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EFFECTIVE COMPUTATION OF FENESTRATION 

REQUIREMENTS IN BUILDING ENVELOPES

EDOKPOLO, E. L.O

DEPARTMENT OF ARCHITECTURE,

AMBROSE ALLI UNIVERSITY, EKPOMA, EDO STATE

Abstract

 The aim of this study was to appraise fenestration in buildings and determine appropriate methods 

of computation of effectiveness. The following objectives were to: identify major factors that affect 

fenestration in building envelopes; determine the extent of impact of each of these factors that affect 

fenestration and recommend appropriate computational methods for effective fenestration using these 

factors. The study employed a survey technique in eliciting information on the subject matter. A total of one 

hundred and fifty professionals were interviewed and questionnaires administered on them and retrieved 

by the researcher. A 4- point Likert scale was adopted with a maximum score of 4.0 and a criterion mean 

score of 2.50. The findings of these focus group interviews, questionnaires and personal observations were 

correlated with existing mathematical relationships of the major factors that affect fenestration and 

recommendations were made. The study found out that the major factors that affect fenestration in building 

envelopes are, in accordance with their ranks: thermal conductance/ u-values of components of the 

envelope, TC/U-V (1); solar exposure, SE (2); total area of glazing elements, TAGE (3); solar heat gain, 

SHGC (4); orientation of glazed elements, OGE (5); climatic zone, CLZ (6); total floor area, FLA (7); 

projections and shades, P & S (8). The issue of fenestration is as old as the concept of building, itself. 

Thermal comfort in buildings is paramount in design and construction considerations. At the design stage, 

effective fenestration is affected by: thermal conductance/ u-values of components of the envelope; solar 

exposure; total area of glazing elements; solar heat gain; orientation of glazed elements; climatic zone; 

total floor area; projections and shades. A methodical multi-variate approach was recommended for 

effective fenestration in building envelopes. 

1.0 Introduction

1.1 Background to the Study

Building envelope constitutes the limit between the interior and exterior conditions and its correct 

selection is one of the most effective ways to minimize the energy consumption related to 

interior thermal comfort (Attia et al., 2013). When the building envelope is conceived as a 

barrier that protects from the exterior conditions, the thermal transmittance (U value) is its most 

relevant characteristic. Building codes, as well as the voluntary certifications, are becoming 

more demanding in terms of the thermal transmittance of the envelope. There has been some 

discussion as to whether the high standards of insulation may or may not lead to increased 

loads. To enhance the overall thermal comfort of building envelopes, fenestration is necessary 

(Barry, 2011). Fenestration refers to the openings in the , including the building envelope

installation of , , and . Fenestration means the arrangement of windows,windows doors skylights
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 doors and other openings in a building. A well-designed structure has a balanced arrangement and 

proportion of fenestration to facilitate optimum space and daylight. The inclusion of windows 

and other openings in the home are necessary as they improve the overall environment inside the 

home (Corgnati et al, 2011). However, they do work to break the seal of the home, providing 

possible places for air, water, and cold air to enter the home. Thus, the number of openings 

included in a home must be taken into account, as well as the quality of the materials used to 

create these openings along with the placement (Attia et al., 2013). This is a factor of natural 

ventilation which is a major way of improving energy efficiency in buildings. Natural 

ventilation via fenestration is the intentional passive flow of sub aerial air into a building 

through openings (such as louvers, doors, and windows). It can also be used for purposes of 

thermal comfort or dehumidification. The correct introduction of ambient air will help to 

achieve desired indoor comfort levels although this varies from individual to individual (Afon, 

2000).  Natural ventilation via fenestration does not require mechanical systems to move sub 

aerial air. It relies entirely on passive physical phenomena, such as , , or diffusion wind pressure

the . It harnesses naturally available forces to supply and remove air in an enclosed stack effect

space (Edokpolo, 2020).  relies upon effective fenestration and the force Wind driven ventilation

of the prevailing wind to pull and push air through the enclosed space as well as through 

breaches in the building's envelope (Barry, 2011). Almost all historic buildings were ventilated 

naturally using effective fenestration. The technique was generally abandoned in larger US 

buildings during the late 20th century as the use of air conditioning became more widespread. 
 However, with the advent of advanced Building Energy Modeling (BEM) software, improved 
Building Automation Leadership in Energy and Environmental Design Systems (BAS),  (LEED) design 
requirements, and improved window manufacturing techniques; natural ventilation with specific 
fenestration characteristics has made a resurgence in commercial buildings both locally and globally 
(Corgnati et al, 2011). Fenestration also refers to products classified as either vertical fenestration or 
skylights and sloped glazing, installed in such a manner as to preserve the weather resistant barrier of 
the wall or roof in which they are installed. Fenestration includes products with glass or other 
transparent or translucent materials. Vertical fenestration includes windows that are fixed or movable, 
opaque doors, glazed doors, glazed block, and combination opaque and glazed doors installed in a wall 
at less than 15 degrees from vertical; Skylights and Sloped Glazing such as Glass or other transparent or 
translucent glazing material installed at a slope of 15 degrees (0.26 rad) or more from vertical (Attia et 
al., 2013). Unit skylights, tubular daylighting devices and glazing materials in solariums, sunrooms, 
roofs and sloped walls are included in this definition. These definitions clarify that fenestration consists 
of vertical glazing, skylights and sloped glazing, and preserves the weather-resistant barrier of the 
building envelope component it is placed in. It also clarifies that tubular daylighting devices are to be 
treated as fenestration and, therefore, must be installed in such a manner as to preserve the weather 
resistance of the roof in which they are installed. Finally, they establish the angle at which fenestration 
goes from being vertical to sloped glazing as 15 degrees from vertical (Ruth, 2016).

1.2 Statement of Problem 
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The reason for this study is mainly justified by the rising rate of thermal discomfort reported annually by 

building occupants which has been making occupants of very beautiful homes to find thermal comfort 

outside their homes. Secondly, there is also a tremendous rise in cost of fossil fuels. Thirdly, there is the 

realization that the conventional sources of energy for mechanical cooling, heating and artificial lighting 

are major contributors to the increase in greenhouse gas emissions that, in turn cause global warming 

(International Panel on Climate Change, IPCC, 2013). According to the Intergovernmental Panel on 

Climate Change (IPCC, 2014) in 2010 the building sector accounts for about 32% of the global energy 

consumption, 19% of energy-related CO2 emissions, and 51% of the global electricity consumption. In that 

same year only about 8% of the world's energy was consumed by commercial buildings, whereas 

residential buildings were responsible for 24% of the total final energy consumption (IPCC, 2014). Most of 

the pollutions are indirect emissions from electricity use in buildings, thus, the actual emission values 

mainly depends on electricity production and varies in different regions around the world. 

 In Western Europe and North America, residential buildings accounted for about 67% and 56% of 

the end energy use in buildings, in North Africa and Sub Saharan Africa the housing sector accounted for 

about 79% and 97% of the energy use in buildings (IPCC, 2014). Thus, switching to renewable energy 

sources or reducing the energy use in residential buildings in Africa is crucial for limiting greenhouse gas 

emissions in the region and mitigating global warming. Nowadays it is very well known that, one of the 

most effective ways for reducing energy use in buildings, including residential buildings, is by 

incorporating passive design approaches at the early stages of the design process (Attia et al., 2013). This 

paper focuses on the use of effective fenestration as a tool for passive design for improvements to thermal 

and visual conditions in buildings without requiring mechanical heating, cooling and/or artificial lighting.

1.3 Aim and Objectives of the Study

The aim of this paper was to appraise fenestration in buildings and determine appropriate methods of 

computation of effectiveness. The following objectives were to:

a. Identify major factors that affect fenestration in building envelopes;

b. Determine the extent of impact of each of these factors that affect fenestration and

c. Recommend appropriate computational methods for effective fenestration using these factors.

1.0 Application of Effective Fenestration in Buildings

Modern homes and commercial spaces are continuously experimenting with ways of using fenestration to 

ensure light transmittance and passive cross-ventilation (Attia et al., 2013). Many commercial spaces such 

as malls, offices and hotels today use fenestration tricks for energy efficiency and reduced costs. 

Fenestration plays a major role in setting the interior atmosphere and defining the external appearance of a 

structure (Barry, 2011).
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The following are a few fenestration ideas to transform homes or other structures into a more efficient and 

visually appealing space:

1.1 Windows Alter Space Perception

Depending upon their size, area and placement, windows have the power to alter the perception of space, 

and aesthetics. For example,  provide terrific views of the landscape. glass-to-glass or corner windows

Additionally, strategic selection and placement of windows can help battle climatic fluctuations. Offices 

and educational institutions with good lighting design have higher productivity. Moreover, it is believed 

that patients recover faster when they are next to windows in a hospital (Barry, 2011).

1.1 Bay Windows for Scaling Available Space

UPVC bay windows can be used to scale available area. These windows protrude outwards, and with the 

placement of a divan, they make excellent corner spaces, thus enhancing space utility. They also maximize 

the influx of natural light and provide amazing views. Bay windows can add elegance to your structure. 

Moreover, they are known to increase the property value, due to added space and aesthetics (Corgnati et al, 

2011).

1.2 Use of Sliding Windows and Doors

If space is limited, sliding windows and doors are ideal. In addition to optimal utilization of space, they also 

give the perception of a bigger space. They lend a sleek décor and occupy less space, unlike traditional 

folding doors and windows. Sliding doors are also great for air circulation and panoramic views (Corgnati et 

al, 2011).

 2.4 UPVC for Energy Efficiency

Use of UPVC doors and windows can reduce your energy consumption drastically. Being a poor conductor 

of heat, UPVC doesn't allow transfer of heat from outside to inside through its surface. When used with 

double or triple glazing, and air-tight seals, it further insulates against the outside heat. As a result, the 

internal temperature of the room is maintained and air-conditioner/heater runs less frequently, ensuring 

lower energy bills.  can be used in commercial spaces and residences alike to build UPVC doors

environment-friendly structures. A fully recyclable material, UPVC consumes far less energy in its 

production compared to Aluminium (Corgnati et al, 2011). UPVC also reduces the dependence on wood 

thereby helping conserve forests. The market is flooded with several glazing options and surfaces for every 

need. Laminated – glass can be used for insulation against heat and noise. Tinted glass can offer privacy, 

aesthetics and protection from UV rays, whereas laminated glass can be used for enhanced safety and act as 

excellent noise insulators, usually necessary for city dwelling (Barry, 2011).
 Designers can utilize the abundance of material and fenestration options available in market to make spaces 

suitable for various weathers. They can prepare the available space to withstand the worst weather through the 

smart use of new-age framing materials like 'UPVC'. UPVC's inherent weather resistant features prevent 

windows from getting faded or distorted even when exposed to temperature variations, 
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moisture or intense UV radiations (Attia et al., 2013). UPVC frames are also reinforced with steel that 

provides windows with exceptional strength to bear high wind speeds up to 250kmph, making them ideal 

for high rise apartments.

 2.5 Skylight

Skylight is another nifty option for lighting up the space. It provides excellent ventilation and gives a 

perception of larger space. Many skylights are fitted with UV glass for energy efficiency. They also come 

with remote-controlled, solar-powered blinds. 

2.6 Controlling Daylight in Buildings

2.6.1 Rule of Thumb

The basic shape of a building will impact its ability to use daylighting effectively. Hence, when developing 

a building shape, consider how best to admit daylight into the building. Building shapes with a narrow floor 

plate will maximize exterior wall areas to incorporate glazing (Corgnati et al, 2011). These shapes can be 

elongated, curved, or combinations of multiple shapes. Deep buildings with large floor plates can use atria 

and courtyards in order to bring daylight into the inner realms of the building. Low-rise and one-story 

structures have more opportunities for daylighting by using the roof as a daylighting source, thus allowing 

more shape options (Attia et al., 2013).

According to Attia et al. (2013)ome rules of thumb for creating a building form to maximize daylighting 

include: 

 Develop the building shape and floor plates by locating occupied spaces using the 4.5 / 10m rule for typical 

storey heights: Create a 4.5m perimeter zone depth for task daylighting and an adjacent 4.5m zone for 

ambient daylighting. 

 Make the north and south sides of the building longer and more exposed for controlled daylighting by 

elongating the form in the east-west direction. 

 Use high ceilings and windows to allow for greater penetration of daylight into the interior. Sloping the 

ceiling from the high window side down to the interior may help with penetration and distribution as well. 

2.6.2 Side Daylighting 

The building shape and size will determine whether side daylighting can be achieved on just one side or on 

multiple sides. Daylighting spaces from multiple sides provide more even lighting while producing less 

glare. This can be achieved by providing glazing on adjacent or opposite walls or by providing a 

combination of side daylighting and top daylighting strategies (Corgnati et al, 2011). Spaces daylit from 

only one side will need to be assessed to avoid a steep light gradient between the daylit side of a room or 

space and the unlit side. Spaces improperly daylit from one side may contain excessive differences in 
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 brightness, intense contrasts, and uncomfortable glare conditions (Attia et al., 2013). 

Some basic rules of thumb for successful side daylighting include:

 Acceptable interior task-daylight levels can be achieved at a depth of 1.5 to 2 times the height of a glazed 

opening in an exterior wall. 

 A light shelf added to a glazed opening will reflect daylight deeper into a space, and can increase the 

daylighting depth to 2.5 times the height of the glazed opening. 

 Size the glazing area as a percentage of the floor area of the space to be daylit. For minimum or ambient 

lighting, use a glazed area that is equal to 10 to 15 percent of the floor area. For more adequate or task 

lighting, size the glazing to be 15 to 25 percent of the floor area (or 25 to 40 percent of the exterior wall 

area). 

 Make the side walls, back wall, and ceiling a light color to evenly distribute daylight and prevent glare. 

2.6.3 Top Daylighting 

Allowing daylight to enter a space from above rather than the side of a building is extremely effective. The 

Romans understood this by incorporating an oculus into roof domes, such as the Pantheon, which 

adequately illuminated the entire space below. Modern warehouses and big box retail stores use small 

skylights spread across the roof to effectively illuminate large spaces. All of this works because top 

daylighting gives access to the entire skydome with brighter and more direct daylighting across the day 

(Attia et al., 2013). It also allows better distribution of light inside the space just as an electric light is more 

effective on the ceiling compared to being on the wall. Top daylighting creates a more consistent 

distribution of daylight, sometimes allows for easier glare control, and for penetrating deeper into the 

interior of a building (Corgnati et al, 2011). 

The general rule of thumb for top daylighting is to make the daylighting glazing area a minimum of 10 

percent to 20 percent of the floor area to be daylit. Too little area can create excessive contrast and glare 

while too much area can overwhelm the space with light. Either way, filtering and distributing the light is 

beneficial, particularly in critical task areas to avoid direct rays of sunlight from interfering with day-to-

day activities (Corgnati et al, 2011).

2.6.4 Daylighting Balance

Whether side daylighting, top daylighting, or a combination is used in a particular building project, the 

design challenge of balance and control is critical to a successful outcome. Daylighting has direct impacts 

on things beyond the provision of natural light and views. If the light is too intense or creates too much of a 

contrast within a space, then it will be regarded as uncomfortable glare that is not welcome by the 

occupants (Corgnati et al, 2011). The constant exposure of materials and finishes to sunlight can also 

cause colors to fade and materials to break down. But perhaps the biggest balance issue is the fact that the

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 6



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

 solar light entering the space also brings solar heat with it, all year long. That solar heat may be welcome in 

cool weather, contributing to greater occupant comfort while using less purchased energy for a mechanical 

heating system. However, during warm weather or in buildings that tend to require more cooling than 

heating, increased daylighting can bring an unintended penalty of too much solar heating, thus making 

people less comfortable, causing more air conditioning to run, and consume more energy—all the opposite 

of our original design intentions (Attia et al., 2013).

1.0 Methodology

This study employed a survey technique in eliciting information on the subject matter. A total of one 

hundred and fifty professionals were interviewed and questionnaires administered on them and retrieved 

by the researcher. A 4- point Likert scale was adopted with a maximum score of 4.0 and a criterion mean 

score of 2.50. The findings of these focus group interviews, questionnaires and personal observations were 

correlated with existing mathematical relationships of the major factors that affect fenestration and 

recommendations were made.

1.0 Results and Discussion 

 

Table 1: Major Factors that Affect Fenestration in Building Envelopes 

S/N Factor Mean Score Rank 

1 Solar exposure 3.25 2 

2 Climatic zone 3.10 6 

3 Projections and shades 2.96 8 

4 Solar heat gain 3.15 4 

5 Total area of glazing elements 3.20 3 

6 Orientation of glazing elements 3.12 5 

7 Thermal conductance / u-values 

components of the building envelope 

3.54 1 

8 Total floor area of buildings 3.0 7 
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Fig. 1: Major factors that affect fenestration in building envelopes

From Table 1, the major factors that affect fenestration in building envelopes are: solar exposure; 

climatic zone; projections and shades; solar heat gain; total area of glazing elements; orientation of 

glazed elements; thermal conductance/ u-values of components of the envelope; total floor area.

4.2 Ranking of Factors that affect Fenestration in Building Envelopes

From Table 1, it could be seen that the major factors that affect fenestration in building envelopes are, 

in accordance with their ranks: thermal conductance/ u-values of components of the envelope, TC/U-

V (1); solar exposure, SE (2); total area of glazing elements, TAGE (3); solar heat gain, SHGC (4); 

orientation of glazed elements, OGE (5); climatic zone, CLZ (6); total floor area, FLA 

(7); projections and shades, P & S (8).

5.0 Conclusion and Recommendations

5.1 Conclusion

The issue of fenestration is as old as the concept of building, itself. Thermal comfort in buildings is 

paramount in design and construction considerations. At the design stage, effective fenestration is 

affected by: thermal conductance/ u-values of components of the envelope; solar exposure; total area of 

glazing elements; solar heat gain; orientation of glazed elements; climatic zone; total floor area; 

projections and shades.
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5.2 Recommendations for Effective Computation of Fenestration Requirements in Buildings

5.2.1 Calculate the net floor area of each storey of the proposed building measured within the  

enclosing walls.

      5.2.2 Calculate the total area of the glazing elements of each storey of the proposed building.

      5.2.3 Calculate 15% of the net floor area of each storey of the proposed building.15%: (net  floor area 

of storey) ÷ (100) x (15)

      5.2.4 Determine whether the total area of the glazing elements for each storey is greater than  1 5 %  o f  

the net floor area of such storey. Where the total area of the glazing elements of a  s t o r e y  d o e s  n o t  

exceed15% of the net floor area of the storey the minimum energy  performance requirements for such 

storey is deemed satisfied. Where the total area of the  glazing elements of a storey is greaterthan15% 

of the net floor area of the storey the  requirements contained in SANS 204 shall be complied with. Where 

the requirements of  SANS 204 are to be complied with proceed to 5.3.5. 

      5.2.5 Identify the Climatic Zone applicable.(refer Annex A - SANS 204)

      5.2.6 Identify the relevant constants for conductance and SHGC applicable to the identified  climatic 

zone.(refer table 5 - SANS 204).

      5.2.7 Calculate the conductance and solar heat gain (SHGC) values that the glazing in each  s t o r e y  

shall not exceed. Max. Conductance: (net floor area of storey) x (constant, CU)  Max. Solar heat gain: 

(net floor area of storey) x (constant, CSHGC)

      5.2.8 Calculate the aggregate conductance value for the glazing in each storey by adding  together 

the conductance of each glazing element. Where the conductance of a single  glazing element is 

calculated as follows: 

conductance = (area of glazing element) x (U-value of glazing element)The aggregate  c o n d u c t a n c e  

value of glazing elements is therefore calculated thus (A1xU1) + (A2xU2) +  (A3xU3) + (A4xU4) + 

(A5xU5) + ...

 Note: U-values used from table 6 of SANS 204 provide for worst case assessments. The  

alternative is to use certified U-values from manufacturers (combined effect of glass &  frame).

      5.2.9 Calculate the aggregate SHGC value for the glazing in each storey by adding together  t h e  

SHGC of each glazing element. Where the SHGC of a single glazing element is  calculated as follows: 

SHGC = (area of glazing element) x (SHGC-value of glazing  element) x (solar exposure factor for 

the glazing element).

 In order to determine the applicable solar exposure factor for a glazing element in a  s t o r e y  

the following additional information is required for the glazing element:- the  orientation sector of the 

glazing element -the horizontal length of the shading element (P)  that casts a shadow onto the glazing 

element per storey measured from the face of the  glass(Sec. 4.3.5. Shading – SANS 204)-the vertical 

height (H) from the base of the  glazing element to the underside of the shading element used in 

measuring (P) (Sec.  4.3.5. Shading – SANS 204).
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Calculate the value of P/H per glazing element to determine the applicable solar exposure  factor:

 P/H = (horizontal projection (P)) ÷ (vertical height (H))

 Determine the solar exposure factor (E) based upon the P/H value calculated and orientation of the 

glazing element for the applicable climatic zone.(Annex C – SANS  204)

 Upon determining the solar exposure factor the SHGC of the single glazing element can  be 

calculated as follows: SHGC = (area of glazing element) x (SHGC-value of glazing element) x (solar 

exposure factor for the glazing element) PH

 The aggregate SHGC value of glazing elements is therefore calculated thus :(A1 × S1 × E1) + 

(A2 × S2 × E2) + (A3 × S3 × E3) + (A4 × S4 × E4) + ...

   5.2.10 Determine whether the maximum permitted conductance and maximum SHGC    

for each storey has not been exceeded by comparing the values calculated in 5.2.8 and  5.2.9 against the 

maximum permitted values calculated in 5.2.7 for conductance and SHGC. Where aggregate conductance, 

per storey, is less than or equal to maximum  conductance permissible and aggregate SHGC per storey is 

less than or equal to  maximum SHGC permissible), the glazing proposed satisfies the requirements of 

SANS  204 and SANS 10400-XA. Where aggregate conductance per storey is greater than  

maximum conductance permissible and / or aggregate SHGC per storey is greater than  m a x i m u m  

SHGC permissible, the glazing proposed does not satisfy the requirements of  SANS 204 and SANS 

10400-XA.

   5.2.11 Where the glazing per storey proposed does not satisfy the requirements of SANS 204 

reconsider the following aspects, individually or in combination with one another:(a) framing system;(b) 

glazing material;(c) size of glazed elements;(d) extent of shading to  glazed elements;(e) orientation 

of glazed elements, and recalculate the aggregate  conductance and SHGC per storey according to 5.2.8 

and 5.2.9. Repeat 5.2.8 and 5.2.9  after each adjustment of aspects in 5.2.11 (a)-(e) above until the 

requirements of SANS  204 are satisfied with respect to conductance and SHGC.

  5. 2.12 Where a centrally controlled artificial ventilation or air conditioning system is  

incorporated into the building proposal, proceed to 5.2.13.

 5.2.13 To ensure the future installation of a centrally controlled artificial ventilation or air  

conditioning system does not compromise the compliance designed in a building, it is suggested that the 

fenestration calculations for buildings with centrally controlled  artificial ventilation or air conditioning 

systems is undertaken.
Appendices
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Appendices.1-3: Convectional distribution of natural air in available fenestration in building 

(Source: Edokpolo, 2020)
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MODELLING INDOORFORMALDEHYDE EXPOSURE 
IN A UNIVERSITY HOSTEL BUILDING USING 

ARTIFICIAL NEURAL NETWORKS
Adekunle, A.A., Nkeshita, F.C.,Owosho, S.S. and Igba, U.T. 

Department of Civil Engineering, Federal University of Agriculture, Abeokuta, Nigeria

Abstract
Indoor air quality is gaining more attention from researchers and other stakeholders. Formaldehyde 
is a major indoor airpollutant that has attracted public attention worldwide due to its negative 
impact on health and can be found in household and construction products. The data set was 
comprised of particulate matters (1.0, 2.5, and 10), Total Volatile Organic Compound (TVOC), 
Relative Humidity, Daily Ambient Temperature, and Formaldehyde. Sample data for Indoor Air 
Quality were gathered from an active sampler. The data collection was carried out in eighteen days 
consecutively in one room located on the ground floor of the hostel building located at the Federal 
University of Agriculture, Abeokuta, Nigeria.The Artificial neural network has proven to be an 
effective tool in the analysis of non-linear data by establishing a relationship between experimental 
and predicted data through historical data records. The results of MSE of the tested network 
indicated the best performance was obtained at 0.00011101 at epoch 1 when a neural network 
architecture comprising 16 hidden neurons was usedand which was resulted in a coefficient of 
determination value of 0.98 meaning that the input and output data have a strong positive 
relationship if one of them decreases, then the other one will follow it and vice versa. The model can 
be improved upon by adding more indoor environmental parameters and prolonging the duration of 
data collection to reflect seasonal variations.

Keywords: Artificial Neural Networks, Formaldehyde, Indoor air quality, Air-pollutants
1.0 INTRODUCTION

In recent years, Indoor air quality has been receiving a lot of interest from researchers, policymakers, and 

other interested stakeholders. This is mainly because of the importance of comfort, health, and wellbeing 

of the occupants of buildings. In research conducted by the American Lung Association, respondents were 

aware of the tendency of outdoor air pollution to cause damage to their health but are not aware of the 

negative health impact that indoor air pollution can also have as well. (Commission, 

1996).Thesepollutants found indoors can be higher in concentration than pollutants found 

outdoors(Vazquez K and Adams L., 2014). According to Crump et al in 2009, examples of Indoor air 

pollutants include Sulphur (IV) Oxide, Volatile Organic Compounds (VOCs), Formaldehyde (HCH0), 

Carbon Monoxide (CO), Carbon (IV) Oxide (CO ), Radon, Fibers, Particulate Matter, Ammonia, Nitrogen 2

(IV) Oxide (NO ), etc.2

Certain environmental parameters have been shown by researchers to influence the effects of indoor air 

pollutants. These include; Relative Humidity, Temperature,and atmospheric pressure. An example is 

aninvestigation that was carried out by Chen et al (2016) on the prevalent levels of certain chemicals and 

environmental factors which included Carbon dioxide (CO ) Carbon monoxide (CO), oxygen 2 , 

(O )humidity, temperature, formaldehyde, TVOCs, PM  and PM , and microbial agent concentrationsin 3 , 10 2.5

a study area in North Taiwan.Other researches have focused on indoor air quality in schools. An 

investigation was carried out on the influence of dampness in a house on the occurrence of certain ailments
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 such as asthma and other respiratory infections among students at the academic institution in Canada 

(Lanthier-Veilleux Met al., 2016).

Formaldehyde is a major pollutant that can be found indoors is attracting a lot of attention from public 

health officials and other stakeholders due to its negative impact on health. It is a prominent volatile organic 

compound found in household and construction products. According to (WHO, 2010) Formaldehyde is 

inflammable and highly reactive at ambienttemperature and can be purchased commercially as an aqueous 

solution, knownas formalin.

Some of the sources of formaldehyde indoor include furniture, fiberboard, and laminated wood, rubber, 

paints, adhesive materials, cosmetics, electronics, and paper products (Aydogan and Montoya, 2011; 

Akbar-Khanzadeh and Park C, 1997 and Kimet al., 2010).

Previous reports have shown that formaldehyde causes health defects such as cancer, leukemia, premature 

birth,and Alzheimer's disease (Aydogan and Montoya, 2011; Vazquez K and Adams L., 2014). 

Air quality prediction is necessary for planning, regulation, and control. Thus, artificial neural network 

(ANN) has been applied for predicting air quality (Barai,et al., 2007; Wang et al., 2003)ANN are powerful 

tools that can handle complex, nonlinear challenges especially in the fieldsof classifying and predicting 

phenomena (Ordiereset al.,2005).The ANN approach is an imitation of the computer brain which is 

capable of memorizing and recalling several experiences. In technical terms, it is similar to the Human 

Brains concerning the ability to recognize knowledge by the network through learning and storage of what 

was learned by an interconnection of neuron strengths as synaptic weights (Haykin, 1994). The ANNs are 

obtained from computational applications with algorithms and architecture to be extracted from system 

neuroscience-related (Daponte and Grimaldi, 1998). An example is the multilayer perceptron neural 

network shown below in figure 1;

 

FIGURE 1. A schematic diagram d 2003).isplaying multilayer feed-forward neural network 

(Kalogirou,

2.0 MATERIALS AND METHODS

2.1 Description of Study Area

The indoor air quality data was collected from a single room at the Iyalode female Hostel located at the 

Federal University of Agriculture, Abeokuta, South-western Nigeria on 7.232160°N, 3.432887°E. 
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Figure 2: Map showing Iyalode Female hostel in the Federal University of Agriculture, Abeokuta, 

South-western Nigeria.

2.2 Data Sets

The set of data that was used in this study are particulate matters (1.0, 2.5, and 10), Total Volatile Organic 

Compound (TVOC), Relative Humidity, Daily AmbientTemperature, and Formaldehyde.Sample data for 

Indoor Air Quality were gathered from an active sampler. The collection of data was carried out in eighteen 

days consecutively in one room located on the ground floor of the hostel building. The measurements for 

indoor air quality were taken at a standard breathable level of (1.0 - 1.5m) in real-time sampling time in 

which readings were taken both at 7am and 6pm thus representing estimated periods of peak anthropogenic 

activity.The sampler was allowed to adjust with the indoor environmental conditions for a minimum 

duration of fifteen minutes. The average of each daily morning and evening reading was taken for the 

eighteen days for each environmental parameter. The final data obtained were grouped into input data and 

target dataas shown in tables 1 and 2. The datasets were normalized between 0 and 1 before being put to use 

in the neural networks by applying equation 1 (Tardast et al., 2012) 
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(1) 

 
Table 1. Input Data 

DAY PM1.0 (µg/m3) PM2.5 (µg/m3) PM10 (µg/m3) TVOC HUMIDITY (%) TEMP. (oC) 

1 6  9  9  1.431  80  25.7 

2 6  8  9  0.806  76  26.3 

3 3  5  5  3.540  73  36.5 

4 3  4  4  1.411  71  26.8 

5 6  9  9  0.751  70  26.8 

6 6  8  6  0.825  69  27.1 

7 3  4  4  3.463  72  26.6 

8 3  4  4  3.448  71  27.1 

9 1  2  2  0.820  69  27.5 

10 1  4  2  0.756  67  26.6 

11 3  4  5  0.702  68  26.7 

12 14  19  21  0.728  70  26.7 

13 19  23  26  0.611  70  27.3 

14 52  69  75  0.649  69  27.9 

15 14  13  13  0.833  67  27.9 

16 3  5  6  0.649  68  26.4 

17 3  4  4  0.985  69  25.8 

18 3  5  6  0.853  70  26.3 

 

Table 2. Target Data 

DAY HCHO (mg/m3) 
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1 0.185

2 0.133

3 0.731

4 0.183

5 0.106

6 0.179

7 0.335

8 0.315

9 0.115

10 0.108

11 0.102

12 0.109

13 0.082

14 0.098

15 0.181

16 0.100

17 0.191

18 0.122

2.3 ANN model for indoor air quality prediction

A three-layer perception model was used comprising the input layer made up of six input variables of the 

network. These input variables include four pollutants (PM , PM , PM  and total volatile organic 1.0 2.5 10,

compound, TVOC) and two comfort variables (Relative humidity and Temperature). One hidden layer was 

adopted and a set of neurons in the hidden layer were chosen in the model to optimize the ANN 

performance. The output layer of the prediction modeladopted Formaldehyde concentration as the output 

variable.The neural network training tool used for the predictive modeling was produced by using 

MATLAB software. The feed-forward network-back propagation method was applied from the software. 

In the BP method, theinput data are presented to the network and a corresponding output of the neural 

network is produced which is comparedwith the desired output and an error is computed. This error isthen 

channeled back to the neural networkto adjust the weights so that the error decreases with eachiteration and 

the neural model gets closer and closer to thedesired output. This kindof training involves an optimization 

process (Sharda, 1994).
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The Hyperbolic tangent sigmoid function was used as the transfer function. The given set of data 

wasdivided into three groups out of which 70% of the datawas adopted in training the networks, 15% 

designated as the validation set, and the remaining 15% were employed in testing thenetworks. The mean 

square error (MSE) was adopted as the statistical criteria for measuring the performance of the network.

2.3.1 Training Model

The Levenberg-Marquardt method was used to train the input data due to its capacityto minimize sum-of-

squares error functions thereby validating the output data.

2.3.2 Evaluation Model

The network was trained to recognize particular patterns properly. This process was completed using the 

criteria listed below;

1. Mean Square Error (MSE)measures the average of the squares of the errors or deviations.

2. Regressionis a statistical process for establishing the relationship between the data set.(Lehmann and 

Casella, 1994)

3.0 RESULTS AND DISCUSSION

The tansig and purelinfunctions were used for the neurons in the hidden layer and output layer respectively. 

In the training phase, the weights andbiases were adjusted based on gradient-descent back-propagation. 

The mean square error was adopted as the statistical condition for measuring how the network performed. 

A total of six input variables comprising PM , PM , PM , TVOC, Temperature, and Relative humidity 1.0 2.5 10

and a single output variable, Formaldehyde was added to create the Neural Network. The models were 

varied by starting with a minimum of ten neurons as shown in table 3 and subsequently, adjustments were 

made and Regression analysis performed to investigate the correlation between the actual andpredicted 
2results based on the value of the coefficient of determination, R until the best fit results obtained from the 

neural network were indicated by the correlation coefficient to give the value of 0.98847 as shown in 
2figures 3 and 5. The neural network architecture that produced the best value of R  at a minimum value of 

the mean square error of 0.00011131 is shown below in Figure 4. The result of the neural network 

architecture when compared to the study conducted by Jouvanet al., 2018 in which indoor air quality was 

predicted using ANN comprising five input variables produced a correlation coefficient of 0.93863. This 

value was below that obtained for the present study and could be attributed to the network being able to 

identify patterns connecting input and output data, input data and the training method that was selected had 

a strong influence on the result of the data prediction.

Figure 3: Best Neural Network Architecture 6-16-1-1 
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Table 3: Structure and training results for the neural network models 

Network 
No 

Network 
structure 

Transfer 
Function 

MSE R2 Number of 
Neurons 

1 6-10-1-1 Tansig 0.0010694 0.73 10 

2 6-13-1-1 Tansig 0.0013922 0.75 13 

3 6-15-1-1 Tansig 0.00047723 0.98 15 

4 6-17-1-1 Tansig 0.0015679 0.97 17 

5 6-16-1-1 Tansig 0.00011131 0.98 16 

6 6-10-1-1 Purelin 0.0042802 0.90 10 

7 6-13-1-1 Purelin 0.0003193 0.89 13 

8 6-15-1-1 Purelin 0.09185 0.01 15 

9 6-17-1-1 Purelin 0.015388 0.74 17 

10 6-16-1-1 Purelin 0.00080803 0.50 16 
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Figure 4: Best validation
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Figure 6: Plot showing Experimental and predicted data of Formaldehyde for the eighteen days

CONCLUSION

The Artificial neural network has proven to be an effective tool in the analysis of non-linear data by 

establishing a relationship between experimental and predicted data through historical data records. The 

results of MSE of the tested network as shown in Figure 3 show that the best validation performance was 

achieved at 0.00011101 at epoch 1 when a neural network architecture comprising 16 hidden neurons was 

used. Subsequently, the regression test that was carried out to evaluate the capabilityof the tested network 

towards a particular pattern that has been previously trainedindicated that the tested network can recognize 

a particular pattern to predict output data. It is characterized by a coefficient of determination value of 

0.98meaning that the input and output data have positive relation, if one of them decreases, then the other 

one will follow it and vice versa. However, the model can be improved by adding more indoor 

environmental parameters and prolonging the duration of data collection to reflect seasonal variations.
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THE EFFECT OF CEMENT STABILIZATION ON THE COMPRESSIVE STRENGTHS OF 

COMPRESSED EARTH BRICKS PRODUCED IN BENIN CITY, EDO STATE

OBIKORU ONYEKACHUKWU FRANKLIN AND EDOBOR OSEMUDIAMEN RICHARD, 

DEPARTMENT OF BUILDING, FACULTY OF ENVIRONMENTAL STUDIES, 

AMBROSE ALLI UNIVERSITY, EKPOMA

Abstract
 The aim of this study was to determine the effect of cement stabilization on the compressive 

strengths of compressed earth bricks produced in Benin City, Edo State. The objectives included: the 

determination of the compressive strengths of cement-stabilized compressed lateritic bricks at different 

ages; determination of the compressive strengths of cement-stabilized compressed clay bricks at 

different ages; comparison of the compressive strengths of both cement-stabilized compressed lateritic 

and cement-stabilized clay bricks. Empirical methods were employed in this study. Samples of reddish- 

brown laterite and clay were provided for the production of bricks of size 100 x 140 x 290mm and with 

different percentages of cement- stabilization (0%, 5% and 10%). The results after 28days curing period 

showed that at 0%, 5% and 10% cement- stabilization, lateritic bricks had compressive strength of 
2 2 2 2 2 2

1.12N/mm , 1.65N/mm  and 2.18N/mm  and clay bricks had 1.04N/mm , 0.96N/mm  and 1.25N/mm , 

respectively. Generally, the brick specimens (irrespective of type) showed improvements when the 

percentages of the stabilizer increased. The study, therefore, concluded that the use of ordinary Portland 

cement, as a stabilizer, improved significantly the strength of compressed earth bricks. 

Keywords: Compressive strength, earth, clay, laterite, bricks, compressed

1.0 Introduction

 Compressive strength is one of the essential mechanical properties to characterize the stress 

bearing capacity of most construction materials (Billong et al., 2018). Compressed cement-stabilized 

earth-block construction is currently a popular topic, with growing interest due to its high levels of 

sustainability and thermal and acoustic performance, the low energy required for production and 

transport, the decrease in landfill waste, its fire resistance, and the cost of the raw material (CDE, 2000). 

Compressive strength of brick is important as an indicator of masonry strength and as a result brick 

strength has become an important requirement in brickwork design. A considerable amount of past 

research and studies on masonry indicated that stronger bricks contribute to greater brickwork strength 

(Hendry, 1990). The British standards (BS, 3921, 1985; BS 5628-1, 1992) categorized compressive 

strength into classes of engineering A and B for construction with aesthetics and strength requirements. 
2

All other brick and damp proof- course bricks should have strengths not less than 5 N/mm .

 Compressed cement-stabilized earth-block construction is a feasible solution for sustainable 
buildings in many developed and developing countries because cement-stabilized earth blocks offer a 
number of advantages, such as simple construction methods and maximal utilization of local materials 
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 (Venkararama et al., 2003). Much research has been undertaken to investigate the mechanical properties of 
compressed cement-stabilized earth blocks (BS 5628-1, 1992).The considerable variation of the 
composition of earth makes more important the measurement of the compressive strength of compressed 
earth block and skilled masons to find the optimum composition during the block
manufacture (Olivier et al., 1987). Compaction of moist soil, often combined with 4-10% cement 
stabilization, significantly improves compressive strength and water resistance in comparison with 
traditional adobe blocks. Dimensional stability and tolerances are also much improved, allowing 
construction procedures similar to fired clay and concrete block masonry, rather than the wet hand moulded 
method generally used for adobe. Quality control strength testing of compressed earth blocks has often 
followed procedures developed for fired clay and concrete block units (Walker, 1996). However, the 
suitability of these procedures has largely not been checked by scientific study. The compressive strength 
of compressed earth blocks can be many times lower than similar fired bricks. Previous studies have 
reported on the compressive strength characteristics of compressed earth blocks (Lunt, 1980). Strength is 
improved by compactive effort (density) and cement content (generally linear correlation), but reduced by 
increasing moisture content and clay content (cement stabilized blocks). National and international 
standards have also developed for compressed earth block test procedures (Walker, 1996; CDE, 2000). 
However, unlike other masonry units, there is little general consensus on test procedure for compressed 
earth blocks.

 The strength of a soil can be increased 400% to 500% with the use of the correct method for 

stabilization. Particularly effective strategies of soil stabilization include increasing the soil density as well 

as adding stabilizing agents, which either react with the soil grains or bind them together (Adam & Agib, 

2001). There are several types of stabilizing agents that are commonly used in building CEBs. These 

include cement, lime, bitumen, gypsum, and pozzolanas. Cementation can make soil water-resistant 

through the limitation of swelling and the augmentation of compressive strength (Rigassi & Terre, 2015; 

Reddy & Gupta, 2005) When ordinary Portland cement hydrates when water is added, a cementitious gel is 

produced that is independent of the soil. This gel is made up of calcium silicate hydrates and calcium 

aluminate hydrates, which make up the bulk of the gel, and hydrated lime, which is deposited as a separate 

crystalline solid phase (Millogo & Morel, 2012) This cementation process—which varies with time, 

temperature, soil type, and cement type—deposits an insoluble binder between the particles of the soil, 

which embeds them in a matrix of cemetitious gel. At the same time, the lime released during cement 

hydration forms additional cementitious bonds as it reacts with the clay particle (Mansour et al., 2016). 

 
     Research suggests that optimal levels of stabilization occur when the bricks contain between 3% and 

18% of cement content by weight. The correct percentage of cement to use depends primarily on the soil 

type, since the amount of linear shrinkage affects the cement content that is needed for stabilization (Minke, 

2006; Holliday et al., 2016). In Benin City, Edo State, compressed earth bricks have been in use, especially 

for the construction of traditional buildings in line with the Bini culture but these bricks, made majorly from 

clay have been experiencing a lot of deterioration and poor strength properties. Investigation into the use of 

alternative soil material has, therefore, become necessary; hence this study. 

The aim of this study was to determine the effect of cement stabilization on the compressive strengths of compressed 

earth bricks made from lateritic soil and clay obtained in Benin City.

The specific objectives were to:
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a.  determine the compressive strengths of cement-stabilized compressed lateritic bricks at different ages 

and percentage stabilization;
 determine the compressive strengths of cement-stabilized compressed clay bricks at different ages and 
 percentage stabilization;

b.  determine the compressive strengths of cement-stabilized compressed clay bricks at different ages and 

percentage stabilization;

c.   Compare the compressive strengths of both cement-stabilized compressed lateritic and cement-

stabilized clay bricks at different ages and percentage stabilization.

2.0 Research Methodology

2.1  Research Design 

 This study adopted an empirical research design. This was necessary so as to achieve more accurate 

results using a controlled laboratory environment.

 

2.2 Materials and Methods

 2.2.1 Earth Characterization and Preparation 

 Preliminary tests on the soils that were used were evaluated first for the purpose of classifying and 

identifying the types of soils. The tests performed were as follows: Soil Particle Size Test, Jar test 

(sedimentation) Moisture Content Test, Specific Gravity Tests, the Atterberg Limits Tests, linear shrinkage 

and Compaction Factor Test in accordance with BS1377: Part 2:1990. In order to obtain initial uniform 

moisture content, the soils were stored under a shed at a room temperature of 22°C for some weeks before 

being broken down. In order that the stored soil could dry out more evenly, the samples were thinly spread 

out and regularly turned over several times. Attempts were also made to provide some information about 

the equipment that was most fundamental for the success of this work. The laterite samples were air–dried 

for seven days in a cool, dry place. Air drying was necessary to enhance grinding and sieving of the laterite. 

After drying, grinding was carried out using a punner and hammer to break the lumps present in the soil. 

Sieving was then done to remove over size materials from the laterite samples using a wire mesh screen 

with aperture of about 6mm in diameter as recommended by Holliday et al. (2016). Fine materials passing 

through the sieve were collected for use while those retained were discarded. 

2.2.2 Preparation of Brick Samples

 The bricks were produced using a locally fabricated wooden mould of size 100x140x290mm. The production 

process comprises batching, mixing, casting and compaction of the bricks. The materials used for the production of 

bricks were measured by weight in accordance with the predetermined percentages of stabilization (0%, 5% and 

10%) and the optimum moisture contents determined from the field. According to NBRRI, one bag of cement (50kg) 

with 9 wheel barrows of laterite at a maximum of 5% cement stabilization will give 120 bricks. Therefore, the 

batching information was gotten from this based on the number of bricks needed.
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2.2.2 Preparation of Brick Samples

 The bricks were produced using a locally fabricated wooden mould of size 100x140x290mm. The 

production process comprises batching, mixing, casting and compaction of the bricks. The materials used for the 

production of bricks were measured by weight in accordance with the predetermined percentages of stabilization 

(0%, 5% and 10%) and the optimum moisture contents determined from the field. According to NBRRI, one bag of 

cement (50kg) with 9 wheel barrows of laterite at a maximum of 5% cement stabilization will give 120 bricks. 

Therefore, the batching information was gotten from this based on the number of bricks needed.

Table 1: Batching Information for Laterite Samples Used 

% of  
stabilization 

Laterite 
(kg) 

Cement 
(kg) 

Water 
(kg) 

Water/cement 
ratio 

0 87.6 - 10 8  
5 87.6 5 12.2 2.44 
10 87.6 10 14.1 1.41 

 

Table 2: Batching Information for Clay Samples Used 

% of  
stabilization 

Laterite 
(kg) 

Cement 
(kg) 

Water 
(kg) 

Water/cement 
ratio 

0 78.4 - 10.5 8  
5 78.4 5 13.4 2.68 
10 78.4 10 15 1.5 

 

The mixing was performed on an impermeable surface made free (by sweeping and brushing or scraping) 

from all harmful materials that could alter the properties of the mix. The measured laterite sample was spread 

using a shovel to a reasonably large surface area. Cement was then spread evenly on the laterite and mixed 

thoroughly with the shovel. The dry mixture was spread again to receive water, which was added gradually 

while mixing until the optimum moisture content of the mixture was attained. According to Bolyn (2018), a 

standard 9 liter capacity bucket holds about 15kg of dried soil. The optimum moisture content (OMC) of the 

mixture was determined by progressively wetting the soil, collecting handfuls of the soil, compressing it 

firmly in the fist, then allowing it to drop on a hard and flat surface from a height of approximately 1.0 m. 

When the soil breaks into four or five parts, the water content is considered correct (National Building Code, 

2006). 

 After the wooden mould was rid of all impurities, it was coupled together and oiled to enhance the 

demoulding of the blocks. The wet mixture was filled into the mould in 2 layers, with each layer being 

compacted on a level and rigid platform. The excess mixture was scraped off, and the mould was levelled 

using a straight edge. The mould and its contents were left for two hours before the removal of the mould. 

The bricks were first allowed to air dry for 24 hours under a shade constructed from a polythene sheet. 

Thereafter, water was sprinkled on the bricks in the morning and evening, and the bricks were covered with a
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 polythene sheet for one week to continue the curing process and prevent rapid drying of the blocks, which 

could lead to shrinkage cracking. The blocks were later stacked in rows and columns until they were ready 

for strength and durability tests.

Plate 1:  brick samples after productiion

2.2.3  Testing of Bricks 

             
 Compressive strength tests were performed to determine the load-bearing capacities of the bricks. 
The dry compressive strengths were determined. For the dry compressive strength tests, the bricks aged 7, 
14, 21 and 28 days were transported from the curing or stacking area to the laboratory two hours prior to the 
test to normalize the temperature and to ensure that the brick was relatively dry. The weight of each brick 
was measured before the brick was placed onto the compression testing machine such that the top and 
bottom, as moulded, lied horizontally on a flat metal plate. The brick was then crushed, and the 
corresponding failure load was recorded. The crushing force was divided by the sectional area of the brick 
to arrive at the compressive strength. This formula was used in the determination of the compressive 
strength:

Cs = Cf 

         A   where:   Cs = compressive strength 

Cf = crushing force 

A = sectional area 

 
Plate 2: Compressive strength test 
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3.0 Data Presentation and Analysis

3.1 Data Presentation 

Table 3: Compressive strengths of brick samples at 0% stabilization

 Days Laterite Clay 
Dry mass 7 3.45  

14 7.55 6.75 
21 6.75 7.30 
28 6.60 6.60 

Dry density 7 1797.50  
14 1859.00 1662.00 
21 1662.00 1797.50 
28 1625.00 1625.00 

Dry crushing 
force 

7 16.00  
14 35.10 10.70 
21 36.25 25.65 
28 45.35 42.35 

Dry compressive 
strength 

7 0.39  
14 0.86 0.26 
21 0.89 0.63 
28 1.12 1.04 

Source: field work (2018) 

Fig.1: Graph showing comparison of compressive strength development for 0% cement- 

stabilization for both clay & laterite samples
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Table 4: Compressive strengths of brick samples at 5% cement- stabilization 

 Days Laterite Clay 
Dry mass 7 6.80 7.95 

14 6.85 6.85 
21 7.00 6.70 
28 5.65 6.55 

Dry density 7 1674.50 1958.00 
14 1686.50 1687.00 
21 1723.50 1649.50 
28 1391.00 1612.50 

Dry crushing 
force 

7 32.00 13.90 
14 51.00 21.30 
21 67.00 32.25 
28 67.20 34.40 

Dry compressive 
strength 

7 0.78 0.34 
14 1.26 0.53 
21 1.65 0.80 
28 1.65 0.96 

Source: field work (2018) 

Fig.2: Graph showing comparison of compressive strength development for 5% cement-

stabilization for both clay & laterite samples

Table 5: Compressive strengths of brick samples at 10% cement- stabilization 

 Days Laterite Clay 
Dry mass 7 7.65 6.90 

14 6.85 6.50 
21 6.80 6.50 
28 6.25 5.80 

Dry density 7 1883.50 1699.00 
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 21 1674.50 16.50 
28 1539.00 1430.00 

Dry crushing 
force 

7 31.25 25.15 
14 36.40 33.90 
21 71.25 42.35 
28 88.75 51.10 

Dry compressive 
strength 

7 0.77 0.62 
14 0.90 0.84 
21 1.76 1.256 
28 2.18 1.04 

Source: field work (2018 

Fig. 3: Graph showing comparison of compressive strength development for 10% cement-
stabilization for both 

clay & laterite samples

Fig.4: Graph showing comparison of compressive strength development for all percentages of 

stabilization for both clay & laterite samples

3.2 Discussion of Results
 The results of the compressive strengths are presented in tables and figures above for laterite and 
clay CSEB. It was observed from the tables and figures that the compressive strength of cement -stabilized 
compressed earth bricks increased as the percentage of cement- stabilization increased. The compressive 

2 2strength of unstabilized bricks with 0% stabilization (the control) varied from 0.39 N/mm  to 1.10 N/mm  
as the curing age increased from 7 to 28 days. For cement- stabilized laterite bricks, it varied from 0.76 

2 2 2 2N/mm  to 1.65 N/mm  and from 0.92 N/mm  to 2.18 N/mm  
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for 5% and 10% stabilization, respectively, during the same period. The minimum 7 days dry compressive 
2

strength for 5% cement stabilized bricks of not less than 1.60N/mm  as recommended by National Building 

Code (2006) could not be satisfied. The 28 days dry compressive strength of manually produced bricks with 
2

5% cement stabilization, of not less than 2.0N/mm  as recommended by NBRRI (2006) was also not 

satisfied. 

 Beyond 5% cement stabilization however, all the bricks satisfied the minimum 28 days dry 

compressive strength. Since lateritic bricks with 5% cement stabilization did not satisfy the minimum 

requirements as specified by the operating codes, 10% stabilization was recommended for use. The 7 days 

strengths could not be determined as the samples were very weak to be crushed. The compressive strength 
2 2 2 2

varied from 0 N/mm  to 1.04 N/mm , for 0% stabilization.  It also varied from 0.34 N/mm  to 1.06 N/mm  
2 2

and from 0.61 N/mm  to 1.47N/mm  for 5% and 10% stabilization, respectively, as the curing age increased 

from 7 to 28 days. None of the bricks met the minimum requirements at 7 and 28 days as specified by the 

available codes. This was due to the fact that the clay had very high mud content; and therefore, could not 

bear the compressive stress imposed.

4.0 Conclusion and Recommendations

4.1 Conclusion

 In the light of the results of experimental tests reported in this study it could be concluded that 

laterite soil is more suitable than clay for CEB production. The dry compressive strength values obtained 

for all the stabilized earth bricks were within specified limits and suitable for single storey dwelling. Apart 

from bricks, without stabilization, all other bricks had dry compressive strength in excess of the minimum 

strength requirements for masonry in most codes, confirming their suitability for two or three storey 

buildings. It is appropriate to conclude that the use of Ordinary Portland cement significantly improved the 

strength of compressed earth bricks.  

4.2 Recommendations 

 From the outcome of this current study the following recommendations were made: 

a. Block press be used in molding the bricks rather than using the proctor hammer in an improvised 

mould; 

b. Ordinary Portland cement should be incorporated at a minimal 10% content as a stabilizing agent to 

improve, significantly, the strength of compressed earth bricks

c. In selecting suitable soil for compressed bricks production, laterite, instead of clay, from different 

locations should be collected and investigated for their suitability rather than selection based on 

availability and social acceptance.
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Abstract

The basic equations governing physical and numerical studies of alluvial rivers enabled a prediction of 

inflow boundary conditions for the physical model. The exact mathematical models used for computing the 

unsteady flow in rivers constitute a difficult mathematical problem because of the nonlinear nature of the 

two simultaneous partial differential equations. Since numerical techniques are too time consuming, the 

two partial differential equations (St. Venant's equations), were simplified by omitting one of the two 

equations (momentum equation), or by omitting certain terms in this equation. The simplified equations 

were solved in several different ways, including the numerical integration by using manual successive 

approximation procedures. Numerical model was used to determine data such as pressure, velocity, flow 

depth and stream lines in the unsteady flow in an open channel mathematically governed by the Saint 

Venant's equation, using a four-point implicit finite difference scheme. A quasi two- dimensional “cell” 

model assumed that flood plain remained completely submerged only during the flood peak. The storage 
3 3

plotted versus the out flow discharge for inflow as (Q1, (115 m /s): out flow was (1570m /s) prepared for 

manual calculation, which can be very easily transformed for doing calculation by using the digital 

computer. 

Key words: Saint Venant's Equation: Cell Model: Finite difference scheme

1. Introduction

1.1 Background to the Study

Alluvial rivers are rivers in which the bed and bank are considerately made up of sediments: self formed, 

consisting of channels, marked with eroded deposits, of sediments. They are based on the properties of the 

river banks, the amount, size and sediment present. Shaped by magnitude and frequency of the floods. 

[Shapiro, 2001]. The Technology soft ware's to measure, analyse, and investigate the water current is 

inadequate [Rudinger, 2001].

Mathematical modelling of fluid flow systems in rivers or storm systems, are governed by hydraulic 

equations; The solution by Saint Venant Equation for flood routing calculation is problematic for steady 

and unsteady flow simulation. [Cowling, 2002] flood estimation is important in creating water master 

plan; predict  river bottle necks, and improve infrastructural development. [Vazsonyi .2003] Hydraulic 

modelling aids in the study of characteristics of unsteady flows in rivers,; changes in rivers, and 

roughness co-efficient; to match actual natural conditions. Models are categorized into ; Real system, 

Real system can be divided into,  Mathematical Models, Empirical Models and Theoretical models. An 

empirical model may be considered as one that does not include general laws – it is mainly a 

representation of the data. These models are often called hydraulic-hydrologic models. Theoretical 

models are presumably the result of the most important general laws governing 

N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 53



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 54



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 55



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 56



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 57



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 58



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 59



N OIO FT  CU IT VI IT LS  ENI N GN IA NI ER EE RGI S

N

ON OFTI  CU IIT VT ILS  EN NI GN IA NI ER EE RGI S

N

JOURNAL OF CIVIL ENGINEERING
 Nigerian Institution Of Civil Engineers 60



This paper is recommending a computer research base work that can create a mathematical image or model 

of the physical process which will incorporate realistic assumptions and constraints. Information extracted 

in all the equations will be compared with physical evidence typically gained through experiments.
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ABSTRACT

The amount and nature of filler (particles smaller than 75 µm) in an asphaltic concrete significantly affect 
its design and performance. The use of Palm oil fuel ash (POFA) as filler in asphaltic concrete has been 
studied with varying degrees of success. This study evaluates the effect of the fineness of POFA on the 
mechanical properties of asphaltic concrete. Using 4 different categories of POFA fineness (based on 
30min, 60min, 90min and 120min of grinding with Los Angeles Abrasion Value (LAAV) machine), a 
number of trial mixes were prepared using the Marshal Mix design procedure with 5% POFA to arrive at 
asphalt concrete mixtures that fulfill the Marshal criteria. The effects of each POFA fineness category on 
the stability, flow and stiffness of asphaltic concrete mixtures at their respective optimum binder content 
were evaluated. The results show that Marshall stability, flow and stiffness generally improve when POFA 
is grinded than the control, but after some period of grinding (peak of the curve), the values diminished. 
Hence, grinding POFA improves the stability and stiffness of asphaltic concrete by 25% and 20% 
respectively. Grinding POFA for up to 60 minutes gives the optimum improvement of the properties of 
asphaltic concrete mixes considered in this study.

Keywords: Palm oil fuel ash (POFA); Filler; Flow; Stability; Asphaltic Concrete
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