar irradiance from a 

collection field and concentrates it to a smaller receiver area. At a particular thermal gradient, the 

heat conveyed from the parabolic solar concentrator to the indoor solar cooker via a well-

designed thermal fluid tube (heat transfer medium).  

Through the tracking system, heat sensor and angle sensors will be installed to let the 

microcontroller trigger the parabolic trough direction to or far away from the directly hitting sun 

radiation, depending on the temperature required by the facility. The thermal fluid tube (heat 

exchange system) will regularly be sending back and forth the heat between the parabolic trough 

and the solar cooker, as a means of regulating thermal heat alongside the heat transfer system. 

The programmable electronic circuit and microcontroller after receiving heat level and angle 

from the sensors eventually respond according to the instructions written into the controller 

which will make the parabolic trough respond accordingly. A parabolic solar thermal 

concentrator has sun tracking system to follow the sun’s movement. As the parabolic dish tilts, 

according to the sun motion, the intensity of solar radiation falling on the surface increases, 

which result into high intensity of heat harvest. The abnormal rise in heat may lead to 

overheating and damaging of the solar cooker and even course danger to the household. 

A solar concentrating system consists mainly of an absorber, a receiver and a sun tracker. The 

concentrator, which is usually a parabolic dish, has to track to the sun position throughout the 

day, and even throughout the year. Moreover, the initial position of the tracking system should 

be calibrated to the particular position on the Earth's surface due to latitude variation (Ramírez, et 

al. 2011).The tilting angle of the parabolic trough influences the number of solar radiations and 

the intensity of heat at the focal point of the trough. 
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2.2 Parabolic Trough System Design  

The parabolic dish was designed using Solid works 2016 Solid-Works is a powerful computer-

aided design (CAD) and computer –aided engineering (CAE) computer program used to design 

civil and mechanical components of various shapes. Various components of the parabolic dish 

were designed using this program. 

After doing preliminary observation we found out that, solar thermal harvest can be influenced 

by many factors such as geo, seasonal and metrological. In detail we name them as solar angle, 

wetness, Clearness, temperature and wind-speed. Therefore, in order to solve the addressed 

problems raised by overheating of the parabolic solar thermal concentrator, we need to first 

identify all possible courses of the concentrator overheating as the predictor factors and use them 

as input against the prediction (solar insolation). 

Sample of the prediction parameters were drawn from the potential sites of geo and metrological 

information agencies belonging to the category of Tanzania Metrological Authority (TMA) and 

National Aeronautics and Space Administration (NASA), Electronics, solar and embedded 

systems professions and also from testing (experimentation) the existing parabolic solar 

concentrators systems including various related publications. 

For each factor we were first interested with the level of linear relationship between the 

parameter and the solar intensity. To establish this, for each parameter we run separate linear 

correlation analysis-based on equation (1). 

� = � (���
��	 
��)(�
�)

�∑ (��
��) 2���	 �∑ (�
�) 2���	
      (1) 

Where  

� Means the sample size 

  ` Means sample parameters used to determine intensity of insolation 

 Means the predicted intensity of solar insolation 

Where a means partial correlation coefficient 

c is the initial or constant value. 

Usually the correlation range of r is supposed to fall under [-1, 1]. Value of 1 means a perfect 

positive relationship and value of 0 means no relationship at all and the value of -1 means perfect 

negative relationship. 

The factors with good linear relationship were further subjected to a simple and multiple 

regression models to determine the nature of the relationship with the solar intensity as the 

predicted variable. The multiple regression relationship was determined by the following 

regression equation (2)     

Y= � ii xa + � 0
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���

        (2) 

Where by  

�� = Partial regression coefficients for variables � i … . � n  
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�=solar insolation 

� 1 = Wet days, d 

� 2  = Clearness, 0 - 1 

� 3 = Temperature, °C 

� 4 = Wind speed, m/s 

� 5 = Precipitation, mm 

� o =constant 

The regression coefficients for each parameter were observed and concluded into relationship 

status. The result was considered positive or negative relationship if the significance value P 

<0.05.  And in our case r Square must be r >50%, here the higher the R square the higher the 

means of relationship between Multiple parameters and Solar insolation. The system 

development life cycle of the parabolic solar concentrator model is depicted in Figure 1. 

 

Figure 1: System development life cycle of the parabolic solar concentrator model 

2.2.1 Reflector 

The reflector of our experimental device consists of a parabolic concentrator of 2.2 meters 

opening diameter. Its interior surface is covered with a reflecting layer which reflects solar rays 

on the face of a receiver placed at the focal position of the concentrator. The concentrator is 

posed on a directional support according to two axes to ensure the follow-up of the sun. 

2.2.2 Assumptions 

1. The equation for the parabola in U-shaped coordinates is: 

Z = r 2 /4f          (3) 

�=the diameter of the opening parabolic surface. 

 =Axial distance, (m) 

!=the focal distance of the parabola.  

2. The surface of this parabola is given by:  
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S = (8π/3)f 2 {[1 + (d/4f) 2 ] 2/3 − 1}    
  (4) 

-=the surface area of the parabola. 

!=the focal distance of the parabola. 

.= the diameter of the opening parabolic surface. 

3. The cross-section of the opening parabola is: 

M. Ben Salah et al.  

S 0 =  πd 2 /4  (5) 

- 0 =Parabola area, (m2) 

.= the diameter of the opening parabolic surface. 

 

4. The focal distance is given by the following expression:  

f = d 2 /16h   (6) 

Where, 

ℎ= the depth of the dish.  

.= the diameter of the opening parabolic surface. 

!=the focal distance of the parabola.  

The characteristics of the solar concentrator is depicted in table 1. 

2.2.3 Receiver 

The heat absorber is located at the focal point of solar irradiance. The U-shaped parabolic trough 

is used to permit high collection of heat intensity and low heat loss due to wind interference. The 

concentrator is oriented in front of sun according to two freedom degrees while tracking the solar 

movement. Solar angle and declination angle of solar radiations were used to determine the 

harvested solar thermal intensity. The first jack ensures the follow up of the solar angle. The 

second one permits movement of the concentrator according to declination angle. This command 

system permitted us to obtain a U-shape of sunspot as shown in Figure 2. 

 

 
Figure 2: Solar energy absorption trough 
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The advantages of this type of tracking mode is that very little collector adjustment is required 

during the day resulting in the solar trough always facing the sun at noon time, but the collector 

performance early in the morning or late in the afternoon is greatly reduced due to the large 

incidence angles of the trough. The receivers are covered with a thin coat of black paint, with an 

effective absorption coefficient and are located in the focal zone of the parabola. The geometrical 

concentration of this model is: 

C
g

= S o /S a            (7) 

- o =Parabola area, (m2)  

- a =receiver area (m2)  

3
g

=Geometrical concentration coefficient 

Φ incid =  φ s /cos(δ)          (8) 

Φ incid =direct solar flux 

cos(δ)=angle declination,  

φ s =heat on the surface of the dish. 

The dish was designed in a U-shape figure, so that it should be able to fetch enough solar 

irradiance and concentrate them on a long heat absorber, the U-shape ensures maximum harvest 

of solar insolation. The dish was designed to 90 degrees solid angle to ensure collecting enough 

heat from solar irradiance. 

2.3 Temperature Sensor Control Circuit Design 

This research requires designing a parabolic solar concentrator to operate at extreme 

temperatures of above 1000°C. Therefore, we had to select thermocouple type K as the suitable 

sensor for the proposed solar concentrator. A thermocouple produces a temperature-dependent 

voltage, small signals, often microvolts in magnitude, as a result of the thermoelectric effect, and 

this voltage can be interpreted to measure temperature. Precise measurements of this signal 

require an amplifier with low input offset voltage and with care taken to avoid thermal emfs from 

self-heating within the voltmeter itself. If the thermocouple wire has a high resistance for some 

reason (poor contact at junctions, or very thin wires used for fast thermal response), the 

measuring instrument should have high input impedance to prevent an offset in the measured 

voltage. A useful feature in thermocouple instrumentation will simultaneously measure 

resistance and detect faulty connections in the wiring or at thermocouple junctions. 

With respect to the effects of temperature change on dissimilar metals, measurable voltages are 

produced. In order to make the measurements as accurate as possible, the amplifier circuit is 

needed with regard to the thermocouple selected; in this case we have selected thermal couple 

Type K. Different thermocouples sensors have a different temperature coefficient meaning that 

they will generate different amounts of voltage for the same change in temperature, usually 

specified in volts per degree of Celsius (v/◦C).Knowing the temperature coefficient of a sensor is 

only half the equation, we also need to nail down the zero point, meaning that we establish a 

calibrated reference point. 

There are different approaches to follow into zeroing out and measure the change in volts per 

degree C, such as applying a known temperature such as immersing the sensor in ice water 

would be a simple if inconvenient way to establish a known reference temperature. 
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In this case, we are using a Cold Junction Compensator (CJC), which is the LT1025, a chip made 

to not only replicate the different temperature coefficients of the various thermocouples, but also 

give us a pretty reasonable calibration. CJC acts as another thermocouple or thermometer and 

changes the voltage as seen by the thermocouple, which is at room temperature in our case, and 

also corrects for some other non-linearity. With the thermocouple being driven by the CJC the 

output of the thermocouple is then fairly linear and fairly calibrated. 

The signals as generated by the CJC as a response form the voltages from the thermocouple is 

need to be amplified, ready for being processed by the microcontroller. A keen consideration has 

been made with respect to power consumption and accuracy of the amplifier during selection, 

whereas the LTC1049 Low Power Zero-Drift Operational Amplifier, which has internal 

capacitors. 

We have set fixed solid angle at 90 degrees, so that the cosine is 1, to be able to have maximum 

harvest of solar energy intensity. However, by so doing we get another challenge, that is, the 

more the radiation we get the more the temperature overrides. Therefore, temperature harvest can 

be higher than the required level. Now, the easiest way to control this temperature is to defocus 

the parabolic dish away from direct hit of solar radiations. This means we have changed the solid 

angle from 90 degrees backward to δ angle. Although we set fixed solid angle to get maximum 

harvest, we move the dish away from solar incidence when the temperature exceeds the required 

level. 

The reasons to reduce heat intensity is that parameters such as heat loss convection, heat 

conduction due to cooking and radiation level which can be used to remove heat has lower rate 

than the rate at which heat is produced. Because thermal energy is concentrated at the absorber, 

we have to remember that solar energy is cumulative in three cases. Since our target is to reduce 

heat intensity, then our target has specific heat capacity, there has to be something which 

removes energy from the absorber, therefore if the rate of removal is lower than the rate of 

incident, then energy is cumulative to higher intensity. That is why we are still experiencing 

overheating of the parabolic solar concentrator even if heat loss due to convention and 

conduction exists. 

1. Loss due to convection occurs when thermal fluid is when a pump forces is applied to push 

thermal conductor towards the solar cooker in the kitchen. 

2. Loss due to conduction occurs when the thermal fluid goes back to the heat source (solar 

absorber). Figure 3 shows the fluid flowing from parabolic thermal concentrator to in-door 

solar cooker and back to the absorber. 
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Figure 3: Thermal fluid In and Out. 

The aim of this research at this point is not to construct a thermometer but to activate or 

deactivate a parabolic solar concentrator by tilting it away or towards solar radiations at a 

particular margin of temperature. Temperature control was finalized by writing the 

microcontroller with c programming language. 

2.3 Solar Motion Control Circuit Design 

The parabolic solar concentrator is operating at optimal parameters when they are at the perfect 

right angle to the sun. In order to archive this, we set the solid angle to 90 degrees fixed at 

different solar positions. We have two ways of tracking solar radiation. 

i. Metrological information. There are cases which happen to reduce solar intensity. These 

are metrological information (cloud cover, precipitation etc.), so we need to sense the 

solar angle. So that when there is solar cover, the system needs to remember the 

particular angle of same dates where solar radiations can be found, and move the dish to 

that particular angle. 

ii. Real time tracking. The constant change in the position of the sun throughout the year has 

posed quite a big challenge for us as far as solar power harvesting is concerned. A solar 

tracker is a device for orienting a solar concentrator trough, day lighting reflector or 

concentrating solar reflector or lens toward the sun. Solar power generation works best 

when pointed directly at the sun, so a solar tracker can increase the effectiveness of such 

equipment over any fixed position. The solar parabolic trough is set perpendicular to the 

sun’s rays for maximum energy generation. The parabolic solar concentrator is operating 

at optimal parameters when they are at the perfect right angle to the sun. In order to 

archive this, we set the solid angle to 90 degrees fixed at different solar positions. 

Development of solar panel tracking system has been ongoing for several years. As the sun 

moves across the sky during the day, it is advantageous to have the solar panels track the location 

of the sun, such that the panels are always perpendicular with the position of the sun. Available 

solar trackers in the market are much costly to integrate with solar panel system. The major 

components used in our design are:  

• Photo resistor 

• Microcontroller 

• Stepper motor 
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Figure 4 shows the model of the solar tracker prototype. As illustrated the solar tracker prototype 

accommodates both degrees of freedom: azimuth and vertical. Note that two LDR sensors 

module and thus same control algorithm are implemented in both degrees of freedom. 

 
Figure 4: Solar tracking sensors LDR1 and LDR2 

 

For the each of axis, we used two sensor modules. The sensor module which used to vertical axis 

should be normal to motor of vertical axis. Then that motor can align the vertical axis with sun. 

In this prototype another axis is azimuth. Then the sensor module which used to azimuth axis is 

at normal to another sensor module. Then the motor belongs to that axis aligns azimuth axis with 

sun. We have installed two sensors separately. And have integrated in to one sensor which can 

align two axes with sun. The materials used in the construction of the prototype include Perspex 

2 mm sheets. The vertical axis was constructed by using Perspex sheets and motor connected to 

the panel as above figure shows. 

Solar tracker control circuit consist power supply, two motor drivers, two light sensors and 

micro-controller (Atmega 328p). A voltage supply of 12V is applied to the circuit which is then 

passed through a 5V voltage regulator.  

When sensor is normal to the sun, there is no shadow of object on the LDRs. Then, the light 

intensity on the LDRs is same.  Therefore, digital values are also the same. If sensor is not 

normal to the sun, there should be shadow of object on one of the LDRs. Then, the digital value 

of the LDR which get dark is less than the digital value of another LDR.  

Each LDR have bridge circuit produce analog voltage which proportional to light intensity. That 

analog voltage connected to the ADC module of Microcontroller. The logic that works on the 

Microcontroller to get the analog values as inputs and compare two analogue values form LDRs 

belongs to each sensor and find which LDR is under shadow. Then rotate motors which belongs 

to each sensor until minimize the difference between two ADC values with an error margin of ±5 

points. Simultaneously two motors are rotate according to minimize the difference between two 

ADC values. 

After designing the parabolic trough and circuitry components, the physical integration of the 

hardware was made possible, considering the source-codes in place for controlling the tilting 

angle of the parabolic trough and motion towards and away from the sun radiations. The 

integration was also determined the machine learning intelligence of the solar cooker; machine 

learning will keep track of previous history of the parabolic trough triangulations in relationship 

to weather condition and level of temperature maintained during that period of time due to 

changes in season. 
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System performance was measured by comparing from the existing systems. Temperature 

behavior of the local environment was essential parameter during performance examination. The 

performance was examined using a computer that was linked to the controller being designed, 

whereas data being collected was forwarded to the computer for computational in comparison 

with data from other systems. Figure 5 shows the solar thermal data acquisition system from the 

parabolic dish to the computer system. 

 
Figure 5: Solar thermal data acquisition system 

3.0 RESULTS AND DISCUSSION 

To determine the most influencing parameter on solar thermal heat variation, we reviewed geo 

and metrological data from NASA and TMA. Data involved was solar angle, wind speed, cloud 

clearness, precipitation, wetness and temperature. By doing so we intended at picking the factor 

which could have huge impact on solar energy harvesting. We used linear correlation and 

multiple regressions to determine the significances relationships by collecting coefficient 

correlation, p-value and standard error for each parameter and in multiple. Then this correlation 

helped us to pick and use the most influencing factors as inputs to our experimentation and able 

determine the maximum heat harvest and the measure we can take to control the overheating of 

the parabolic solar concentrator. In order to archive this specific objective, the metrological, 

geographical and seasonal data, were taken into consideration as main parameters.  

3.1 Results on Solar Angle Determination 

Correlation between solar angles and temp during Equinox and Solstice are proportional with 

higher Temperature satisfaction scores of R= 0.51. This can be considered large effects to 

Overheating of the parabolic concentrator. Therefore, we consider solar angle as the prediction 

parameter to solar insolation harvesting by linear correlation addressed by the output linear 

equations such as, y = 0.0282x + 30.283 for maximum temperature and y = 0.0565x + 20.566 for 

minimum temperature harvest during equinox and solstice at the correlation value of R=0.98. 

3.2 Correlation Values between Solar Insolation, kWh/m²/day and Wet Days, D, Clearness, 

0 – 1, Temperature, °C, Wind Speed, m/s, Precipitation, mm. 

The geo information data was collected at TMA workstation in order to determine the 

relationship to solar insolation harvesting in order to design an effective parabolic solar thermal 
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control system. The annual prediction data collected from January 2017 to December 2017 in 

Dar es Salaam are depicted in Table 1. 

Table 1: Solar energy and surface metrology per square meter in Dar es Salaam, Tanzania 

 Jan Feb Mar April May Jun Jul Aug Sep Oct Nov Dec 

Wet days, [d] 9.7 4.3 11.6 13.3 14 5.8 5.9 5.7 5 6.9 8.9 12.3 

Clearness, 0 - 1 0.54 0.55 0.52 0.5 0.5 0.54 0.52 0.51 0.55 0.54 0.54 0.55 

Temperature, 

[°C] 

26.76 26.89 26.88 26.21 26.33 25.69 25.04 24.83 25.03 25.52 26 26.46 

Wind speed, 

[m/s] 

4.33 3.98 4.46 5.67 7.21 7.63 7.47 6.64 5.89 5.9 5.26 4.32 

Precipitation, 

[mm] 

70 49 120 130 153 40 26 23 25 49 106 114 

Insolation, 

[kWh/m²/day] 

5.79 5.93 5.4 5.2 4.5 4.57 4.52 4.76 5.59 5.67 5.76 5.78 

3.3 Results on linear correlation and multiple regression 

Multiple correlation method was used for experimentation purpose, where the input values of 

given data (Wet days, d, Clearness, 0 – 1, Temperature, °C, Wind speed, m/s, Precipitation, mm). 

After performing multiple correlations, we did multiple regressions to justify the correlation 

value by determining the significant correlation. The findings show that there is a positive 

relationship between clearness and solar insolation by the correlation of R = 0.673975771, as 

analysis results shows in Table 2. It can be concluded that during May and June, July fell to 

4.5W/m2 amount of solar insolation due to cloud covering the sky, which led to insufficient solar 

irradiance falling on the parabolic trough surface. Therefore, we are able to harvest enough solar 

insolation on months of October, November, December and January. This means by managing 

cloudiness and clearness we consider it to be a viable determinant of solar energy insolation. 

Moreover, the relationship between the rise in temperature is directly proportional to the rise in 

insolation intensity at the correlation of R=0.463601586.  

Therefore, temperature falling over the surface of the parabolic trough is direct proportional to 

the temperature accumulated over the surroundings due to huge amount of solar radiation 

recorded at the times when temperature was high. This means the fall and rise in temperature has 

a big impact to the rise in solar insolation harvest, using linear correlation equation y = 0.628x + 

22.622, during November, December and January the solar intensity harvest is likely to rise from 

4.57 to 5.78W/m2 according to temperature on the surroundings and months May, June, July and 

August had experienced an average fall in insolation to 4.5W/m2. Similarly, this means that with 

this positive correlation, temperature can be used as input and predictor parameter to our solar 

thermal experimentations. 

Further, the wind speed and Solar insolation are correlated with negative energy scores of R= -

0.896546077 which can be considered a large effects to under heating of the parabolic 

concentrator as shown in Table 2. The wind behavior can be major obstruction to solar 

irradiance, as wind tends to resist and converge solar radiations to fall over the parabolic trough. 

The higher the amount of wind tends to lower the amount of solar insolation on the earth`s 

surface to negative. If solar radiation is converged at less than 90 or more than 90 degrees on the 

trough surface we experience less amount of heat harvest and at 90 degrees we experience 
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maximum heat harvest, this is according to correlation analysis obtained using equation y = -

2.1044x + 16.883. The amount of solar insolation harvested at months may, June July and 

August were less than at months October, November, December and January, due to variation in 

the amount of wind currents. With this positive correlation, wind can be used as input and 

predictor parameter to our solar thermal experimentations. We managed to control wind speed by 

building a U-shaped parabolic dish where the focal point appears below wind abstraction level. 

Table 2: Multiple correlation of seasonal values and solar insolation 

  Wet days, 

[d] 

Clearness,  

0 - 1 

Temperature, 

[°C] 

Wind speed, 

[m/s] 

Precipitation, 

[mm] 

Insolation, 

[kWh/m²/day] 

Wet days, [d] 1      

Clearness, 0 - 1 -0.49746257 1     

Temperature, 

[°C] 

0.538418888 0.098305015 1    

Wind speed, 

[m/s] 

-0.1809724 -0.453277703 -0.70489591 1   

Precipitation, 

[mm] 

0.943336055 -0.409780002 0.652301934 -0.261049474 1  

Insolation, 

[kWh/m²/day] 

-0.03298398 0.673975771 0.463601586 -0.896546077 0.065207635 1 

 

In addition, the precipitation and solar insolation are correlated with positive and lower 

correlation to solar energy at a scores of R= 0.065207635 which can be considered there is 

slightly positive impact to the amount of solar insolation due to precipitation. This means 

precipitation has less significance to the experimentation. The rise in the amount of precipitation 

contributes to less amount of insolation. The trend in fall of solar insolation are due to increase in 

precipitation level using correlation equation y = 7.0485x + 33.117; where at months July 

insolation level fell to 4.52W/m2 while at months of December the insolation was tested to rise at 

a range of 5.78W/m2 maximum. This means that with this less positive correlation, precipitation 

can rarely be used as input and predictor parameter.  

To be able to keep memory of seasonal properties, the parabolic solar concentrator will have to 

keep track of all monthly and seasonal weather properties in a log file format. This will help the 

system to automatically adapt new position by recalling the stored log data. Changes in seasonal 

weather for example during cloud times, the parabolic dish may fail to track the sun, since the 

sky may not be clear. Failing to track the sun motion, may lead to insufficient solar energy 

harvest. In this case the program is written to tell the parabolic solar concentrator to read back to 

the log data, and remember the best solar position it used to track enough solar radiations. The 

parabolic solar concentrator keeps track date and positions on equinox, solstice and other 

seasons.  

The clearness of the sky contributes to enough solar energy harvest for months such as Feb, Sep 

and December of 2017 are likely to have clear sky with 0.55 clearness and higher insolation of 

5.93, 5.59, 5.78 kWh/m2 respectively, compared to other months with low insolation results. This 

means clouds can be a big obstacle to solar radiation to penetrate over to the surface of the earth, 

which make a low a harvest of solar insolation using a parabolic trough solar concentrator 

(Figure 6). 
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Readings from Figure 7 show that temperature the rise can be of great advantage for solar energy 

harvest, the results in hottest moths such as December, January February and March measuring 

temperature range of 26.46, 26.76, 26.89 and 26.88 respectively we are able to harvest enough 

accumulative heat as the graph shows compared to other months falling over 24 temperature 

range. The increase in wind speed can obstruct with the incoming solar radiation from falling 

directly on the surface of the parabolic dish, some radiations may not fall under 90 degrees solid 

angle which may result in shifting the focal point away from the heat absorber/receiver. Also, 

having focal point height far away from the dish can accelerate wind-speed to have huge impact 

in obstructing heat to reach the focal point. However, in our case, this is not a big issue since we 

have designed the dish in a U-shape model in order to minimize wind speed obstruction, where 

the focal point is designed inside the dish in order to resist from wind crossing along the dish 

surface. The results show less solar insolation on months such as May, June, July and august due 

to high wind obstruction over the parabolic dish 7.21, 7.63, 7.47 and 6.64 mm respectively. 

Wetness and precipitation are addressed as major factors, in months of high precipitation. 

Wetness shows a decrease in solar insolation harvest months with high rainfall, high humidity 

and wetness and an increase in solar insolation in months with Low rainfall, low humidity and 

wetness. Considering the graph in Figure 7, the trend in insolation variation due to wetness and 

precipitation is demonstrated. 

Distance of the sun from the earth’s surface is a barrier to harvesting enough solar energy. 

Variation in seasons caused by the earth’s rotation and revolutions may results in situations such 

as equinox and solstices. Equinox: occurs when the equator passes through the sun disk. Usually 

twice a year: around 20 March (13:29) and 22 September (23:02) solstice: The sun is overhead 

twice a year around. 21 Jun (07:24) and 21 Dec (19:28). Normally around these months the earth 

is near to the sun which makes sufficient solar irradiance to fall over the parabolic dish surface. 

 
Figure 6: Insolation kWh/m2 vs. clearness and 

temperature 

 
Figure 7: Insolation kWh/m2 vs. Wet days, 

Precipitation and Wind speed 

4.0 CONCLUSION  

This study presents the design and evaluation of a two-axis solar tracking system based on 

aiming at controlling the intensity of solar energy harvested using parabolic solar concentrator 

system. Identification of major factors which could be the predictor parameter to solar energy 

harvest was made by performing linear correlation of each parameter against solar insolation and 

few of them were identified with large and perfect correlation coefficient such as solar angle, 

temperature wind speed and clearness. Design and set up of the parabolic solar concentrator were 
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made effectively and the resulted solar insolation harvest showed a tremendous performance on 

the proposed model against the results from the existing model. 

Using sensor thermocouple type K and Two installed solar motion; the proposed parabolic solar 

concentrator was able to perfectly track the solar motion and maintain solid angle at 90 degree of 

the solar irradiances on the parabolic trough. Likewise, in same facility temperature control 

circuit has been installed to sense and control the amount of solar insolation on the 

receiver/absorber.  

The experimentation set up was effectively performed and the results were collected using digital 

multimeter and pyrometer for data acquisition and plotting of graphs. 

The research experimental results show that temperature was effectively harvested to larger 

amount compared to existing model and the control mechanism of the temperature under a 

particular maxim level was effectively attained. 

Working process of the designed parabolic solar concentrator shows that once the temperature 

gets to the maximum boundary, the parabolic dish is triggered to move away from the direct hit 

of solar irradiances. The relationship between solar angle, solid angle had a positive perfect 

result and satisfactory to achievement of the specific objectives. 

Most industries use thermostat as a way of controlling heat level by shutting down the source; for 

our case we cannot shutdown the sun. Instead, we have decided to switch the parabolic dish to 

and away from the sun. 

This research was done to determine the heat control mechanism, however in so doing the 

maximization of solar intensity and harvest was our primary goal, therefore not all necessary 

measures was taken into consideration for heat maximization during times when there is no 

sunrise, night times and cloud days. We therefore recommend heat storage mechanism to be part 

of improving this study, so that enough heat can be stored to be used during night times and days 

when there are no enough solar radiations. 
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ABSTRACT 

This paper presents the application of analytical hierarchy process (AHP) methodology in 

identification and ranking of the factors affecting the performance of a forensic science 

laboratory (FSL) as decision making problem. As part of multi-criteria decision-making 

(MCDM) tool AHP was selected due to its power in ranking the cause factors. Two sets of three 

performance indicators were identified based on employees perceptions (number of case-files 

backlogged, extended turnaround time and implementation of quality management system 

(QMS)) and (supply chain management (SCM) challenge, professional and academic 

development and high absenteeism rate), leading to a 3 x 3 comparison matrices. The 

performance factors were analyzed using two sets of cause factors (high sample influx, lack of 

specialized equipment and large number of case-files per analyst) and (lack of funds/budget, low 

number of competent/qualified staff and lack of motivation for self-development). After 

evaluation of consistency vectors (CV), consistency index (CI) and random index (RI), the 

consistency ratio (CR) was tested successfully (CR < 0.1) in both cases leading to the final 

ranking of the cause factors, which shows that the high sample influx was highly ranked in the 

first set of cause factors and lack of funds/budget for the second set. The AHP method allows the 

management to focus on solving the problems related to these highly ranked cause factors in 

order to finally improve the FSL performance. 

 

KEYWORDS: Forensic science laboratory, performance measures for FSL, ranking of cause 

factors, multi-criteria decision-making, analytical hierarchy process, comparison matrix, 

consistence index,  

 

1.0 INTRODUCTION 

A forensic science laboratory (FSL) receives crime scene samples, processes them and analyzes 

to give results for use in the judiciary systems. The management of the FSL requires engineering 

decisions in order to keep the laboratory operational in good performance. The performance of 

the FSL is measured in terms of number of case-files processed per unit time (weekly, monthly 

or annually) (Omari et al., 2018a) or number of sample processed per unit time. Other measures 

of performance include turnaround time (Omari et al., 2018), backlogs generated (Omari et al., 

2017), supply chain management, all of which are affected by absenteeism (Omari et al., 2019) 

and staff engagement. Attaining good performance will put the FSL at competitive level, 

however, there are factors which hinder good performance. 

Sample management is part of process control, one of the essentials of a quality management 

system, implemented to ensure that the samples received are handled within the right time 

without jeopardizing the requirements needed to produce accurate test results in the valid time 
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called the turnaround time (TAT). The term TAT describes the interval when a test is requested 

to the time when the client or the requesting authority collects the results. In the FSL, backlogged 

case-files leads to work stress and frustration of both analysts and clients (Hurst and Lothridge, 

2010; Nelson, 2011; Omari et al., 2018a).  Moreover, criminal cases remain unsolved for the 

whole period a case-file is backlogged, defeating the purpose of FSL.  On the other hand, 

backlog elimination paralyzes other FSL functions which are also costly operations (Hurst and 

Lothridge, 2010).  Causes of backlogs extend from internal (lack of specialized equipment, low 

staffing levels and lack of professional staff) to external causes (such as submission of 

compromised samples, wrong samples, etc.). Extended TAT has been reported to depend on 

large sample influx (Manyele, 2017), lack of specialized equipment, competence among analysts 

and large number of case-files received per unit time. 

There is no industry wide agreement about what constitutes a backlog; National Institute of 

Justice (NIJ), U.S. Department of Justice defines a backlogged case as one that has not been 

tested 30 days after submission of case-file to the FS laboratory. Many FS laboratories, however, 

consider a case backlogged if the final report has not been provided to the agency that submitted 

the case. Extended TAT for completed case-files occurs when a case-file takes too long to 

complete that expected by both FSL management and the clients (Steindel, 1995; Hawkins, 

2007).  While clients are aiming at making fast decision on cases, delay in receiving the 

analytical results (Shamim et al., 2014; Kaur et al., 2015) can lead to unmet targets, withdrawn 

cases by judges, and failure to complete investigation on time.  As a result, complaints from 

stakeholders disrupt the powers of the FSL in presence of competitors.  Together with lack of 

specialized equipment that can take many samples per unit time, lower number of analysts and 

lack of skills among analysts, other causes of extended TAT include lack of staff engagement 

and poor integrity of submitted samples (Westbrook et al., 2006; Chien et al., 2007; Manyele, 

2017a). Competitiveness of the FSL can also be enhanced through implementation of quality 

management system (QMS). Factors hindering QMS implementation resemble those affecting 

accumulation of backlogs and extended TAT, making AHP application the best tool for 

identifying and prioritizing solutions. 

In the progressively competitive and challenging environment within which FSLs operate today, 

absenteeism is a complex matter. Resulting from absenteeism, analytical services from FSL are 

faced with impeded productivity, inefficient service delivery due to extended turnaround time 

(TAT), and, thereby negatively affecting sustainability, as well as reduced performance and 

competitiveness. Absenteeism is, therefore, a significant concern in the field of human resource 

management. The prevalence of absenteeism in the laboratory services necessitates research so 

that valuable contributions may be made that will, ultimately, empower management and 

positively contribute to the discipline being studied. The aim of this study was to investigate the 

impact of absenteeism, the extent to which it negatively affects FSL performance and hence 

develop a framework for improving performance of FSL. Supply Chain Performance Measures 

(SCPM) serve as an indicator of how well the supply chain system is functioning. Measuring 

supply chain performance can facilitate a greater understanding of the laboratory services and 

improve its overall performance (Charan et al., 2008). There is an emerging requirement to focus 

on the performance measurement of the supply chain (Charan et al., 2008).  

To achieve competitive edge, the laboratory management has to assess the current situation and 

establish the critical factors hindering such a move.  Thus, this study employed AHP 

methodology to rank the rather many interrelated and complex factors and tackle the bottlenecks 

in a well-informed function.  The AHP gives laboratory management a scientific means of 
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identification, ranking and strength in making engineering decisions as to which factors to place 

more efforts.  To start with, a large number of cause factors (up to six) for three main 

performance measures were identified and incorporated in a questionnaire filled by FSL staff to 

collect their perceptions on the ranking of main causes (Kagonji and Manyele, 2016) and provide 

a guide to pairwise comparison (Saaty, 1980). The perceptions were then grouped according to 

staff categories to identify disparity in views among them. This paper presents a complete and 

thorough analysis of performance factors for a laboratory performing forensic science services 

using step by step application of the AHP methodology. 

 

2.0 LITERATURE REVIEW 

2.1 Introducing AHP 

AHP is a multiple criteria decision-making tool. The MCDM plays a critical role in many real 

life engineering problems. It is not an exaggeration to argue that almost any local or central 

government, industry or business activity involves, in one way or the other, the evaluation of a 

set of alternatives in terms of a set of decision criteria. Moreover, application of AHP to 

laboratory management is a new research undertaking. Very often these criteria are conflicting 

with each other for example; the main factors are the same for all the performance measures 

increasing complexity of the problem in terms of the evaluation matrices. Even more often, the 

pertinent data are very expensive to collect leading to use of AHP. 

Modeling of FSL performance parameters with very high sensitivity to competiveness will be 

extended to analysis of the dependency of FSL performance parameters in the SCM, case flow 

management and backlog management using AHP. Modeling of TAT sensitivity (overall or 

specific to laboratory activities), for example, will be implemented to establish its response to 

different FSL performance factors such as sample influx, staff academic and professional 

development (complex longevity (Omari et al., 2019) and staff academic development indices 

(Manyele et al., 2017).  

In order for the laboratory Managers not to have a limited understanding of methodologies about 

real laboratory business, they need to recognize how important it is to understand the dynamics 

and complexity of the management problems. Such methodologies include AHP and system 

dynamics (SD) in bringing deep insight of engineering problems. 

In multifactor decision making, engineers subjectively and intuitively consider the various 

factors in making their selection of performance measures and main factors. For FSL where 

difficult decisions must be made more often, a quantitative approach is recommended. All of the 

important factors such as productivity, TAT in sample movement steps, personnel and 

responsibility interaction and academic developed, etc., can then be given appropriate weights 

and each alternative, such as TAT, sample movement, stress backlog, supply chain and human 

resource planning can be evaluated in terms of these factors. This approach is called the 

multifactor evaluation process (MFEP), and works for situations in which we can assign 

evaluations and weights to the various decision factors. 

Laboratories and management in particular have difficulties in accurately determining the 

various factors that affect their performance. However, the AHP can be used. This process uses 

pairwise comparisons and then computes the weighting factors and evaluations (Durso and 

Donahue, 1995). The AHP is a multiple criteria decision-making tool which was introduced by 

researchers (Saaty, 1994; 2008). This is an Eigenvalue approach to the pair-wise comparisons. It 

also provides a methodology to calibrate the numeric scale for the measurement of quantitative 

as well as qualitative laboratory performances. The scale ranges from 1/9 for “least valued than”, 
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to 1 for “equal”, and to 9 for “absolutely more important than” covering the entire spectrum of 

the comparison (Vaidya and Kumar, 2006).  

 

2.2 Key Steps in the Application of AHP 

Analytic Hierarchy Process (AHP), since its invention, has been a tool at the hands of decision 

makers and researchers; and it is one of the most widely used multiple criteria decision-making 

tools. (Saatty, 1980).  

Some key and basic steps involved in this methodology are: 

a) Stating the problem, such as laboratory performance improvement. 

b) Broaden the objectives of the problem or consider all actors, objectives and its outcome. 

c) Identify the criteria that influence the behavior. 

d) Structure the problem in a hierarchy of different levels constituting goal, criteria, sub-criteria 

and alternatives. 

e) Compare each element in the corresponding level and calibrate them on the numerical scale. 

This requires n(n − 1)/2 comparisons, where n is the number of elements with the 

considerations that diagonal elements are equal or ‘1’ and the other elements will simply be 

the reciprocals of the earlier comparisons. 

f) Perform calculations to find the maximum Eigenvalue, consistency index (CI), consistency 

ratio (CR), and normalized values for each criteria/alternative. 

g) If the maximum Eigenvalue, CI, and CR are satisfactory then decision is taken based on the 

normalized values; else the procedure is repeated till these values lie in a desired range. 

AHP helps to incorporate a group consensus where engineering projects involve teams of 

different opinions. Generally this consists of a questionnaire for comparison of each element and 

geometric mean to arrive at a final solution. The hierarchy method used in AHP has various 

advantages (Saatty, 1980; Vaidya and Kumar, 2006), such that its use of pairwise comparisons 

has inspired the creation of many other decision-making methods. There are some problems with 

the way pairwise comparisons are used and the way the AHP evaluates alternatives. Belton and 

Gear (1983) observed that the AHP may reverse the ranking of the alternatives when an 

alternative identical to one of the already existing alternatives is introduced. In order to 

overcome this deficiency, it is also proposed that each column of the AHP decision matrix to be 

divided by the maximum entry of that column. Thus, they introduced a variant of the original 

AHP, called the revised-AHP. Later, Saaty (1994) accepted the previous variant of the AHP and 

now it is called the Ideal Mode AHP. The fact that rank reversal also occurs in the AHP when 

near copies of projects alternatives are considered, has also been studied by Dyer and Wendell 

(1985).  

Themes in the first group are selection, evaluation, benefit–cost analysis, allocations, planning 

and development, priority and ranking, and decision-making. Chosen areas of applications of 

AHP are: personal, social, manufacturing sector, political, engineering, education, industry, 

government, and others which include sports, management, etc. Some of the industrial 

engineering applications of the AHP include its use in integrated manufacturing (Putrus, 1990), 

in the evaluation of technology investment decisions (Boucher and McStravic, 1991), in flexible 

manufacturing systems (Wabalickis, 1988), layout design (Cambron and Evans, 1991), and also 

in other engineering problems such as selection of proper location for investment (Wang and 

Raz, 1991).  So far, the AHP has not been applied to FSL and laboratory management problems 

in general. 

 



JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA  ISSN: 0856 – 0196 

 THE TANZANIA ENGINEER 22  VOL.  16 NO. 1, DECEMBER 2019 

 

2.3 The Use of Pairwise Comparisons 

One of the most crucial steps in many decision-making methods is the accurate estimation of the 

pertinent data. An approach based on pairwise comparisons which was proposed by Saaty (1980) 

has long attracted the interest of many managers. In this study, pairwise comparisons are used to 

determine the relative importance of each alternative in terms of each criterion for FSL. In this 

approach the FSL managers has to express his opinion about the value of one single pairwise 

comparison at a time. The values of the pairwise comparisons in the AHP are determined 

according to the scale introduced by Saaty (1980). According to this scale, the available values 

for the pairwise comparisons are members of the set: {9, 8, 7, 6, 5, 4, 3, 2, 1, 1/2, 1/3, 1/4, 1/5, 

1/6, 1/7, 1/8, 1/9}.In today’s global marketplace characterized by globalization, increasing 

customers’ value expectations, expanding regulatory compliance, global economic crisis, and 

intense competitive 

Pressure, to thrive and survive, FSLs must critically evaluate the key factors affecting 

competitiveness. Analytic Hierarchy Process (AHP) was originally introduced by Saaty (1990) 

as an excellent MCDM tool which was acknowledged by many researchers. One of the main 

advantages of Saaty’s AHP is its simplicity compared to previous decision support methods. It 

also enables qualitative and quantitative analysis into the same decision making methodology by 

giving a basis for eliciting, discussing, recording, and evaluating the elements of a decision. It 

uses hierarchal way with goals, sub goals or factors and alternatives. 

The structure will then be translated into a series of questions of the general form, ‘How 

important is criterion A relative to criterion B?’. This was also introduced via a questionnaire to 

the FSL staff as an initial step.  The input to AHP models is the decision maker’s answers to a 

series of questions which is then termed pairwise comparisons. Questions of this type may be 

used to establish, within AHP, both weights for criteria and performance scores for options on 

the different criteria. 

 

2.4 Advantages and Disadvantages of Using AHP Method 

One advantage of AHP is that it illustrates how possible changes in priority at upper levels have 

an effect on the priority of criteria at lower levels. Moreover, it provides the decision maker with 

an overview of criteria, their function at the lower levels and goals as at the higher levels. A 

further advantage of AHP is its stability and flexibility regarding changes within and additions to 

the hierarchy. In addition, the method is able to rank criteria according to the needs of the 

decision maker which also leads to more precise decisions concerning for example, supplier 

selection. The main advantage of AHP in the supply and demand is that the buyer is able to get a 

good picture of the supplier’s performance by using the hierarchy of the criteria and evaluating 

the suppliers (Omkarprasad and Kumar, 2006). The strength of the AHP method lies in its ability 

to structure complex, multi-person, multi-attribute, and multi-period problems hierarchically and 

it is simple to use and to understand. It necessitates the construction of a hierarchy of attributes, 

sub-attributes, alternatives and so on, which facilitates communication of the problem and the 

recommended solutions. In addition, the AHP method provides a unique means of quantifying 

judgmental consistency.  

 

2.5 Challenges of using AHP 

However, AHP also has some weak points. One of these is the complexity of this method which 

makes implementation quite inconvenient. Moreover, if more than one person is working on this 

method, different opinions about the weight of each criterion can complicate matters. AHP also 
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requires data based on experience, knowledge and judgment which are subjective for each 

decision maker. A further disadvantage of this method is that it does not consider risks and 

uncertainties regarding the performance measures (Yusuff et al., 2001).AHP has been applied for 

a vast number of areas, but it was not applied for the problem that has been taken up in this paper 

that is Forensic Science Laboratory management. Despite the focus on forensic science 

laboratory management, this study paves way to assisting laboratory directors for different kinds 

of laboratories receiving samples from the public including the society/public, industry and 

especially the private sector. Saaty (1980; 1978) has explained about hierarchies, multiple 

objectives and fuzzy sets. Ramanathan and Ganesh (1994) used group preference aggregation 

methods employed in AHP by deriving members’ weightages. AHP has been applied to many 

areas but problem of FSL competitiveness was not taken into consideration earlier in the 

literature. 

 

2.6 Identification of the Factors affecting other Laboratory Performance Measures 

Together with the three first performance measures of FSL competitiveness used in the AHP 

methodology, other measures were also considered in this study, with completely different major 

or cause factors. To start with, supply chain management (SCM) was identified to be an 

important measure of performance (Charan et al., 2008; Taticchi et al., 2010; 2013). The factors 

affecting supply chain management (SCM) performance were identified, such as lack of 

funds/budget (Gunasekaran et al., 2004; 2015), lengthy SCM procedures (Lambert and Pohlen, 

2001), lack of competent staff in the SCM processes, in laboratory processes and lack of 

engagement among staff. Other main factors were large number of ad-hoc requests and lack of 

competent suppliers within the country. 

The professional and academic development for FSL staff is also a performance measure 

towards competitiveness. This was assumed to be affected by poor staff development plan, lack 

of funds (for promotion and training), lack of specialized courses on FSL within the 

region/country, lack of incentives and tendency of staff to accept developmental plateau 

(stagnation).Finally, absenteeism among the FSL employees was also identified to be a measure 

of performance (Rasasingham, 2015; Vanneste et al., 2015), whose cause factors include family, 

and economic issues (Net et al., 2004), lack of staff engagement to their positions and the FSL as 

an organization and lack of circulars and administrative sanctions. Other factors affecting 

absenteeism were poor leadership, accepting the absenteeism culture in workplaces. 

 

3.0 METHODOLOGY 

3.1 Development of AHP Methodology 

FSL competitiveness improvement involved identification of performance measures and detailed 

analysis of current situation and setting of goals. This method of AHP helped to rank the main 

factors hindering good performance, so that efforts can be made to eliminate those challenges in 

a well-informed manner. The process involved the determination of qualitative and quantitative 

factors imperative for debottlenecking the performance measures to higher scores. Table 1 

summarizes the performance measures and major factors for each measure. The first row shows 

the same major factors for the three performance measures, that is, case-file backlogs, extended 

TAT and implementation of QMS. These are perceived to be the key measures of performance in 

this research. Any other set of performance measures can be created by using different views, for 

example those listed at the bottom of Table 1. 
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Table 1: Factors considered for different performance measures  

Performance 

measures 
Major factors 

Case-file 

Backlogs in 

FSL; Extended 

Turnaround 

Time (TAT) in 

FSL; and, 

Implementation 

of QMS in FSL 

Large number of samples per case-file 

Lack of specialized equipment/Instruments 

Lower number of competent staff/analysts 

Large number of case-files received 

Poor integrity of submitted samples 

Lack of employees’ engagement 

Supply Chain 

Management 

(SCM) 

Performance 

Lack of funds/budget for procurement 

Lengthy supply management procedures 

Lack of competent and qualified staff 

Lack of staff engagement and need for self-development 

Large number of requests some of which ad-hoc 

Lack of competent suppliers 

Professional 

and Academic 

Development 

(Pd, Ad) among 

staff 

Poor professional and academic development plan 

Lack of funds for training and acquire promotions 

Lack of staff engagement and need for self-development 

Lack of institutions for specialized courses locally 

Lack of competent and qualified staff 

Staff accepting development plateau 

Absenteeism 

rate among  

Laboratory 

staff 

Lack of staff engagement and enthusiasm towards their positions and the organization 

Family issues  

Lack of funds to motivate staff 

Lack of circular and administrative sanctions 

Poor leadership accepting the culture in workplace 

Lack of competent and qualified staff 

 

The hierarchy was structured from top (competitiveness problem) through the intermediate level 

(performance measures) to the lowest level (main factors) as shown in Figure 1 Thus, the 

decision problem was stated to be improvement of FSL competitiveness from current level to 

allow the laboratory to compete in the currently vigor market of service delivery (receiving 

samples from clients and analysis and giving good quality and timely results). The second level 

of problem analysis was identification of the key performance measures which critically affect 

the FSL performance (level Y) but which in turn are affected by similar factor that is level Z. 

The most important part of the AHP analysis is the top part of the flow chart in Figure 1 (Levels 

X, Y and Z), which comes from thorough analysis of the problem at hand. As summarized in 

Table 1, this problem solution comes from the first row such that all the three performance 

measures are affected by the six factors, from which only three most important (that is, high 

sample influx, lack of specialized equipment and large number of case-files received). The 

implementation of computations starts with pairwise comparisons and establishment of the 

matrix A, forming the heart of the AHP.   
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The alternative or main factors at the lower level of Figure 1 (Level Z) when solved, improves 

the performance of the FSL since they were selected from a large number of factors, but which 

affect all the three performance measures (in Level Y), which in turn will improve 

competitiveness (at Level X). The main cause factors were identified based on a questionnaire 

prepared to gather information on ranking of factors from employees, based on their perceptions 

which were assessed for consistence using pairwise comparison. The main cause factors 

considered in this research were six, from which two sets of three highly ranked factors were 

selected, that is, large number of samples per case-files (sample influx) (Manyele, 2017) and 

large number of case-files received (Omari et al., 2017), lack of specialized equipment or 

instruments, lower number of competent staff/analyst, poor integrity of submitted samples and 

lack of employees’ engagement. 

3.2 The Structure of the Decision Making Problem 

The structure of the typical decision problem consists of a number, say M, of alternatives and a 

number, say N, of decision criteria. Each alternative can be evaluated in terms of the decision 

criteria and the relative importance (or weight) of each criterion can be estimated as well. Let aij 

(i = 1, 2, 3, ..., m, and j = 1, 2, 3, ..., n) and denote the performance value of the ith alternative 

(i.e., Ai) in terms of the jth criterion (i.e., Cj). Also denote as Wj the weight of the criterion Cj. 

Given the decision matrix, the decision problem considered in this study is how to determine 

which the best alternative is. A slightly different problem is to determine the relative significance 

of the M alternatives when they are examined in terms of the N decision criteria combined. For 

simplicity, m = 3 or 6 and n = 3 or 6, that is, 3 x 3 matrices will be used in this study (as shown 

in Figure 1).  

 

3.3 Application of AHP Methodology 

In AHP multiple pairwise comparisons are based on a standardized comparisons scale values of 

which are listed above. In this case, the comparison scale used nine levels, giving a 3 x 3 matrix. 

Let C = {Cjj= 1,2, ..., n} be a set of criteria. The result of the evaluation matrix in which every 

element aij (i,j = 1,2, …, n) in the quotient of weights of the criteria can be created as (for n = 3), 

as per Equation (1): 

� = ����   ���   ���������������������
	 (1) 

 

where aij = 1 when i = j, aji= 1/aij and aij≠ 0. 

3.4 Eigenvalue and Eigenvector 

According to Saaty (1990), it is recommended that the maximum eigenvalue, λmax, is determined 

such that Equation (2) is satisfied: 

λ�� = � ���
�
��� ×  ����  (2) 



JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA  ISSN: 0856 – 0196 

 THE TANZANIA ENGINEER 26  VOL.  16 NO. 1, DECEMBER 2019 

 

Where λmax is the principal or maximum eigenvalue of positive real value in judgment matrix, Wj 

is the weight of jth factor and Wi is the weight of ith factor. If A represents consistence matrix, then 

the eigenvector X was determined as per Equation (3): 

�� − λ����� = 0 (3) 

 

 

Figure 1: Flow chart for implementation of the AHP procedure for improving FSL 

competitiveness (CV = Consistency vector). 
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3.5 Consistence Test 

A consistence test is performed in AHP methodology to examine the extent of consistence as 

well as each judgement once the priorities are determined. Saaty (1990) recommended the use of 

consistence index (CI) and consistence ratio (CR) to check for the consistence associated with 

the operation matrix. To ascertain that the priority of elements is consistent, the maximum 

eigenvector or relative weights, denoted as λmax, can be determined. Specifically, as shown in 

Figure 1, CI for each matrix order n is determined by using the formula for consistency index, as 

per Equation (4): 

�� = ��� − �� − 1  (4) 

  

Where n is the matrix size or the number of items that are being compared in the matrix, in this 

case (n = 3). Based on Equation (4), the consistence ratio (CR), as per Figure 1, can be 

determined as: 

�! =  ��!� (5) 

where RI represents the random index or the average consistence index over a number of random 

entries of some order reciprocal matrices shown in Table 2.  

Table 2: Values of random index (RI) 

N 2 3 4 5 6 7 8 

RI 0.00 0.58 0.90 1.12 1.24 1.32 1.41 

 

For n = 3, RI is thus equal to 0.58. CR is acceptable if is not greater than 0.10 otherwise the 

judgement matrix will be considered inconsistent and has to be rectified. To rectify the 

judgement matrix that is inconsistent decision maker’s judgements should be reviewed and 

improved. However, Byun (2001) suggested that 0.20 might still be acceptable. The AHP 

procedure described above was also presented in the flow chart form as shown in Figure 1. 

4.0 RESULTS AND DISCUSSION 

4.1 Workers Perceptions on the Factors Affecting Laboratory Performances 

a) Causes of high case-file backlog in the laboratory  
The challenges facing case-file backlog management can be best resolved internally within the 

laboratory rather than being imposed externally, since the laboratory staffs are the ones who are 

face to face with most of the challenges identified in Figure 2. The factors ranked by respondents 

were large number of sample per case-files, lack of specialized equipment and instruments, 

lower number of competent staff or analysts, large number of case-file received, poor integrity of 

sample received and lack of employee engagement. Moreover, for the purpose o mitigation, the 

employees of the FSL will be the processes owners during backlog elimination process. In this 

study, it was identified that large number of samples per case-file could be the main factor in 

causing high case-filebacklog (Bgc) in FSL as shown in Figure 2. 

In Figure 2 it is evident that, large number of samples per case-file scored the highest ranking of 

2.15, as the factor that affects case-file backlog in FSL, followed by lack of specialized 

equipment/instruments. Also, the large number of case-files received compared to the number of 
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available employees that manage the case-file and sample influx was another factor which was 

ranked third. The least factor being perceived of causing case-filebacklog (Bgc) in FSL was poor 

integrity of samples submitted and lack of employees’ engagement. Poor sample integrity affects 

performance of most laboratories in health sector, engineering as well as biological sciences. The 

best solution is always to engage analysts in sampling operations where situation are complex 

and demanding. 

b) The causes of extended TAT in the Laboratory  
The causes of extended TAT were also ranked during employees perceptions as shown in Figure 

2. Most of the FSL services are directed towards providing a rapid, reliable report at a reasonable 

cost. However, it is also important to stress on how soon (TAT) a report would be available to 

the requesting authority or the client. A large portion of the complaints received at the FSL in 

Tanzania is directed towards delayed analytical reports. This affects the criminal justice system. 

Despite a significant overall decrease in crime in the society, the judiciary experience more cases 

than before due to the contributing factor of delayed results from the FSL. For high-tech 

laboratories meant to serve the public and private sector, industry and the businesses, long TAT 

affects strongly economic decisions. It is therefore important to analyze outliers in TAT which 

gives the insight of causes of extended turnaround time as shown in Figure 2. 

Figure 2 shows also that sample influx and the large number of case-files received are the most 

highly ranked factors that affect the extended turnaround time (TAT) in FSL. This is followed by 

lack of specialized equipment/instruments and lower number of competent staff/employees. The 

current problems cannot be fixed through simple improvements in efficiency, the integration of 

management, or by tampering with Forensic science services processes or its independence. 

Instead, what is needed is a real commitment to forensic science services through adequate 

funding for purchasing more specialized equipment and instruments, as well as strategic reforms 

that increase the number of competent staff or analysts. 

In addition, there should be policies that encourage reduction of turnaround time in laboratory 

processes. The Government has also a big role to play by overseeing the importance of staffing 

and funding, which in turn will make the FSL to work more efficiently. A poorly functioning 

criminal justice system for example which includes the FSL, allows crimes and forensic issues to 

go in liberty, separating victims and their families, compromising the assurance of the public and 

intensifying the risk of being highly alert. For a national economic growth through industry, on 

the other hand, timely release of results is crucial. 

 

c) Causes of weaknesses in implementation of QMS in any given laboratory settings 
The problem relating to the functioning of quality management system in FSL is caused by 

problems related to QMS implementation process in each of the forensic science disciplines. 

Many problems affect QMS implementation, such as those outlined in Figure 2 to mention only a 

few. There has been little concentration on an organizational improvement mechanism, omitting 

issues related to competitiveness.  

Figure 2, shows that the highest score observed was due to lack of specialized instruments 

followed by large sample influx and increased number of case-files received. The employees 

have limited knowledge and skills in the area of quality management, effectiveness of which can 

boost the business conditions into which the FSL operates. Lack of training programs on QMS 

may also present major obstacles in development and implementation of QMS in most 

laboratories (Lipovatz et al., 1990). Furthermore, Palel and Randell (1994) detailed that, proper 

quality training for FSL professionals is crucial for the purpose of managing the QMS.  
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Economic crisis in the implementing and certification of quality management system in 

laboratories involves sustaining certain expenses. Supplies such as consumables and reagents are 

always not available to manage a large number of case-files and the same for validation of 

methods towards the certification or accreditation. As results, certification bodies try to keep 

their clients by lowering the prices for their services which leads to forced shortening of audit 

procedures leading to weaknesses in the implementation of QMS. Also, during this crisis, 

organizations tend to find possibilities to cut down costs whereby, certain audits may be 

suspended waiting for better circumstances. This includes suspension of purchase of specialized 

equipment/instruments which would improve the quality of the FSL services. Therefore, the 

Government intervention and financial support by allocating more funds to the FSL towards 

implementation of QMS is important. For non FSL labs which operates in business oriented 

environment, such a performance factor can be easily sorted out. In addition, it is important to 

have stronger relationship between investment in specialized equipment or instruments and 

training in order for the laboratory to achieve its strategic objectives towards quality 

management system. 

 

d) Perceived causes of lower performance in SCM 

Figure 2 shows that lack of competent suppliers and competent and qualified staff are the most 

factors causing lower performance in supply chain management in the FSL which is true for 

other laboratories as well. Lack of staff engagement and large number of requests (most of which 

being ad-hoc) are second highly ranked cause factors affecting performance. Supplier affiliation, 

supplies collection criteria, number of suppliers list and supplier participation in current or new 

product or technologies used in the laboratories and period of relationship could be factors 

causing the low performance in supply chain management. In addition, Fuentes et al. (2000) 

observed that reduced cooperation from suppliers is a barrier towards the implementation of a 

proper supply chain. 

 
Figure 2: Ranking of the factors affecting SCM performance based on staff perceptions. 

 

Figure 2 shows also that, large number of ad-hoc purchase orders and lack of engagement affects 

the performance of supply chain in laboratories. If the laboratory staff are not fairly engaged with 

the process of supply, the supply chain responsiveness is reduced which makes the laboratoryless 
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dynamic in its business hence less competitive. Lately, because of globalization and the use of 

Forensic results in criminal justice system, there has been an increase in ad-hoc logistics services 

required by the laboratory. In other words, an increasing number of case-files and high sample 

inflow require supplies to be procured on time. This creates a significant challenge to planning 

and performance, which is the principal concern for supply chain management, but also high 

costs or poor visibility are few of the many problems related to the ad-hoc procurement request 

orders. 

 

e) Causes of poor professional and academic development among laboratory staff 
Figure 3 represents the distribution of scores for the factors leading to poor professional and 

academic development among the laboratory staff. It should be noted that such a ranking applies 

to most organizations in the public service, regardless of functions. Figure 3 shows that lack of 

funds for training with score of 2.76 was the highest ranked factor affecting professional and 

academic development plan, according to employee’s perceptions. Another factor is lack of 

budget for staff promotion (2.00) followed by poor professional and academic development plan 

(which scored 1.72).  

 

Figure 3: Ranking of the factors affecting the performance of laboratory staff professional and 

academic development. 

 

Funding the staff development plans ought to take account of the significance of staff 

development towards laboratory competitiveness. A promotion for a staff means additional 

funding for the FSL in terms of expenditure for upkeep of allowances to the staff and increase 

pay to the staff work into the laboratory. The additional costs are related to the higher salary and 

other benefits of the staff starting from the year of promotion. However, the fact that the 

government does not commit to a sustainable funding on the needs basis, the promotions are not 
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implementable which ruins morale and laboratory performance. It should be noted also that 

professional development is a strategy which ensures continuity of strengthening the laboratory 

practices throughout the career where staff skills and competences are requirement for an 

outstanding results of laboratory competitiveness. The fact that staff development and its 

outcomes are not easy to correlate, brings a challenge in its implementation. 

f) Causes of absenteeism among laboratory staff 
In this study, findings highlight just how complex the root causes of workplace absence can be 

and how difficult they are to manage. The problem of family issues is a wide subject and ranked 

the highest by FSL employees, while personal issues and economic issues mixed with lack of 

staff engagement(were ranked second) contributing strongly to absenteeism. Managers and 

directors expect the laboratory staff to miss certain number of workdays in each year; however, 

excessive absences cause decreased productivity and have an effect of FSLs competitiveness as 

shown in Figure 4. 

 
Figure 4: Ranking of the factors perceived to cause absenteeism among FSL employees 

 

It was observed in this study that employees’ perceptions were in favor of family issues as the 

top cause for workplace absence. These include breast feeding mothers, attending sick family 

members, managing children matters, etc. By contrast, 19% said personal issues was the main 

culprit and 14% of workers said economic issues were the most common reason for staff 

absence. The laboratory management has to make new initiative in putting greater emphasis on 

employees practicing absenteeism and getting them back to work. The need to minimize these 

harmful effects is of particular importance to employers with the laboratory competitiveness at 

stake. There should be an improvement framework geared towards facilitating employees' timely 

return to work as soon as they are deemed fit to work in any capacity and link it with the 

requirements for employers to make reasonable adjustments especially in welfare and  economic 

status of the FSL staff. 

4.2 Ranking of the Main Performance Factors 

As stated above, the overall ranking of the main factors for each of the performance factor, based 

on employees perceptions are summarized in Figure 5. The first two performance factors have 

the same sequence of the ranking for the first three main factors, with exception of the 

implementation of the QMS, where lack of specialized equipment was ranked the highest, as 
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shown by arrows. Figure 5 shows the summary of ranking before a 3 x 3 AHP implementation. 

Other performance factors are also included to indicate that the ranking was as well lower 

compared to the first three main factors. Based on Figure 1, the main factors at Level Z for each 

of the three performance measures were ranked by the FSL employees.  

 
 

Figure 5: Ranking of cause factors affecting performance measured based on increased case-file 

backlogs, extended TAT and QMS implementation in the FSL based on employees’ perceptions. 

 

Each of the three bars represents ranking of factors based on the performance measure. Efforts 

were made in Figure 5 to arrange the ranking in descending order, based on which, an overall 

ranking gives a highest score for large number of samples per case-file, lack of specialized 

equipment an large number of case-files received. These main factors were then used to create 

matrix A using Equation (1). However, each of the performance measure had its own ranking of 

the main factors which was considered during the matrix creation as per Figure 5. 

4.3 Application of AHP to the Laboratory Performances Problem 

4.3.1 Creation of Pairwise Comparison Matrices  

The first step is creation of the three matrices (A1, A2 and A3) in relation to the values of rankings 

from the employees’ perceptions (Figure 6) and Table 3, for each main factor and performance 

measures. As an example, Figure 6 shows a sample matrix A1 with entries of the pairwise 

comparisons for the first performance measure, that is, case-file backlogs. To address Equation 

(1), three 3 x 3 matrices were developed based on the flow chart presented in Figure 1(for the 

case-filebacklogs, TAT and QMS problems), as summarized in Figure 6, whereby the numbers 

in the matrix of pairwise comparisons (A1, A2 and A3) were later on converted to decimals to 

make them easier to work with (normalized).This was followed by converting the numbers in the 
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matrices of pairwise comparison to decimals to make the numbers easier to work with (that is, 

normalized), leading to matrices N1, N2 and N3, as shown in Figure 6. 

 

A1 =
9.000

6.000

1.000

16.00Total = 

3.000

1.000

0.167

4.167

1.000

0.333

0.111

1.444

Case file backlogs

A2 =
6.000

0.333

1.000

7.333Total = 

9.000

1.000

3.000

13.00

1.000

0.111

0.167

1.278

Extended TAT

A3 =
3.000

0.500

1.000

4.500Total = 

3.000

1.000

2.000

6.000

1.000

0.333

0.333

1.667

Implementation of QMS

N1 =
0.562

0.375

0.063

0.720

0.240

0.040

0.692

0.231

0.077

Case file backlogs

N2 =
0.818

0.046

0.136

0.692

0.077

0.231

0.783

0.087

0.130

Extended TAT

N3 =
0.667

0.111

0.222

0.500

0.167

0.333

0.600

0.200

0.200

Implementation of QMS

 
 

Figure 6: Normalized pairwise comparison matrices for the three performance measures 

increased case-filebacklogs (Bgc), extended turnaround time (TAT) and quality management 

system (QMS) implementation in the FSL 

4.3.2 Manipulation of the Pairwise Comparison Matrices 

To determine the priorities for the three main factors, the average of the rows of the normalized 

matrices were determined leading to a single matrix Avg. The consistence ratio matrix, Cv, starts 

with the weighted sum vector matrix, Wsv, as shown in Figure 7. 

 

Avg =
0.589

0.159

0.252

0.764

0.070

0.166

0.658

0.282

0.060

Wsv =

2.388

0.210

0.503

0.180

2.042

0.860

2.042

0.860

0.180

Cv =
3.124

3.009

3.030

3.009

3.103

3.051

3.103

3.015

3.009

λMF1 =  3.0541 λMF2 =  3.0541 λMF3 =  3.0544

CI = [ 0.0270,  0.0270,  0.0272 ]

n = 3

n = 3; RI = 0.58

CR = CI/RI = [ 0.04661,  0.04663,  0.04690 ]
 

Figure 7: Determination of consistence ratio (consistence test) 

 

Since all the values of CR are higher than 0.1, then, it was concluded that the matrices A1, A2 and 

A3 are consistent. The last step was to determine the weighted evaluation values, WE, by 

multiplying the factor evaluations by the factor weights, and summing up the columns to 
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complete the analysis. The overall ranking is given as SWE, values of which are then plotted to 

provide a graphical view, as shown in Figure 8. 

 

 

Figure 8: Overall ranking from the AHP methodology 

Results presented in Figure 9 show that high sample influx (number of samples per case-file) 

was a critical factor affecting laboratory performance (Manyele, 2017). This is logical because 

high sample influx leads to both extended TAT and increases backlogs due to unfinished or 

incomplete laboratory work. Using AHP, the second factor was established to be lack of 

specialized equipment. For example, if sophisticated equipment is available, that can 

accommodate many samples per run and provide accurate results in a short time, it will lea to 

reduced TAT as well as backlogs. This will give ample time for report writing and 

implementation of QMS in a long run. Large number of case-files received, despite of being 

ranked the lowest, is also a significant factor. This is because, large number of case-files 

increases workload to rather fewer analysts (large number of case-files per analyst) as each case-

file require a separate report (Omari et al., 2017), despite of different case-files being analyzed at 

once when sophisticated machines are available. 

4.3.3 Overall Rankings for other Performance Measures  

According to Table 1, the three performance measures (SCM, professional development and 

absenteeism) are affected by the same three cause factors, that is: lack of funds/budget, lack of 

competent/qualified staff and lack of engagement and motivation for self-development, such, of 

these cause factors are solved, the performance of the FSL can be highly improved. Note that, in 

Table 1, the major factors have been selected from a large list of other factors compared to the 

first scenario (Figure 8). Thus, the tope part of Figure 1 is modified as shown in Figure 9, in 

order to present the second set of matrices. 
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SCM Challenge 
 High abseentism rate 

among staff

Professional and Academic 

Development Challenge

 DECISION PROBLEM 

(FSL PERFORMANCE)

Lack of 

funds/budget

 Lack of engagement and 

efforts for self development

Lack of competent 

and qualified staff

B = 
b11
b12

b13

b21

b22

b23

b31

b32

b33
 

Figure 9:  Flow chart for implementation of AHP for second set of performance measures 

(supply chain management, professional and academic development, and high absenteeism rate). 

Similar steps shown in Figures 6 and 7 were repeated for the matrices B, leading to the overall 

ranking shown in Figure 10. 

Table 3: Entries in the pairwise comparison matrices for the three performance measures (supply 

chain management, professional and academic development, and high absenteeism rate) in the 

FSL 

B1: SCM Challenge 
Lack of 

funds/budget 

Lack of 

competent/qualified staff 

Lack of engagement and 

motivation for self-development 

Lack of funds/budget 1.0000 8.0000 8.0000 

Lack of competent/qualified staff 0.1250 1.0000 2.0000 

Lack of engagement and 

motivation for self-development 
0.1250 0.5000 1.0000 

B2: Professional/academic dev challenge 

Lack of funds/budget 1.0000 8.0000 6.0000 

Lack of competent/qualified staff 0.1250 1.0000 2.0000 

Lack of engagement and 

motivation for self-development 0.1667 0.5000 1.0000 

B3: High absenteeism rate among staff 

Lack of funds/budget 1.0000 3.0000 3.0000 

Lack of competent/qualified staff 0.3333 1.0000 0.5000 

Lack of engagement and 

motivation for self-development 0.3333 2.0000 1.0000 
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Figure 10: Overall ranking of the cause factors affecting performance (supply chain 

management, professional and academic development, and high absenteeism rate) from AHP 

methodology. 

Different from Figure 8, the results presented in Figure 10 show that lack of funds/budget was a 

critical factor affecting laboratory performance (Manyele, 2017). This is logical because lack of 

funds causes backlogs to accumulate as reagents are not purchased on time, machines stay idle 

and un-serviced for an extended time, professional and academic development of the analysts is 

impeded and implementation of QMS slows down as systems cannot be maintained. Using AHP, 

the second factor was established to be lack of competent and qualified staff which remain few, 

and cannot be increased due to lack of funds and budget. Lack of engagement among staff will 

always cause high absenteeism rate, and diminished professional and academic development 

efforts. Similar to the way the arrows interact between the cause factors and performance 

measures, the same applies a complex interaction of the cause factors and performance measures 

in real organizational challenges. 

Comparing Figures 8 and 10, the values of overall ranking, ∑WE, are comparably similar and for 

each set of cause factors, the indication is given as to which factors need to be dealt with first in 

order to improve performance of the laboratory. The next question is how the cause factors can 

be solved in order to improve performance. Based on laboratory management experience, Table 

4 shows the proposed means of solving the cause factors. 

Table 4: Proposed means of minimizing the impact of the cause factors on laboratory 

performance. 

Overall 

ranking 

(∑WE) 

Performance 

factors to be 

improved 

Means of minimizing the impact on 

laboratory performance 

1) High sample 

influx 
0.6135 

1) Case file 

backlogs,  

2) Extended TAT 

 

3) Implementatio

- Train criminal investigations on proper 

sampling 

- Policy on maximum number of samples per 

case file  

- Expand workforce 
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2) Lack of 

specified 

instruments 

0.2288 

n of QMS - Proper procurement planning, and 

implementation 

- Lobbing, political will and budgeting for 

instruments 

3) Large number 

of case-files 
0.1577 

- Increase/expand workforce for analytical 

work (decrease case-files/analyst year) 

1) Lack of 

funds/budget 
0.6192 1) Supply chain 

management 

challenges 

2) Professional 

and academic 

development 

3) High 

absenteeism 

rate among 

staff 

 

- Develop new sources of revenue, improve 

and maintain old sources of revenue 

- Implement entrepreneurial strategy 

- Employees to work extra hours in revenue 

generation areas 

2) Lack of 

competent/quali

fied staff 

0.2668 

- Proper training program implementation 

- Service contracts with suppliers 

- Links with manufacturers for spares and 

troubleshooting 

- Employ and retain competent staff 

3) Lack of 

engagement 

and motivation 

for self-

development 

0.1140 

- Motivate staff and raise their morale 

- Encourage staff to undertake further studies 

related to their jobs 

- Award staff initiative for self-development 

 

 

5.0 CONCLUSION 
 

The AHP methodology is suggested for decision making in the laboratory management 

environment to solve decision making problems from a large number of available list of cause 

factors and performance measures. Two cases were includes to illustrate the AHP methodology. 

Using this method it was possible to assign the values of relative importance to the cause factors 

based on preferences and experience. In this study, we proposed two sets of performance factors 

and cause factors, leading to 2x3=6 comparison matrices based on 3x3 AHP methodology. By 

using multiple performance variable and cause factors incorporated in the AHP, an appropriate 

pair-wise comparison of AHP is proposed for constructing weighting scheme for laboratory 

performance variables. After ranking the cause factors, we propose the means of minimizing the 

impact of the cause factors on laboratory performance. Also, using AHP, the performance 

problem was established to be lack of specialized equipment due to lack of budget and high 

sample influx. For instance, availability of sophisticated equipment can accommodate many 

samples per run and provide accurate results in a short time it will lead to reduced TAT as well 

as backlogs.  After quantifying the essential criteria, the final decision was easier to see, than 

workers perception which resulted in varying levels of importance and preference alone. 
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ABSTRACT 

A non-woven geotextile sample was used as a common specie of Geosynthetics together with 

soil materials borrowed from two different pit sources of Kambodia, Bunju in Dar es Salam 

and Lumecha, Ifakara Morogoro region. Further, experimental tests were done in Central 

Materials Laboratory of Tanzania (CML) to assess effects of their applications in roads 

construction technology and viable strength properties that would serve the pavements. The 

research team has simulated this in two sets of lab tests to identify the difference in strength 

property of product materials during its construction. One of the set of tests involved only plain 

soil samples that was termed as control test and another set of tests was termed as experimental 

test as it conformed to the virgin soil samples impregnated with non-woven geotextile specimen 

prepared in a round form. 

The research objective is to assess the effects of geosynthetic on strength properties of road 

pavement layers, specifically the soil samples and geotextile specimens were collected for 

conduction of lab tests in order to characterize soil properties and evaluate geosynthetics 

properties.  

Since roads are subjected to distresses of traffic loading, it has been observed that the sets of 

experimental tests have shown great performance compared to the sets of control tests. 

However the strength property values were increasing as the number of non-woven geotextile 

specimens increased in the sampled sets, also other related indicative parameters of the strength 

of pavement such as bearing capacity, ultimate stresses, unconfined strained area, strains, and 

compressibility were part of recorded results with remarkable improved property values. 

These Geo-findings have viable implications in roads construction and that Geosynthetics are 

significantly important in both unpaved and paved roads as well as other related infrastructures.  

Furthermore, our country’s industrialization drive and building the middle income economy 

will be supported by sound construction of reliable highways. 

Keywords: Geosynthetics, impregnated soil, non-woven geotextile, ultimate stress, unconfined 

strained area, polyethylene, virgin soil. 

 

1.0 INTRODUCTION 

Low volume roads especially in rural, unpaved and paved roads in urban are important 

transportation medium that influence economic growth of a particular place. In the history of 

many societies engaging in agriculture activities all over the world, land transportation through 

unpaved roads normally served as auxiliary access to highways for transporting raw materials 

from farms between neighbor villages and linking them to market places. 

The roads have been playing very important roles by influencing rural economy, industrial 

resources and transportation of agricultural goods, large scale products from the estates, 

plantations and remote areas of productions to the marketing centres especially in urban areas 

as platform of selling, stocking and processing industries.  
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The subgrades as the foundation of these road pavements, when it is weak with low bearing 

capacity to carry designed traffic loads, the base course materials intrude the subgrade and 

intermixing of materials occur between the layers.  

This alteration of ultimate strength properties of road layers under action of applied traffic 

loading with excessive stresses cause pre-mature road failures to emerge on finished surface of 

road pavement including cracks, rutting, potholes, shoving and upheaval. Normally, the results 

of these early deformations when reported for post rectifications, are likely to inflate the project 

budgets also cause discomfort to traffic movements, bypass roads to be built, unplanned high 

maintenances costs, affect time for serviceability before designed period of pavement and 

defect period liability.  

However, the results of this research would provide useful preliminary conclusion and 

guidance for interim use in practice as an improvement over the normal techniques or 

accustomed in construction practices. It was believed also that this assessment would serve as 

a logical precursor for more detailed research that would include physical geotechnical 

modeling as well as instrumented observation of actual roadwork. Thus it’s hoped that the 

results of this research will serve as both catalyst and resource for improving the current state 

of construction practices as well as the future research. 

The main objective of this research is to assess the effects of geosynthetic on strength properties 

of road pavement layers. Specifically soil samples and geotextile specimens is to be collected 

for laboratory tests in order to characterize soil properties and evaluating geosynthetics 

properties. 

In general, there is need to address researches and resurvey on the associated causative of 

problems and a careful look of ways of how to reach to a reliable engineering solution for 

improvements of constructed pavements that serve in less than expected design life time. 

1.1 Scope of the research 

This research is practical experiment and not limited to theoretical investigation of one relative 

effect and hypothetical problem that included what are the key components of typical 

Geosynthetics’ strength effects on road works with respect to the objectives of the research. 

Because of restriction caused by available resources, the research is not intended to be 

comprehensive design guideline for all road works.  

1.2 General background 
Geosynthetics has been defined by American Society for Testing and Materials (ASTM), 

Committee D3, the scientific world journal Volume (2014), Review article ID 76421 as “planar 

product manufactured from polymeric material that are specifically fabricated to be used in 

geotechnical, geo environmental, hydraulic, and transportation engineering related materials as 

an integral part of a man-made projects, structures, or systems. These synthetic polymers are 

such that polypropylene, polyester, polyethylene, polyamides, polyvinyl chloride”. 

According to Korner (1999), deterioration of paved and unpaved roads is much faster than 

replacement of new road when aggregates intrude the subgrades. When the subgrade consists 

of soft clays, silts and organic soils, this type of subgrade is often unable to adequately support 

traffic loads and must be improved. Excavation and replacement of unsuitable materials is 

costly and time consuming. Geosynthetics have been found to be cost effective alternative to 

improve poor sub-soils in adverse locations especially in situations where the soil is with low 

bearing capacity and places where the desired soil types which are demanded in geotechnical 

engineering projects such as highway pavements, Parking lots, ports and others related 

infrastructures reported in Geosynthetics Materials Association GMA, (2002) (pp. 12) need 

improvement. An increment of materials and construction costs, make it important to explore 
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alternative construction methods with longer service life but at the same time cost efficient, by 

Perkin, et. al., (2009). 

The practice of using Geosynthetics for subgrade stabilization saves money, time, and 

resources. In areas where excavation and replacement of inferior sub soils is not cost effective, 

soil stabilization using Geosynthetics may provide a working platform so that the base course 

gravel layer can be properly constructed and overall rutting reduced by 30%. Historically, 

geotextiles were first used in these applications; however, geogrids have also been commonly 

used in more recent years reported by Perkins and Cuelho (2014). 

Soil confinement creates beneficial effects for stress-strain response to Geosynthetic materials 

particularly for non-woven geotextiles in which its stiffness and therefore modulus are 

significantly enhanced as a results of confinement. Thus, the use of unconfined stress-strain 

properties in designs with non-woven geotextiles appears to be overly conservative. Increases 

of 50 to 40 percent of modulus have been measured, this is stated in report no. FHWA-RD-97-

143 (1997). 

Geosynthetics are used in all fields of civil engineering to increase the safety and life span of 

structures in addition to satisfying necessary functions including separation, reinforcement, 

filtration, drainage, sealing and acting as a liquid barrier, but in the asphalt layer if properly 

installed they mainly function as fluid barrier, and reinforcement. All these key functions have 

been applied in paved and unpaved roads as well as in parking areas by increasing the load-

carrying capacity of the system and maintaining separation between the soft Subgrade and sub 

base materials, stated in NAUE Geosynthetics (2013). According to Hatterji et al., (2013), 

Geosynthetics provides better performance and longevity of infrastructure projects such as 

increasing the life of roads by 10-15 years,  

The roles of Geosynthetics as integral planar products for engineering works are significantly 

important in both unpaved and paved road pavements as well as in other related infrastructures. 

Therefore, their applications is recommended as a viable technique to improve the performance 

of infrastructures especially in places where there are scarcity of construction materials, weak 

subgrades and dampness regions all over the country. 

2.0 MATERIALS AND METHODOLOGY 

2.1 Materials 
Soil materials were borrowed from two different pits of Lumecha, Ifakara Morogoro and 

Kambodia, Bunju in Dar es Salam region. Whereby geotextile fabric was obtained from Nabaki 

Afrika the most leading supplier of Geosynthetics materials in Tanzania.  

2.2 Methodology 
Two elementary sets of laboratory tests were objectively designed and analysed, that is, a set 

of control test that involved only virgin soil compacted in layers “without geotextile” and 

another set of test “with geotextile” impregnated beneath each subgrade layer. 

2.2.1 Test without Geotextile specimen 
In this test, virgin soil was prepared with no embedded geotextile specimens. Then, all plain 

samples were crushed and penetrated to obtain unconfined compressive strength and California 

Bearing Ratio (CBR) values as a control test (M1).  

2.2.2 Test with Geotextile specimen 
A circular cut of geotextile fabric about 150mm diameter for trial specimen and 120mm 

diameter were cut and impregnated beneath the soil layers, forming separation between the two 

compacted layers. This set of laboratory test with application of Geosynthetics layers was 

termed as experimental test (M2). 



JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA  ISSN: 0856 – 0196 

THE TANZANIA ENGINEER 43  VOL. 16 NO. 1, DECEMBER 2019 

 

  
Figure 1. Samples preparation in the lab 

with CBR moulds and rammer of 4.5kg. 

Figure 2. Show two soil samples prepared 

before crushing on Automatic UCS Machine 

    

3.0 DATA COLLECTION  

In order to accomplish objectives of this research, research team used collected materials to 

prepare and conduct indicator tests according to guiding methodology of CML laboratory that 

located in Dar es Salaam Tanzania. Further soil tests were conducted without alteration of 

guiding standards and specifications as shown in Figures 1 and 2. These tests included Proctor 

tests, Sieve analysis, Atterberg’s limit tests, unconfined compressive strength (UCS) and 

California Bearing Ratio, CBR in which their results were carefully recorded accordingly to 

specific soils labels [i.e. Soil sample I–SS1 and Soil sample II–SS2 and Geotextile specimens], 

(shown in Tables 1, 2, 3, 4 and 5).  

 

Table 1: Summary results of M1-SS1, M2-SS2 Atterberg’s A1, A2, Compaction P1, P2 
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Table 2: Summary results of UCS, CBR, Ultimate Stress, Strain and Unconfined Strained 

Area (AƐ), 

 M1-SS1 & M2-SS1 M1-SS2 & M2-SS2 

Geotextile UCS in kPa Strain Stress AƐ CBR UCS in kPa Strain Stress AƐ CBR 

nr. % UCS 
Av. 

UCS 
(%) MPa 

x10-2 

m2 
% UCS 

Av. 

UCS 
(%) MPa 

x10-2 

m2 

 

% 

0’  818     3 324     3 

0 0 781 800 7.6 0.9 2.03 6 296 310 11.7 0.4 1.95 5 

1’  1000      560      

1 0.04 998 999 9.9 1.1 2.02 12 348 454 11.1 0.5 1.99 8 

2’  1078      684      

2 0.08 1027 1053 9.5 1.2 2.01 8 662 673 10.8 0.8 1.98 10 

3’  1167      1301      

3 0.13 1147 1157 9.4 1.3 1.93 41 1212 1257 7.2 1.4 1.98 15 

Trial 

4 
0.28 1403 1403 5.5 1.5 1.91      1.91  

Table 3: Summary results of M1-SS1, M2-SS2 for Sieve Analysis 

 

4.0 TECHNICAL ANALYSIS OF DATA. 

This analysis has adopted standards, specifications and guides especially Unified Soil 

Classification System (USCS), American Society for Testing and Materials (ASTM), Federal 

Highway Administration (FHWA), American Association of State Highway and 

Transportation Officials (AASHTO), Southern Africa Transport and Communications 

Commission (SATCC), Tanzania Road Works Standards Specification (MoW), Pavement and 

Material design manual and Central Material Laboratory Testing Specifications Manuals 

(CML).  

 

4.1 Selection of synthetics-specimen 
The specimen were cut in a circular form of 120mm diameter true specimens and 150mm 

diameter for trial specimens, the average weights were Sª = 2.3gm, S¹ = 3.6gm respectively; 

Specimen, Sª 

Cross section area of cut Sª   =    лR² 

                                               =    3.14 x 0.06 x 0.06 

                                               =    0.0113 m²     …..…….……….……..…..… (A-Sª) 

 

Weight of geotextile    =  Weight of Specimen     (g/m²)                                                                                                                                                                                            

    per squire meter              Cross section area 

                                      =        2.3    g 

                                           1.13 x10‾²  m² 

                       =   204 g/m² ………………..……………….………. 

 S – SS1 (%) S – SS2 (%) 

Soil 

Constituents 

Gravel (G) 30 7 

Sand (S) 32 34 

Silt (M) 38 59 

Soil type Sandy SILT Sandy SILT 

Soil group symbol MS MS 

Soil Texture/Color Reddish - brown soil Reddish - brown soil 

Grading Modulus 1.38 0.74 

Grading Poor graded soil Poor graded soil 
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Table 5: Summary results of Dimensional length of failure (Lf), Densities, Geo weight (%), 

Strain, OPC (%), UCS (kPa), Stress (MPa) and CBR (%) for soil sample M1-SS2 and M2-SS2 

 
  

Table 4: Summary results of Dimensional length of failure (Lf), Densities, Geo weight (%), Strain, OPC 

(%), UCS (kPa), Stress (MPa) and CBR (%) for soil sample M1-SS1 and M2–SS1. 
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 (W/m2) 

Therefore: 
Weight of geotextile specimen was 204g/m², which normally is classified as medium weight 

non-woven geotextile with an area ranging 203g/m² - 271g/m² stated in American Standard 

and Testing Materials ASTM D5261. 

The same specimen is classified as class II - A by Federal Highway Administration (FHWA, 

section 714) and in AASHTO M 288 – 06 

4.2 The density of the Geotextile specimen 
This specimen has a thickness of 1.5mm as per manufacturers guides, therefore its density can 

be calculated as follow; 

Density =                     Mass of geotextile                               g   

                  [Area of specimen x thickness of material in 1 m²] m³ 

             = 0.204 Kg/ 1m² x 1.5 x 10-3m    

 = 136 Kg/m³ ..…………………………………………………………. (Density) 

 

4.3 Ultimate stress 

 
Table 6: Analytical calculations for ultimate stress of soil sample M1-SS1, M2-SS1,  M1-

SS2 and M2-SS2 

Soil sample (I) - SS1: Soil sample (II) - SS2: 
 

Ultimate Stress   =   Compressive loading 

                              Av. cross section area 

 

∂c =  P 

         A 

But, 

1 kN/m2 =  0.001 MPa  

 

  M1-Stress1 at 0 =  15.59     kN  

                         0.018 m2  

                    =  866.1 kN/ m2  x 10-3 

    =  0.9 MPa 

     

  M2-Stress1 at 1 =  19.88 kN  

                              0.018m2 

    = 1104.44 kN/ m2  x 10-3 

      = 1.1 MPa 

 

  M2-Stress1 at 2 = 20.83 kN  

                                 0.018 m2 

    = 1157.2 kN/ m2 x 10-3     

    = 1.2 MPa 

 

  M2-Stress1 at 3 =   22.9  kN  

                              0.018 m2 

    = 1272.2 kN/ m2 x 10-3 

    = 1.3 MPa 

 

  M2-Stress1 at 3 = 26.78 kN  

                              0.018 m2 

    = 1487.78 kN/ m2 x 10-3     

     = 1.5 MPa 

 

 

Ultimate Stress   =   Compressive loading 

                              Av. cross section area 

 

∂c =  P 

         A 

But, 

1 kN/m2 =  0.001 MPa 

   

  M1-Stress2 at 0  =   6.28 kN  

                              0.018 m2 

    =  348.89 kN/ m2  x 10-3 

        =  0.4 MPa 

     

  M2-Stress2 at 1 =  9.17 kN  

                               0.018m2 

    = 509.44 kN/ m2  x 10-3 

    = 0.5 MPa 

 

  M2-Stress2 at 2 =  13.53 kN  

                                0.018 m2 

    = 751.67 kN/ m2 x 10-3 

    = 0.8 MPa 

 

  M2-Stress2 at 3 = 24.26 kN  

                                0.018 m2 

    = 1347.78 kN/ m2 x 10-3 

       = 1.4 MPa 
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4.4 Strain 

 

Table 7: Analytical calculations for Strains of soil sample M1-SS1, M2-SS1, M1-SS2 and M2-

SS2  

Soil sample (I) - SS1: Soil sample (II) - SS2: 

Strain =  Change in length 

             Original length 

ε =  ΔL 

     L0 

 

ε =  L0 -L1 

    L0 

Note: 
Original length of specimens, L0 = 127mm before 

crushing on Automatic UCS Test Machine. 

 

M1-Strain1 at 0 = (127-117.4) mm x 100% 

        127 

= 7.6% 

 

M2-Strain1 at 1 = (127-114.4) mm x 100% 

               127mm 

=  9.9% 

 

M2-Strain1 at 2 = (127-115) mm x 100% 

        127mm 

= 9.5% 

 

M2-Strain1 at 3 = (127-117.4) mm x 100% 

       127mm 

 

=  9.4% 

 

M2-Strain1 at 4 = (127-120) mm x 100% 

          127mm 

=       5.5% 

Strain =  Change in length 

             Original length 

ε =  ΔL 

     L0 

 

ε =  L0 -L1 

      L0 

Note: 
Original length of specimens, L0 = 127mm before 

crushing on Automatic UCS Test Machine. 

 

M1-Strain2 at 0 =  (127-112.2) mm x 100% 

      127mm 

= 11.7% 

 

M2-Strain2 at 1 = (127-112.9) mm x 100% 

         127mm 

= 11.1% 

 

M2-Strain2 at 2 = (127-113.3) mm x 100% 

       127mm 

= 10.8% 

 

M2-Strain2 at 3 = (127-117.9) mm x 100% 

       127mm 

=       7.2% 

 

4.5 Strained cross sectional area (Aɛ) 

 

Table 8: Show analytical calculations for Cross section area and Strained cross sectional 

area of soil sample M1-SS1, M2-SS1, M1-SS2 and M2-SS2 

Soil Sample (I) -  SS1: Soil Sample (II) -  SS2 

 

Compressive strength, UCS =  Ultimate stress x Deviation value 

            =       Applied Loading     x    Calibration value 

                                                     Cross section  Area 

    =       F x 0.9994kN  =>      (F/A x 0.9994) 

A                                    1000 
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Original area of specimen SS1: 

 

Cross section Area, Aʋ   =    лR² 

=    3.14 x 0.075 x 0.075 

=      0.0176 m² 

 

Area of strained soil specimen – SS1 

                      Aɛ    =     Aʋ. 

        [1 - ɛ] 

 

Aɛ  at 0  =      0.018     m² 

                [1 – 0.076] 

          =  0.0195 m² 

 

Aɛ  at 1   =     0.018     m² 

               [1 – 0.099] 

        =  0.0199 m² 

 

Aɛ  at 2   =      0.018     m² 

                 [1 – 0.095] 

         =   0.0198 m² 

 

Aɛ  at 3 =    0.018     m² 

            [1 – 0.094] 

        =  0.0198 m² 

 

Aɛ  at 4 Trial  =    0.018     m² 

                     [1 – 0.055] 

          =  0.0191 m² 

 

: Original area of specimen SS2: 

 

Cross section Area, Aʋ   =    лR² 

=    3.14 x 0.075 x 0.075 

=      0.0176 m² 

 

Area of strained soil specimen – SS2 

Aɛ    =     Aʋ. 

              [1 - ɛ] 

 

Aɛ  at 0  =    0.018     m² 

            [1 – 0.117] 

       =  0.0203 m² 

 

Aɛ  at 1  =        0.018     m² 

                  [1 – 0.111] 

    =  0.0202 m² 

 

Aɛ  at 2   =          0.018     m² 

                   [1 – 0.108] 

     =   0.0201 m² 

 

             Aɛ  at 3   =   0.018     m² 

     [1 – 0.072] 

    =  0.0193 m² 

 

 

 

 

4.6 Unconfined Compressive Stress (UCS) 

 

Table 9: Show analytical calculations for unconfined compressive strength of soil sample    

M1-SS1, M2-SS1, M1-SS2 and M2-SS2 

Soil Sample (I) -  SS1: Soil Sample (II) -  SS2 
    CONTROL TEST I (UCS SS1): 

    M1-UCS1 at 0’  =  15.95 kN  

                                  0.0195 m2 

                              =  817.95 kN/ m2      

                              =  818 kPa 

 

     M1-UCS1 at 0 = 15.22 kN  

                               0.0195 m2 

                             = 780.51 kN/m2 

                             = 781 kPa 

 

  EXPERIMENTAL TEST (I) -UCS SS1: 
    

  M1-UCS1 at 1’ =   19.9 kN  

                                 0.0199 m2 

                                = 1000 kN/ m2  

 

    M1-UCS1 at 1 =   19.86 kN  

                                 0.0199 m2 

                             =  997.99 kN/ m2 

                             =  998 kPa 

  

   CONTROL TEST II (UCS SS2): 

   M1-UCS1 at 0’ =  6.566  kN  

                                0.0203 m2 

                             = 323.45 kN/ m2  

                             = 324 kPa 

 

     M1-UCS1 at 0 = 5.996 kN  

                                0.0203 m2 

                             = 295.36 kN/ m2 

                             = 296 kPa 

 

EXPERIMENTAL TEST (II) -UCS SS1: 
    

  M2-UCS1 at 1’ =  11.32 kN  

                                 0.0202 m2 

                             =  560.39 kN/ m2 

                             = 560 kPa 

     

    M1-UCS1 at 1 =  7.02 kN  

                                0.0202 m2 

                             = 347.53 kN/ m2 

                             = 348 kPa 
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    M1-UCS1 at 2 =  21.35 kN  

                                 0.0198 m2 

                             = 1078.28 kN/ m2 

                             = 1078 kPa 

 

    M1-UCS1 at 2  = 20.33 kN  

                                0.0198m2 

                              = 1026.77 kN/ m2 

                              = 1027 kPa 

 

    M1-UCS1 at 3  = 23.10 kN  

                                0.0198 m2 

                              = 1166.67 kN/ m2 

                              = 1167 kPa 

 

    M1-UCS1 at 3  =  22.70 kN  

                                  0.0198 m2 

                              = 1146.46 kN/ m2 

                              = 1147 kPa 

 

    M1-UCS1 at 4   =  26.8 kN  

           (Trial)            0.0191 m2 

                              = 1403.14 kN/ m2 

                              = 1403 kPa 

 

   M1-UCS1 at 2’ =  13.75 kN  

                                0.0201 m2 

                             = 684.07 kN/ m2  

                             = 684 kPa 

 

    M1-UCS1 at 2 = 13.31 kN  

                                0.0201 m2 

                            = 662.19 kN/ m2 

                            = 662 kPa 

 

   M1-UCS1 at 3 = 25.11kN  

                               0.0193 m2 

                           = 1301.04 kN/ m2 

                           = 1301 kPa 

 

    M1-UCS1 at 3 = 23.39 kN  

                               0.0193 m2 

                           = 1211.92 kN/ m2 

                            

 = 1212 kPa 

 

5.0: RESULTS AND DISCUSSION 

Results of the experiment were observed, recorded, analyzed, and presented in graphical plots, 

in which a methodology referred in Figure 3 was adopted to measure dimensional alterations 

in thickness of road pavement layers into two (2) set of samples as stated in 2.2, sub item 2.2.1 

and 2.2.2. Cuelho et al. (2014) State that, the base course tends to penetrate into the subgrade 

soil, in which its intrusion affects the strength of base course layer.  

A separation layer of non-woven geotextiles was used to prevent adjacent soil layers, fill 

materials from directly intermixing and pressing out of the primary formed layer into the soft 

subgrade. Synthetic such as non-woven geotextiles that exhibit an elongation capacity are the 

materials of choice in most applications. 

 
Figure 3. Show an exemplary road section with Geotextile layer and other without Geotextile 

Application of Geosynthetics have clear positive effects on strength of the pavements and 
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durability to sustain the traffic impacts over all time of its application. In accordance to the 

experimental tests that were done in the CML, the results show that much improvement is 

notable. Sieve analysis and Atterberg’s Limit test played important role of characterizing the 

soil properties. 

5.1 Critical swelling effects 
On consideration of critical conditions like rainfall season to soil sample, all CBR specimens 

were soaked into water tanks for four (4) days, then they were observed daily and gauge 

readings were recorded for swelling effects, the results showed that swelling values for control 

specimen were greater than those of the experimental specimen which contained Geotextile. 

This implied that, the vertical infiltration and water flow in specimens of experimental tests 

was much less compared to set of control tests. 

5.2 Unconfined compressive strength, (UCS) 

Results of unconfined compressive strength tests in Figures 4 and 5, show that as the number 

of Geotextile increased in the prepared soil specimens, UCS in kPa increased likewise. 

  
Figure 4. Plot of UCS1 versus Number of 

Geotextile for soil sample SS1 

Figure 5. Plot of UCS2 versus Number of 

Geotextile for soil sample SS2 

 

5.3 California Bearing Ratio, (CBR) 

From Figures 6 and 7, the results have show that the CBR value increased with increase in 

number of Geotextile applied to the soil specimens. Also it observed and recorded that the 

swelling value of samples that were exposed and immersed into water soaking for four (4) days 

for all sets of control test specimens their swells was greater than those of specimens separated 

with Geotextile. This implies that, the vertical infiltration and water flow in the set of 

experimental test parameters was less compared to that of the control tests. 
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Figure 6. Plot of CBR1 versus Number of 

Geotextile for soil sample SS1 

Figure 7. Plot of CBR1 versus Number of 

Geotextile for soil sample SS2 

 

5.4 Ultimate Stresses effects 
The ultimate stresses values for specimens with application of Geotextile increased in 

comparison to control tests specimen. Also, when the number of Geotextiles between 

separation of the layers was increased the ultimate stresses increased, (see Figures 8 and 9). 

 
 

Figure 8. Plot of Unconfined Ultimate 

Stresses-strain versus Nr. of Geotextile of 

Soil SS1 

Figure 9. Plot of Unconfined Ultimate 

Stresses - strain versus Nr. of Geotextile of 

soil SS2 

 

5.5 Strained Cross sectional Area (Aɛ) 

The effects of an increment of the number of Geotextile in soil specimens prepared in the 

laboratory, showed a trend of an increased value to original area of specimens pre-crushed on 

UCS test machine. while, in Figures 10 and 11, the area of strained specimens (Aɛ) was 



JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA  ISSN: 0856 – 0196 

THE TANZANIA ENGINEER 52  VOL. 16 NO. 1, DECEMBER 2019 

 

decreasing under the condition that the maximum load applied during UCS test caused 

deformation and critical changes of the original dimensions of specimens due to failures. 

   

Figure 10. Plot of strained cross sectional 

area versus Nr. of geotextile of soil sample 

SS1 

Figure 11. Plot of strained cross sectional 

area versus Nr. of geotextile of soil sample 

SS2 

 

These deformations are termed as collapse and bulging failures. The failures occurred as 

referred to Figure 12, 13(a), 13(b) and 13(c), which are described according to their mode of 

raptures. The soil specimens for control test bulged and collapsed when were subjected to 

maximum impact loading while experimental tests, bulged vertically from loading plate of 

UCS test machine. 

  
Figure 12. CML Engineer, crushing prepared samples on UCS machine and recording the 

results 
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Figure 13(a). Control 

specimen initially was 

cracked 

Figure 13(b). Control 

specimen finally was 

collapsed 

Figure 13(c). Experimental 

specimen bulged without 

collapse 

 

5.6 Percentage by Weight effects  

It have shown in Figures 14 and 15, that an increase of Geo-percentage (%) in the specific 

separated layers tend to increase the values of unconfined compressive strength and Ultimate 

stresses of the soils. 

 
Figure 14. Plot of Compressive strength1 

versus % by weight of Geotextile sample 

SS1 

Figure 15. Plot of Compressive strength1 

versus % by weight of Geotextile sample 

SS2 
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5.7 Unconfined Ultimate Stress- strain 
Figures 16 and 17, show that the ultimate stress of soil containing geotextile  highrrbthan that 

of the control specimens also the ultimate stress of soil increased with the increase of 

geosynthetics layer. In addition, strains decreased as the number of geotextile incressed as the 

stresses increased.  

6.0. GEO-FINDINGS OF THE RESEARCH 

The performance of roads when Geosynthetics technology with variety of manufactured 

synthetic species is applied in the construction industry will improve, provided that the 

geotextiles are used not only as a partially applied technique as a filter material in damp regions, 

but also broadly be recommended for reinforcement, stabilization, drainage, and separation. 

From technical analysis, graphical presentation, and further observations made on the lab tests 

the following were significant practical geo-findings of the assessment of the effects of soil 

impregnated with non-woven geotextiles;  

 

(1) The ultimate stresses on the road pavement layers increases when the number of Geotextile 

layer (s) increases, and the strain decreases. In all cases, the initial cracks were initiated at 

the edge/corner of the square specimens. 

(2) The unconfined compressive strength results shows that as the number of geotextile is 

increased in the soil specimen, the unconfined compressive strength increases. 

(3) The California Bearing Ratio, CBR value increases with the increase in number of 

Geotextile applied in the soil specimen. 

(4) The ultimate stress for specimen with Geotextile show higher values than those of  control 

specimen. 

  

Figure 16. Plot of Unconfined Ultimate 

Stresses - strain versus Nr. Geotextile SS1 

Figure 17. Plot of Unconfined Ultimate 

Stresses - strain versus Nr. Geotextile SS2 
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(5) The swelling value of samples which were exposed and immersed in water by soaking for 

four (4) days, was greater for control test specimens compared to those of specimens 

separated with Geotextile. This implied that, the vertical infiltration and water flow in 

specimens separated with Geotextile was less compared to that control specimens. 

(6) The ultimate stresses property of the soil was increasing with decrement of strain property. 

(7) The increment for the number of Geotextile in the soil specimens prepared in the laboratory, 

shows an increase area of specimens pre-crushed on UCS test machine relative to its 

original area. 

(8) Whereby, the increases of Geo-percentage (%) in the specific separated layers tend to 

increase the unconfined compressive strength of the soils. 

7.1 CONCLUSION 

The experimental results and geo-findings of this research when provide a chance to advance 

techniques and accustomed methods in engineering designs and construction practices in 

Tanzania.  Application of Geotextiles would have great significance not only in cost savings 

but also ascertaining project effective budgets, timely construction completion, materials 

quality control, and environmental sensitivity. Also, Geotextiles will play a role of minimizing 

unplanned road maintenance costs by providing solutions to both physical and mechanical 

defects of pavements especially pre-mature road failures such as cracks, rutting, shoving, 

potholes, and upheavals. In addition, geotextiles improve the life span of highways due to 

improved stability of pavement layers, which are always under traffic distresses effects. 

7.2 RECOMMENDATION 

It is recommended that a set of tests should be conducted on a trial section of road pavement 

segment of at least 200-300m. The road section is to be designed with application of geotextile 

beneath the sub-base layers and the subgrade. Then, the trial sections should involve a single 

lane adopting geosynthetics technology while the other set of lane shall not consist of 

geosynthetics (i.e. Geotextile).  

It is expected that, installation of Geotextiles will create a separation between two road layers 

elsewhere, practically about 95% of base course materials shall not be intermixed and only 5% 

of fines will pass through the punched holes of the synthetics. Then, observation of different 

parameters based on durability, workability and survival life span of the trial sections will be 

taken effectively under condition that heavy equipment and tools are to be deployed during 

road formation and pavement to be opened and exposed to the traffic. 

Further research is recommended to establish and address the significance of introduction of 

Geosynthetics in Tanzania for highway networks which is expected to be rational example with 

survival of infrastructures as per design period, cost effectiveness set-up, better quality 

properties such as durability and workability of pavements that influence minimization of costs 

from unplanned road maintenances and rehabilitations. 

Normally, it has been experienced that our national roads agency controllers TANROADS has 

been tracing pavements sustainability with sets of axle loading standards and various legislated 

regulations that are intended to safe-guard survival of constructed roads all over the country. 

This is to minimize costs of unplanned maintenances which seemed to inflate project budgets 

for most pre-designed and projects to be commenced. 

Moreover, because of the positive effects which have been observed from the results of 

experimental sets of tests with Geotextile application in road works, it is advisable that, 
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governmental and professional institutions especially ERB, IET, TANROADS, Ministry of 

Education Science and Technology, Ministry of Transportation Communication and 

Infrastructures, Tanzania Bureau of Standards, consulting firms and others stakeholders to look 

on how the Geotextiles and other related Geosynthetics materials like geogrids, geonets, 

geocomposite, geosynthetic clay liners GCLs, geofoams and geopipes for hydrology, 

geotechnical and environmental engineering can be adopted and promoted in our national 

higher learning education curriculum and taught because of their proven stability and function 

for improved infrastructure performance. 
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ABSTRACT 

 
This paper discusses deflection recovery of a precast reinforced concrete (RC) ribbed roof 

slab after the application of a 24 hour loading test in the determination of integrity of the slab 

that was affected by fire in Dar es Salaam Tanzania. The loading was achieved by using sand 

filled sacks. The average load recovery was within the BS 8110 acceptable range of above the 
limit of 75%, with the exception of the middle strip zone which did not attain the limit. From 

the results, it was observed that the RC precast ribbed slab has to be divided into structural 

zones in relation to its structural configuration. Therefore, interventions need to be applied by 

considering each structural zone separately when assigning corrective measures, which will 
be specific on extent of strengthening for each structural zone instead of general corrective 

measures to the whole precast RC ribbed slab. Based on the mean deflection recovery test 

results, the slab was found to be still strong and acceptable for service. 

 
Key Words: load testing, precast RC ribbed slab, deflection recovery 

 

1.0 INTRODUCTION 
 
The need to conduct structural integrity tests on reinforced concrete buildings arises when it 

is required to save human life and buildings, to rehabilitate them or to increase their life span 

after deterioration or damage due to fire accident, fatigue loads, chemical attacks and 

earthquake. Structural integrity of a building can be determined through destructive or non-
destructive testing procedures (Mahadikand et al, 2014). 

 

Several techniques have been used on evaluation of structural integrity of structures using 
different non destructive methods some of which use the state of the art technologies such as 

acoustic emission techniques, radioactive and nuclear methods, sonic and ultrasonic methods, 

penetration tests, load tests, rebound hammer test and artificial intelligence (Saleem et al, 

2012, Casadei et al, 2005, Mahadikand et al, 2014, Lucas et al, 2014, Samarin et al, 1981, and 
Hola et al, 2005). 

 

Load test being one of preferable technique is used to determine the integrity of a structure. 

For example in Pakistan, Saleem et al. (2012) conducted a non-destructive load test and 
partially destructive core test on an existing five storey concrete framed structure whose 

construction was halted for seven years and concluded that load test is more conclusive than 

core test and should be preferred. In another study, a 24 hour load test based on ACI 318-02 

was compared with a cyclic load test by Casadei et al (2005). Both tests were applied on two 
identical slabs and produced the same outcome proving the validity of in situ load testing for 

determination of structural integrity of building members. The ACI 318-02 and other studies 
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recommend for more than one test be performed for evaluation of the integrity of a building 

(Samarin et al, 1981, and Hola et al, 2005). 
 

This paper presents the results of load test deflection recovery of a precast reinforced 

concrete (RC) ribbed roof slab after the application of a 24 hour loading in the determination 

of integrity of the slab that was affected by fire in Dar es Salaam Tanzania. The acceptance 
criteria used was deflection recovery (residue elasticity) as per BS 8110-2 and the limit is 

75% recovery. In this study observations were made on behaviour of different locations of 

the slab with different structural configurations. 

 

2.0 THE STRUCTURAL SYSTEM AND PHYSICAL CONDITION OF THE 

STRUCTURE 
 

The roof was composed of precast reinforced concrete slabs supported on in-situ cast 

reinforced concrete columns through the stiffened and deepened edges of the slabs. The edges 

of the slabs form a system of ribs at a spacing of 1800 mm c/c as shown in Error! Reference 

source not found.. The edge ribs of the slabs were 230 mm deeper than slabs. The exterior 

columns are of dimension 200 mm x 400 mm and the interior columns are of dimension 200 

mm x 600 mm. The span of the slab panels between beams is 4.6 m. The precast slab panel is 

of dimension 4.73 m x 1.8 m and its other dimensions are as shown in Figures 1 and 2. 

 

The slab was exposed to fire for about 3 hours before the fire could be extinguished. The 
soffit of the building was observed to exhibit spalling of concrete cover with exposed 

reinforcements at different locations as seen in Figure 4. 

 

 
Figure 1: Precast RC slab panels arrangement  
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Figure 2: Dimensions of the precast RC panel 

 

3.0 METHODOLOGY 
 

3.1 Discrete loads using filled sand jute bags 
 

In this case in-situ load test was conducted on a roof slab located above the 14th floor of a 

building where it was most deteriorated. The load test was done according to specifications 

and procedure given in BS 8110; 1985; Parts 1 and 2. The required Test Load Nult for 
subjecting the structure into the test is one and a quarter times the superimposed load used 

during the design as expressed by equation 1. In this case, for an office building, the 

superimposed load Qk was 5 kN/m2 which then yielded 6.25 kN/m2.  

 
 Nult= 1.25 Qk         (1) 

  

  Where, 

  Qk= Design Superimposed Load in kN/m2 
Nult = Test Load in kN/m2 

 

Usually a structural steel loading frame system with hydraulic mechanism is used to conduct 
the loading test. Due to the weight and size of the required loading frame and obstructions, 

there are challenges to carry it to the target floor without causing damages on the way up. The 

alternative which is also very cumbersome was to disassemble the frame before carrying it 

up, then reassemble it on the concerned slab, disassemble it again to take it down and 
assemble it back. 

 

Sand load was chosen for the purpose due to its ability to provide a uniformly distributed 

load. A total load of 53.2 kN (5.32 tons) of sand was placed on one slab panel with a size of 
1.8 m x 4.73 m (Area, A =8.514 m2) to provide a distributed load of 6.25 kN/m2 as per 

equation 2.  To ease the loading and off-loading processes, the sand was filled in 166  jute 

bags each filled with 32 kg of sand and one bag filled up to a quarter then closed up using 

sisal ropes as shown in Figure 3. 
 

 P = Nult
.A         (2) 

 

Where,  
P = Total Test Load in kN 
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  Nult = Test Load in kN/m2 

  A = Loaded Surface Area of the slab in m2 
 

 

A total number of 25 casual labourers were required for 4 hours to fill the bags with sand, to 

carry the bags from the ground floor, transport them in elevators, offload them from the 
elevator and hoist them to the roof slab over the 14th Floor. To avoid impact load effect to 

the slab, the bags were laid down gently. Close monitoring was required during filling of the 

bags with sand and while laying them down. 

 

 

  

(a) (b) 

Figure 3: (a) Sand loading process on the roof slab, (b) Sand loading in position 

 
 

  
  

 
Figure 4: View of the slab soffit 

 

3.2 Spot Levels 

 
Before loading, spot levels were taken at predetermined points on the edge line, the centreline 

and in between as shown in Figure 5. Then the prescribed loading of 6.25 kN/m2 was applied 

on the structure, after finishing the loading, the structure was left under load for a duration of 
24 hours. After the 24 hours, levels at the respective points were taken for the purpose of 

determining the deflection between no-load and under-load conditions and then the structure 
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was off-loaded and left to relieve for another 24 hours, after which the final levels were taken 

in order to determine the amount of recovery from deflected condition due to the prescribed 

load. The levels were taken at the same respective points. The off-loading of the sand bags 

was done for a duration of about 3 hours. The loading sequence and slab response is as 

simulated in Figure 6. 

 

The levelling instrument used was an automatic level Ni3 with a parallel-plate micrometer 

having an accuracy of ±0.0001 m. The reading error can be estimated at ±0.0002 m. A total 

number of 45 points were located and the levels taken. The establishment of the level was 

referenced from a temporary bench mark that was a fixed location on another slab panel 

which was not affected by the loading test. 

 

 
 

Figure 5: Precast RC slab panel showing spot level points 

 

 
 

Figure 6: Loading Sequence and precast slab panel response 

 

4.0 RESULTS AND DISCUSSIONS 
 

4.1 Deflection due to application of the load 

 

The results of deflection after 24 hours of loading are summarised in Table 1 and Table 2 for 

the slab panel centreline, slab panel edges and next to precast slab panel edges due to the 

configuration of the slab. 
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Precast slab panel centre line: The deflection of the precast slab panel centreline after 24 

hours of loading reached a maximum of 53.2 mm, a minimum of 32.7 mm and an average 
deflection of 47.2 mm. 

Precast slab panel edges: The deflection of the precast slab panel edges after 24 hours of 

loading reached a maximum of 53.2 mm, a minimum of 32.1 mm and an average deflection 

of 47.6 mm. 
Next to precast slab panel edges: The deflection of the precast slab panel next to edges after 

24 hours of loading reached a maximum of 56.0 mm, a minimum of 32.3 mm and an average 

deflection of 47.1 mm. 

Total deflections: The total deflections of the precast slab panel after 24 hours of loading 

reached a maximum of 56 mm, a minimum of 32.1 mm and an average of deflection of 47.3 

mm. 

 

Table 1: Average precast slab panel deflection after 24 hours loading 
 

Position 
Deflection in mm 

Condition Remarks 
Mean Minimum Maximum 

Along edge of 
precast slab panel 

47.6 32.1 53.2 >18.9 mm 

Exceeds 

serviceability 

limit 

Along next to 

edge of precast 

slab panel 

47.1 32.3 56.0 > 18.9 mm 

Exceeds 

serviceability 

limit 

Along centreline 47.2 32.7 53.2 > 18.9 mm 
Exceeds 
serviceability 

limit 

Whole precast 

slab panel 
47.3 32.1 56.0 > 18.9 mm 

Exceeds 

serviceability 
limit 

 

Table 2: Maximum and Minimum precast slab panel deflection 
 

Position 

Deflection 

Minimum Maximum 

Along edge of precast slab panel 32.1 53.2 

Along next to edge of precast slab panel 32.3 56.0 

Along centreline of precast slab panel 32.7 53.2 

Whole precast slab panel 32.1 56.0 

 

The deflection graphic results are shown in Figure 7 and the deflections are consistently all 

above the highest limiting deflection value of 26.3 mm (L/180) for a roof slab according to 

ACI 318-14 and 18.9 mm (L/250) according to Eurocode 2 and BS 8110. Hence there was 

excessive deflection due to the design loading specified in BS 8110-1 and BS 8110-2. This an 

indication that the slab has been weakened due to the fire attack. 
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Figure 7: Deflection of the precast slab panel centreline, next to precast slab panel edges and 

the precast slab panel edges 
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4.2 Deflection Recovery 
 
Deflection recovery after removal of superimposed load are summarised in Tables 3 and 4. 

Precast slab panel centreline: The deflection recovery of the precast slab panel centreline 

after removal of superimposed load was a maximum of 78%, a minimum of 56% and a mean 

of 66%.  
Precast slab panel at edges: The deflection recovery of the precast slab panel edges after 

removal of superimposed load was a maximum of 96%, a minimum of 68% and a mean 

deflection of 81%. 

Precast slab panel next to edge: The deflection recovery of the precast slab panel next to 

edges after removal of superimposed load was a maximum of 98%, a minimum of 62% and a 

mean deflection of 76%. 

Whole precast slab panel: The total deflection recovery of the slab panel after removal of 

superimposed load was a maximum of 98%, a minimum of 56% and a mean deflection of 

76%.  

 

Table 3: Mean precast slab panel deflection recovery 

 

Position Recovery Condition Remarks 

Along edge of slab panel 81% >75% Above limit 

Along next to edge of slab panel 76% >75% Above limit 

Along centreline of slab panel 66% <75% Below limit 

Average of all slab panel 76% >75% Above limit 

 

Table 4: Maximum and minimum precast panel deflection recovery 
 

Position 

Minimum 

Recovery 

Maximum 

Recovery 

Along edge of precast slab panel 68% 96% 

Along next to edge of precast slab panel 62% 98% 

Along centreline of precast slab panel 56% 78% 

Average of all precast slab panel 56% 98% 

 
For the mean deflection recovery, the BS 8110 recommended limit value is to be above 75% 

which was achieved except for the centreline deflection recovery which was less than the 

recommended value. However, the average deflection recovery was higher than 75%. 
Generally, the average deflection recovery was within the acceptable limits and was therefore 

adequate. However, some individual spot levels had deflection recovery below the limiting 

value of 75% while the majority were above 75 % suggesting that the slab had substantial 

elasticity and strength. However specific areas needed attention such as along the centreline 
of the slab panel where the deflection recovery was lower than the limit as seen in Figure 8. 

Hence this zone required strengthening while the edge of the slab panel showed acceptable 

deflection recovery hence did not need much strengthening apart from restoration of loose 

concrete cover. This difference between the edge zone and the centre zone is attributed to 
their difference in structural depth, whereby the edge zone had higher structural depth 

compared to the centre zone. 

 

 



JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA  ISSN: 0856 – 0196 

THE TANZANIA ENGINEER 66  VOL. 16 NO. 1, DECEMBER 2019 

 

 
 

 
 

 
 

Figure 8: (a) Percentage deflection recovery of the precast slab panel centreline, next to the 

precast slab panel edges and the precast slab panel edges 
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5.0 CONCLUSION AND RECOMMENDATION 
 
The slab has been weakened up from the fire attack as the deflections were all above the 

highest limiting value of L/180 for a roof slab according to ACI 318-14 and L/250 according 

to Eurocode 2 and BS 8110. 

 
The results of deflection recovery of the precast reinforced concrete slab panel was clearly 

different between the ribs on the edges and the slab middle area.  

 

It is concluded that analysis of results of load testing after fire accident has to consider the 

different structural zones in a slab instead of considering it as one entity. 

 

The slab has to be divided into zones in terms of structural parameters such as location and 

dimensions which may be affected differently by fire accident. This includes whether it is on 

the edge or in the middle and whether there is a difference in structural dimensions such as 

length or thickness. 

 

The interventions or corrective measures be applied by considering each zone separately, in  

which case each zone can have a different corrective measure such as extent of strengthening 

and acceptability. 

 

Based on the mean deflection recovery test results value, the slab could be concluded to be 
generally acceptable for further use.  

 

However, based on individual structural zones, the edge zone with ribs was acceptable while 

the middle strip slab zone was not acceptable hence required corrective interventions before it 
could be used again. The middle strip can be strengthened by introducing at its soffit a 

longitudinal beam of the same size as the longitudinal edge beams.  
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ABSTRACT 

Agricultural mechanization has been defined as a process of improving labour and farm 

productivity. There are basically three levels of mechanization: hand too technology; Animal 

drawn powered technology and mechanical power. The paper highlights the need to move from 

hand hoe technology in order to achieve the industrialization drive currently promoted by the 

Tanzanian government. Examples of possible areas for industrialization through the promotion 

of mechanization inputs have been discussed. It is argued that the promotion of mechanization 

inputs along the agricultural value chain can enhance the self employment, improve farm 

production levels and encourage small scale industries in rural areas. 

Keywords: Agricultural mechanization; agricultural transformation; rural industrialization 

1. INTRODUCTION 

The future prosperity of Tanzania like many other developing economies, depends on sustainable 

growth in agricultural production and productivity coupled with protection of its natural 

resources and environment. Success in this will require employment of engineering technologies 

as a major inputs and instruments for promoting growth at all levels of agricultural development. 

The Tanzania vision for 2015 aims at transforming Tanzania into a semi-industrialised economy. 

The goal is to have the economy in 2015 transformed and highly competitive with productive 

agricultural activities which are effectively integrated and buttressed by supportive industrial and 

mechanized service in the rural and urban areas.  

The following are the principal objectives and targets of the Vision 2025: 

� Achieving quality and good life for all  

� Good governance and the rule of law  

� Building a strong and resilient economy that can effectively withstand global competition  

 

Consistent with this vision, agricultural mechanization as a major input and driver for rural 

industrialization will contribute in meeting the following targets;  

� High production and labour productivity 

� A well educated and learning society  

� A competitive economy capable of producing sustainable growth and shared benefits  

� Food self-sufficiency and food security.  
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The Tanzanian Agriculture sector programme document (ASDP II) has a set of specific activities 

on commodity value chain development. If fully implemented, smallholder farmers will be able 

to mitigate and adapt to industrial growth as targeted by the government. These activities 

include:  

• Establish district commodity value chain platforms (DCP) which could be useful for 

dissemination of various mechanized technologies.  

• Farmers empowerment and organizational strengthening  

• Linking farmers with agribusinesses to access mechanization inputs for sustainable 

productivity growth (which could include drought resistant OPV seeds)  

• Encouraging delivery and adoption of demand-driven technologies. The project farmers 

will have the potential to demand for proven technologies and methods which could 

include agro-processing, farm machinery, access to finance and/or improved seeds 

 

2. ISSUES RELATED TO AGRICULTURAL MECHANIZATION DEVELOPMENT 

Agricultural mechanization has been defined in a number of ways by different people, but 

perhaps, the most appropriate definition is “the process of improving farm labour productivity 

through the use of agricultural machinery, implements and tools”. Mechanization as Bishop and 

Morris (1992) clearly puts it, is a key input in modernization of any farming system. It involves 

the provision and use of all form of power sources and mechanical assistance to agriculture. As a 

major agricultural production input, mechanization aims to achieve the following 

• Reduction of drudgery in farming activities and making farm work more attractive to end 

users and more specially to youth 

• Increased productivity per unit area due to improved timeliness of farm operations 

• Accomplishment of tasks that are difficult to perform without mechanical aids and 

• Improvement of the quality of work and products. 

It has been documented that Tanzania needs an average of 1,800 tractors annually against the 

current supply of 400 tractors annually. 70% of farmers in Tanzania still use hand hoe 

technology, 20% use oxen and only 10% have access to tractors. (Simalenga, 2016; Mrema 

2004; Mrema 2016). Private sector involvement in agriculture has remained weak with very 

limited investment. The promotion of agricultural mechanization inputs (at all levels by all 

players including government) will trigger the process of Tanzania agricultural transformation. 
 

There are Several Stages in the Process of Agricultural Mechanization as reported by FAO, 

1981; FAO-AUC, 2017; Rijk, 1989 and Mrema 2016: These stages have been highlighted below: 
 

Stage 1: Power Substitution Stage: This is the earliest stage in the mechanization process and 

involves draught animal power substituting human power or mechanical power substituting 

draught animal. In most cases the mechanization here is straight forward and the machinery 

tends to be simple and not so expensive. The key issue here is effective and efficient utilization 

of the power source through sustainable and profitable business models – otherwise somebody 

has to subsidize if not profitable.  

Stage 2: Mechanization of the Human Control Functions: The emphasis here is the 

substitution of the human control functions. Depending on the complexity of the control function 
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then the machine/equipment can be quite complex. Examples here are hand weeding vs. 

mechanized weeding; manual cotton picking vs. mechanized cotton harvesting; manual 

harvesting of tea leaves vs. mechanized tea harvesting.  

Stage 3: Adaptation of the cropping system to the machine: Difficult and/or too costly to 

mechanize certain human control operations – so instead change the cropping system to fit the 

machine. Examples include changing from broadcasting of seeds to row planting because of 

difficulties of weeding with machine in the later; changing from intercropping to mono cropping 

because of difficulties of mechanizing the former.  

Stage 4: Adaptation of the Farming System and Production Environment to Facilitate 

Mechanization: Farming system adapted to increase labor productivity and benefit from 

economies of scale. Intensive poultry and livestock production; minimum and zero tillage 

systems; fully cleared land to facilitate mechanization; land planning and consolidation of fields 

to create larger fields to facilitate efficient mechanized tillage.  

Stage 5: Adaptation of Crops to the Mechanization System: Through plant/animal breeding to 

facilitate mechanizing production activities e.g. harvesting; lodging; thresh-ability; or processing 

– ease of peeling; resistance to bruise damage during harvesting.   

Stage 6: Automation of Agricultural Production (Precision farming): Higher levels of 

mechanization where many production operations are automated – automated feeding systems in 

livestock production; precision application of fertilizers; herbicides etc. 

Figure 1 shows the benefits and contribution of mechanization inputs in agricultural 

transformation and rural development 

 

 

Figure 1: Schematic diagram showing issues and benefits of Mechanization 
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3. Mechanization Investment Across the Value Chain  

Past analysis of agricultural mechanization in Tanzania and elsewhere in Africa tended to be 

confined to on-farm production issues and failed to capture the off-farm uses of machinery and 

implements where farmers who had invested in machinery and implements were realizing 

economies of utilization of their mechanization investments.  It is, therefore of critical 

importance to widen the mechanization inputs to cover the entire agri-food chain from inputs 

through to on-farm production to post-harvest handling and processing issues as well as 

consumer protection i.e. food safety.  

 

World wide experience shows that agricultural mechanization has been successful when there is 

an effective demand for the outputs of farming (including for on and off-farm value addition) 

and sustainability of mechanization systems has to factor in the entire agri-food chain. Also 

sustainable agricultural mechanization technologies can contribute significantly in programs for 

reducing losses along the entire agri-food chain. Such losses especially the post-harvest ones, are 

considerable in SSA of the order of up to 50% in some crops. Given current demographic trends, 

Mechanization will have to go beyond on-farm productivity issues to include post-harvest 

systems and the entire food chain. 

 

4. Example of Farm Mechanization Inputs and potential areas for Industrial Investment 

4.1: Farm power inputs for ploughing and ridging (Moving from handhoe to mechanized 

systems) 

 

 
 

Figure 2: Highlights the potential mechanization inputs for ploughing and ridging Weeding 

Investment (Source: Dashell 2016-IITA Youth Agriprenuers Mechanization unit) 

 

As shown in the Figure 2 above, making ridges using special designed machines can transform 

and change the face of the farming using hand hoe.  
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4.2: Tillage, special planting and weeding solutions  

Figure 3 shows possible mechanized operations for planting and harvesting cassava crop. These 

machines are excellent opportunity for manufacturers to provide solutions for labour intensive 

operations and improve the efficiency of these operations. 

 

 

Figure 3: Highlights of cassava planters on the left and cassava harvester on the right which can 

revolutionise the way we farm and harvest cassava crop. (Source: Dashell 2016) 

 

4.3: Mechanized Weeding solutions (Crop care Solutions) 

Weeding is one of the farm operation which require modernization using user friendly labour 

saving technologies and machines. Figure 4 shows possible solutions which can use motorized 

technologies for weeding maize or any row crop. 

 

 

Figure 4: Showing the mechanized weeding operations using motorized machines. Youth can 

participate in agriculture activities with simple modernized weeding technologies. (Source: 

Dashell 2016) 
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4.4:  Harvesting and On-farm Processing Solutions 

Another potential areas in providing mechanization solutions and support the industrialization 

agenda in Tanzania is the use of motorized hand held harvesters and on-farm threshing and 

processing technologies. Figure 5 is examples of potential machinery for harvesting and on-farm 

processing operations.  

 

Figure 5: On the left is a simple harvester while on the right is on -farm threshing/shelling 

machine. (Source: Hatibu and Simalenga 1993) 

 

 

5. PROMOTION OF AGRICULTURAL MECHANIZATION-LED HUBS AND 

CENTERS TO RAISE PRODUCTIVITY 

The need of having a world class agricultural mechanization hubs and centres of excellence in a 

developing country like Tanzania cannot be overemphasized. Tanzania is one of the peaceful 

country in SADC and enjoys favorable policies, stability, good relations with its neighbours and 

committed staff which will make the achievement of the above goals possible. For the past few 

years, the Government has been implementing the voucher system support to farmers in 

providing subsidized seeds and fertilizer. The proposed mechanization hubs initiative will build 

on this support and extend the current voucher of input supply system and include farm 

machinery services for plowing and agro-processing as part of the transforming agricultural 

production system. 

It has been reported that the potential demand for improved seeds in Tanzania is about 120,000 

tons per annum. The average annual supply for the last four years has been 10,000 tons. 

Similarly, Tanzania uses 9 kg of fertilizer per hectare of arable land. Malawi uses 27 kg per 

hectare while South Africa uses 53 kg per hectare. On average SADC countries utilizes 16 kg per 

hectare. With respect to mechanization inputs, the story is even worse. Hand hoe technology 

dominates farming in Tanzania leading to low level of production. (Mrema 2016). All these 
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scenarios has been attributed to low level of involvement of private sector in agricultural input 

business. 

The introduction mechanization hubs will also seeks to empower the local population (especially 

women and youth) by creating an environment for income generation and job creation through 

agro-processing and transport activities. The poverty and food security challenges in rural and 

urban areas, will be addressed through this initiative. Under this initiative, all technologies will 

be stored under one roof as shown in Figure 6 and through this mechanization hub concept, 

farmers will be able to access the technologies they want on demand without incurring the cost 

of purchasing each technology for each operation. 

 

Figure 6: Showing a sketch on mechanization hub storage facility for farm machinery and other 

motorized on-farm technologies. (Source Simalenga 1995) 

 

6. POTENTIAL AREAS FOR INDUSTRIAL INTERVENTION FOR SUSTAINABLE 

AGRICULTURAL MECHANIZATION AND AGRO-PROCESSING BUSINESS 

VENTURES 

It is generally agreed that agriculture will continue to be the most important sector in the economy 

of most African countries. Therefore, it is logical to re-direct efforts towards this sector. One way of 

promoting sustainable agricultural development is to promote private sector participation through 

entrepreneurs in agricultural mechanized operations and Agro-processing business ventures. 

The following are some of the possible areas and opportunities for industrial intervention in view of 

strengthening or initiating entrepreneurship in the region. 

(a) Manufacturing of agricultural machinery, implements and parts  

The main objective here is to promote the manufacturing base on agricultural operations and 

processing technologies. The goal is to increase availability of agricultural machinery and 

equipment. Examples of these technologies include: 
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• Production of agricultural machinery suitable for rural areas: 

• Production of spraying and transport equipment: 

• Manufacture of crop processing, handling and packaging equipment (shellers, threshers, oil 

expellers' etc.); 

• Manufacture of fruits/vegetable processing and packaging equipment. 

(b) Agricultural processing industries and food technology systems 

The main goal here is to increase processing and storage capacity and marketing of agriculture 

produce. Some examples in this area include: 

• Fruit and vegetable processing and canning; 

• Livestock products processing and packaging; 

• Processing, packaging and marketing of commodity crops; 

• Animal feed production; 

• Apiculture (bee) products processing and packaging; 

 

(c ) Farming and provision of services to farmers and agro-industries though mechanized hub 

concept 

The main objective in this area is to develop scientific commercial and profitable farming servicing 

centres for both local and external market. This can include: 

• Privately owned contract hire services for both farm machinery and agro-processing units; 

• Horticultural agricultural mechanized hubs for crop production; 

(d ) Marketing of technology-oriented hardware, inputs and processed products 

Here the main goal will be to increase supply of technologies, spare and services to farmers and 

agro-industries. This will include: 

• Trading, importation and distribution of farm machinery and other technologies; 

• Commercialization of processed products through marketing networks;  

• Provision of maintenance and repair services and supply of inputs and spares (dealership). 

 

As stated in previous sections, the problems for starting and sustaining mechanized technology-

oriented enterprises do not have a magic formula to solve them. They require both re-orientation of 

policy implementation towards micro-enterprises, deliberate government intervention in creating 

enabling environment and a strong mechanism to make follow up and support the entrepreneurs. 

Financial markets need major reform in order to provide the required finance to support technology 

oriented entrepreneurs. This can be achieved by setting up of special revolving loan funds or by 

provision of accessible credit facilities. 

Appropriate policy framework such as National Agricultural Mechanization Strategy, needs to be in 

place so as to ensure that the enabling environment is created and sustained to run the business as 

profitably. The strategy will also assist to identify the required infrastructure and other sectors of the 

national economy to be developed to support agricultural development. 
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Education and training will need to be reviewed in-line with the changing economic environment. 

Courses such as business and capital management, application of information technology in 

agribusiness will have to be incorporated as well as entrepreneurship training in universities, 

colleges, and professional training courses started. 

A mechanism for information for business and market (Networking) will need to be established for 

regional collaboration, promotion and publicity. The mechanism will also initiate the formation of 

data bank especially for regional trade and tariffs and market opportunities. This will greatly assist 

regional networking for one-stop-information acquisition system. 

7. CONCLUSION 

The paper has attempted to show that agricultural mechanization is a viable economic activity 

which can enhance the quality of life and bring in added value from the use of natural resources. It 

thus deserves support in terms of investment. Development and modernization of Africa's 

agriculture and its agro-industries will depend to large extent on the transformation of policies, 

educational and entrepreneurship thrust. It is argued that for sustainable agriculture growth to take 

place in the medium and long term, there is need to change policy from emphasis on small-scale 

peasant farmers to medium scale African commercial farmers. Entrepreneurship and 

professionalism in agricultural mechanization are likely to be the main key to the sustainable 

development of Tanzanian agriculture. 

For agricultural mechanization-led industrialization to happen, there is a strong need for research 

and development institutions in agriculture to work in tandem with the private sector to develop 

technologies that will address issues identified in ASDP-II. Improved primary and secondary 

farm operations and value addition in the relevant in post-harvesting processes will provide the 

much needed boost in agricultural productivity and production. These actions will provide 

capacity for the agricultural sector to provide the much needed material supply for the industrial 

sector, which will then contribute the much needed GDP.  

Agricultural mechanization is one of the important input that is required which will in the long 

run significantly contribute to the agricultural-led industrialization. This paper has analysed key 

areas which require agricultural mechanization to make significant contribution in the 

industrialization drive. It also recommends the strategic actions, which need to be implemented 

by the R&D institutions to bring about the much anticipated part of the agricultural-based 

industry along the whole value chain of agricultural production as shown in the figure 7 below.  

 

Figure 7: The Value chain analysis in agricultural production and productivity 

In conclusion, it may be said that given globalization and the resulting free flow of information, 

many Africans are able to see and learn from the progress in Asia and other parts of the world 

where mechanization of agriculture has occurred, over the past five decades. It is for, among 

other reasons, that there is an urgent call to send the hand-hoe to the Museum within the coming 
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decade and in so doing liberate the African farmer from the drudgery associated with primary 

land preparation using this hand-hoe technology.   
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ABSTRACT 

 
This paper presents the results of a research carried out to identify the major barriers of adopting 

and use of Information and Communication Technologies on Small and Medium Scale 

Enterprises in Dar es salaam, Tanzania. Information and Communication Technologies is a 

pathway to economic development in both developed and neighbouring countries than it is in 

Tanzania. 

Data on these aspects of ICT was collected from 98 SMEs through a questionnaire. The results 

of the study show that SMEs in Tanzania are aware of some of the critical barriers of ICT 

adoption. Majority of the firms participated on this study use the ICT business mainly for 

general business information, and hardly doing mobile transactions and e-commerce. Lack of 

reliable power, skilled IT experts, suitable legal and regulatory practical framework, limited 

availability of online banking service, poor telecommunication infrastructure, high cost of 

internet connectivity and language barrier were the major barriers in adopting ICT. It is 

concluded that TCRA and body of electrical power should work hand in hand to tackle the 

problem of infrastructure in the country. There is a need for more focus and concerted efforts 

on increasing awareness among SMEs on the limitations of ICT adoption 

Keywords: Information and Communications Technology (ICT), Small and Medium sized 

Enterprises (SMEs), ICT adoption, ICT barriers, e-commerce. 

 

1.0 INTRODUCTION 

ICT adoption in the area of e-commerce among SMEs in Tanzania is among the key remedy 

in creation of business opportunities locally and internationally. ICT adoption is a cost effective 

way to reach global players, gaining market share, streamlining a wide spectrum of business 

processes and technology for competitive advantage utilizing telecommunication networks, 

improving relationships, advantageous to early adopters, ready and willing to change 

communication internally and externally, ensuring sufficient resources and skilled-staff 

(Motjolopane & Warden, 2007).  Tanzania like any other developing countries is aggressively 

emphasizing the use of ICT in government and private sectors including on SMEs. 

ICT therefore is a key innovation tool that can advance social and economic development, good 

governance, and poverty reduction in the developing countries of Africa (Datta, 2011). 

According to (Nnafie et al., 2002) and as described in (Uzokaet et al., 2007) ‘ICT especially 

e-commerce activities would be a major source of foreign exchange and a key indicator of 

national development’. However, study findings focusing on developing countries have 

indicated that ICT/e-Commerce adoption is yet to reach its full potential (Boateng et al., 2011). 

That is, most firms have websites which are generally informative but lack interactive facilities 

for online transactions partly because ICT in most developing countries and African countries 
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in particular, is generally characterized as poor which results in low levels of internet usage 

activity (Siyao, 2012). The introduction of National Information and Communication 

Technology (NICT) in 2003 in Tanzania was the beginning of a new chapter of innovation that 

aims at enhancing national-wide economic growth and social progress by encouraging 

beneficial activities of ICT in all sectors through providing a conducive framework for 

investments in capacity building and in promoting multi-layered co-operation and knowledge 

sharing locally as well as globally (URT, 2003).  

 

Although the SME sector is important to the socio-economic development of Tanzania, studies 

have revealed that it is under-performing due to a multitude of barriers facing it (Mutambala, 

2011). On the other hand, some studies that have related e-commerce under ICT and SMEs in 

Tanzania tend to generate multiple barriers/limitations which sometimes differ from one 

researcher to another. The study conducted by Aydemir (2013) reveals that the SMEs were 

affected by the lack of telecommunication infrastructure, lack of qualified and skilled workers 

to develop and support ICT/e-Commerce sites, lack of skills among consumers necessary for 

using the internet, lack of timely and reliable systems for the delivery of physical goods, limited 

online bank accounts and credit card penetration, low income and low computer and internet 

penetration. Another study points out that there is lack of awareness for e-commerce and related 

technologies, social-cultural beliefs, high costs associated with investment in e-commerce 

infrastructure, poor laws to combat cyber-crime and protect consumer privacy, and poor 

government policy (Salah, 2013). Orek et al. (2011) also indicates that factors affecting SMEs 

are lack of sufficient security system, reliability, poor standards and communication protocols, 

and   insufficient bandwidth. Others include rapid changes in technology, as well as lack of 

trust. However, such numerous ICT e-commerce adoption barriers identified might be difficult 

to tackle at once due to the limited resources facing the country (Siyao, 2012). As a result, such 

barriers continue to persist without solutions. This study therefore aims at assessing the main 

critical barriers facing ICT/e-commerce adoption among SMEs in Tanzania and finally 

proposes strategies, which will enable policy makers and other business practitioners to 

mitigate these barriers through prioritization of the available resources in the country. 

 

1.1. Challenges Facing SMEs in Adopting  ICT  
Most of LDCs have unreliable and inefficient telecommunication infrastructure that can 

support the conduction of conventional ICT/e-Commerce; however, telecommunication 

infrastructure plays an important role when firms decide to adopt ICT/e-Commerce (Zhai, 

2011).  On the other hand, it is pinpointed out that most commercial and financial institutions 

in developing countries are not matured enough to handle and secure reliable electronic 

transactions. Therefore, it can be argued that ICT/e-Commerce can be affected by socio-

cultural norms of a given country. Social factors are concerned with informal regulations and 

are implicated in the adoption of ICT/e-Commerce (Lin, et al., 2011). For instance, websites 

in Vietnam are perceived as being ‘merely places for promotion; not for purchase’ because 

‘Vietnamese consumers are used to the practice of seeing and touching before buying (Rowe 

et al., 2012). One of the social barriers of ICT is language of online contents. Some study state 

that the differences in language and work habits as one of the barriers to people using ICT 

(Gattiker et al.2000) The majority of the content of the World Wide Web is produced in English 

language, creating a barrier for many potential users in LDCs, especially those in African 

countries whose first and second languages are not English (Molla et al., 2006).  A survey 

conducted by Aydemirin (2013) indicates that low acceptability within the sector; poor 

customers’ preferences, poor security, inadequate technical infrastructure, cost and lack of 

competence in e-commerce are barriers for e-commerce adoption in Turkey. 
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Moreover, survey in Kenya [Kenneth et al, 2012] identifies that SMEs failure to adopt ICT is 

due to limited resources whereby, financial, human and technological resources affect the 

adoption of ICT/e-Commerce largely with mean of 4.41 and 4.46 with significant standard 

deviations respectively. Budget constraints also had a mean of 4.5 with significant standard 

deviation (Kenneth et al., 2012). 

Study conducted in Tanzania also notices the problem of infrastructure. The study by FITSO 

about Financial Inclusion Tracker Surveys Project on the Mobile Money in Tanzania indicated 

that about 72% M-money agents handled transactions services without considering customer 

privacy and 49% were unable to withdraw money because the provider’s network was down 

(FITSP, 2013). Similar findings were reported by (Kimambo, 2012). Kimambo stated that 

about 56% suffered network failures during withdrawing and transferring money while 33% 

experienced high charges per transaction and also most customers suffered the issue of 

forgetting password when using mobile transaction.  

 

2.0 MODEL AND THEORY FOR ADOPTION OF ICT IN SMES 
 

There are number of theories and models developed in relation to ICT in SMEs.  Below is a 

brief description of some theories and a model. 

 

2.1 Technology Acceptance Model (TAM Theory) 

Technology Acceptance Model (TAM) is one of the most frequently employed models for 

research into new information technology acceptance.  The TAM theory suggests that when 

users are presented with a new technology, a number of factors determine their decision about 

how and when they will use it. The TAM theory was proposed by Davis (1989). It comprises 

two beliefs. One is the perceived utilities and the perceived ease of application, which 

determine attitudes to adopt new technologies. The attitude toward adoption will decide about 

the adopter’s positive or negative behaviour in the future concerning the new technology. It is 

asserted that the systems designer has some degree of control on these two factors. In TAM, 

Perceived Usefulness (PU) is defined as the degree to which an individual believes that using 

a particular system would enhance his or her job performance, whereas Perceived Ease of Use 

(PEOU) is the degree to which an individual believes that using a particular system would be 

free of physical and mental effort (Davis, 1989). 

 

2.2 Factors for adopting ICT by SMEs and its Interactions  
There have been a number of research studies concerning SME ICT/e-Commerce adoption 

factor. A framework of classifying SME ICT and e-Commerce adoption factors, which have 

been used more successfully, is Tornatzky and Fleischer’s (1990) 78 models, which has been 

applied previously in SME studies. The model comprises three contexts, which influence the 

adoption of innovations in organizations: (1) organizational; (2) environmental; and (3) 

technological contexts. The organizational context refers to the factors of the organization, such 

as the size of the firm and internal processes. The environmental context refers to the 

organization’s business environment such as competitors, legal issues and customers. The 

technological context refers to the technologies relevant to the firm, that is, the technology in 

question, on which the adoption decision is based. This model is useful for classifying 

organizational ICT/e-Commerce adoption factors because it explicitly acknowledges 

environmental effects. 
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2.3 Other related theories and models 
Roger’s Innovation Diffusion Theory (IDT) states that potential adopters evaluate the 

following technical characteristics to assess the adoption of an innovation: first, the relative 

advantage of the innovation compared to the competition and its compatibility with the existing 

infrastructure are the most significant adoption determinants (Torntzky & Klein, 1982). 

Second, in terms of complexity and trainability, a firm also evaluates the external 

organizational context to suppliers, customers, or governmental authority’s in terms of 

efficiency gains or possible constraints from the adopted innovation (Chan and Tam, 1997). 

 

The Technology, Organization and Environment framework (TOE) proposed in (DePietro, 

1990) is a widely accepted framework (Oliveira, 2011) which identifies three constructs that 

are vital to adopt an innovation:  

(i) availability, best practices and equipment  

(ii) firm size, communication processes and managerial structure 

(iii) industry characteristics, market characteristics and technology support. 

 

Following the arguments by Scott (2001), institutional environments such as business partners 

or competitors shape organizational structures and actions which leads to the Inter-

Organizational model (IO) based on the constructs of:  

(i) perceived benefits  

(ii) organizational readiness and  

(iii) external pressure.  

 

Raymond (2001) underlines this approach and postulates that IDT and TOE frameworks need 

to be enriched when the innovation relates to complex technologies with an inter-organizational  

locus of impact for which adoption decisions are linked (e.g., when imposed by business 

partners) and when the innovation is adopted by organizations. 

 

3.0 RESEARCH METHODOLOGY 

  

Quantitative approach was used to determine the magnitude of each barrier in influencing 

adoption of ICT/e-Commerce by SMEs in Tanzania. Simple random sampling was used to 

obtain 98 respondents who are SMEs owners and employees where questionnaires were used 

to capture data to test the hypothesis. A pilot study was done prior to the main survey in order 

to test the suitability of research instrument before actual data collection. Multiple regression 

analysis was used to test for the relationship and strength of the relationship among the barriers 

in adoption of ICT. 

 

Data were collected from SMEs in Dar-es-salaam and Arusha. Dar-es-salaam is the region in 

Tanzania with the highest urban population and the cultural and economic hub of the country. 

About a half of the country’s manufacturing sector is located there. It is also the region with 

the highest presence of ICT use and therefore does serve as a useful location to interrogate 

uptake of ICT/e-Commerce in Tanzanian SMEs as supported by Oreku et al., (2013). Arusha 

is a major international diplomatic hub, the city is host of the East African Community, and it 

is a multicultural city with a majority Tanzanian population of mixed backgrounds: indigenous 

African, Arab-Tanzanian and Indian-Tanzanian population, plus minority European and 

American population. The primary industry of the city is tourism service sector. The city hosts 

numerous small and large businesses, banking, retail and commercial enterprises thus making 

it the financial and cultural capital of the region. Moreover, Arusha is a home to the largest 
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manufacturing sector in the region with breweries, agro-forest processing and a large 

pharmaceuticals maker.  

 

3.1 Reliability Statistics 
The Cronbach’s alpha reliability coefficient was computed using SPSS. Table 1 presents the 

results for each major group, which ranges from good (0.861) to satisfactory (0.685). From the 

scores of the Cronbach’s alpha, we can conclude that there is very good internal consistency 

from the questionnaire used in this research.  

 

Table 1:  Reliability statistics 

Barriers Cronbach’s 

Alpha 

Standardized 

Cronbach’s 

Alpha 

No of Items 

Communication /Technological 0.861 0.862 8 

Environmental 0.844 0.846 9 

Organizational 0.685 0.687 8 

Legal and Political  0.746 0.743 7 

 

4.0 RESULTS AND DISCUSSIONS 

 

4.1 Results  
The study    finding   shows that several factors are associated with challenges of ICT adoption 

to SME. However, power infrastructure and network infrastructure are interrelated.  The cost 

of internet exuberates the problem not only in Tanzania but also in some African countries. 

Nevertheless, the study also noted that internet cost and unavailability of power is time 

problem.  The use of solar power and The Rural Energy Agency (REA) projects in rural area 

in Tanzania are encouraging in solving the problem. 

 

4.1.1 SME Category and Turnover  
The investment of SMEs in Tanzania is promising; however, its rate of growth is not enough. 

The investment values of SMEs in various categories varies from 2.174.29 USD to 347, 886.59 

USD. However, when compared with the same categorization in Europe big gap realized.  

 

Table 2: Small businesses categories in Tanzania and their Turnover 

Category Employee Turnover in Tanzania  

(USD) 

Turn Over in Europe  

( USD) 

Micro Enterprises Less than 10 2,174.29  1,801,801.80  

Small Enterprises less than 50 86,971.65  9,009,009.01  

Medium Enterprises less than 250 347,886.59  45,045,045.05  

Large Enterprises 100+     
Source European Small Business Finance Outlook (Helmud et al., 2019) 

 

4.1.2 Potential barriers which hinder adoption of ICT by SMEs in Tanzania  

The prevalence of the potential barriers that hinder adoption of ICT by SMEs in Tanzania is 

presented in Figure 1. The factors immerge from communication, environment, organization 

as well as legal and political barriers. 
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Figure 1: ICT barrier for SME 

 

From Figure 1 the result shows that there are almost six factors that are leading in blocking the 

growth of ICT in promoting SME in Tanzania. These include language barriers (LB) which 

account for 66.2%, lack of suitable legal practical framework and regulatory (LSLPFR) which 

account for 65.3%, and lack of reliable power (LRP) account for 61.10%. Others include lack 

of skilled IT workers (LSW) accounting  56.12%, limited availability of online banking 

services (LAOBS) which account for  56.10%,  poor telecommunication infrastructure (PTI) 

which is almost 55.10% and high cost of internet connectivity (HCIC) 52 %. Even though 

cannot be neglected but social-culture and belief (CT) as well as lack of skilled IT workers and 

low level of literacy or awareness of (LLW) which contributed 48.98 and 38.78% respectively. 

 

4.1.3 Model of ICT Factors in relation to SME 
The data were analysed to find the p-value of each independent variable in relation to SME. 

The results are presented in the following Table 3 which summarizes the test of dependency 

between the combination of various ICT systems (ICT devices used by SMEs) and the barriers 

in Tanzania. The table equally takes into consideration the four major grouping barriers: 

Communication barriers, environmental, organizational and legal & political barriers. Cross 

tabulation was performed in the SPSS program to determine whether there is any dependency 

as well as the strength thereof. The Hosmer and Lemeshow test shows how well the analysed 

data fit the model. At a value of 0.50, the statistics can be said to provide a reasonably good fit 

for the data.  

 

Table 3: The statistical modelling of ICT in four groups of major barriers for SME 

95% CI for EXP(B)  

Step 3  B  S.E  Wald  df  Sig  Exp(B)  Lower  Uppe

r  

Communication  18.096  8279.105  .000  1  .998  72261199.412  .000   

 

 

 

4.368  

Environment  -.859  1.190  .526  1  .471  .424  .041  

Organization  17.097  10229.164  .000  1  .999  26602318.574  .000  

Legal Political  17.843  9486.704  .000  1  .998  56134066.144  .000  

Constant  -54.645  16222.729  .000  1  997 .000  

61.10%
56.10% 55.10% 56.12%
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Considering the research objective and the findings, a linear model that combines four major 

factors is proposed. The model is based on a concept presented by Davis et al.; in year 1989 

and they claimed that it could influence the adoption of ICT and e-Commerce. The model is 

based on four pillars as described in Table 3.  

 

Y = α0+α1x1+α2x2+α3x3+α4x4+ɛ     (1) 

 

Where; 

X1  is Communication barrier (COMM)  

X2  is  Environment barrier (ENV)  

X3  is  Organization barriers (ORG)  

X4  is Political & Legal barrier (POL&LEG)  

ɛ - Provision for error, 

Y  is  ICT (e.g. Computer, Tv, Mobile, Internet).  

 

4.2 Discussion 
 

Figure 1 above indicate that lack of reliable power, limited availability of online banking 

services, poor telecommunication infrastructure, lack of skilled IT workers, high cost of 

internet connectivity, lack of suitable legal practical framework and regulatory system and 

Language barrier are  the critical barriers of ICT adoption  by SMES in Tanzania. These factors 

are also featured in several studies by Sampson, (2012), SMEVenture, (2017) and GUI et al, 

(2017). It is noted in SMEVenture, (2017) that SMEs alter globally in light of many aspects 

including the ease of access to a source of financing, the aptitudes base in the locality and 

attributes of provincial markets. ICT empowers nearer interfaces between organizations, 

suppliers, customers and community-oriented accomplices. 

 

On the other hand, low level of literacy and awareness of ICT benefits, social-culture and belief 

as well as complexity of technology is found to be contributing factors. Lack of reliable power 

is also a contributing factor; however, it is a temporary factor. The lack of power is a 

multiplying factor. That is, whenever there is unreliable electricity; a lot of associated barrier 

may arise. As the result, some SMEs frequently affected by power failure may withdraw 

themselves from using ICT and instead will opt for the traditional way.  

 

Even though we noted a considerable changes since last five years in innovation on banking 

system, where there is internet banking, mobile banking but more innovation is required such 

as card swapping, internet shopping, ATM depositing and others alike.  SMEs utilization of 

ICT ranges from fundamental Technology; for example, radio and fixed lines to more advanced 

Technology; for example, email e-commerce and information handling frameworks as part of 

SME facilities. This facility permits the SME to speak with its suppliers and customers without 

visiting them one by one. It is noted that even   some of large SMEs still work in assumption 

of manual, for example, presenting the BIMA Cards in health centres instead of presenting 

identification numbers, intra-bank charges is still high, intra-mobile charges is found to be even 

higher.    

 

Organization in which SME operate need to have good ICT infrastructure. Infrastructure 

facilitates all mobility as well as cost reduction.  The improved infrastructure reduces internet 

cost, fast network communication, more and reliable purchase and time saving. Otherwise, 

SMEs might be discouraged using ICT in a poor infrastructure.  In Tanzania, most of SMEs 
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use wireless internet (satellite) from telecommunication companies for their activities, which 

cost much, compared to European countries. According to Hesselmark (2003), cost of internet 

and mobile operation is more than ten times in Africa compared to Europe.  According to the 

report by Yomi (2019), the general cost of 1 GB in Africa ranges from 12.5% to 8 % of the 

average individual income from year 2015 to 2018.  Likewise, in Asia, it ranges from 3.5% to 

1.5% of individual average income while in America it ranges from 4.5% to 2.5%. 

Notwithstanding, not all SMEs need to utilize ICT to a similar level of intricacy. The primary 

ICT instrument that most SMEs embrace is having fundamental interchanges with a fixed line 

or mobile, whichever is more cautious or most helpful for their business. Moreover, lack of 

skilled IT workers leave some SMEs in a dilemma of either to accept or reject such technology 

since they lack understanding of how to interact with IT technology and the benefits accrued 

from it. According to TAM, the users’ decision to accept or reject particular technology 

depends on PU and PEOU. In fact, PU and PEOU will only be easily understood by workers 

through training, which is offered by IT experts. 

 

The environment in which SMEs operate needs to be transparent in legal and political influence 

to business.  Good infrastructure, skilled IT experts, reliable power and securing finance for 

SME is almost impossible in a bureaucratic environment. ICT in financial aspects plays two 

vital roles, which are strategic management and cost reduction. The organization utilizing ICT 

changes the investment policy, legal procedures as well as business procedures to suit the work 

environment and makes easier adaptability to ICT environments. As indicated, ICT utilization 

may enable a firm to access, to easily integrate and grow globally while developing its internal 

capacity. 

 

Communication is a source of handshaking in business. A language barrier could present an 

obstacle if two parties involved cannot understand each other in the business. The study by 

Klomsri & Tedre, (2016) reported similar findings. On the other hand, internet communication 

requires both fluency and speed of communication. It is a point of disappointment when there 

is slow internet which results into higher cost. The more problem you have in language you are 

likely to spend more money on the internet.  Comparing cost of surfing the internet in different 

African countries, it is observed that there are some inter-country variations. 

 

Legal and political influences spill over to SME developing nationwide and finally globally. 

SMEs regularly do not have the human innovative resources required for ICT risk analysis.  An 

absence of awareness on vulnerability of ICT and benefits associated with use of ICT, set-up 

expenses and evaluating issues and security concerns of ICT count for failure of getting 

involved in e-Commerce. Likewise lack of financial support and political vulnerability are 

hindrances to ICT adoption by SME innovators. 

 

5.0 CONCLUSION AND RECOMMENDATIONS  

 

The main objective of this paper was to examine the barriers of ICT adoption by SMEs in 

Tanzania’s environment. This paper concludes that language barriers (66.32%), lack of suitable 

legal practical framework (63.5%) followed by lack of reliable power (61.1%) are the most 

critical barriers adopting ICT in Tanzania followed by other barriers as lack of skilled IT 

workers (56.12%), limited availability of online banking services (56.1%), poor 

telecommunication infrastructure (55.10%) and  high cost of internet connectivity (52%). The 

implication of these findings is that serious measures should be taken by the Government in 

order to curb these barriers by prioritizing the strategies following the intensity of the barriers. 
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Study also recommends that to realise the benefit of ICT, electrical power line infrastructure 

and ICT backbone infrastructure should go hand in hand. This barrier should be addressed first 

before solving other barriers. Overall, it is recommended that TCRA which is the regulatory 

board on ICT should keep their eyes open on the price of internet as charged by operators.  By 

doing so SME penetration may increase in few years. 
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ABSTRACT  

 

The purpose of this study was to model the total quality management framework in 

construction process in Tanzania. The study analyses the critical success factors that 

contribute to the implementation of total quality management in the construction process. To 

achieve the objective, a survey was conducted where questionnaires were distributed to 

construction firms in Dar es Salaam. The data were analysed statistically using Average index 

(A.I). The assessment of Critical success factor was analysed by grouping a total of 23 

subject items into 6 dimensions of subject items. The average index was applied to each 

factor and those factors with low average index (5.661) were described as strong disagreed 

while those factors with higher average index (7.563) were described as strong agreed. The 

findings indicate that the most tested critical success factors that contribute to the 

implementation of total quality management in construction process were supply chain 

management, process management, customer focus, and continuous improvement. Others 

were management and leadership as well as employee satisfaction. This study concludes that 

when the quality implementation is patchy and not uniformly functioning in the construction 

firms then in case of time constrained projects and events with diverse customer characters 

set, it will be difficult to meet the agreed customer requirement. Therefore, a mechanism 

should be developed to minimize the gap between the supply management and the customer 

focus. A proper method is required to incorporate the voice of customer in the design process. 

To achieve this goal, total quality management framework and modelling is required to attain 

maximum satisfaction of customer. 

 

Key words: Total Quality Management, Quality, TQM, Construction Management, TQM 

model, Average Index 

 

 

1.0 INTRODUCTION 

 

Total quality management (TQM) describes a management approach to long-term success 

through customer satisfaction. TQM is a strategic approach to business improvement 

(Vicky et al., 2001). In TQM, efforts of all members of an organization participate in 

improving process, products, services and culture in which they work (Giri M. 2014). It is an 

integration of quality and management tools aimed at increasing the business and reducing 

loses due to wasteful practices. According to Pheng et al. (2004), much time, money and 

resource both human and materials are wasted each year due to inefficient or non existent 

quality management procedure.  

 

Twaiss and Graham (2008), add that many analytical studies conducted in different countries 

show that, there is scarcity of information about the nature and stage of TQM implementation 
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in other regions of the world including South America, Africa and Middle East. It is argued 

that failure in the implementation of TQM is a result of the mismatch in an organizational 

culture (Cheng et al, 2011). It is also noted that for a success of TQM organizational 

participants should have a clear and common understanding and agreement on approach 

towards achieving the quality goals. The total quality management framework is built upon a 

set of core values and factors which are the foundation for integrating the key performance 

requirements within quality framework. The TQM is the cream of the crop (Inmon et al., 

2019). Critical Success Factors (CSF) are the basic factors of TQM that are used in the design 

of total quality management framework. The construction firms should realize that a key area 

to ensure commercial success is a good quality product (Delgado, 2008). The design of the 

framework model includes the design requirements procedure, identification and facilities of 

measures from a data bank (Chang et al., 2008).  

 

Many researchers developed various framework and model based on the nature of their 

research. Schofield (2010) produced the process focused operation requirements frameworks 

to synthesize program, sponsor and technical authority of construction requirements. A 

generic framework that focus on high level system engineering view point to ensure that all 

requirement process and interaction are understood simultaneously. 

 

2.0 THE RESEARCH METHODOLOGY  

 

The study area was in Dar es Salaam City of Mainland Tanzania in East Africa. The 

questionnaires was used as an instrument of collecting data by delivered hand in hand in hard 

copies to construction firms in the Dar es Salaam city. The data analysis process was 

governed by quantitative data which were analysed by using Statistical Package for the Social 

Science (SPSS). Determination of the critical success factors was the key foundation of this 

study. Each factor was analysed by computing the average index (A.I). The computational of 

an average index was adopted in a report by (Enshassi et al, 2007). The following formula 

was applied.  

 

Average Index (A.I) =

 

( ) ( ) ( ) ( ) ( )( )1 2 3 4 51*   2*   3*   4*   5* *     /kn n n n n Nk n+ + + + +……+   (2.1) 

 

Where N= Total number of Respondents,  

n1= Frequency of Strongly Disagree 

 n2=Frequency of Disagree,  

n3=Frequency of Neither Agree nor Disagree 

 n4=Frequency of Somehow Agree,  

n5=Frequency of Agree 

nk = Frequency of Strong agree 

k= is an array number 

 

A total of 23 factors were grouped into six (6) dimensions such as management and 

leadership, continuous improvement, customer focus, employee satisfaction/improvement, 

process management and supplier chain management. In order to validate the findings, the 

average index for each group was computed to identify CSF in each domain. The factors with 

a high average index (7.563) were described as ‘Strong Agreed’ and that with a low average 

index (5.661) were described as ‘Strong Disagreed’. 
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3.0 RESULTS AND DISCUSSION 
 

3.1. Results  

Regularly, there may be several possible causes associated with the problem of total quality 

management in construction management. Likewise, there may be several factors necessary 

for the solution of the same. To be successful, understanding and identifying critical success 

factors of TQM in construction is necessary. Many studies proposed complex statistical 

solutions, however no study proposed solution using analysis of average index. 

 

In this study main factors were categorised into 6 major groups. For each category, there 

were sub categories as presented in Table 1. The main category includes supplier chain 

management (A.I= 7.563) which was ranked 1, Process management (A.I=6.625) which was 

ranked 2, employee satisfaction and empowerment (6.354) was ranked 3, customer focussed 

(A.I=6.177) was ranked 4, continues improvement (A.I=6.177) which was ranked 5 and lastly 

management and leadership (A.I=5.661) was ranked 6. 

 

The results further indicate that in the domain of supplier chain management ‘thoroughly 

examining the supplied materials before their uses had an A.I of 7.609 followed by the 

process of maintaining consistence suppliers having A.I of 7.516. The analysis of sub domain 

of process management indicates that receiving and reviewing drawings and specifications 

prior to constructions has higher A.I (7.156) followed by clarity of work processes and 

methods A.I (5.406). The analysis of customer focused indicate that construction company 

giving full attention to client needs had a higher score (A.I =6.922).It was followed by a need 

of giving feedback to client (A.I =6.016). The need to create mechanism for construction 

company to measure client satisfaction had a lower score (A.I =6.125).  

 

Management and leadership are also pillars in TQM in constructions. According to Maxwell 

leadership ability is the lid that determines a person’s level of effectiveness. The lower an 

individual’s ability to lead, the lower the lid on his potential. This idea is troubling for some 

people because it means that no matter how much you desire to be a 10 on the scale of 

leadership, there is a cap to your abilities based on a number of factors. Some of these factors 

are your people’s skills, planning abilities, vision, dedication to success and your past results 

(John, 2013). There are dozens of traits of leadership which are beyond this article to discuss. 

The analysis of leadership and management indicate that management with clear vision of 

TQM in the firm (A.I=6.242) has higher priority followed by management which support 

new technologies (A.I=6.125). Other sub factors include management which are willing to 

empower employee to have adequate knowledge (A.I =5.500), followed by management 

which are committed to ensure success of quality policy and Finally management which is 

creating TQ awareness scored A.I of 5.391. All in all it is concluded in the book by John 

(2013) that “True leadership cannot be awarded, appointed, or assigned. It comes only from 

influence, and that cannot be mandated. Leader and manager in a firm are encouraged to 

develop philosophy of leadership” and create an environment in which an organization 

continuously improves its ability (Inmon et al., 2019). 

 

The gradual refinement of existing products and services and significant redesign of products 

and services are enabled by continuous innovation of the employee in construction 

management. The analysis of domain of continuous improvement of the process and supplied 

material indicate that construction company evaluating their performance and taking 

measures to improve had a higher scored of 6.469 compared to the processes of encouraging 

innovation to employee which had score of 6.078.  



JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA  ISSN: 0856 – 0196 

 

THE TANZANIA ENGINEER   93   VOL.  16 NO. 1, DECEMBER 2019 

 

 

 

With the current world of competition the construction industries must strive not only for 

customer satisfaction but also for customer delight one step ahead of customer satisfaction. 

We argue that the foremost question to be asked by client in project management is “when to 

complete the project and second question will be how much quality it has, and finally how 

safe it is”. Completing project on time becomes priority to clients followed by quality and 

finally safety. The good answer of all three questions makes client happy. To achieve client 

satisfaction, employees must first be satisfied. The analysis of employee satisfaction and 

empowerment indicate that company encouraging teamwork scored higher (A.I = 6.609) 

followed by employees being encouraged to attend professional training for skills 

improvement (A.I=6.609). Good communication among employees and good organization 

job description ranked third (A.I=5.781) and fourth (A.I=5.750) respectively. Other factors 

that contribute to satisfaction domain includes social relation (A.I=5.563), having suggestion 

and recommendation box (A.I=5.438). 

 

Table 1: Critical success factors that contribute to the implementation of TQM  

 

No. Critical Success Factor 1 2 3 4 5 
Average 

Index 
Ran

k 

A 
SUPPLIER CHAIN 

MANAGEMENT 
          7.563 1 

1 
Supplied materials are examined 

thoroughly before being used. 
3 2 10 45 54 7.609 1 

2 
Company maintains regular suppliers to 

ensure consistency. 
5 9 7 48 49 7.516 2 

B PROCESS MANAGEMENT           6.625 2 

3 
Drawings and specifications are 

reviewed prior to constructions 
5 17 11 44 42 7.456 1 

4 
There is clarity of work processes and 

methods 
3 2 17 37 28 7. 406 2 

5 
Check sheets are available to monitor 

the adherence of scheduled processes 
8 14 17 39 45 7.313 3 

C CUSTOMER FOCUS           6.354 3 

6 
Company gives full attention to client 

needs 
5 12 16 39 42 6.922 1 

7 
Company gives feedback forms to 

clients after delivery of products 
11 4 16 42 30 6.316 2 

8 
Company has mechanism to measure 

client satisfaction 
14 9 5 45 33 6.125 3 

D CONTINUOUS IMPROVEMENT           6.177 4 

9 
Company evaluates performance and 

take measures to improve it  
12 3 13 43 37 6.469 1 

10 

Company encourages employees to be 

creative and innovative in improving 

processes 

14 5 15 40 32 6.078 2 
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11 

Company has an improvement 

perception not just maintaining the 

traditional work methods  

10 7 15 31 38 5.984  3 

E 
MANAGEMENT AND 

LEADERSHIP 
          5.703 5 

12 
Management has a clear vision for 

implementing quality goals 
11 5 21 37 31 6.247 1 

13 

Management is supportive of 

technology advancement to improve 

quality 

2 15 17 36 33 6.125 2 

14 

Management empowers all employees 

to have adequate knowledge in quality 

procedures 

4 9 13 34 31 5.500 3 

15 
Management is committed to ensuring 

the success of the quality policy 
5 14 22 35 22 5.453 4 

16 
Management creates quality awareness 

among employees 
1 13 9 39 27 5.391 5 

F 
EMPLOYEE SATISFACTION AND 

EMPOWERMENT 
          5.661 6 

17 
The company encourages teamwork 

rather than individual work  
17 3 9 32 49 6.609 1 

18 
Self-improvement is encouraged to 

improve skills and performance 
9 13 8 41 35 6.219 2 

19 
Good communication is encouraged to 

eliminate fear/withdrawal  
6 9 11 37 33 5.781 3 

20 
Employees enjoy job descriptions and 

working environment  
7 3 11 22 34 5.750 4 

21 
Social relations are encouraged in the 

company 
12 14 3 33 35 5.563 5 

22 
Company encourages suggestions from 

employees 
8 15 21 23 31 5.438 6 

23 

Questionnaires and complaint forms are 

available to collect employee 

satisfaction information 

6 12 5 33 32 5.266 7 
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Figure 1: The Inputs of TQM Framework 

 

Regarding the inputs that produce outputs of a TQM framework, a total of eight (8) inputs 

were identified and ranking in percentage value as presented in Figure 1. Customer’s 

requirements had the highest score with 94%, followed by designed plan and engineering cost 

estimates each with 89%. Materials and their detailed specifications were fourth with 88%. 

The building drawings and supplier’s inputs had 86% each. Others were people’s money 

which ranked the seventh with 33%. The last position (8th) was Money which scored 25%.  

 

Concerning the outputs of TQM framework, a total of five outputs items were identified and 

analysed. The result is presented in Figure 2. The results show that the quality 

product/buildings ranked the highest with 92% while form drawing score lower with 50%. 

 
 

Figure 2: The outputs of TQM Framework 
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3.2. Discussion  
From Table 1, the first most identified factor that contributes to the implementation of TQM 

is the supplier chain management with the highest average index of 7.563. The results show 

that the elements of supplier chain management are the most contributing elements towards 

achieving process management. The supplied materials should be examined thoroughly 

before being used. This is done to verify whether materials meet the required specifications 

and quantity as specified by the professional designer(s). This finding is supported by 

Hietschold et al (2014), Delgado (2008) and Kalpande et al., (2012) who encouraged the 

practitioners to use such a result of TQM as one of the CSFs. For quality control and quality 

assurance the construction firms should maintain the regular supplier to ensure consistency. 

Supplier chain management is also helpful for future records.  

 

In construction firms, supplier chain management acts as a bridge between the clients, 

consultants and constructors or contractors. In Tanzania for example, the scope of work to be 

awarded a constructor is to supply, install, test and commission the project i.e. the contractors 

are also a suppliers. In practice, the constructor is not allowed to use his/her supplied 

materials before they are approved by the consultant who is a representative of the Client. 

Consultant as a professional designer has a technical reliability in the construction process in 

Tanzania. 

 

Likewise the second most identified factor was process management with the average index 

of 6.625. Within the process management, the careful review of drawings and specifications 

prior to construction is believed to lead to the success in TQM in the construction process. 

The statements under process management such as drawings, check sheets and clarity of 

work process play a significant role in enhancing the quality of construction works. It is noted 

that process management is one of the main factors needed to ensure the quality of the 

product (Oakland, 2013). 

 

Nevertheless the customer focus was ranked third with an average index of 6.354. As a 

matter of fact it should have ranked the first because in the construction process the first thing 

to be considered is the customer requirements. For ISO 9000 certified organizations the 

customer focus on satisfaction received the highest rating (Tari, 210). It is affirmed by 

Oakland (2013) that giving attention to meeting customer needs is paramount in customer 

loyalty. From the finding, we can conclude that the construction firms in Tanzania should 

include the supplier chain management in the total quality management framework. In the 

framework the supplied materials should meet the detailed specifications provided by the 

professional designers. Another factor to be included in the TQM framework is the process 

management. The process management will have the function of counter-checking and 

reviewing the drawings, materials and their detailed specifications, engineering cost 

estimates/budget before they are used for the construction process. 

 

In addition, the customer focus is very important in the TQM framework because in the flow 

of construction process the customer needs or requirement is the first element to be 

considered. The inputs and output should be included in the TQM framework as connector. 

The inputs with high range such as customer requirements, materials and their detailed 

specifications, building drawings, designed plans, engineering cost estimates/budget and 

supplier’s inputs should be used as the inputs in the TQM. Likewise the output with high 

range such as quality product/ building, complete drawings and cost estimates and delivered 

services should be used as the outputs of the TQM process. 
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4.0 THE DEVELOPMENT OF TQM FRAMEWORK 
 

The approach to develop TQM framework for construction was based on the critical success 

factors that contribute to the implementation of Total quality management as shown in Table 

1. From the analysis the most three CSFs were selected and included in the TQM framework 

as shown in Table 2.  

 

Table 2: Selected CSFs for TQM framework 

Critical Success Factors Average Index( A.I) 

1. Supplier Chain Management 7.563 

2. Process Management 6.625 

3. Customer Focus 6.354 

4. Continuous Improvement 6.177 

5. Management/ Leadership 5.703 

6. Employee Satisfaction/ 

Empowerment 
5.661 

 

4.1. Conceptual TQM Framework 

The set of basic factors which form the building blocks of the proposed TQM framework in 

accordance with this study are supplier chain management, process management and 

customer focus. In this TQM framework, process management is at the centre of the supply 

chain management and customer focus.  

 
Figure 3: Total Quality Management Framework 
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4.2. Mathematical Model for TQM Framework 

This model was developed with assumption that implementers of TQM require to know 

how much effort each factor would contribute to the process of construction. Since each 

factor is a process the unit of measure may not be necessary unless the actual work is 

known in advance. Based on Figure 3 the model depends on the Supplier Chain 

Management, Process Management and Customer Focus. Other parameter include 

Continuous Improvement, Leadership, as well as Employee Satisfaction. The interest is to 

find out how much effort implementers can put on each item to produce quality building, 

delivered service as well as cost estimate. The inputs are the independent variables of the 

outputs which represent the customer focus. It was noted that customer focus was the 

dependent variable of the inputs in which their outputs such as quality product, delivered 

and completed drawings and cost estimates were treated as the functions that depended on 

the inputs. Below is the formulation of the mathematical model of TQM framework: - 

( ) 1 1 2 2 3 3 4 4 5 5 6 6
  f x a x a x a x a x a x a x E= + + + + + +      (4.1) 

( ) 1 1 2 2 3 3 4 4 5 5 6 6
  g x b x b x b x b x b x b x E= + + + + + + …………………………  (4.2) 

( ) 1 1 2 2 3 3 4 4 5 5 6 6
    h x c x c x c x c x c x c x E= + + + + + +      (4.3) 

 

Where: -  

1

2

3

4

5

6

 ’  ,

   ,

 ,

    ,

  /  ,

 ’  ,

x customer s requirements

x Designed site plan

x Building drawings

x Materials and their specifications

x Construction estimates budget

x Supplier s input

=
=
=
=
=
=

 

1 2 6 1 2 6 1 2 6,  . ,  ,  ,..  ,  a a a b b b and c c c… ……
 
are the coefficients of the equation f(x), g(x) and 

h(x) respectively.  

  E errors=  

( )
( )
( )

      /  ,

      ,  

         /  .

f x represents the output of quality product building

g x represents the output of Delivered Service and

h x represents the output of Completed Drawings and cost estimate budget

 

 

From the Figure 3 above, the process management can process the inputs variables to 

produce the quality output of quality product only or delivered service or completed 

drawings and cost estimates/ budget or quality building and delivered service or quality 

product/ building and complete drawings and cost estimate or quality product, delivered 

service and completed drawings and cost estimates. 

 

Those outputs are the customer focus (customer satisfaction), let us assume the function 

that produce the outputs (quality product, delivered service and completed drawings and 

cost estimate) be P(x). 

Hence,  

( ) ( ) ( ) ( )       P x f x g x h x= + +        (4.4) 

The function that produce quality building and delivered service be Q(x). Hence,  
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( ) ( ) ( )   Q x f x g x= +         (4.5) 

The function that produced the quality building and completed drawings and cost estimate 

be R(x), hence  

R(x) =f(x) +h(x)         (4.6) 

The function that produced the output of delivered service and completed drawings and cost 

estimate be S(x), hence  

( ) ( ) ( )   S x g x h x= +         (4.7) 

Now let us find P(x). 

( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )  P x Q x R x S x f x g x h x= + + − + +  

( ) ( ) ( ) ( ) ( ) ( ) ( )1 1 1 2 2 2 6 6 6 1 1 1 2 2 2 6 6 6
..P x a b x a b x a b x a c x a c x a c x= + + + +…+ + +    + + + + + +   +

( ) ) ( ) ] [ ( ) ( ) ( )1 1 1 2 2 2 6 6 6 1 1 1 1 2 2 2 2 6 6 6 6
...{ ]b c x b c x b c x a b c x a b c x a b c x+ + + +…+ + − + + + + + + + + +

( ) ( ) ( )1 1 1 1 1 1 1 2 2 2 2 2 2 2 6 6 6 6 6 6 6
.a b a c b c x a b a c b c x a b a c b c x= + + + + + + + + + + + +… + + + + + +   −

 

( ) ( ) ( )1 1 1 1 2 2 2 2 6 6 6 6
.a b c x a b c x a b c x+ + + + + +…+ +  +  

After some manipulation, it becomes  

( ) ( ) ( ) ( ) ( ) ( )1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 51[P x a b c x a b c x a b c x a b c x a b c x= + + + + + + + + + + + + + + +

( )6 6 6 6
a b c x+ + . 

Where ( ) ( ) ( )1 1 1 2 2 2 6 6 6
,   a b c a b c a b c+ + + + … + + are the coefficients of the function P(x) 

and   

( )P x is the function of TQM framework.  

( ) ( ) ( ) ( ) ( )1 1 1 1 2 2 2 2 3 3 3 4 4 4 4 5 5 5 5
[TQM a b c x a b c x a b c a b c x a b c x= + + + + + + + + + + + + + + +

 

( )6 6 6 6
]a b c x+ +          (4.8) 

Let us assume that: - 

( ) ( ) ( ) ( )1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4
 ,   ,   ,   ,p a b c p a b c p a b c p a b c= + + = + + = + + = + +  

( ) ( )5 5 5 5 6 6 6 6
    p a b c and p a b c= + + = + +  

Therefore, the equation (4.8) became as follows 

1 1 2 2 3 3 4 4 5 5 6 6  TQM p x p x p x p x p x p x= + + + + +      (4.9) 

The values of the confidents Pi’s in the mathematical model 4.9 are assumed to be 

proportional to the importance weight (% of those who said YES) as seen in Table 2. In that 

table, the selected variable was obtained from the large number of the respondents who 

agreed on as the inputs of TQM Framework. Thus, the coefficient of the model is as 

follows:- 

1

2

3

4

5

6

18% 0.18,

17% 0.17,

16% 0.16,

16% 0.16,

17% 0.17,

16% 0.16.

p

p

p

p

p

p

= =
= =
= =
= =
= =
= =

 

From the equation (4.9) above, the coefficient p1 to p6 were substituted into equation (4.10) 
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1 2 3 4 5 6  0.18 0.17 0.16 0.16 0.17 0.16TQM x x x x x x= + + + + +     (4.10) 

Where xi [ ] 0,  10    ε such that:- 

If 0 4   xi< < , the results has poor quality  

If 4 7xi< < , the results has good quality 

If 7 10xi< < , the results has excellent quality 

Therefore the mathematical model equation for TQM Framework was:- 

2 3 4 5 6  0.18 1 0.17 0.16 0.16 0.17 0.16TQM x x x x x x= + + + + +  

 

4.3. The Components of TQM Framework 
The following are the components of TQM framework described in detail: 

 

i. Supply chain Management 

The timely supply of the right quantity inputs that meet the right specifications determines the 

final quality of buildings as a product. It is better to maintain long-term supplier relationship 

for loyalty and trust. In addition, project managers, consultants and contractors are the 

suppliers of the construction process. Project manager can supply project management 

services on behalf of the client to ensure that the consultant and contractor deliver the quality 

and valuable building. Consultant can supply consulting services of the project including the 

designs and drawings of site plan; and the preparation of the construction budget 

(Engineering cost estimates). The contractor can supply the materials to be used in the 

construction process. To improve the supplier’s performance, commitment and involvement 

of top management of the Supplying Company and construction should be increased. 

 
ii. Process Management 

According to triple role concept within each activity, there are three Actors: Supplier, 

Processor and Customer. For an efficient Process Management within the TQM framework, 

the customer should be satisfied before the next activity starts. The customer of the preceding 

activity becomes the supplier of the successful activity. For instance in the reinforced 

concrete activity, the carpenter who casts the formwork become the supplier of the steel 

bender, handling the reinforcement phase. Respondents rated Process Management as one of 

the CSFs due to its responsibility in quality control and quality assurance to ensure that 

employees adhere to the procedures and Standard Operating Practices (SOPs). 

 

iii. Customer Focus 

The purpose of the TQM framework is to produce goods and services consistently for a 

satisfied customer. To achieve this, we would have to know the needs of the customer and 

then adopt an appropriate framework and environment to achieve the desired needs at the 

possible cost. The expected results to the customers satisfaction were the quality building, 

delivered services and a complete set of site plans drawings together with the construction 

cost. 

 

5.0 CONCLUSION 

 

This paper contributed in the field of TQM by exploring critical success factors in Dar es 

Salaam. The key contribution is a development of total quality management framework in 

construction process in Tanzania. It can be concluded that TQM consists of organization-

wide efforts to install and make permanent a climate in which an organization continuously 

improves its ability to deliver high-quality products and services to customers. 
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From the proposed framework it is concluded that, TQM framework as a systematic 

approach can manage the data/information of quality buildings from the start of 

construction to the finishing stages. The construction stage normally follows after the initial 

stages of collecting the requirements from the client and design the architectural plan for 

the building. The designing of the building provides the design professionals an opportunity 

to draw the building site plan. After the building site plan, there is a need to prepare the 

engineering cost estimates based on the provided detailed specifications of those materials 

and the completed drawings that should be used in the construction process. Those inputs 

should be reviewed and processed in the Process Management in order to achieve the 

quality product as goals of Customer Focus. We therefore conclude that, the flow of 

construction process above should be done by implementing the TQM framework. 

This research was undertaken to delve in the issues concerned with total quality management 

in construction process; and to analyse ways to effectively control technological processes 

involved in the development of TQM framework for the client. The increasing competition in 

the field of products and services has resulted in development of TQM framework. The 

framework is aimed at developing quality buildings that meet the customer needs. With 

intense competition and the focus on the quality of the products and services, more revenue 

(profitability) generating processes are being linked to an organized structure that an 

organization cannot afford to ignore to keep a leading position in the market. Customer is 

never interested in complex development details of quality. What customer needs is quality 

products and services as an end user (beneficiary). 

 

Currently, people have been working with writing mature and filing system to keep records 

of the building construction as effective procedures for the requirements gathering. 

Experience shows that a requirement gathering is relatively simple where customer 

characteristics are similar. The diverse the customer characteristics are the more difficult it 

will be to collect the requirements which will ultimately affect the quality of the product or 

services delivered and make it even more difficult to come up with a TQM framework that is 

fit for the purpose of achieving the quality. 

 

If the quality implementation is patchy and not uniformly functional in all sections and 

departments of the construction firms, in case of time constrained projects and events with 

diverse customer character set, it will be difficult to set the agreed customer requirements. 

Therefore, a mechanism should be developed to minimize the gap between the supplier 

(professional designers, contractors and other service provider) and the customer (clients). 

 

A proper method is required to incorporate the voice of customer in the design process. To 

achieve this goal TQM framework can be used during the design quality to satisfy customer 

requirements; translate customer demands into design target; and major quality assurance 

throughout the production stage or/and process at all levels. 
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