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ABSTRACT

For nore investigations and docunmentation on the causes
and prevention of building failures in Nigeria, this research
was conducted on two defective buildings selected in Mnna
Ni ger state. One building which is a one storey building has
structural failure of its elements. In order to determ ne the
causes of structural failure of the one-storey building,
concrete strength test was carried out on the structural
el ements using a re-bond hamrer. Al so sone sandcrete bl ocks
left on the site were taken for testing. For two-bedroom
flat, soil sanples were obtained fromthe site and tested in
the soils |aboratory of the Federal University of Technol ogy
M nna.

From the investigations carried out, it was discovered
that the structural elenents of the one-storey building failed
due to low concrete strengths and inadequate reinforcenents.
The results of the soil sanples for the two bedroomflats
fell short of the specification. It is therefore recomended
that the one-storey building should be denolished and proper
Architectural and structural drawi ngs be prepared, while the
i deal foundation for the two bedroom flat should have been a
a raft foundation, in view of the fact that the area is a

made- up ground.
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CHAPTER ONE

1.0 INTRODUCTION
1.1 BACKGROUND

Building failure can be defined as the condition of a
building when it can no longer fulfill the purpose for which
it was designed. This purpose may be functional, aesthetic
and structural. The functional failure for example includes
roof leakage, breakdown o¢f plumbing and electrical
installations in a house. Aesthetic failures are fading of
paints or their peeling off and all things that gfﬁect the
beauty of a house. Structural failures include excessive
cracks, deflections and foundation settlement,

Generally, building structural failures can Occur as a
result of faulty design and erection. This can also be due to
lack of site investigation or improper site investigation or
failure to consider the interaction or reciprocity between the

s50il and the foundation structure, and failure to test the
effects of seepage, flow of water etc. The mode of faulty
design may be the provision of foundation unsuitable for the
type of superstructure it is to support.
Failure can also occur if the building is put into use for
which it was not originally designed. Every building erected

has a design load for which it was made. This is supposed to
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be the maximum load which it can carry safely. In practice
however, the building can carry more load because it has a
safety factor. Therefore when the functions of a building are
changed by the owner, it can lead to structural failure of the
building components.

There are structural failures too that are due to dynamic
loads. These are when the vibrations emanating from
industries or heavy traffic affect the building leading to
failure of the building components.

In order to avoid loss of lives and property from the
failures of buildings it 1is necessary to know as much as
possible the causes and effects of structural building
failures.

This research dealt with structural failures of two
building projects in Niger State. They are:-

(I) One - storey building located at Bosso Minna and

(ii) A two- bedroom bungalow at Federal Housing estate

Minna.

The structural failure of one-storey building was so
serious that the reinforced concrete slab, the beams
supporting the slab and the inner columns have col®¥apsed. 1In
order to investigate the causes of the failures, the strength
of the structural components of the building i.e slab, beams
and columns were tested by using the smith hammer (Rebound

hammer) . The concrete strength of these members were
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therefore determined. Some sandcrete blocks left on the site
of the building were also taken and tested in the iaboratory
by crushing them under the concrete crushing machine to
determine their strengths and to find out whether they
complied with specified strength.

The second building which is the two-bedroom bungalow
developed wide cracks horizontally on the external walls and
some internal walls. From the nature of the observed cracks,
it was suspected that such may have resulted from foundation
settlements hence it was structural failure. In order to
confirm the causes geotechnical investigation was carried out
to determine whether the failure was due to foundation
settlement and the rate of settlement. In this investigation,
some soil samples were taken by digging two trial pits, one in
front of the building where the cracks on the external wall
were mostly prominent and the second on the side of the
building. The following tests were performed in the

laboratory on the soil samples;

(1) Atterberg limits,
(ii) Sieve analysis,
(iii) Consolidation test to determine the rate of

settlement, and
(iv) the triaxial test to determine the shear

strength of the soil.



1.2 NEED FOR THE STUDY

Building failure posses a big problem not only to the
professionals in the building industry, but to the nation as
a whole. Failure/collapse is rampant because qf the bad
economic situation of Lhe country, people no longer pay much
attention to either use proper construction materials or
maintain the buildings. This has led to some buildings even
collapsing at the construction stage. !

The recent. collapse of three-storey building under
construction in Enugu which killed 72 people and the previous
ones which occurred in Portharcourt where about 60 students
lost their lives when a three-storey building collapsed and
the one which occurred at Otta in Oqun state where the school
building walls collapsed killing some students while others
were injured are testimonies to the fact that building
failures has assumed an alarming proportion.

It is therefore in view of these occurrences that this
study was undertaken in order to create awareness in the minds
of everybody involved in the building industry. Some remedial
measures were also suggested as to how this ugly incidence may

be reduced.

1.3 AIM AND OBJECTIVES

The aim of the study is to expose the problems of
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building failures with particular reference to two building

projects in Niger

prevention.

The objectives are:-

state and to recommend ways of possible

(i) To investigate the causes of failures in two

defective buildings selected for the case study in

Minna, Niger state. The two buildings are:-

(a)

(b)

One-storey building under construction at
Bosso Minna. The building ghas been
constructed and roofed but, ﬁas the
structural members giving way indicating
structural failure. )

A two-bedroom flat located at the Federal
Housing Estate, Minna. The building has
serious horizontal cracks on the walls

with foundation settlement indicating

foundation failures.

(ii) To suggest ways to stop or reduce the alarming rate

of building failures in the country and

(iii) To document the study on building failures for

reference by public, private building developers

and professionals in the building industry.



1.4 SCOPE AND LIMITATION

This thesis covers a wide range of building failures.
The analysis of faillures, common defects in building, causes
and prevention of failures have been treated in this study.
Also covered (@ some reported cases of building collapse in
the country. The places where these occurred are Lagos,
Abuja, Kaduna, Portharcourt and Otta. Both structural and
geotechnical investigations have been carried out on two major
building projects selected in Niger state that show serious
problems of building failures. Labhoratory tests were
conducted on soil samples taken from these sites and from the
results obtained reasons have been deduced for the cause of
failure.

This study is limited to buildings only. Failures in
other fields like civil, mechanical and electrical engineering

projects i.e roads, dams, airport etc are not inclded.

1.5 METHODOLOGY

The methodology used for this research is dissided into
three parts. The first part is the data cellection for the
literature review which includes seminar papers, materials
from newspapers and text books. Seminar papers were collected
from the offices of the Nigerian Institute of Builders (NIOB)

and Nigerian Society of Engineers (NSE). The papers are those
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presented at various conferences and seminars on the collapsed
buildings in Nigeria. Information relevant to the building
failures were also gathered from some past newspapers and text
books.

The second part includes the selection of case study
project, collection of samples from sites for testing in the
laboratory and testing of the samples. A random survey was
carried out and twc main projects that show evidence of
serious fallures were selected for the study. These projects
are:- {I} a one-storey building under construction by Alhaji
Ibrahim Madaki in Minna in which the reinforced concrete slab,
beams and columns collapsed. The construction work in the
building could not continue because of these failures.

Another project selected for case study is a two-bedroom
flat at Federal Housing Estate, Bosso Minna with wide
horizontal cracks seen on the walls of the building, It is
suspected that the building has serious foundation settlement.
For the one-storey building, the structural members were
tested on the site to determine their strengths using the
smith hammer (Rebound hammer). Some sandcrete blocks left on
the site were removed for testing in the soil laboratory. The
tests conducted on the soil samples in the laborator® include:
atterberg limits, sieve analysis, consclidation and triaxial

tests. These tests were conducted to identify the type of

soil underneath the building that caused the settlerpent of its

Woads T aa [ L R A . . !
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foundation and to know the rate of settlement. All the tests
were carried out in the soil and concrete testing laboratory
of the Department of Civil Engineering, Federal University of
Technology, Minna. The calculations were done from the test

results obtained and graphs plotted.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 CAUSES OF BUILDING FAILURE
Adebgoye (1990) explained that, there are many causes of
building failures but the common ones can be classified under
the following headings.
2.1.1 Ignorance
This is the use of incompetent men that are put in
charge of design, construction or supervision of
buildings. Failures that are caused as a result of
design emanates from calculaticon or detailing errors,
while that of construction is from misunderstanding of
construction technology.
Maintenance also is sometimes carried out by men who are
incompetent or have no practical training.
Some clients even try to adopt direct labour by employing
labourers and artisans themselves, thereby making anybody

do a specialized job. All these cause failure.

2.1.2 Carelessness or lapses on tha part of the designers

(Architects and Engineers).

They can be careful and competent but show carelessness

in some parts of the design work. Lack of proper co-
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ordination in the production of drawings and specifications
can contribute to the failure. Also the consultant, the
architect and engineer in charge of the construction in most
cases could be responsible for a failure due to their
negligence or uncompromising attitude especially where one of
them c¢laims or assumes to be better when it comes to

construction.

2.1.3 Economy

Contractors behaviour in the building industry is
always unpredictable, reputation notwithstanding. The
major aim of all contractors ié to make maximuﬁ profit
from a job when he or she knows the profit margin. This
is one of the reasons why most of our projects fail or in
some cases collapse. The contractor usually forgets
about the safety of the project and concentrates on how
to make huge profit. Most of the time, to achieve this
aim, the contractor or his representative prefers to use
inferior materials, schedule work for Sundays or even
week-ends to prevent adequate supervision. These occur
both in construction and maintenance of buildings and

hence cause failure.
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2.1.4 Natural Occurrences

Earth quake, extreme storms, gas explosion, fires can
cause failure of buildings.
Ground conditions changes such as the removal or addition
of trees near buildings, watertable variations and
subsoil disturbances can cause settlement which in turn

may result to structural failures.

e:1.5 Excess floor loadings
Where the foundation of a building is not designed
to carry excess floor loading, there is the possibility
of it’s failure or the building collapsing.
Underestimating the loads to be carried by the building

can also cause it’s failure.

2.1.)6 F ibili ice
4
Misapplication of codes of practice, contamination
of concrete by calcium chloride and high alumina content

create failure in buildings.

2.2 COMMON DEFECTS IN BUILDINGS
Mshelia (1989) said, in buildings, the fastest
indications of common defects are cracks and deflections.

From these two indicators, the cracks are more prominent since

_‘?3695

-
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they can be fine, microscopic and be some millimeters wide.
Deflections is defined as any displacement in a body from its
static position or from an established direction or plane, as
a result of forces acting on the body. So deflection of
buildings can be as a result of either wrong structural
design, unequal settlements of foundations, materials failure
or overloading of the structure. DbDeflection of buildings due
to unequal settlements of foundation occur in areas where the
upper stratum is sand and the subscil water is near the
surface.

Also as a result of mining subsidence, buildings can
become defective and the defects take the form of cracked
plaster ceilings and walls, more extensive damage may include
wide cracks in walls, distorted door and window openings which
besides being unsightly, may prevent the opening of doors and
windows, cracked and uneven solid ground floors may occur,

Where the settlement has become excessive, walls may collapse.

Analvsis of defects

Mshelia {1989) analysed the defects in buildings thus :in
buildings, defects have been categorized into three groups,
namely; é
2.2.1 Defects due to expansion, shrinkaje and

construction method.
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2,2:2 Defects due to insufficient rigidity of the
structure or bond in walls (or between ‘walls and
columns.

2:2%3 Defecls due to settlements of foundation, movement
at supports, deflection of ground slabs (standing
hardcore) .

There is possibility of frequent combination of the above

ment ioned sources.

(A) D du to expansion shrinka nd construction

method.,

The walls exposured to the sunlight reach a high
temperature and consequently they expand. This breaks a bond
between walls and inside the walls since a connection with the
foundation doesn’t allow the walls to move. If the walls are
long and without openings (windows) usually straight cracks
running from bottom to the top is created. Conversely, if
there are openings the cracks are located around (frequently
at edges) the openings. For example, for a wall 10m long, the
elongation by a 25°C increment in temperature is about 1lmm.

For newly completed buildings, fine cracks are typical.
Their shape and direction are without any rule. These cracks
are as a result of reduction in volume of concrete or cement

mortar.
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For such brittle material as concrete, it is typical that
stresses from shrinkage cannot be adopted without cracks.
Similarly, some cracks will occur at places where‘expansion

joints are provided during construction, The best: way to

reduce these cracks is to provide a strong ring beam.

{B) Defect due to insufficient rigidity of the structure or

bond_in walls (or between walls) and columns.

Walls apart from vertical load are loaded horizontally
(wind effect). For the walls to be able to withstand this
load a rigid system of connected members must be created. The
rigidity of a building can be secured by a proper bond between
walls in co-operation with a ring-bean. If this is not
Iulfilled, vertical cracks appear at corners or at joints with
perpendicular (transversal) walls, separating them,

A completely different solution is using columns to carry
the horizontal lcad, then the rigidity of the building is
higher. But, the connection between the columns and walls
brings always difficulties hence creating cracks. An
improvement can be expected if the columns are cast between
block wall (block wall acts as a form work). This so called
“teeth” connection is very effective and enables to carry

shear stresses acting in the joint. Similar solution is using
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horizontal steel bars through the columns to join the walls.,
The total riqgidity of the structure depends on layout of
internal and external walls. Distances of internal walls and
their connection with external ones or with columns influence
the rigidity considerably, but the best way is to cover all
walls with a reinforced ring-beam. Then the ring-beam can act
as a continuous beam in horizontal plane and gives supports to
the walls. An introduction of the stftrong enough ,ring-beam
will prevent notl only free and different deflection at‘the top
of the walls and columns, but also will reduce width of

cracks.

C) Settlements in  foundation, movements at  supports,

deflection of ground slabs,

The seil being very silty sand is extremely sensitive to
molsture. An ingress of water under the foundation is very
common during rainy season. Usually no gutter, drain or
concrete pavement are  provided around the buildings.
Consequently, the so0il, when moisture changes its volume
produces a movement and different settlements in the
foundation.

As a result, there are scme bending movements in
foundation strips, which calls for a certain amount of

reinforcement to be inserted in the strips. The best way is to
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connect the strips rigidly into a grillage. This solution is
also suitable for cases when concrete columns are fixed into
foundation. If the ccoclumns are to carry the wind load, then
a particular bending moment is being brought into the
foundation. If there is-no adequate footing base provided for
the columns, which is quite common, or if the strips don't
create a grillage, then it is very probable that a non-
reinforced single strip can fail. This produces high stresses
between the walls and columns at their top, accompanying with
cracks.

The foundation is covered with a ground slab. Since this
slab is usually above natural soil levél, it is commen to cast
the slab en a hard core. In fact, the hard core ig a back-
fill which can be compacted manually and if n0£ well
stabilized some small settlements are unavoidable which can
cause a deflection in the ground slab, .

Therefore in summary the problems associated with
foundation settlements can be solved by adopting the following
measures:

{(a) Construction of the concrete way around the
building, which should prevent the water
penetration under the foundation. The pavement is
better to be stopped outwards the building and

provided with expansion joints at short distances.
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(b) Creation of the rigid grillage from foundation
strips. The reinforcement of the strips must be
designed taking into account different settlements

of the strips.

C) Reinforcing the ground slab as a continuous slab

supported by the foundation strips.

2.3 REPORTED CASES OF COLLAPSED BUILDINGS

Iyagba (1989) found out that, a good number of cases have
been reported in the country of collapsed buildings, some of
which are in Lagos, Abuja, Portharcourt, Kaduna and Enugqu.
There are records of similar occurrences too in other states
of the Federation, but not all are reported.

Details of some of the reported cases of building
collapses are presented below: ¢
LAGOS

Studies carried out by the Department of Building at the
University of Lagos indicated that: .
1. In 1987 a three-residential building at 20 Idusagbe road

Idumota Lagos Collapsed killing seventeen(17) people and

injuring twelve(12) people. According to the report the

original design of the building was initially a bungalow
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which was built of sandcrete hlocks, but after 10 years
the landlord decided to convert it to a storey building.
Without resorting to the registered professionals, some
bricklayers were employed by the landlord to cast a kind
of pavement around the existing foundation of the
butlding which was thought to be a reinforcement for the
foundation., The building then became a single storey
building in 1977 and later became a 2-storey building in
1984, When work started on the 3rd floor, the building
cocllapsed on adjacent bungalows. +

Investigation were carried out on the coilapsed
three-storey residential building by the Department of
Building, University of Lagos to expose thg probable
causes of the collapse of the building. According to the
report of the investigations, the structure collapsed
because of the enormous dead load added at the top to the
foundation which was not designed to carry such load.
The beams and columns were not designed and could not
have been able to carry extra lcads. The Engineers
interviewed were of the view that the structural suppeorts
or columns were not properly linked, hence the building
collapsed in rubbles. It was generally agreed that there
was no expert advice and supervision before those floors

were added.
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Another four -storey uncompleted building collapsed
in May, 1985 at Iponri Lagos killing thirteen(13) people.
An investigating panel was set-up by the Nigerian Society
of Engineers comprising seven(7) structural Engineers to
look into the probable causes of the collapse and make
recommendations to the Government on how to arrest future
failures.

An 18-page report was sent by NSE to the Lagos State
Government, while copies were sent to all the other
states of the Federation. The report traced the collapse
to inadequate soil investigation on the building site,
lack of monitoring of the construction work in stages,
improper mixing of the concrete among other things.

The report recommended to the Government to ensure
a thorough certification process before approving
building plans, and observed that contrary to building
regulations, no competent qualified supervisor saw the
foundation before the concrete was cast at every level of

construction.

Again in 1985 an uncompleted three-storey building
on Lagos Island collapsed. Nine(9) persons were reported
dead. The collapse was attributed to the excess floor

loading by the owner.
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J
1, After two years, that was in 1987 another two-storey
building under construction at Agege , Lagos State

collapsed killing two{(2) people. According to the

P

report, the collapse was due to the failure of the

structural member i.e slab and beams,

5. In 1998 again, a 3-storey building on Bamgbose
street, Lagos State c¢ollapsed killing 3 people and
injuring 8 persons.

KADUNA,

The journal, Nigerian Engineer volume 19 No.2Z,1984
reported that in Kaduna, the three-storey block of flats at 20
Congo Street, Barnawa low cost housing estate of Kaduna State
Housing Authority collapsed in 1980 killing six{6) people.

The Kaduna State Government therefore appointed a
committee of experts to look into the circumstances leading to
the disaster and recommend ways to be taken to avert future
occurrences of similar disasters. The committee received coral
reports, written memoranda and carried out a study of the
Architectural and structural designs, method of construction
and materials used as well as the degree of supervision
provided by the contracting firm (Messrs.. G. Cappa Limited)
and the client ministry, the state ministry of works and

Housing Kaduna. The committee visited the site and engaged |
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the services of specialist consultants to carry out iests to
facilitate appraisal and analysis of the designs and materials
used. ;

In it’'s findings, the committee cleared the Arﬁhitectural
design of Messrs. Inter-design partnership, but considered the
structural design of the state Ministry of Works and Housing
faulty. In particular, it was discovered that the foundation _
which consisted of combination of an in-filled block wall and
reinforced slab could not reasonably be considered to
represent a cellular raft foundation, because it did not
provide sufficient stiffness required of a monolithically cast
cellular raft foundation. In addition, the committee
considered the use of block werk with concrete in-fill as a
sole structural member inadequate as these were bound to be
problems with developing good compaction of concrete in-fill
in the block work.

On the construction itself, no evidence was found on
testing of the block as reguired by the contract agreement
whilst the materials used and quality of workmanship of the
in-fill fell below specification in the case ¢f the collapsed
building.

The report was highly critical of the degree of
supervision given to the Barnawa project by the client
ministry of works and housing, Kaduna, It found the

contractor’s supervisory staff not technically adeguate.
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There did not appear to bhe a proper definition of the exact
role and responsibilities of the various groups of supervisory
staff on the site.

The committee recommended that raft for the type of
building encountered at Barnawa should be made fully cellular
with the beams cast monolithically with the raft élab and
ground floor. It also would want the use of block walls as
load bearing walls in-filled for buildings of more than two
storeys abolished and that in the case of two-storeys the
blocks must conform to necessary specification in practice.

Both contractors and clients must be prepared to ensure
that the wvarious groups of supervisory staff are adequately
qualified and carry out their duties as defined in the
contract document. Authorities responsible for maintenance of
buildings should carry out periodic inspections aimed at

detecting early warnings of imminent structural failures.

In 1986 a residential storey building under construction
at Ona street, Enugu, Anambra state collapsed injuring many
people. No death was recorded. According tc the report, there
was no structural design for the building hence the building
collapsed.

Mhgain, in June 1997, a two-storey building under
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construction collapsed in Enugu killing and injuring about
seventy two({72) peocple both workers and hawkers taking shelter
under the building because of the rain. At first, the owner
attributed the collapse to the bomb blast, but later according
to the report, it was discovered that the collapse was due to
the poor workmanship and inadequate time for the newly cast

structural members to set before the continuation of the work,

PORTHACOURT

F
In Portharcout, Rivers state, a three-storey building

collapsed in 1990 and about sixty({60) students lost their
lives. The report of the investigating panel attributed the
collapse to the excess {loor loading cof the buildihg and its
foundation failure.
GBOKO

Also in Gboko, Benue state a residential storey building
collapsed in 1985 killing one(l) pexrson who was a Briton. The
collapse was attributed to poor construction by the masons and

there was no structural design for the building.

ABUJA
In Abuja Federal capital territory, a one-storey building
(FHA prototype building) under construction at Gwarimpa

collapsed on 2nd Augqust, 1998 killing two people and injured
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seven persons working on the site. The contractor handling
the project ran away. Similar buildings constructed by the
same contractor was ordered to be demolished by the Permanent
Secretary, Federal Ministry of Works and Housing as cracks had
developed on the wall of the buildinqs. The collapse of this
building was attributed to poor workmanship and the use of
inferior construction materials. The summary of all the

reported cases is presented in table 2.1.
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Table 2.1 Summary of Reported Incidences of Building
Collapses in Nigeria,
No. Building Type Year of Reported Reported
collapse | causes casualtie
Location s
I. Idumota, Lagos i-storey 1940 Excess 17 deaths
state residential floor 12
building loading injured
2. Bamgbose street 3-Storey 1998 Excess 3 deaths
Lagos state Residential floor 8
building loading injuries
. Iponri, Lagos 4-storey 1985 inadequate 13 deaths
state. uncompleted soil
building investiga-
tion, lack
of supervi-
sion and
improper
mixing of
concrete
1q. Lagos island, Uncompleted 1985 Excess 9 deaths
Lagos state. 3-storey floor
building loading
5. Agege, Lagos 2-storey 1987 No 2 deaths
state. building structural including
under design the owner
construction
6. Barnawa Housing 3- 1980 Bad 6 deaths
Estate in residential structural
Kaduna, Kaduna buildings design/deta
state ils and
foundation
failure
T Enugu, Anambra l1-storey 1986 No No deaths
state. building structural only
design injuries
8, Enugu, Anambra 2-storey 1997 poor ‘ S0 many
state. building workmanship | deaths
inadequate and
time for injuries
concrete
setting
9. Portharcourt, 3-storey 1990 Excess s 60 deaths
Rivers state building floor {all
clasaroom loading students)
10. Abuja Federal 1l storey 1998 poor 2 deaths
Capital building workmanship | 7injured
Territory use of
inferior
constructio
n material
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CHAPTER THREE

3.0 BUILDING FAILURE INVESTIGATICONS

During the period of this research, a survey of many
buildings were conducted in Niger state mainly in respect to
failures like cracks, deflection, settlement and collapse of
buildings. However, two big buildings located on different
sites in Minna, having some of these problems, were selected
for detailed investigations. These buildings are:-

(a) One-storey residential building at Bosso Minna and

(b} Two-storey flat at Federal Housing Estate Minna.

3.1 ONE STOREY RESIDENTIAL BUILDING AT BOSSO MINNA,

This building according to the architectural plan has the

. T

following dimensions. | KA5iiits 1B .. CIRRATY

GROUND FLOCR

(i) 1 No living room including dining area - 9.025m by
3.50m.

(ii) 2 No Bedrooms, each 3.50m by 3.50m.

{iii)1l No toilet 2.40m by 1.80m

{iv) store 1.50m by 1.50m.

(v} Kitchen 3.0m by 3.0m.

(vi) Garage 5.0m by 2.50m.

(vii) Balcony 4.0m by 1.20m and

(vii) a staircase 3.0m by 2.0m,.




27

FIRST FLOOR

(i} 1 No living room 4.60m by 3.70m

{ii) 3 No Bedroom each 3.50m by 3.50m

(iii)l No Bedroom 3.20m by 3.20m

(iv) 3 No toilets 1.80m by 1.50m

(v) library 3.0m by 3.0m

(vi) Balcony 4.60m by 1.20m

The architectural plan is included as appendix 1.

The construction of this building started in 1995 by the
owner Alhaii Ibrahim Madaki at Bosso Minna. The concrete
foundation had been laid, nothing coculd be said about the
quality of concrete in the foundatién and whether properly
reinforced or not. The block walls are of sandcrete blocks
and had also been completed. Roofing which is of aluminum
sheets laid on timber rafters had also been done leaving the
ceiling.

But, no sooner than when these were completed, the part
of the building started collapsing. The reinforced concrete
beams which were cast to support the slab when it was caving
in gave way completely. One side of the edge columns also
collapsed and wide cracks developed on the building walls.

On investigations, the client was contacted whether he
had working drawings, but he could only produced architectural
drawings prepatred by a draughtsman instead of an architect,
There was no structural design for the building and the

construction work was poor as it was handled by ungualified
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masons and not supervised by any professional in the building
industry. There was no Bill of quantities or estim;td for the
building works. He didn’t consult the experts. Some of the
materials used for the project were not to specifications e.g
the gravel used for casting reinforced concrete were not to

the required grading. Generally, the workmanship was poor.

3.2 DATA COLLECTION

The following tests were conducted on the reinforced
concrete elements i.e. beams, slab and columns and the block
walls of the one-storey building to determine the probable
causes of failure of this project. These are:-

{(I) concrete strength test using rebound hammer and

(ii) compressive strength test on 225mm sandcrete

blocks.
3.2.1 Concrete Strength Test

This test was carried out on reinforced concrete beams,
slab and columns of the one-storey building by using a
concrete test hammer i.e. a rebound hammer. The hammer is
based on the principles of it’'s rebound impact when its piston
rests against the surface of the concrete. The greater the
resistance of the concrete , the greater the rebound impact.
The concrete test hammer is an instrument which is easy to use
for quick and approximate measurement of the resistance to
pressure of manufactured concrete products. With the aid of

H73695 |,
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est hammer the quality of the concrete in every part of

onstruction can quickly be examined.

Procedure For Concrete Strength Test With Rebound

Hammer (Impact tast ipment
Having taken the concrete test hammer from it's case,
gently push the piston inwards, pressing it 3gainst a
surface. The piston will release itself from it’'s catch
and emerge from the body of the device which will then be

ready for testing.

Press the piston against the surface c¢f the concrete to
be tested, holding the device perpendicularly to the
surface. Gradually apply increasing pressure until the
mass impact is released. Keep the device firmly pressed
against the surface being tested and look at the rebound
reading on the scale. Do not touch the side button
whilst pressing the piston. On removing the device from
the surface being tested the piston once more emerges
completely from the device which is immediately ready for

a second test.
—— | Y

If it is difficult to see the reading under the

conditions specified in paragraph (2}, press the side

button only after impact and remove the device in order
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(3)

(6)
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to read scale.

If the button is used, as in the above case, the piston
remains inside the device when it is removed from the
surface being tested. In such cases, in order to prepare
the test hammer for further tests, activate it by the
method indicated in paragraph (1). The position of the
device when the piston has withdrawn inside is also the

position used for packing away the device in its case.

The Horizontal Values (H-values} of rebound have been
defined in such a way that they éan be converted by means
of diagrams which are provided with the deﬁ%ce, into
terms of resistance to pressure for tests carried out on
the cylinder or on the cube.

On each diagram nine different curves ‘nave been
reproduced, which take into account the angle of the
instrument, which thus is also suitable for tests on
floors, ceilings and any surfaces which are at a slope to
the horizontal. However, when carrying out tests on non-
vertical surfaces and hence not holding the instrument
horizontally, it is essential to take into account the

factor of gravity acting upon the impact shock.

The tests must be carried out on smooth and uniform

surfaces ohbtained from castings.
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Avoid uneven and porous surface, lumps of gravel and
joints in the concrete, Tests on thin sections or zones
less 10cm wide reguire particular care in the
interpretation cf the results, because of the distortion
due to the elasticity of the section. If possible the

back of the section should be held stiff by some means.

Take care to remove any materials of paint covering the
concrete. If the surface is rough, smooth it down with

the rubbing stone provided with the device.

It is advisable toc take 15 readings in order to obtain a
reliable H-value. For each reading change the spot being

tested by 2 or 3 cm.

The value of H is the average of the 10 best readings.

The conversion diagrams have been derjved from

experiments on samples of cement left in the air to age

between 7 to 10 days, under normal conditions.

Experience has shown that such diagrams’ are not

applicable in the following cases:

(A} When there are elements of stone or cement
products which differ from normal. In such
cases it is possible to obtain new curves by

experimentation. —
-:Ef&ﬁ%fgggAH

s
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(C)

(D)

{E)

(F)
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Concrete with soft aggregate such as pumice or

shale give too high a wvalue of resistance to

cempression, Also, in this case, 1it is
possible to obtain new curves by
experimentation.

In hard-mix cements, or cements which are not
properly compacted, internal leaks often
ocour. In such cases, the results may not

correspond correctly to the calibrated curves.

Very old and hard cements have a surface which
is harder than the interior, and they give
rebound impact readings, which are higher than

they should be.

New cements with damp surface give lower

rebound impact readings than they should.

Frozen cements do not give reliable results,

The device does not require special maintenance.

Avoid letting dust collect in the piston and pgnetrating

inside the device. Beware of surfaces of contact between

the piston and the hammer being dirty from oil or dust,

as this could create errors in the rebound impact. Put

#

the device away in its case with the pistdn pointing
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downwards. (The piston should be retracted jjside the
device; in order to do Lhis carry out a compressisn test
and press the button after impact, as explained in

paragraph (3).

3:2:3 Test Results

After using the concrete test hammer (rebound hammer) to
test the structural elements of the one-storey building at
Bosso Minna ten times on each element i.e slab, beams and
columns, the following results were obtained.

Table 3.1 shows the readings obtained from the graph

provided on the hammer.
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S/NO. DESCRIP- | (SCOPE) H-VALUE |R-VALUE | STRENGTH
TION ANGLE N/MM’ N/MM? N/MM’
1 Slab(d)= | -90° 14 - -
100mm
2 " ~90° 10 - F =
3 W -90° 10 - -
4 % -90° 11 - -
5 " -90° 14 - -
6 - -90° 18 - -
7 - -90° 14 - -
8 " -90" 20 14 14
9 " -90° 18 - -
10 " -90° 16 - -

The average strength of Slab = 1.4N/mm’



Table 3.2 Results of concrete tests on beam
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S/NO. DESCRIP- | (SCOPE) H-VALUE |R-VALUE | STRENGTH
TION ANGLE N/MM’ N/MM’ N/MM?
1 Beam(d)= | -90° 26 11 11

290mm

. -90” 25 - -
3 " -90° 24 - -
4 » -90° 30 16 16
5 " -90° 20 - -
6 " -90” 28 14 14
7 “ -90° 22 - -
8 " -90° 25 - -
9 " -90° 20 - -
10 » -90° 22 - 4 -

Beam average strength = 4,1N/mm

Table 3.3 Results of concrete tests on column

S/NO. DESCRIP- | (SCOPE) |H-VALUE |R-VALUE |STRENGTH
TION ANGLE N /MM N /MM’ | /MM
1 Column(d | -90" 10 - -
) =300mm
2 " -90° 16 - -
3 " -90° 16 - -
4 » -90° 21 - -
5 " -90° 22 - -
6 . -90° 12 - R
7 w -90° 18 - -
8 w -90° 18 - -
9 " -90° 20 . -
10 " -90° 16 -

Column average strength = ON/mm‘
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The three components i.e slab, beam and column were
tested wilth a concrete test hammer.

The readings (resistance on the concrete) were obtained
from graph provided on the hammer used. Most of the H-
values have no resistance value obtainable from the graph
because ¢f the low concrete strengths. The average strength
of the three components (slab, beam, column) showed that
they deo not meet the standard required strength.

The specified compressive strength of structural
concrete is 20-60 N/mm” and the tensile strength is normally
about 10 - 1% % of the compressive stfength.

Therefore from the test hammer results obtained, none
of the components average strength meets the standard

required strength. —ermi.
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3.2.4 Comprassive Strength Test on 225mm Sandcf%tg

Blocks.

3 No. 225mm sandcrete blocks samples were remcved from
the project site amongst those used for the constriction of
the block walls for the storey building. The aim is to find
the average strength of these blocks and to compare it with
the specified strength.

The strength were determined by crushing each block in




a concrete crushing machine

laboratory at

344

FuT,

Minna.

The result

in the concrete and soil
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is summarised in table

Table 3.4 Compressive strength test results of the 3 No.

Sandcrete blocks.

The followings are the strength requirements for

Cube Date of | Date of | Age Mass Density | Crushin | crushin
No casting | testing | (Days) (kqg) kg/m’ g load | g
(KN) strengt
h N/m m’
1 - - - 16.740 | 4960 16 T:11
2 - - - 16.540 | 4901 14 6.22
3 - - - 15.950 | 4711 8 3.56
Average strength, = 5.63 N/mm’

sandcrete blocks for use in buildings as contained in cp

110.

(1)

(2)

or 15,

For first class block,

cement/sand mix should be 1:8 or 1:7.

5 N/mm’ for bungalows and one-storey buildings,

strength should be 8 N/mm’ for

storey buildings and the cement/sand mix should be 1:6

For second class hollow block, strength should be

and the
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(3) For third class hollow block, strength should be 3
N/mm’ for partition walls and the cement/sand mix

should be 1:9 or 1:10,

According to the results obtained the strengthg; of the
blocks used for the construction of one-storey buildiﬁg have
complied with the specification. Therefore the failure of
the building is not due to the sandcrete blocks but from the
structural elements, The results indicated that the blocks

are of good quality.

3.2.8 Probable causes of failure of one storey
building.

The following faults may have contributed to the failure of
the one-storey building at Bosso Minna.

(I) Lack of structural design for the building. There
were no structural drawings for the beams, slab
and columns. The reinforcements were placed at
the convenience of the masons resulting in gross

under-reinforcement, improper fixing etc..

(II) Selection of the right size of the steel
reinforcements, fixing of the reinforcements and

mixing, placing and consolidating of the concrete.
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(III} Poor workmanship in placing of concrete. The use
of defective form work, and removal befeore the

concrete was properly set.

(IV) The use of ungraded aggregates hence redycing the

strength of the concrete.

’,

3.3 A TWO-BEDROOM FLAT AT FEDERAL HOUSING ESTATEIMINHA.

This house was built in 1992 and the settlement of
foundation started to be noticed by neighbours in early
1994, At that time the rate of settlement of the foundation
was not as serious as it is today. There are quite a number
of horizontal and vertical cracks on the walls of this
building and the house has now bheen deserted and abandoned.
The width of the cracks when measured, the widest was about
Z25mm,

It was discovered that the land on which this house was
built was a made-up ground. The land was a ditch before it
was filled-up with the laterite, but it was suspected that
the laterite may not have been properly compacted. Serious
horizontal and vertical cracks have developed on the
frontage wall of the house, while the back wall has few

cracks hence indicating differential settlement of the
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foundation. It was therefore decided that geotechnical
investigations be carried cut to determine the probable

causes of this foundation failure.

3.3.0 Data Collection
3.3.1 Trial pit

The trial pits were dug close to the foundation of the
house to expose the soil at the foundation level and the
foundation structure. It was obhserved that the foundation of
the building has no footing and the foundation thickness is
65 centimeters. Two trial pits i.e. TP -1 and TP -2 were
dug manuwally using a digger and a 5h6vel. Plan showing the
loccation of the trial pits is shown in plate I.

| ASH ;m
Plate I: Plan showing location of the trial pi

o
0

4
The TP~1 was dug 40 centimeters wide and 2.0 meters deep

frem the ground level by the use of manual labour. The top
s0il is 40 centimeters thick and made up of decomposed
refuse damp and broken bricks. The excavation con%inued
from the bottom cof the top soil level down to the 2 meters
level. At the depth of 1.8 meters the water was
encountered. At depth of 65 centimeters from the bottom of
the top soil level a disturbed soil sample labeled (s-1) was

collected for testing in the soil laboratory.

T ———

3RA

e
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Tp-2

Side

Tp-l Front

Plate I: Plan showing location of trial pits

Top soil (peat)

Brownish Silt of some organic

materials

Brownish Silt with some

organic materials

Note F]

s-1 (sample 1)
s-2 (sample 2)

Plate II Section through Trial pit I
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DA

Plate III Section through trial pit II

The disturbed soil samples (S-1) is brownish clayey silt
and kept in the polythene bag in order to retain its moisture.

For the second trial pit - (TP-2), the total depth of
excavation from ground level is 1.2 m. The top soil of 40cm
was excavated and carted away. The excavation of the trial pit
continued from the bottom of the top soil level down to the
depth of 0.80m. A representative disturbed soil sample-2 was
taken for testing in the laboratory. This soil is brownish
silt with some organic materials. Excavation of the TP-2
continued down to another soil sample (s-2) taken for testing
in the laboratory. This soil sample is again brodhi;h silt
with some organic materials. A total of four disturbed soil
samples were taken, two from each trial pit and taken for

r
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testing in the soils laboratory.

3.3.2 Labcrateory test on soil samples.

Moisture content tests were carried out on all the four
soil samples in the laboratory. Other tests carried out in
the laboratory are:

(I! Atterberg limit test,

{II}) Particle size distribution test,

({III} UIndrained consolidation test, and

{IV}) Triaxial compression test.

3.3.3 Determination of moisture content of the soil,.

A sample of the soil is placed in a container of known
weight, with a 1lid on to prevent evaporation. The container
and the soil are weighed and then placed in an oven at 105°C
with the 1id removed, until the sample is dry. Say(A) if
the container lid and dry soil are weighed again, say (B)
the difference in weight i.e. (A-B) is the weight of water
in the original sample, and the weight of solids is the
final weight after deducting the weight of the container.
Hence,

the moisture content {m) = Weight of water
Weight of solids

may be determined. The results obtained are shown in tables

3.2 and 3.3.




44

Table 3.2 Unit Weights
TP = 1 TP - 2
s - 1 s - 2 s - 1 5 - 2
Wt.of 321.07 430,08 298,69 344.73
sample + P
mould
Wt. of mould 24.717 4.7 24.717 24.77
Wt. Of mould 0.186 0.186 0.186 0.186
in (m')
Table 3.3 Moisture content of the soil samples
™ = 1 TP - 2
1 2 1 2
Wt.of 30.35 66.22 46.43 41.10
container +
wet soil
Wt.of 26.94 §5.55 43.29 41.60
container +
dry soil
We. of 6.47 9.717 6.45 6.46

container
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Calculation of moisture content

TP,~1 Sample 1 (s-1)

Wt. Of wet soil = 30.35 - 6.47 = 23.88

Wt. Of dry soil 26.94 - 6.47 = 20.47
Wt. Of Water = 23.88 - 20.47 =3.41

m=Ww = 3.41 =0.167
Ws 20.47

$(m) = 0.167 x 100 16.7%

Sample 2 (s-2)
Wt. Of wet soil = 66.22

I

9.77 = 56.45

Wt. Of dry soil = 55.55

9.77 = 45,78

I

Wt. Of Water 56.45 - 45,78 = 10.67

m=Ww = 10,67 = 0.233
Ws 45.78

%(m) = 0.233 x 100 23.31%

pP.-2 Sample 1

Wt. Of wet soil = 46.43

6.45 = 39.98
Wt. Of dry soil = 43.29 - 6.45 = 36.84
Wt. Of Water = 39.98 - 36.84 = 3.14

m=Ww = _3.14 = 0,085
Ws 36.84

%(m) = 0.085 x 100 = 8.52%
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Sample 2
WE. Of welb soil = 44,10 - 6.46 = 37.64
Wt. Of dry soil = 41.60 - 6,46 - 35.14
Wt. Of Water = 37.64 - 35.14 = 2.50

m=Ww = 2.50 = 0.071
Ws  35.14

%(m) = 0.071 x 100 = 7.1%
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3.3.4 Determination of liquid 1limit test by British
Standard

The test was conducted in accordance to BS1377 (1975). A
sample of oven-dried soil, all passing the 0.425 mm sieve, is
mixed with distilled water to a stiff consistency, a portion
of it is placed in the penetrometer cup, the soil being struck
off level with the top of the cup. The penetrometer cone is
then clamped with it’s tip just touching the soil. The clamp
is released and the cone allowed to penetrate the soil for 5
seconds, when the clamp is re-applied. The amount of the
penetration is read on the dial gauge. This is repeated until
two consecutive tests give the same penetration and this is
recorded. At this stage the moisture content of Ehe soil in
the cup is determined.

The whole procedure is repeated with successive additions
of distilled water to the sample, and the relationship between
moisture content and penetration plotted on a grapﬂ. The best
straight line between these points is drawn and the moisture
content corresponding to 20mm penetration is taken as the
liquid limit.

3.2.5 Determination of plastic limit test by British
Standard.

The test was conducted in accordance to BS1377 (1975).

about 29gm of the dried soil, all passing the No. 36 B-S sieve

(0.425mm sieve) is mixed with distilled water and
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moulded into a ball. The ball of soil should be

mixed by hand on a glass plate with sufficient pressure to
form a thread, When the diameter of the resulting thread
becomes 3mm the scil is kneaded together and then rolled cut
again. The process is continued until the thread crumbles when
it is 3mm diameter, and at Lhis stage the moisture content of
the s0il is determined. This whole procedure should be
carried out twice and the average valﬁe of moisture content

taken as the plastic limit of the soil.

Table 3.5 Results of the Atterberg limits test

Sample | Scil Unit Moisture LL PL

description ( wt. content (%) (%)
{Rg/m"} (%)

TP,~1 Brownish 1.59 16.7 18.1 7.6
clay silt

TP,~2 Brownlsh 2.18 231.3 20.4 7.8
clay slit

TP,-1 Brownish 1.47 8.5 15.0 [NP
silt with
organic
materials

TF,—2 Brownish 1.72 7.1 13.2 NP
gilt with
organic
materials

d
T,
e -,
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Table 3.6 Moisture content of the soil samples

TP = 1 TP - 2

Wt.of 30,35 66,22 46.43 41.10

container +
wet soil

Wt.of 26.94 55.55 43.29 41.60
container +

dry soil

wt. of 6.47 9.77 6.45 6.46
container

3.2.8 Plastici har
According to Sidney, Rosenak (1963),the plasticity index
of a soil and its 1liquid 1limit give one point on the

plasticity chart. Fine-grained soils are subdivided into

soils of low, medium and high plasticity as shown below;

Low plasticity (L) LL < 35%
Intermediate plasticity(I) LL 35% - 50%
High Plasticity (H) LL > 50%

Plasticity index (PI) Or I, = L.L - P.L .
Liquidity index (LI) = _m -P.L x 100%
L.L =P.L
- m -P.L%
Ip ’

There are two methods for evaluating the degree of

plasticity.
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One method consisls of degrading arbitrary ranges of the

plasticity index, or PI (the liquid limit mihﬁs plastic
limit}) .
For example,
PI indexX-—-—————-——m—w-— Degree of Plasticity
PI equals Q-H-——m—mem———mm e Non plastic
Eerlbmrvw e e Moderately plastic
15-40~--—-~ncmmm Plastic
B Highly plastic

classification syslem,

The second method is the use of the casagrande soil

In this system the interrelationship

between the PI and the liquid limit has gradually replaced the

PI as a measure of Lhe degree of plasticity. 1

the compressibility of clays and silts.

Calculations of

The casagrande plasticity chart can be used to predict

liquidity index sample

_T_Eli —
ke o
I, = 18.1 - 7.6 = 10.5 H—;ﬂ“mx;g\
\\.;f_“*q.'
LT =_16.7 - 7.6 = 2.1 = 0,867 x 100 i
18,1 - 7.6 10.5
LI = B6,67%
This soil can be classified as high plasticity
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TP,-2
I, = 20.4 - 7.8 = 12.6
LI =_23,3 - = 15.5 x 100

LI = 123%

This soil can be classified as high plasticity

TP,-1
I, = 15.0 - 0 = 15.0
LI =_ 8.0 - 0 = 8.0 x 100%

15.0- 0 15.0

L]

LI 56.67%

This soil can be classified as high plasticity

I, = 13,2 ~0w= 13,2

LI = 7.1 - 0=17,1 x 100%
13.2 = 0 13.2

LI = 53,79%

This soil can be classified as high plasticity

C IONS ON TI FAILURE

The classification of the soil samples obtained from TP-1

and TP-2 showed that the top soil is peat and the underlying
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soil is clayey silt. Peat is a “treacherous” material that
will not support any additional sustained load in %pe form of
a fill or a structure without considerable reduction in volume
cften accompanied by lateral displacements. Laboratory
results of the clayey silt also showed that the liquidity
index of each sample is greater than 50% hence it nas high
plasticity. Therefore the two aforementioned materials i.e[
peat and clayey silt which covered the area in which the
building was erected might have been the tfactors that

contributed to the foundation settlement cof the building.

Although the causes of the foundation failure of this

t
]

building have been known, it is also important to carry out
more investigations on the soil. Further investigations on the
spil 15 to know the particle - size distribution of the soil,
which is another classification test, and to perform

consolidation and triaxial tests. Consolidation test is used

to calculate the magnitude and rate of consolidation of the
s0il beneath the foundation, while the triaxial test is for
shear strength of the soil to determine the cohesion and the
angle of shearing resistance of a soil. The shear strength of

a s50il can be used directly to calculate its ultimate bearing

capacity and earth pressure on sheeted excavations. |

Consclidation test are restricted teo clays and silts
i

since the theories on which settlement calculations are basedl

are limited to fine grained soils, Triaxial tests are also

1
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limited to clays, silts, peats and weak rocks.

3.2.7 Particle Size Distribution

The particle size distribution is found by ‘particle size
analysis’ or mechanical analysis which expresses th; amount by
weight of the various sizes of particles present in soil.

The soil particles can be divided into four groups i.e
gravel, sand, silt and clay which are recognized as containing
particles of decreasing size. The equivalent dimensions of
the particles are usually given in terms of ‘equivalent

particle diameter’ and size fractions can therefore be

specified as lying between certain limits.

ocars nalysis (siev

The test was conducted in accordance to B51377 {1975).?
For coarse analysis either wet or dry sieving may be used. 1In
either cases an oven-dried sample of soil is weighed and
passed through a batch of sieves.

The weight retained on each sieve is recorded, and the
percentage c¢f the total sample passing each of the sieves is
calculated. This percentage passing is plotted on the sand
and gravel fractions of a semi-lcogarithmic chart. The silt and
clay fractions of the chart are completed after fine analysis

of the so0il. eieas
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Fine analysis
According te Sidney, Rosenak (1963), the thegry of the
fine analysis is based on stoke’s law of settlement i.e small
spheres in a liquid setitle at different rates according to the
size of the sphere.

7

In the British standard system, the limits are as

follows:
GRAVEL 6,0 - 2.0 mm equivalent particle diameter
SAND 2.0 - 0.06 mm equivalent particle diameter
SILT 0.06 - 0.002 mm equivalent particle diameter
CLAY < 0,002 mm equivalent particle diameter

The above results can be used to show whether material is
well graded, or of uniform grading.

If the particle size distribution curve is plotted on a
graph with the sizes expressed in millimeter then the
following properties can be determined.

{A} The effective particle size Dy, is the size in |

millimeters at which 10% of the material passes
through,

(B} Coefficient of uniformity (CU) = Dg i.e
Dio

the ratio of the sieve sizes through which passes
60% and 10% respectively, i.e
CU = 0-4 Uniform soil .

R Ear
t KAS!:"H] imem e .




= 5-9 graded soil

= above 10 well graded.
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4
Table 3.7 Particle size distribution clayey soil
PT1-S1 | PT1-52 PT2-S1 PT2-52

Effective size D,, |0.130 8,125 0.325 0.900
Effective size D,, | 0.400 0.410 0.950 3.45
Effective size D, | 0.750 0.900 3.25 18.25
Uniformity coeff. 5.8 7.20 10.00 20.3
Gradation coeff. 1.6 (9. 0.85 0.72
% i iz istri

Coarse and fine analysis having been carried out, the
particle - size distribution curve may be plotted. The soil

can be described according to the

where it fits on to the chart,.

shapes of the curve and

A uniform soil, where all the particles are approximately

the same size,

will have an almost vertical curve.

A well

graded size, will have a curve spread evenly across the chart.
A poorly graded soil will stretch across the chart but be

deficient in intermediate sizes.
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Analysis of Results
From results on table 3.6 and the curve on page 59
TP, $-1 is uniformly fine sand
TP,5-2 is uniformly fine sand
TP,5-1 is well graded sand
TP,5-2 is poorly graded sand

TP.S-1 is uniformly fine sand

The four grading tests carried out are almost identical
and the samples had little percentage of material passing

through sieves 0.150mm and 0.075mm indicating fine.



Table 3.8

Sieve TP2-S1 TP2~S2
size
(M) | ¢ Retained | ¢ Passing | ¢ Retained | ¢ Passing | ¢ Retained | ¢ Passing | ¢tRetained | sPassing
20.00 33.8 66.2
14.00 10.9 55,3
10.00 10.8 44.5
5.00 31.4 68.6 15.2 29.3
3.35 €.8 83.2 3.6 96.4 6.7 61.9 4.5 24.8
2.00 8.7 84.5 B.6 87.8 14.9 47.0 i 17.5
1.1 10.3 74.2 17.9 659.9 13,7 33.3 5.4 12:1
0.850 | 8.6 65.6 2.7 58.2 7.8 25:5 3.0 9.1
0.425 | 26.6 39.0 24,5 33.7 13.3 12.2 4.5 £.6
0.212 119.1 19.9 14.4 19.3 5.1 141 1.8 2.8
0.150 7.2 12.7 4.0 15, 1.6 5.5 0.7 2.1
0.075 | 8.6 4.1 9.3 6.0 1.8 3.7 1.0 1.1
Pan 4.1 0.0 6.0 0.0 < 0.0 I 0.0
100 100 100
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3.2.8 Consolidation of soil

Settlement is the most common reason for failure of

foundations and it 1is therefore. of great importance to
understand the mechanics of settlement.

The compression of sandy soils under loads cf structures
and buildings occurs as soon as these loads are applied. The
resulting settflement is an “immediate” settlement and it is
considered to be essentially elastic, On the other hand
structures and buildings fecunded cn cohesive scils :ill settle
for a long pericd of time at a continually decreasing rate
before becoming stationary. This long term compression of
cohesive soils under a constant load is called “consolidation
settlement”. Cohesive soils such as c¢lay soils are usually
fully saturated. Settlement or compression can only take
place if some of the pore water is squeezed out of the soil.
Because of the low permeability of clay soils, the flow of

water is so low that this squeezing out process is spread over
a long period of time.
Consolidation Tést

This test according to Smith, ! ..~ (1978) involves placing
clay samples of 19mm thick and 75mm diameter between two
porocus stones, This is placed in a metallic cup in the
oedometer to which water is added to the level of upper porous

stone in order to avoid any surface tensioning in the
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soil and to allow free flow of water only under external
loads. The sample can be loaded through a metal plate which
carries a socket in the center for a metallic ball on which
the loading yoke can be hung. When the load is placed on the
hanger the sample of soil starts compressing, first rapidly
and then slowly. The readings of the dial gauge are noted at
15 sacs, 30 secs, 1 min., 2 mins, 4 mins, 8 mins, 15 mins, 30

mins, 1 hr, 2 hrs, 4 hrs, 8 hrs and 24 hrs,.

(1) A lcad Py is applied to Lthe sample and the change in

thickness (compression) of the sample, read at

suitable intervals up to 24 hrs.

{2) A sample of square roct of time against compression

is plotted,

T RS IR SR I
DI IBCANIM LIBRARY |

R —

{3) The load is now increased tc P, and another graph of
compression against square root of time plotted for

24 hrs.

{(4) This procedure is repeated with lecads P, , P,, etc
until a sufficient range of load has been covered.
Typical values of P,, P,, P,, etc are 50, 100, 200,
400, 800 KN/m’ each applied for 24 hrs. it is

usually only necessary te plot the first few hours
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of each tesl on the graph, but the 24 hr reading of

compression must be taken.

{5) When sufficient range of loading has been covered
the load is removed and the sample allowed to take
in water and expand for 24 hrs. A graph is not
plotted for this expansion period, but the final

thickness of the sample hf must be recorded.

(6) When expansion is complete the final moisture
content my of the sample must be determined.
As the sample 1is saturated the final wvoid
ratio of the soil ef may be determined. #
e, = mG,

The oedometer test gives a guide both tc the amount of
consolidation which will occur on site and the rat~ at which
it proceeds.

The two important quantities which have to be determined
in the consolidation test are the <coefficient of
cormpressibility (mv) and the coefficient of consolidation
(cv). From a knowledge of (mv) the total settlement can be
estimated. The rate of settlement is estimated from a

knowledge of (cv).




Compressibility (av)
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This is the rate of change of void ratio with respect to

pressure.
. de
dp'
fficient of ressibili mv
de
mv=s=m—
(dp')(1+e)

It is the compressibility divided by the total volume.

also known as coefficient of volume decrease.

de
ayv=-——
dp!
fficien f nsoli ion
k
cy=
Y. Amy
where cv = coefficient of consolidation

K = coefficient of permeability

mv = coefficient of compressibility

Y, ~density of water

It is



The unit of cv is square cm/sec.

{mv}) and (cv) are determined from the

Average degqree of consolidation (U)
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Both of these constants

oedometer test.

-t

17369

/==
sf
where st = settlement at any time
sf = full settlement.
o & r (TV
Ty=C¥*!
d!
where d = length of the drainage path.

Length of drainage path

For one way drainage d=H and for two way drainage d =

H/2. In the oedometer test d

thickness.

is equal to % the sample



66
Laboratory consolidation test results on samples obtained from
FHA estate site, Bosso Minna, Niger state,

Table 3.9 Coefficient of consolidation (cv) change p = 100 -

200 (KN/m?)

TP1 TP2

8=~1 s-2 s-1 s-2

Settlement | 2.46cm 2.51cm 3.89cm | 7.24cm

Therefore for the front wall, foundation settlement is
between 2.46cm per year and 2.5lcm per year, while the back
wall foundation is between 3.89cm per year and 7.24cm per
year. This indicates there is differential settlement of this

foundation of this building.

3.2.9 Triaxial Compression Test

This test according to Smith, (1978) is the common
method used in soil mechanics laboratories for ffnding the
shear strength of the fairly cohesive soils.

The soil specimen is extruded from a 37.5mm diameter
cutting tube and covered with a rubber membrane L{o prevent
loss of moisture. The ends of the sample may be covered with
porous plater to allow drainage in tests in which the pore
water pressure in the sample is required.

The prepared sample is placed in position and the
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transparent cylinder filled with water. A measured pressure
head is applied to the water, and the soil sample is then in|
similar conditions to the site conditions, where this lateral
pressure would be due to the surrounding seil. This lateral
pressure or cell pressure will be the nminimum principal
stress.

A vertical load is now applied to the sample at a
constant rate of strain until the sample fails. This vertical
applied pressure at failure is measured or a proving ring, and
when added to the cell pressure gives the maximum principal
stress. j

With the maximum and minimum principal stress at the

point of failure of the soil known as Mohr circle can be

drawn. j]

If series of these tests are carried out with different
cell pressures ( 3) series of Mohr circles may be drawn.
These circles will have a common tangent known as the Mohr
envelope - and should be the same as the line given by thel

i

coulomb equation, provided the tri-axial and shear - bhox tests

are carried out under similar condition of drainage.
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TABLE 3.12 TRI-AXIAL TEST RESULTS ON SAMPLES OBTAINED FROM FHA ESTATE SITE
- .
TP 1-S1 TP 1-52 TP 2-581 TP 2~-82

Vertical 180 280 400 180 280 400 |160 300 530 150 290 530
Stress

(KN/m")

Lateral Stress | 100 200 300 100 200 300 ]100 200 300 100 200 300
(KN/m’

Cochesion 40 45 10 13
(KN/1?

Angle of 23" 23" 11° g.5"
Friction

(degrees)
Note Cohesion and angle of friction are read from the graphs on p.69 & 70.
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CHAPTER FOUR

4.0 OBSERVATIONS/RECOMMENDATIONS .

4.1 One Storey Building at Bosso, Minna

Frem the foregoing site invesligations and Iaboratory
test results of the s0il samples, the following observations
were made,

4,1.1 The building has no structural design hence the
type, size and number of steel reinforcements used in the
structural elements could not be ascertained, and

4.1.,2 The concrete strength tests gave very low results
below the specifications. The O8mm diameter plain steel
reinforcements used as main bars in the beams are supposed to
be used as stirrups.

The architectural design for the building could be
accepted as it has proper ventilation and good lay ocut though
it was designed by a draughtsman and not a professional
architect. But it would have been prefarable and advisable if
it had been designed by a professional and qualified
architect,

The remedies are:

4.2 Qne-storey building at Bossg Minna,
For the one-storey building with structural failure,

the only remedy is to demolish the whole building and to

{0




4.2.1

12
start a new one having all the structural element
preperly designed by competent professionads. The
reinforced concrete columns should be provided with
concrete base at the foundation level. The reinforced
concrete elements i.e. columns, beams, slab and staircase
should be constructed monolithically. In designing these
structural elements, the design procedures should be
followed by the structural engineers. The lcad to be
carried by these structures should be estimated and the
current code of practice used by the structural
engineers. During the re-~construction, the correct
materials should be selected for the project and the
aggregates graded. _ -

Two Bedroom Flat at Federal Housing Estate, Minna,

The following cbservations were made: I

4,2.2 The building was erected on the made-up ground., The

soil beneath the foundation was unconsolidated
clayey soil hence there was excessive settlement of
the foundation and this building has been declared
unsafe for occupation.

The remedies are:!

4,2,3 Either the whele building be demolished and a raft

foundation constructed since the building was

erected on a made-up ground or

I

!



4,2.4

4.3 GENERAL RECOMMENDATIONS
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The part of the external walls that cracked be

_ !
removed by the process of underpinning and a new
foundation constructed. This 1is for economical

reasons 1if the client does not want the building to

be demolished.

According to Odunlami, o . (1984), in order to

prevent some of the building failures that are occurring in

the country, it is very important te adhere strictly to the

following points. The points are:-~

4.

3.

1

The c¢lient should always employ the sbrvices of
architects and engineers to design the structure.:
These professionals form the design team in theJ
building industry. - o

There are Lhree main sources of design
expertise in use in the building industry. There
are in-house design teams, the professional
consultants and the contractor design. The choice
of selection is determined by the size, and
sometimes the complexity or fund available for the
project. |

The in-house design team will readily be seen
in Government departments or ministries,

institutions of higher learning and statutory
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corporations, while those using the contractors’
designs are largely the private developers.

Nithough all categories of clients use the
professicnal consultant, the private sector (mainly
commercial houses) are the best users of this
source of in-house design. Unqualified
professionals should not be allowed to design.
Proper engineering investigation of the underlying
soil on which the structure is to be built should
be carried out and analysed. When the nature of
the soil is not known to the designer it 1is
necessary for investigations to be made on and
about the site before the type of foundation can be
decided upon. Normally, the type of foundation to
he adopted for a building depends upon the load to
be transmitted and the bearing capacity of the
soil. If the soil is of low-bearing capa;ity there
may be a need for close investigation involwving
tests before the foundation can be designed, but if
the subsoil is of good bearing capaélty to a
reasonable depth, it is not difficult to decide
upon the type of foundation to be adopted.

- 473695
Additicnal loads should not be arbitrarily added to

the already built structure. Proper estimation of
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Lhe load should always be done to avoid collapse.

Regular maintenance of buildings should always bhe
carried out, Maintenance may be classified into
Lwo headings, namely; the preventive maintenance
and the planned maintenance. The preVentivet
maintenance is that which 1involves regular
inspection by a competent building inspector to
ensure that all parts of the structure 18
functioning properly so that no part would develop
signs of failure and be left to detericorate until
it becomes irretrievable. In doing this, alist of
parts and items to check should be prepared well in
advance of the actual inspection. While the planned
maintenance is the cone which involves setting asidei

a period by which certain parts of the buildingl

have to be replaced. This is in respect of whether

1

the parts show signs of failure or not. For
example renovations, replacing roof asphalt,
ceiling, floor finish etc. The durability of the

building depends on its maintenance.



One storey Residential Building at Bosso Minna with
structural failure.

A
o

PLATE L Front elevation of the residential building showing
failure of the slab, beams and columns

PLATER view of the inside ground floor of the building
showing failure of the beams.



One storey residential building at Bosso with
structural failure.

PLaTe i Concrete strength test of the slab and beams
of the building using the Smith hammer
(Re-bound hammer).

77
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A Two - bedroom flat at F
Minna with foundation faily

ederal Housing Estate
1re.

PO 1100t clevation of the building showing vertica]
cracks.

FAIF  Inside side elevation

of the building showing
cracks at the windows



A Two - bedroom flat at Federal Housing Estate
Minna with foundation failure.

Side elevation of the building showing vertical
cracks

Inside end elevation showing wide cracks in the
building .
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APPENDICES

Architectural plan of one-storey building

Elevation of one-storey building

Section of one-storey building and

Structural drawings - floor slab, floor beams, foundation

plan, column details and staircase details.
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Archi teelurnl Plan of one—slorey lnilding
Flevaktion of one alorey Building
Seclion of eone storey Tuilding and

Struciural drawings=Cloor slab, {loor beams, foundation plan,
column details and stairecase details,



