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FOREWORD

The challenge of Building Collapse in Nigeria has continued fo be a recurring
decimal. It has become a hydra-headed problem which the Federal
Government, the Nigerian construction industry and the Nigerian people are
grappling with. This is because of the frequency of occurrence of the collapses
and the attendant loss of lives, properties and embarrassment.

In 2011, the Nigerian Building and Road Research Instifute (NBRRT)
investigated some cases of building collapse in Abuja, Lagos and Enugu, as part
of its statutory mandate and responsibility. Some of the Reports of the
investigation have been published as NBRRI Reports. Consequent on the desire
to implement some of the recommendations, NBRRI set up a Planning
Committee with membership from some professional bodies and stakeholders
such as COREN, CORBON, ARCON, TOPREC, NSE, NEMA, SON to organise a
National Workshop on Building Collapse. The Workshop was successfully
hosted onthe 15" and 16™ of May 2012.

However, while the Planning Committee was working, a two-storey building
collapsed along Coca ColaRoad, Opposite Ariya Hotel in Tlorinon13™ April 2012.
The Institute promptly set up an Investigation Committee with membership
drawn from professionals and experts inthe catchment area.

NBRRI decided to publish the Report of the Investigation as a result of the
lessons fo be learnt. It is my belief that all Stakeholders in the construction
industry, particularly those committed fo finding a lasting solution to the
building collapse challenge, will find this Report useful and relevant. It is also
the desire of NBRRI to put on record every defail about all these occurrences
to provide case histories to avert recurrence in the future. However, due to the
limitations of logistics, especially funding, all cases cannot be attended to; thus
more recent Collapses in Awka, Enugu and Benin may not be recorded.

Professor Danladi Slim MATAWAL
Director-General/CEQ, NBRRL
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REPORT ON A COLLAPSED
BUILDING IN ILORIN, KWARA
STATE, NIGERIA

SYNOPSIS

This report examines the case of collapse of a building that occurred under
construction, at a location along Coca-cola road, Ilorin, Kwara State, Nigeria.
The building was under construction when it suddenly collapsed on 1 2" April
2012 during the day at noon. The framed-structure was proposed to be a two-
storey building and its construction had reached the second suspended slab
when it collapsed. The site was visited while the remains of the collapse were
observed, materials used for the construction were examined and the soil
condition was also observed. The Town Planning Authority in charge of
approval of building plans was written in order to know the level of their
involvement in the collapsed structure, while the architectural drawings were
scrutinised. The contractor and the client in the construction of the building
could not be reached during the period of these findings. The investigating
team also observed and confirmed that the collapse occurred during the
pouring of the first floor concrete, which suggests that the cause was as a result
of poor scaffolding and inadequate supports/props and arrangement. The
issue of punitive measures that should be given to culprits was stressed.
Proposed preventive measures were also suggested in the Nigerian context in
order to reduce and possibly stop the incessant cases of building collapses.

1 INTRODUCTION

Failure of structures is a phenomenon that is never designed to happen, but
sadly not a strange thing in the construction industry all over the world with
particular reference to the developing countries. In Nigeria, incidences of
collapsed buildings are more rampant than for other structures. What usually
accompanies the collapse is loss of lives and economy. This therefore calls for
urgent check to forestall future occurrence.
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structural engineer, the builder and other professionals involved in the
construction without having a thought of other causes. It is in this light that this
investigation was ordered and sponsored by the Nigerign Building and Road
Research Institute, an Agency under the purview of the Federa] Ministry of
Science and Technology, from the Office of the Director-General/Chief
Executive Officer. The Investigation was to be carried out on the reported
collapsed building in order to know the cause(s) of and perhaps the reasons for
the failure and where to putthe blame,

The procedure of investigation nvolved: contact with regulatory authority, site
inspection, tests of materials, discussions/observations, conclusion and
fecommendations. Also included is the view of the Architect. Tt is important to
mention that observations were based on what happened at the site of collapsed
building; and the structural drawing was not available.

2.1 CONTACTWITHTHEREGULAT[ONAUTHOR]TY
Communication with the Town Planning Authority, Ilorin:The Town

“The developer (client) and the builder of the building were invited to ameeting
with the Management of Kwara State Town Planning Authority with a view to
investigating the cause(s) of the collapse. The building was a two storey

(structure) and it was under construction without Town Planning and

submitted were not signed by any COREN registered en gineer. ”

The deduction from the above information was that the building was not
designed or constructed by aqualified Engineer.
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2.2 SITE INSPECTION

The site was visited on 26" April 2012 and revisited on 25"May 2012 in order to
ascertain the cause(s) of the collapse. At the site, inspection was carried out on
the remains of the building while measurements were made and photographs
taken; and samples of the materials used for the construction were selected for
the tests. The results of observations are presented below.

Construction defaults

Observation 1: There was no extra support (like timber props) under 1" floor
as it was used to carry the scaffolding of the second floor. Reliance was placed
on few cast reinforced concrete columns(Plate 1). This in effect will subject the
1" floor slabs to extra heavy loads.

thick

side beam carrying 1 * floor
460mm deep and 225 mm wide

Ground floor 120 mm thick

Edge columns carrying the 1 S'
in,. P suspended floor 2225x225 section
PLATE 1:1°'& 2"° FLOOR IN RUINS Rubbles of the column weak concrete

Observation 2: The ends of reinforcements for the beams were not anchored
into column reinforcement (Plate 2). This will not allow Moment transfer
from beam to column and to the foundation. In this case, little stresses will
cause cracks and pull out of reinforcements and easy detachment of members
meeting at the joint.

Observation 3: There were no top bars for slabs over beam reinforcements
and no provision for torsion reinforcements at corners of slabs (Plate 3). This
will cause cracks to be generated over the supports of the slabs. The cracks will
make the slabs behave as simply supported and not as continuous beam, though
in construction they appear so. This will create heavy bending moment at the
middle span of slabs.
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X 1 .
No prgper anchorage No top bars over beam reinforcement

Isolated plain
concrete supposed to for beam and no torsional reinforcement at
be contained within reinforcement to corners
beam stirrup column reinforcement. ND
PLATE 3:2"° FLOoOR UNDER

PLATE 2: BEAM AND COLUMN COLLAPSE CONSTRUCTION JUST BEFORE COLLAPSE

Observation 4: After the collapse, the 1" floor came down directly on the
ground floor, showing crushing of concrete (Plate 1). This is an indication of
crushing of concrete.

Observation 5: The span of the slab was up to 5.22m. Checking span effective
depth ratio gives effective depth of 5220/20/1.3= 200mm, assuming a
modification factor of 1.3 and nominal span/effective depth ratio of 20 (because

an effective depth of 89mm (1 20-25-12/2=89mm). Thus, the deflection
criterion was not satisfied and therefore the depth used was small.

Observation 7: After collapse, the appearance of concrete within column links
was in lumps (Plate 4), showing that the concrete was weak and not well
prepared.

Page 04

e




image12.jpeg
-

REPORT ON A COLLAPSED BUILDING IN ILORIN, KWARA STATE, NIGERIA, NBRRI REPORT NO. 26, JULY 2012

Observation 8: With the above lapses centred on 1* floor, there were also some
problems with the second floor, especially its form work, which was being cast
when the collapse occurred. The formwork for this floor was probably not
strong or not well supported laterally or not properly mounted on the first floor

Main bars for
column not well
binded

Column on first floor not

well connected

Lumps of concrete
within links show

weak concrete

PLATE 4: COLUMN LINKS AND
CONCRETE LUMPS

23 COLLAPSEANALYSIS-STRUCTURALPERSPECTIVE

Schematic diagram for describing the construction arrangement: While
the observations given above (1 to 8) are based on site observations, it is also
worthwhile to put the construction arrangement in schematic diagram for other
explanations. To evaluate the cause of collapse, it is important to present what
constituted the applied load and what constituted the resisting force at the point
of'the collapse.

(i) The applied load: The applied loads on the 1" floor as at the time of
collapse are the self-weight of the floor, the weight of the workers, the
weight of the wet concrete for the 2™ floor , the reinforcement, the self-
weight of the formwork and probably the vibration caused by movement
of the workers.

(ii) The resisting force: For the 2" floor under construction, the resisting
force is provided by the timber and bamboo props formwork which have
their bases seated on the 1" floor. Forthe 1" floor, this is provided by

Page 05





image13.jpeg
REPORT ON A COLLAPSED BUILDING IN ILORIN, KWARA STATE, NIGERIA, NBRRI REPORT NO. 26, JULY 2012

only few R.C. columns. This arrangement is schematically presented in
Figure 1.

2™ Floor Slab under construction

Scaffold support for 2 " floor. This is made of
few block wall, bamboo and timber props
resting on cast 1 * floor

1* floor slab already constructed

Concrete columns supporting 1* floor

+ Soil
FIG. 1: SCHEMATIC DIAGRAM FOR CONSTRUCTION ARRANGEMENT

Within the span of the first floor are props from 2™ floor. These can cause heavy
bending and collapse of the 1% floor slab. Also, few reinforced concrete
columns are carrying the 1" floor. Because they are inadequate, they could be
crushed or buckled during the construction.

Collapse and direction: From above, the applied load on the 2" floor caused
sagging ofthe floor and crushing of the columns resulting to the collapse.

Description of the 2"'floor under construction: Plates 2, 3 and 4 show that the
casting of the floor was not complete when the failure occurred. The schematic
diagram of the floor is presented in Figure 2, showing the part cast, given by the
shaded portions in the figure. The little concrete poured assisted the collapse,
forcing the formwork to follow the direction of arrow, also shown in the figure.
This direction is where the concrete was being poured, showing that the
formwork tilted and there was no lateral restraint.

The shaded portion is the area of slab being poured just before the collapse
while the unshaded area is not yet poured; see also Plates 1 and 2 of the exposed

reinforcement.

At the time of visit, some weeks have elapsed, therefore concrete test will
not give the actual strength at failure.
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Direction of sway and
tilting at collapse

27000mm e
/ .
A Y12@200c/c
panef 1 5 papel 3
Both direction s
: \Q
panel 4 panel 5
¢ v
7

Figure 2 Schematic diagram of the collapsed floor.

Topography at the site: The terrain is well drained and the soil is firm. In
Plates 5 and 6, the general views of the site are presented.

s PLATE 6: THE COLLAPSE SIDE AND ADJACENT
PLATE 5: GENERAL VIEW OF THE SITE NEW BUILDING UNDER CONSTRUCTION

Stage of construction at collapse: Up to the time of the collapse, the DPC (ground
floor) had been constructed. Also, some columns and beams have been cast(Plate
7). The formwork for the casting of the first floor was already inplace as
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Thus, it is not silty. Typical examples of the results are shown for the coarse
aggregate in Table 1 and sharp sand analysis in Table 2.

Table 1: Coarse aggregate Sample A

Diameter (mm) ‘Wt Retained % Retained % Passing
31.5 0.00 0.00 100.0
14 382.0 392 60.8
10 389.0 39.9 20.9
6.35 196.5

Pan 6.5
From the result, the sizes are 10 mm to 14 mm

Table 2: Sharp sand analysis

’7 Dia (mm) Wt Retained % Retained % Passing

16.00 0.0 0.0 100.0

8.00 9.0 L9  os1 |
4.00 25.0 53 92.8

2.36 24.0 5.1 87.7

1.00 915 193
0.50 216.0 455 29
030 250 53 A
0.25 235 49 w7
0.090 51.0 10.7 20 |
0.075 3.0 0.6 I
Pan 40 s |06 ]

Reinforcement rods: The reinforcement rods used were observed to be
adequate in sizes as employed in each of the members.

Foundation level: This cannot be seen and it was therefore not certain if the
collapse was due to foundation failure.

Formwork: The formwork used is composed of a mixture of bamboo of
nominal size 10 mm diameter and timber of nominal size 2inches (50 mm) by 3
inches (75 mm). The spacing is nominally 600 mm. Slenderness ratio which is
height to minimum width are 3600/10= 36 for bamboo and 12x24/2 = 144 for the
timber. This shows that the scaffoldings were slender and prone to buckling failure

Collapse and direction: From the above, the applied load on the floor was greater
than the resisting force which is an indication that the formwork props could not hold
the applied loads, resulting to the collapse. The failure involved movement in the
vertical and horizontal directions as shown in Plates 5, 6and Figure 1.

Page 09





image17.jpeg
- REPORT ON A COLLAPSED BUILDING IN ILORIN, KWARA STATE, NIGERIA, NBRRI REPORT NO. 26, JULY 2012

The response of the props which led to the failure could be caused by sinking at
their supports, side sway of the whole formwork or buckling of the props. But
because the props were seated on the firm DPC, the most possible cause is the
side sway of the props. This therefore shows that the formwork was not
carefully selected, designed and even constructed.

PLATE 11: FULL RUBBLES AFTER FAILURE PLATE 12: COLUMN ALREADY CAST
AND BAMBOO FORMWORK

Description of the collapsed floor: Plates 7 and 8 show that the casting of the
floor was not complete when the failure occurred. The schematic diagram of the
floor is presented in Figure 2, showing the part cast, represented by the shaded
portion in the figure. The little concrete pour assisted the collapse, forcing it to
follow the direction of arrow, also shown in Figure 2. This direction is where the
concrete was being poured. The deduction from this is that the collapse could not
have been be due to overstress of concrete or steel since the building was not yet
puttouseand thus the overstress was on the formwork.

25  ARCHITECT'S PERSPECTIVE

While the information provided above is from the structural perspective, the
view of the Architect is also included here under. The set of drawing submitted
for approval purposes comprised of 13 sheets as follows:

The cover page Sheet 1;
The locational plan Sheet2;
The name sheet Sheet 3;
The site plan Sheet4;
The ground floor plan Sheet 5;
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vi.  Thefirstfloorplan Sheet 6;

vii. Thesecond floor plan Sheet 7;

viii. Theroofplan Sheet 8;

ix.  The frontelevation Sheet 9;

X, The right-side elevation Sheet 10;

«i.  Thebackelevation Sheet 11;

xii. The left-side elevation Sheet 12; and
xiii. The plumbing details Sheet 13.

Observation 1:

(i) The cantilevered balcony were too deep for construction without support;

(i) Itwas noted that one sheet was missing, or sheet No. 11 was omitted in
the process of the numbering;

(iii) Only three of the sheets were endorsed: cover page (sheet 1), locational
plan (sheet 2) and plumbing details (sheet 13);

(iv) The graphics with which the drawings were accomplished was
unprofessional; and

(v)  Allthesheets of the set of drawings bore the stamp of the Town Planning
Authority.

Observation2:  Itwas observed from this perspective that:

(i)  The ground floor plan comprised an open space, two stairwells and
2No. one cubicle toilets. The windows were 1800 mm in length.

(i)  Atthefirst floor plan and in addition to what made up the ground floor,
2No. cantilevered balcony with protrusion of 1 200mm were attached.

(iii) The boundary/peripheral walls were maintained. However on the
second floor plan, more partition walls were introduced. This floor
contained 3No.offices, a resting room, kitchenette, office of the
principals, an adjourning office for his secretary, tWo stairwells and
7No.Cubicle toilets. In addition, 2No.cantilevered balconies, each with
protrusion of 1200mm were provided, while the roof plan was simple,

functional gableroof.

Interaction with the consultant architect: The architect did a design on office
complex for the client but the drawing was not used. All the sheets of the set of
drawings were sealed and endorsed. Rather than the client calling for amendments
in areas not acceptable to him, he decided on commissioning a draughtsman who
produced the design that was used on the construction site at Coca-Cola Road. The
draughtsman, after the production of the drawings, fished out the endorsed sheets
from the works of the architect. These were the only three sheets that were

unaffected by the product of the draughtsman mentioned, namely the cover page
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(sheet 1), locational plan (sheet 2) and plumbing details (sheet 13). The
draughtsman, being the one that produced the initial drawings, took undue
advantage of his closeness to the architect and adopted the architect's
trademarks. Some of the architectural drawings are shown in Figures 3 to 7.

A ;zigﬁ
I ————

E i

FIGURE 3: GROUND FLOOR PLAN
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3.0 DISCUSSION

The response of the Town Planning Authority, the site visit made and the
material observations and testing indicate that the building process did not pass
through the right channel for approval, and construction was badly handled.
The arrangement of the props and the formworks give the impression of
inadequate supervision. This failure of the structure could have been avoided if
good formwork materials were used and properly constructed with proper
[ateral support. Discussions with people on the collapsed structure showed
ineptitude on the part of the supervision personnel and the inadequacy in the
process of approval of documents submitted for the purpose of construction.
The project was situated along a major road, yet the authority vested with the
power of regulating construction did not notice it to warrant issuance of “Stop
Work Order”. Everyone dissociated himself from knowledge of the drawings.
Could the client, therefore, be playing pranks?

4.0 CONCLUSION

This report has been able to identify the major causes of the collapse of the
building along Coca-ColaRoad in Torin, Kwara State. It identified the fact that
there was a hidden agenda on the part of the client (who could not be reached
during the course of this investigation), professionals in the building industry
and that poor workmanship contributed to the fatal collapse of the building
which was under construction. It is possible that the following attributes could
have influenced the failure of the building:

° Inadequate formwork props to support the decking during pouring of
Concrete;

o The absence of soil testreport;

° No structural designs and details;

o Absence of co-ordination between the professional bodies and the local
Town Planning Authority;

° Lack of adherence to specifications by the unqualified and unskilled
personnel;

° Poor and bad workmanship;

° The use of substandard building materials especially formwork;

B Lack of proper supervision by professionals;

. Tnadequate enforcement of the existing enabling building regulations; and

[

Flagrant disobedience of town planning regulations by
developers/landlords.

Page 15





image23.jpeg
/-— REPORT ON A COLLAPSED BUILDING IN ILORIN, KWARA STATE, NIGERIA, NBRRI REPORT NO- 26, JULY 2012

5.0 RECOMMENDATION
Having considered the immediate and remote causes of the collapse of the
building structure, remedial actions such as those listed below could be used as

preventive measures.

1. Stringent penalties should be applied to those responsible for collapse of
the building, particularly when loss of lives was involved.

2 Continuing professional development shouldbe emphasised by both the
professional bodies and the Government on modern trends in the
building industry, t0 keep stakeholders in the building industry abreast
with new trends in construction for appropriate procedural ethics in
construction.

3. Government should screen those who were involved in the building
project.
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