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Foreword

Kano in history occupied the primary position as an economic, political, and
cultural nerve centre of the central Sudan and later West Africa. Throughout the
second millennium A.D. it history was replete with events, processes and
developments that had far reaching impact on its people, neighbours and other
communities in west and North Africa.

Contemporary Kano has been a centre of Agricultural and industrial
production and trade throughout its history.Kano has been an important
production region, a factor which gave it mass appeal over time. By virtue of this
position it soon became a centre of population attracting waves ol migrations from
arcas far and near, drawing people from diflerent cultures with diverse skills,
techniques and technology,turning it into a meclting pot ol various aspects of
developmentlike population, cultures, urbanization, scholarship, agricultural and
industrial production, commerce, mining, architecture, etc. These provided the
foundations of the advancements the centrc has achieved over time in various
fields.

Much has been written on Kano, especially its political history, particularly,
colonialism and a little focus is also given to its cconomy, which mainly focused on
the development of commerce. Despite the richness of its history and the fair
appreciable efforts made by historians, a yawning gap exist in the arcas of labour
and production especially those related to modern day developments

One of the objectives of writing this book is to fill this yawning gap in the
studies on Kano by documenting the pre-existing processes related to labour and
production, so that the nature of the changes and advances achieved including their
directions can be comprehensively captured and analyzed.

Therefore, the various chapters in this book focus on diverse issues like the
theoretical approaches to the study and understanding of labour, the character of
labour during the precolonial period, labour migrations and their contemporary
implications, modern Industries and their predicaments, small scale industries and
entrepreneurships, population and related issues, urbanization, cultivaton of some
crops, pouliry production, architecture, environmental issues and a host of others

The chapters are therefore on diverse topics with different emphasis. The
variety shows the richness of the theme of the book and the multi-faceted nature of
Kano.
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The editors of this book have done a good job by bringing (hese diverse
topics under a single cover and presenting them in a cohereng form. The publishers
of this book should be commended [or bringing it into being.

Dr. Nasir Isah Fagge,

President,

Academic Stafl Union Universitics, Abuja - Nigeria
July, 2014
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16.1  Introduction

Kano University of Science and Technology (KUST) acquired the land and somc
buildings of former three schools:  Wudil Commercial School, Waudil Teacher
Training School and Wudil Technical School. The buildings essentially have been
in existence for more than [fifty years. In addition to the old buildings, the
university has also put in place some new structures. However, the walls of these
buildings are the main focus in this study. Walls of a building can be load bearing
or non load bearing. Load bearing walls are those acting as supports for the whole
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structure to transmit the weight to the ground surface underneath it for stabilin
(NIS 87:2000), in Abdullahi (2005). Walls are constructed of sandcrete blocks and
while serving their intended purpose, other things like deformations cspeciall
cracks could cmerge.

Cracks in buildings can be due to poor construction method, poor building
materials and poor maintenance culture. A lot o rescarches have been reported
on the sandcrete blocks, some of which indicated that the majority of the sandcrete
blocks being used in the Nigerian building industry fall short of the minimum
standard (Abdullahi, 2005, Omoregie, 9012, Ma’arul, 2012 , Olufisayo, 2013, and
Ewa and Ukpata, 2013). As a guide, the Nigerian Industrial Standard (NIS 87,
9000) provided the range of minimum compressive strengths for sandcrete blocks
o lic between 2.5 N/mm® and 3.45 N/mm® .In another literature (Spence and
Cook, 1983), block strengths were categorised into three : load bearing block type
A, which has a lowest individual strength of 2.6 N/mm® and type B block with
strength value of 2.25 N/mm’ and type C , classified as non load bearing and no
strength was specilied for this. Non compliance to these strengths is one of the
causes of building collapse being reported in Nigeria building and construction
industry. Whi# crack appearances in buildings arc being ignored by many building
owners and are considered as no failure phenomenon, a code of practice (BS 8110,
1997) has put a limitation to its width. For serviceability requirement, the maximum
crack width is 0.8 mm, whercas from cxperience, majority of building crack widths
are far more than this valuc.

Apart from crack formation, there arc other non-crack serviceability
requircments like the durability that the wall should satisfy. For example, the wall
should be protected against capillarity which causcs dampness, as reported by
Mbachu (1999). The dampness spoils the paint and interior decorations,
encourages [ungi growth and undermines the structural integrity of the wall.

The aim of this study is to investigatc (he various cracks in buildings in
KUST, note the causes and the ages of the buildings, and from these, suggest
construction methods which will forestall the reoccurrence of the crack. The
method adopted was lo carry out a field study within KUST. This involved a
recomnaissance survey of the study arca with the selection of buildings for
investigation, after which various measurements of cracks were carricd out. Also,
pictures of crack positions were taken and the type of the building noted. Distances
of the fcatures like trees, drainage channels, over head water tank, ground terrain
such as depression, likely (o have caused the cracks directly or indirectly, were also
noted.

16.2 Re
Alter the |

10.2.1 B
The resul
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16.2  Results and Discussion
After the field study, the results obtained are as presented below.

16.2.1 Building Types and Crack Charateristics
The results ol the field measurements, buildings types and observed causes ol
cracks are illustrated in Table 16.1.

Table 16.1: Building Types and Crack Characteristics
S/No of Statement of lield study:
buildings Building type, age, features ¢.g. trees, crack widths and lengths and the
number ol observations carried out are as shown below

Building A (Residential): This was Tocated on a depressed topography. Its age
was more than 50 vears. Features near the walls were trees-K. senegalesis,
with girth ranging from 2.5 to 3.7 m . The distance of the trees varied from
9.6 10 5.25 m to the wall. Crack widths varied from 1 mm to 5 mm with a
length of up to 3m. Some cracks were vertical and some inclined. Four
observations were recorded from different positions on the wall. Sce Plate
9.2

Building B (Office): The age was more than 50 years. Features near the wall
were trees- K. Senegalesis having girth ranging from 4.2 m- to 4.9 m, at
distances of 5.8 to 7m to the walls. Another feature was a drainage channel
with water, near wall. Crack width varied from 1 mm to 3.3 mm and up to
4.8 m long , inclined, crack extended down to the foundation. Blocks size 9
inches were used. Three observations were recorded.

Building C (Clinic building): The age was more than 50 years . Features near
wall was 2 Mango tree, having girth of 2.5 m and at a distance of 1.95 mto
the wall; and a drainage channel close to the wall. Wall crack width was 1
mm and length was up to 3.3 m , inclined cracks and 3 observations
recorded.

Building D (Residential): The age was more than 10 years. Cracks were
formed on internal and external walls. Some cracks were scen near door
lintel and some near main entrance lintel . The door opening was 0.9 m wide
and the main entrance width was 5.8 m. Crack width varied from 0.5 to 3
mm with length varying from 1 m to 2.5m . Blocks size used was 9 inches.
Crack observed started from top of the wall and extended to the foundation.
Some cracks were vertical and some inclined. Five observations were made.
-See Plates 9.1 and 9.3.
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16,2 Results and Discussion
After the field study, the results obtained are as presented below.

16.9.1 Building Types and Crack Charaterisics
The results of the field measurements, buildings types and observed causes of
cracks are illustrated in Table 16.1.
Table 16.1: Building Types and Crack Characteristics
S/No of Statement of field study:
buildings Building type, age, leatures ¢.g. trees, crack widths and lengths and the
number ol observations carried out are as shown below

Building A (Residential): This was located on a depressed topography. Its age
was more (han 50 years. Features near {he walls were trees-K. senegalesis,
with girth ranging from 9.5 t0 3.7 m . The distance of the trees varied from
9.6 10 5.25 m to the wall. Crack widths varied from 1 mm to 5 mm with a
length of up to 3m. Some cracks were vertical and some inclined. Four
obsecrvations were recorded from different positions on the wall. See Plate

9.2

Building B (Office): The age was more than 50 years. Features ncar the wall
were trees- K. Sencgalesis having girth ranging from 4.9 m-to 4.9 m, at
distances of 5.8 to 7m to the walls. Another feature was 2 drainage channel
with water, near wall. Crack width varied from 1 mm to 3.3 mm and up Lo
4.8 m long , inclined. crack extended down to the foundation. Blocks size 9
inches were used. Three observations were recorded.

Building C (Clinic Duilding): The age was more (han 50 years . Features near
(wall was a Mango tree, having girth of 2.5m and at a distance of 1.95mto
the wall; and a drainage channel close to the wall. Wall crack width was 1
mm and length was up to 3.3 m , inclined cracks and 3 observations
recorded.

Building D (Residential): The age was more than 10 years. Cracks were
formed on internal and external walls. Some cracks were seen near door
lintel and some near main entrance lintel . The door opening was 0.9 m wide
and the mam entrance width was 5.8 m. Crack width varied from 0.5 10 3
um with length varying from 1 m to 2.5m . Blocks size used was 9 inches.
Crack observed started {rom top of the wall and extended to the foundation.
Some cracks were vertical and some inclined. Five observations were made.
See Plates 9.1 and 9.3.
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5 Building £ (Residential
the gable face. Crack width was 1 mm and up to 2m lor
side of opening lintel. The opening was 5.8 m wide. 4 obscrvations were

made

): The age was more than 10 years. Crack occurred on |
1g. The crack strike

6 Building F (Residential): The
was overhcad water tanks.

attached to the buildings. The wall crack wi
length of up to 5 m. Some cracks were vertic
_ the outside can be scen from insidc) and many cracks

were through wall (i.c
and paint peel off under the

were formed . Wall was defaced ncar the tank

slab support. Two observations were made. Sce Plate 9.1.

age was more than 10 years. Common feature
The tank support (slab and columns) were
dth varied from 2 to 8 mum, with
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Building G (Stone pitched wall fence): The age was morc than 50 years.
Features were trees, K. Sencgalesis, girth of 4.1 to 4.3 m, at distances of 3.3
3.5 m to the wall and a drainage channel with water. Crack width was up to

10 mm wide and up to 3m long. 3 crack positions were observed.

Building H (Residential): The building was located on a depression. Crack
was 2 mum wide , 4 m long, through wall and vertical. The crack was located
on the external wall constructed of 9 inches blocks. Two observations were

made.

Building I (A generator housc): A gencrator 1

nstalled inside. 6 inches blocks
were used for the wall. Cracks were through wall, up to 10 mm wide and at

various angles . Cracks were many. One observation was made.

10

Building] (Wall fence): 9 inches blocks were used. A Neem tree was near
the fence with girth of 0.9 m at a distance of 0.1 m to the fence . Crack width
was 3 mm wide and 1.45 m long through the wall, and vertical. 3 observations

were made.

11

Building K (Residential): No sign of any physical crack cause was scen. Wall |

crack width up to 2 mm wide , 5 m long, crack through wall.

observations were made.

Two

Plate 16.1: I
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Plate 16.3: ]
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length of @
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Plate 16.1: Internal Crack nc;;“ Door Lintel  Plate 16.2: Exlmal Crack with K.
Senegalesis tree near (Building D) wall ) (Building A)

Plate 16.3: Internal mck Undcra Lintel Plate 16.4: External Crack Near
Lintel on Gable Face (Building D) (Building L)

16.2.2 Important Parameters for Analysis

From Table 16.1, the important paramecters for analysis are the building type and
age, trees and their distances to the crack positions, the girth of the trees, the
drainage channels, topography (depression), lintel , gable wall , thickness of crack,
length of crack, through crack, door and entrance opening width, overhead water
tank and the generator house. They arc analysed and the results are discussed
below.
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a)  Building Type
All buildings investigated were bungalows, with age ranging {rom 10 years to more
than 50 years. In design, structures arc usually considered for a specificd-age. For
example, over 50 years service life durability would depreciate and strength integrity
too would be allected. This is what has happened to some ol the buildings studied
and majority have out lived their designed service life. They can be renovated and
crack repaired, (o bring them back to standard status.
b) Trees and their Distances to the Crack Locations

Three types of trees were encountered near buildings (A, B, C, G and J). Their
(trees) common, botanical and Hausa names are respectively: Mango  tree
(Margnifera indica, mangwaro); Neem tree (Azadirachta indica, dogonyaro); and
the bitter bark tree, African dry land Mahogany (Khaya sencgalesis, Madachs). The
maximum girth of the trees was up to 5 m and their distances (o walls varied [rom
0.1 m to 7m . It implics that the distances of trecs to wall, if less than 7 m, can
cause cracks in walls. To explain how they alfect the buildings, as the trees grow,
their roots extend to the underncath of the buildings. In this process, the roots girth
ncreases and pushes up the building foundation, as schematically presented in
Figure 9.1. Thus, stress concentration is set up at the point of contact causing the
crack which propagates up the wall. To stop this action, the tree root causing the
problem can be cut or the tree can be cut down.

crack
I | Stress

concentration
root 7 ‘

Figure 16.1: Schematic Diagram to Show the Effect of a
Big Tree Root Underncath a Building

¢ Dramage Channel with Stagnant Water and Depressed Topograpls
Drainage channel with stagnant water was [ound with some of the buildings (A,B.C
and G). Water in the channel il not discharged, will sink into the foundation and
soften the soil thereby reducing the bearing capacity. Effect of submerged soil on
value of bearing capacity was given by Launder (1981). From here, relevant data.
based on Wudil soil (Dambazau, 2008), were extracted and modified as given in
Table 16.2. The table shows that the bearing capacity of soil can be reduced to hall
when submerged.
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Table 16.9: Effect of submerged soil on its

bearing capacity
Soil type Dry soil bearing Fubmcrgcd soil % reduction
capacity bearing capacity
Compact well- 430-650 KN/m* 220-320 kN/m’ 50 % j
graded sands
and gravel-sand
mixtures
Loose well- 220-430 kN/m’ 110-220 kN/m? 50 %
graded sands
and gravel-sand
mixtures
Compact 220-430 kN/m” 110-220 kN/m® 50 %
uniform sands
Loosc uniform | 110-990 kN/m’ 55-110 kN/m® 50 %
sands

Alter Launder (1981), modificd

A localised reduced bearin,
scttlement. The

paint is spoilt.

shrinking action,

g capacity will cause the
second effect of pool of water
building. It leads to capillarity in the wall. By this a
The third problem is swelling an
soil, as reported by Launder, (1981 ). A clayey soil
a building foundation and when dry it will shrink

level. Since Wudil soil contains cla;
there is possibility that some of the cracks wi

d) Overflow from Overlicad Water Tank

Building F investigated had overhead water tank

1g, the overflow {rom the
drying of the supporting clements. The welting

of the tank (o the buildiy

stress in the wall which would cause
mprove on the durability, minimu
concrete (B.L. Gubta and A. Gubta,
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exposed to mild exposures while external walls are exposed (o severe exposures as
shown in the table.

Table 16.8: Minimum cement content for making sandcrete blocks for dillerent
CXpOSures
S. No Exposure Sandcrete (sand + Remark

classifications cement) (use of the block)
Minimum Max. Free
cement W/C ratio

content in
mortar kg/m’
220 0.60 Internal walls

Mild

2 Moderate 240 0.60 External walls-

3 Severe 250 0.50 unprofected from
rain

4 Very severe 260 0.45 Underground walls

5 Extreme 280 0.40

Alter Gubta and Gubta (2004), modilicd and adapted (or sanderete material

¢) Temperature Related Cracks
Although (he temperature factor cannot be detected, high temperature diffcrential
especially those occurring in the north of Nigeria could be a cause of some of the
cracks in the walls. Values of temperatures in Wudil were given by Dambazau
(2008), exceeding 40° during bazara scason and as low as 21° during coldest month.
However, the weather update on TV channelstv.com ol 27/4/2014 gave Kano
emperatures ranging [rom 36° (day time) and 17° (night time), an iterval of 197
The temperature intervals are used in computing the crack widths as given by
Mosley et al, (2007). The trend of temperature variations is also acquired naturally
by the sandcrete materials, because during the day, the sanderete matcerial too will
expand and at night time it will contract. The problem of thermal expansion and
contraction lead to crack formation and this could have been responsible for some
buildings on KUST campus, by introducing vertical joints of 10 mm wide at some
intervals along the walls of the buildings. For cxample, a stretch of fence wall
constructed of 9 inches block was separated by vertical joints at intervals of 3.6 m.
Also, an hostel wall was separated by vertical joints spaced at between 12.5 and 15.5
m, while another hostel wall had a different joint intervals of 16.5 m to 23 m. This
shows that the intervals were not made cqual. However, the technique of
introducing vertical joints in walls is another way of ecliminating cracks and it 1
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Wi- 7.31KN., W - 14.84 KN and W = 22.18 kKN.

R-11.09 kN and stress §=0.17 N/mm’

\

crack

/

/|- =

ort

Lintel su

5.8 m opening

Entrance

Diagram to Show Crack Propagation on Main Entrance

Figure 16.2: Schematic
Near a Lintel

j)  Gable Wall Facc
From the field study, four gable wall faces were observed with cracks (Building E).
as shown in Plate 16.4. Because of this number (4), it implics that there is an
unperfected construction technique. To prevent future crack, the gable wall has t©
be topped with reinforced concrete beam (0 prevent crack generation and
propagation.
j)  Thickness of Cracks, Length ol Cracks and Through Cracks
Crack width recorded varied, as much as 3mm which is ten times the maximun:
allowed (0.8 mm). This value will have effect on the stability of the wall. Apart, ram
water and air will infiltrate into the room through the cracks and affect the durability
of the wall and also make it dilficult to maintain a constant {emperature for an ax

conditioned room.

9.3  Material and Crack Repair for Walls

9.8.1 Guide on Matcrial for Sandcrete Blocks
This scction is to provide information usable for sanderete blocks. There are twe
main materials being used for prof
and the fine aggregate (the matrix,
causes cracks due to its high drying s

ducing sancrete blocks: the cement (the binderi.
which can be sand or quarry dust). Because clas
hrinkage, the mix should not contain clay. The
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sand should be pure and washed before mixing it with cement. The mix ratio
varies, 1:3 or 1:4 or 1:6. The first number is the cement and the second is the sand.
The higher the cement content the higher the strength and the density. Based on
the mix ratio and strength, some manulacturers classified blocks into grades: A, B,
or C. A s the strongest and C is the weakest. Generally, block sizes are many but
the common ones being used for construction purposes are 450 mm x 225 mm x
225 mm blocks, popularly called 9 inches block, which is used for load bearing
walls and 450 mm x 225 mm x 150 mm block called 6 inches block, being used for
non load bearing walls. The external walls of buildings carrying the rool are
constructed of 9 inches blocks while the internal walls that do not carry any load are
constructed with 6 inches blocks.

16.3.2 Guide on Hand Made Blocks and Machime Made Blocks

Experience has shown that the machine made blocks are stronger, more durable
and impact resistant than the handmade blocks. Handmade blocks have low
durability because they have low resistance to water and when used to construct
drainage channels, they will not last long as they will disintegratc and when used to
construct external walls having direct contact with rain, it will soon disintegrate.
When blocks are o be used, it should be bought from a reliable manufacturer and
probably tested in a laboratory before use.

16.8.83 Guide on Repair of Wall Cracks
For existing wall cracks observed in this study, they can be repaired using stecl cross

bars of 10 mm minimum diameter, spaced at 200 mm or more depending on the
width of the cracks. The length of the bar can be 400 mm or more depending on
the width of the crack. They are placed near the wall surface on either side of the
wall and at a depth of 60 mm or more and cement mortar under laid, placed and
covered with the mortar. By this, a minimum concrete cover of 25 mm is provided
for the rod internally and 35 mm externally.

10.3.4 Guide on Design for Wall Foundations

As wall foundation is very important, there is nced to provide some design
information that could assist in determining the width of the wall strip foundation.
This is based on the soil bearing capacity and the weight of the wall.

16.3.5 Guide on Determining Soil Bearing Capacity
In this study, there was no available information on the Wudil soil bearing capacity.
However, information was given by Dambazau (2008) that the soil in Wudil can be
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clay, laterites, sand, sandy loams and silty content or in combinations. This
information and the onc given by Launder (1981) can be combined and modified
and adapted (o obtain soil bearing capacity. This is given in Table 9.4. The table
shows that the bearing capacities can range from 220 kKN/m’ for stff clay soil to 0-55
KN/m® for soft clay soil. However, soil test is required (o determine the actual
bearing capacity for a particular location of a building.

Table 16.4: Bearing Capacities for Different Soils (adapted for ‘Waudil Soil)

S/No Type of soil Bearing capacity

1 Sulf clays and sandy 9920-430 kN/m’ Applicable to dry
clays soil

Firm clays and sandy 110-220 kN/m*
clays

Solt clays and silts 55-110 KN/m* Applicable to

Very soft clays and silts | 0-55 kN/m’ soaked soil

Alier Launder (1981), Modified
16.4.6 Guide on Selection of Width of the Wall Foundation from Table
Determination of the width of wall strip foundation involves a rigorous calculation
using Table 16.4. Another simpler method was reported for various types of soils
by Launder (1981) This information was extracted, improved and adapted for
Waudil soil together with the soil information given by Dambazau (2008). The
outcome is given in Table 16.5. When the actual weight of wall per unit length is

determined, the width of the strip lfoundation for the wall can be selected [rom the
table.

Table 16.5: Sclection of Minimum Width of Strip Foundation for Wall,
Adapted for Wudil Soil

Type of Condition | Minimum width in millimetres for total load in kilonewtons per
subsoil of subsoil | lineal meter of load bearing walling of not more than;
20 kN/m 30 40 50 60 70
kN/m kN/m KN/m kN/m | kN/m
Clay Suff 250 300 400 500 600 650
Sandy clay
Clay Firm 300 350 450 600 750 850
Sandy clay
Sand Loose 400 600 Minimum width ol foundation for 150
Silty sand mm block wall (6inches block ) is 450
Clayey mm, and the minimum width of
sand foundation for 225 mm block wall (9

Silt
Clay
Sandy ¢
Silty clas
Silt
Clay
Sandy
Silty cl=

The tabl
becomes
assumed
soil beee
walls.
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Solt 150 650 mches block) is 675 mm. Blocks are
Clay placed symmetrically on the foundation.
Sandy clay Minimum depth of foundation is 1m
Salty clay except where rock is encountered

Salt Very solt
Clay
Sandy clay
Silty clay

Alfier Launder (1981), modified
The table shows that for stff clay soil, the width of the foundation is 250 mm and
Becomes 600 mm for soft clay soil. This indicates that il'a sdll’ condition is initially
assumed [or a foundation and later by poor maintenance is submerged, then, the

soil becomes soft and this can lead to sinking of the foundation causing cracks in
walls.

164 Conclusion and Recommendations

From the study the following conclusions can be made

1. Because the wall is an important part of a building, it has to be adequately
designed for, constructed well and maintained well.
A generator house constructed of 6 inches (150 mm) block will make the
wall develop multiple cracks, thus 6 inches block is not an appropriate
block size for the wall of a generator home. For this reason, 9 inches
(225mm) block with good and strong joint constructions are recommended.
A tree near a building at a distance up to 7 m from the wall can cause cracks
in the wall. Therefore, a distance of more than 7 m from the wall should be
kept for future construction.
Wetting and drying of walls caused by water from overflow from an
overhead water tank causes cracks on the wall and aflects its durability.
Also, poor drainage around a building causes cracks. Therefore, durable
blocks manufactured with appropriate cement content is recommended for
future construction. In addition, alter the construction, a good drainage
channels are required around cvery building.
The current lintel support of 300 mm or less lor an opening up o 6000
mum is not adequate because cracks were observed. An increase in support
length up to 800 mum is recommended.
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Gable wall face construction as in this case has not been perfected due to

occurrence of cracks. Introduction of copping reinforced concrete beam at

the top of the gable is required to prevent crack propagation.
Foundation depth for wall, especially for those located on clay soil, should
not be less than 1000 mm, to prevent cracks in walls.
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