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ABSTRACT

This study examined buildings collapse and its effects on the socio-economic
development of people in the Federal Capital Territory, Abuja. A collapsed
building at house number 54 on Oba Overanwen Road in Gwarimpa Housing
Estate was used as a case in point to ascertain the remote causes of its collapse.
Factors, such as failure in foundation, the use of poor and substandard building
materials, cement adulteration and seepage of ground water into foundations
were investigated. The study adopted the expository and experimental
approaches. Findings showed that the bearing capacity of the underlying soil in
Gwarimpa collapsed siteis 17.5% below theload intensity exerted on it. Concrete
specimens obtained from the site and tested gave very poor results which did not
meet minimum required strength of concrete of 1:2:4 or 1:3:6, respectively. Seel
reinforcement bars tested also showed inadequate characteristic strength (fy)
well below 410N/mn?. This study discovered among others that most of the high
rise buildings do not have provision for collection and channeling of storm
water away from the buildings, thereby causing weakness to the underlying soil
in foundations due to excess water intake during the rainy season. The study,
therefore, recommends consistent concrete strength test during building
production and the choice of foundation should be based on knowledge of the
bearing capacity of the underlying soil.

Keywords: Building collapse, lose property, poor concreting foundation failure,
drainage.

INTRODUCTION

Buildingscollapsein Nigeria, especidly inAbuja, which bringsabout lossof investments,
property and human life has become amajor source of concern to house-holds and
government. [t becomesnecessary that the causes of these collgpsed buil dingsbeexamined.
Building collapseisthefailurein part or wholeof astructurewhichisunabletofulfill the
purposefor which it was constructed (Jambol, 2012; Oloyede, Akinjare and Omoogun,
2010). There can be no failure of abuilding without a prior failure of some building
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components. Thetechnology of building production can never guaranteecompletedimination
of somedegree of failure because of thefact that structureseventually settledown after
they are congtructed, however dightly, on completion, asaresult of subsoil consolidation
duetotheweight of the structure. Thus, depending on the magnitude of thismovement,
fallurecandeveop. Itisthisfailureinthe subsoil and other causesof building failurethat
thisstudy seeksto investigate (Jambol, 2012). According to Amobi (2006), in Nigeria,
when abuilding collapsesasaresult of component failure, professional bodiestend not to
accept respongibility for theincidence(s). Rather, each of the bodiesthat represents Town
Planners, Quantity Surveyors, Architects, Buildersand Building Organisationswill often
seek to attribute the blame outside their professions. Adequate measureswill start once
designerstake aholistic consideration of their designsand become aware of thefinancial
and psychological implication of any failure of the building componentsboth during and
after completion.

According to Matawal (2012), the poor applicationsand use of inferior materials,
especially concrete, have been identified asamajor causative factor for the coll apse of
buildingsin Nigeria. Moreover, Nigerian Building and Road Research Ingtitute (NBRRI)
Technicd reportsof amost theentire collgpsed buildings, in 2011, indicatethat the buildings
collapsed catastrophically, implying that the structure and | oads came down without prior
warning and the deformation movementswere so fast that therewas no timeto evacuate.
Speaking further, Matawal (2012) reported that the collapse of one of the structures
investigated was by rapid disintegration of concrete e ementsand amost transformation of
sand blocksinto sand. Thisisacase of the use of substandard building materiaswhichis
oneof themgjor causesof building collapsein Nigeria

Theproblem of building failureisamajor one, because buildingsthat areyoungin
age are collapsing along with the aged onesin Abujametropolis. A situation wherea
building isdesigned and constructed to serve acertain purposeandtolast for acertain
number of years, say, thirty to ninety nineyears(Austin, 2012), endsup collapsing even
beforeit spends onetenth of its supposed life span can be described as pre-mature and
catagtrophic. Every building owner would lovehisher building(s) tooutlivehim/her. However,
many buildingsare coming down just after their completionwhentheir ownershaveasigh
of relief thinking that their investmentswill yield good returns. Someof thebuildingseven
come down at construction stage.

Thequestioniswhy arebuildingscollapsing, particularly inAbujawherethecity
itself isavery young oneand amost al itsbuildingsstill very new?Abujapridesitself as
having avery stringent planning process|eading to the construction of buildingsyet, some
buildings collapse. What could be responsiblefor this? Are some people not doing their
work?Or istheplanning law itself inadequate? Studieshavebeen carried outinthearea
of what went wrong, who did or did not do what, and assessment of damage (human and
material) caused asaresult of these collapses (Ede, 2010). Thereistheneed for ashift
from being reactionary, which hasbeen thestyle of the Nigerian Building community where
poor building productionisallowed frominception, to theemphasisof quality fromdesign
tocompletion. Thiswill gregtly minimiserepair and maintenancework (cost) duringthelife
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of thebuilding and will also minimise building collapse. Many authorshaveworked onthe
aspect of the causesof building collapse particularly asking the*WHY ™ question, but the
questionon“HOW TO STOP COLLAPSES’ seemsunanswered. Itisthequestionon
how to stop building collapsethat this study seeksto address. The study also desiresto
draw attention to law, the carefully prepared building codethat the Nationa Assembly has
refused to passinto law. The study will aso helpinform Gwarimpa/Abujaresidentsof the
need to providedrainagesfor their buildings, asthat will drain off excessstormwater and
reduceweakness of sub soil, hence reduce the magnitude of differential settlement. The
study intendsto inform project supervisorson the need to avoid shallow foundationsand
finaly to encouragethe enforcement of the quality management plan which encouragesthe
construction of buildingsthat will stand thetest of timefrom inception of the project to
completion.

Buildings Collapse and Socio-Economic Development

Chudley and Greeno (2006) say the function of any foundationisto safely sustain and
transmit to the ground on which it reststhe combined dead | oad, imposed and wind loads
insuchamanner asnot to cause any settlement or other movement whichwouldimpair the
stability or cause damageto any part of the building. Accordingto Matawa (2012), avery
important factor to be considered inrel ation to the catastrophesin our building industry is
theimpropriety of designing and congtructing structureswith no geotechnica investigations,
testsand reports; which are requested to providefor proper design of thefoundations. A
structural foundation isaimed at transferring the structural |oadsfrom the superstructure
safely to the ground bel ow. Hefurther saysthat if foundation load exceeds maximum
passive pressure of ground (that is, bearing capacity), adownward movement of the
foundation could occur. He again added that the remedy to thiskind of problemisto
increasethe plan size of the foundation to reducetheload per unit areaor aternatively
reduce theloadingsbeing carried by thefoundation. Matawal (2012) further statesthat
the minimum thicknessof astructural foundetion (evenfor nomind stuationsbelow awall)
is150mm prepared using concrete grade 25. According to Chudley and Greeno (2006),
most shallow types of foundations are constructed within 2,000mm (2m) of ground level.
Braja(1999) explainsthat for shallow foundationsto perform satisfactorily, they must be
safeagaing overal shear failureinthe soil that supportsit and should not undergo excessive
displacement (that is, settlement).

Braja(1999) further saysthat theload per unit areaof thefoundation at whichthe
shear failurein the soil occursiscalled ultimate bearing capacity (general shear failure).
Amobi (2006) classifiesfactorsthat contributeto sub structural componentsfailuresto
includedifferentid settlement of foundation, sheer failuresand designfailures Austin (2012)
gavethefollowing asthe causes of foundation movement: Variationin climate, changein
depth of water table, removal of trees, planting of trees, inadequate drainage, seepage
along congtruction interfaces, irrigation, leaking utility lines, drying of soil below hested
rooms, seepage of moistureaong utility trenches, poor compaction of fill, improper fill
material. A lot of substandard building materialsarein usein the construction industry.
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Someareinadequatein sizes, particularly iron rods. Bulky materialstoo arenot usudly the
specified ones, sand crete blocksare mostly molded sand with avery little cement content
inthem and concrete mix in most casesisusually of avery poor mix ratio, thereby giving
very poor quality of building components produced (Oloyede, Akinjareand Omoogun,
2010). Umaru (2012) explainsthat when abuilding material manufacturer deliberately
manufacturesan ‘A’ sandard and a’ B’ standard where there should only be one standard
then hehas, potentialy, started acascade of failures. When abuilding merchant knowingly
ordersthe’B’ standard in additionto or in place of the* A’ standard then he has propagated
that cascade. Thesefailurescreate an opportunity for unjustifiable‘ cost savings onthe
structure of abuilding - something that should not passthequality control processesof the
project consultants (if they are present) or the inspection of the planning authoritiesif
ingpection milestonesareinvolved. Umaru (2012) further saysthe Standards Organisation
of Nigeria(SON) hastheresponsibility of ensuring that the country doesnot becomea
dumping ground for substandard materials. It should not become users, producersor
exportersof substandard goods. Unfortunately it would appear that not just the people of
Nigeria, but theinternational community hascometo seethenation asonethat acceptsthe
second rate. Oloyede, Akinjare and Omoogun (2010) say the collapsed buildingswere
found to be constructed with low quality building materialsand incompetent craftsmen
rather than professional swerefound to be engaged, while the existing building codes
meant to guide builderswererendered ineffective because of lack of political will toenforce
sameby thePlanning Authorities.

Oloyede, Akinjareand Omoogun (2010) add that, findingsfrom historical factsof
past collapsesreveal ed that building experts blamed building collapse on the use of low
quality building material s coupled with employment of incompetent arti sans and weak
supervision of work men on site. They add further that, findings show that public opinion
blamed building collapse on non-compliance with specifications and standards, use of
substandard building materials and equipment and the employment of incompetent
contractors. While the academiains ststhat the non enforcement of existing lawsand an
endemic poor work ethicsaretheroot causes of building collapsein Nigeria. Uzokwe
(2001) ins ststhat theincidencesof building collapsein Nigeriacould be prevented by the
Standard Organisation of Nigeria(SON). According to him, seventy percent (70%) of
the collapsed buildingsin the country was caused by the use of inferior, substandard and
chegp building materials.

Matawal (2012) says building collapse can betraced to two major causes. These
aretheuseof inferior and substandard materials, especiadly the quaity of concretein most
buildingsisat best very poor. He saysthis can betraced to the explosion that follows
collgpsed buildingsasthe concretemost of thetimesdisintegratesinto pieces. Inexplaining
further, he saysthishasbeenidentified asamajor factor for the collapse of buildingsin
Nigeria Thefollowing concretetest resultswere obtained from NBRRI Technical reports
carried out on collapsed Sites. Themethod used for their testswere non destructive method
of concretetesting. Table 1 givestheresult of Nigerian Building and Road Research Indtitute
(NBRRY) investigation of oneof thecollapsed buildingsin Lagos, Nigeria. Aspresentedin
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the Table 1, every concrete element tested failed the test asall the results were poor.
Jambol (2012) saysevery causeof building failure can very adequately behandled if and
when all stakehol dersknow, accept and obey therules of the game—by complying with
thelaw. Hefurther statesthat the saying goesthat wherethereisno law, therecan beno
offense. For anindustry ascomplex and strategic asthe building industry, the absence of
arobug, efficient and effectivelega framework isacase of disaster waiting to happen. He
further positsthat severa workshave shownthat theNigerian buildingindustry isfragmented,
under-performing, uncoordinated, an“dl comers’ industry, undisciplined and operating as
if therearenolawsguiding itsoperations. Thisexplainswhy buildingscollgpse, kill people,
destroy property and no onewas prosecuted. The professionalsonly comeout to trade
blame at each other, ego—massagetheir professonsand leavetheclients/userswith pains,
whilethey collect their feesand disappear. Thisisunprofessional, unethical and indeed,
wicked! It isadirect affront on the provisions of the NBC 2006 and natural justice.
Umaru (2012), in support of the NBC matter argued that “ Resuscitation of the Building
CodeAdvisory Committee” to achievefull implementation of theNationd Building Code,
asanindustry-wideguidefor safeand effectivebuilding ddlivery isvery necessary at this
point. Theguidelinesfor aproperly structured constructionindustry have been set outin
the Nationa Building Codeand itsimplementation will greetly help to tacklethe problem
of building collapse.

METHOD

This study adopts the expository and experimental research design. These are the
approacheswhere materia swere obtained from the collapse site and soil samplestaken
fromtrid pitsand takentothelaboratory of thebuilding department of the Federd University
of Technology, Minnafor experimentation. Random sampling of foundation depth and
footing thicknesswasa so carried out on buildingsaround theareaof the collgpse. Pictures
of highrisebuildingswere a so taken to ascertain scorm water drainage arrangements. The
resultsare presented and ana ysed using frequency tablesand ssimple percentage. Results
of physical observations, laboratory investigationsand photographsweretakenin an effort
to determinethe causesof the collapse of the building.

RESULTSAND DISCUSSION

Visual test result of the soil sampleswhich includesthe colours, texture and consistency
noted are as presented in Table 2. Laboratory investigations were conducted on the
following areas. Natura moisture content (NMC), specific gravity, condstency limits, direct
shear box, Seveanaysisand cal cul ation of the bearing capacity weredone. Thesummary
of theresultsare presentedin Table 4. A comparison between theload intengity of 171.22kN/
m? and theworst cal culated bearing capacity value of 145.9kN/m? showsthat theload
intengity is17.5% greater than the safe bearing capacity of thesoil, whichwaswhat va ue?.
Asaresult of this, one can conveniently say that the soil bearing capacity islow and may
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not be safe enough to carry al theloadstransmitted to it from the structures, sincethe
foundation type designed for the structureswithin Gwarimpa Estate was the square pad
foundations. It istherefore evident that foundationfailure, particularly in Gwarimpaplayed
asignificant rolein the collapse of the structure. This can beattributed to thefact that the
minimum depth specified for the foundation wasnot achieved asinvestigation revealed an
averagefoundation depth of just 450mm for aload bearing wall whilethe recommended
depth of the foundation from ground level wasto be 750mm-1.0m (see foundation 8
drawing detailsin appendix m). Theinvestigation al so reveal ed inadequate thickness of
footing whichwill not be ableto carry thetransmitted |oads. Table’5 showsthe estimate of
the expected |oad on the soil from the structure; thisis of extremeimportance so asto
enable us determine whether theamount of loading on the soil isof ahigher magnitude
compared to the calculated bearing capacity values at the base of the foundations.
Comparing, therefore, theload intensity of 171.22K N/m?and our worst cal culated bearing
capacity value of 145.969K N/m?, showsthat the soilsbearing capacity is17.5% lower
than theload intensity exerted on the soil and so may not be safeenough to carry all loads
transmitted to it from the structures, since the foundation type designed for the structures
within GwarimpaEstate was Square Pad Foundations. It is, therefore, possibleto say that
therewasfoundation failure. Result of foundation depth check reveal sthat the minimum
depth specified for the foundations was not achieved as checks revealed an average
foundation depth of just 450mm for aload bearing wall whiletherecommended depth of
thefoundation from ground level wasto be between 750mm—1.0m.

Six samplesof concrete specimenswererecovered from thesiteand tested using
the non destructivetest method (rebound hammer). Asshown in Table 6, average strength
of concrete obtained was 25.4/6 = 4.23N/mm?. Thisresult is78.85% poor compared to
concrete grade 20. The average values of the characteristic strength and nominal
reinforcement sizeswere 394N/mm?/11.38mm, 321N/mm?/14.80mm and 335N/mm?/
19.41mmfor diameters 12, 16 and 20 bars. Thisresult gives5.17%, 7.5% and 2.95%
lessthan therequired sizesfor 12, 16 and 20 diameter bars respectively. Results of the
non destructive concretetests of the recovered concrete specimensfrom the collapsed
sitewerevery poor and fell bel ow the minimum required strength for concrete whether
1:2:3 or 1:3:6 grade 25 concretetype. Itisalso evident that poor concreting coupled with
poor construction practices and inadequate foundation are some of the major reasons
why the building on 54 Oba Overanwen road Gwarimpacollapsed (Matawal, 2012).

Sted reinforcement barswere collected from the debrisand tested in the laboratory,
thesummary of theresultispresentedin Table 7. Stedl reinforcement testsresults showed
that all piecesof rodstested gaveinadequate characteristic strength (fy) below 410N/mnv?
and none of thediametersof therods measured was correct asal of them werebelow the
standard sizes. These, pointedly suggest that inadequate reinforcement played amajor
rolein the collapse of the building. Two cement brandsweretested for strength namely,
Elephant and Dangote cements, thiswas so becausethey were the brandsthat were used
inthe construction of the building. Thiswas doneto ascertain whether there was any
qudity problemwith the cements, but results showed that the cement brandsmet minimum
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strength requirementsfor Portland/hydraulic cementsused in concreting (Figure 1). From
theresult, it shows that the problem lieswith the mix ratio used to produce concrete
elementson the site using the cement rather than with the strength of the cement brands
themselves. It should be noted that most of the collapsed buildings recorded occurred
during therainy seasons. Thismeansthat when thereisalot of intake of ground water into
the subsoil particularly between construction interface and theground, it usualy weakens
the subsoil benesth foundationsthereby causing it toloseitsshear sirength/bearing ability.
I nvestigation showsthat most of thetwo storey buildings congtructed in Gwarimpahousing
estate are without provision for storm/surface water collection or channeling. Loads
transmitted to the subsoil from the structure becomestoo much for the subsoil whenitis
already weakened dueto excessive moistureintaketo carry, thereby causing failure. A
beautifully constructed house may not |last long duetolack of drainage provisionfor storm
water collection and channdling.

If drainagesare provided as buildingsare constructed, alot of excesswater will
betransported away from the buildings, leaving the buildings surroundings dry and the
subsoil well drained, hence, nolossof shear strength or bearing ability of thesoil; and it will
asoreducedifferentia settlement. Investigation further revealed that virtualy al thehigh
risebuildingswithin Gwarimpahave no provisionfor collection/channeling of ssorm water
away fromthebuildings. It hasbeen established that nearly all collapses occurred during
therainy season (Ede 2010). Thebuilding structures stand on shallow foundationswhich
carry heavy loads and sit on underlying soilswhich have low bearing capacities. The
excessmoisturein the subsoil causes dampnessof thewallsin the buildingswhich aso
leadsto spalling of plaster and concrete. Inthisstudy, itisal so discovered that most of the
high risebuildingsdo not have provisonfor collection and channdling of Ssormweter avay
fromthebuildings, thereby causing weaknessto theunderlying soil infoundationsdueto
excesswater intake during therainy season.

Duringinvestigation of foundation depth, it wasfound that theaverage depthwas
about 450mm and the concrete footing thicknesswas a so found to range between 120mm
and 200mmwhichisafar cry fromtheminimum depth of 750-900mm for bungalowsand
300-450mm for footing thickness according to Barry (1976). It should be noted that the
bearing capacity was cal cul ated at the depth of 1.0 meter and foundations shallower than
thisdepth arelikely to stand on lower bearing capacities. Foundation checks show that
most of the buildings stand on very shallow foundationswith an average depth of 450mm
and fooating thicknessranged between 120 and 200mm. Thisstudy identified poor concreting
and foundation failure asthe major causes of the collgpse. Thestudy identifiesthe causes
of building coll gpse during construction and post construction stageand presentstheresult
inTable9.
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Source: NBRRI Technical Report No. 23 (2011)

Table2: Summary of Colour and texture

Reddish brown
Reddish brown
Source: Fieldwork, 2015

Table 3: Summary of all Soil Investigations

Depth (m) N.MC Consistency limits test

Source: Experimentation, 2015

Figure 1: Collapsed House No. 54 at Oba Overanwen Road, Gwarimpa, Abuja
Source: Fieldwork, 2014

Table 1. Compressive Strengths of Concrete Elements Investigated as recovered from Collapse

building at Adenubi Close Ikeja, Lagos

Structural Element type Compressive strength (N/mm2)

12.3
8.9
8.7
7.1
8.3
7.3
15.7
8.1
7.6
8.5
13.0
19.7
7.1

Texture
Lateritic/finegrained
Lateritic/finegrained
Lateritic/finegrained
Lateritic/finegrained

Direct Shear box test

C EQ
(KN/m?)

25
22
21
19

Sieve

analysis

(Passing

no. 200
(%)

52.30
62.07
40.90
33.53

Remark
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor

Bearing
capacity
(KN/m?)

147.424
149.969
151.599
170.874
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Table 4: Comparing Bearing Capacities and M oisture content VValues

Site depth (m) Bearing capacity (N/mm?)
Pit1 1.0 147.424

Pit1 15 145969

Pit 2 1.0 1516

Pit 2 15 1709

Source: Experimentation, 2015

Table5: Calculation of Loading intensity of the building

Load/M at Foundation

i. Liveload from roof (windinclusive) = 025x137/2
. Dead load from roof = 15625
iii. Wall ownweight (1st floor) = 153
iv. Wall plastering (1st floor) = 333
V. Roof Bean |oad
Vi. Column own load (1st floor roof)
vii. Slabload
viii. Column own load (ground floor to 1st floor)
iX. Wall own weight (ground floor) = 153
X Wall plastering (ground floor) = 333
X. Bean under the decking
Xii. Wall under slab (foundation) = X10
Xii. Slab own weight (150mm)
XiV. Self weigh of footing = 0.3x24x0.68
Assume afoundation width of 0.68m
Load i
Loadintensity = o _oundation _ 11643 _ 1, 5

Foundation width  0.68

Moisturecontent(%)
3390
3B55
379
391

1.71x2.5=4.28
9.38

450

990

50

150

130

150

45

990

50

30

130

497
116.43kN/m

m2

Table6: Summary of Compressive Strength of Recovered Concrete Specimens
Average Srength
Obtained (N/mm?)

Concrete Expected Minimum
Sample Srength (N/mm?)
A 2025

B 2025

c 2025

D 2025

E 2025

F 2025

Source: Experimentation, 2015

43
37
40
51
48
35

Table7: Summary of Steel Reinforcement Test Result
Average M easur ed
elongation diameter

Diameter Characteristic Average

strength (Fy) ultimate

(N/mm?2) strength

(N/mm?2)
Y 12 394 615
Y 16 321 459
Y 29 335 519

Source: Experimentation, 2015

(%) (mm)
12 11.38
17 14.80
18 19.41

Remarks
Very poor
Very poor
Very poor
Very poor
Very poor
Very poor

Remarks

Inadequate fy,
diameter &
elongation
Inadequate fy and
diameter
Inadequate fy and
diameter.
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Table8: Summary of Mortar Cubes Crushing Resultsin N/mm?
CementType  3Days 7 Days 14 Days 21 Days 28 Days
Dangote 640 1262 1412 15.36 11.09
Elephant 6.21 1341 1701 1719 1051
Source: Experimentation, 2015

Table9: Causesof Failureduring and after Construction

SIN During Construction Post Construction

1 Wrong Construction Methodology Poor Concreting practices

2 Over loading of structure when Foundation failure due to excessive settlement,
concrete is yet to develop full strength Shear failure of Sub soil and Inadequate

concrete foundation.

3 Faulty Structural design leading to Use of Substandard building materials
structural collapse of membersduring
building production.

4 Use of Quacks for Construction supervision Seepage of Storm water back into Foundation
5 Use of Adulterated Cement Use of Quacks for Construction Supervision.
6 Use of Substandard building materials Use of adulterated cement

Source: Fieldwork, 2015.

o e & T et L

== . ' o

Figure2: Trid pit With soil core cutter Source: Fieldwor.k, 2015

Figure3: tria pit with corecutter Source: Fieldwork, 2015
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age [ Days)
Figure4: Variation in compressive strength of cement with age
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CONCLUSIONAND RECOMMENDATIONS

Previousinvestigationsrevea ed that there were problemswith foundations of thebuildings
that collapsed in the past. These problemsranged from inadequate foundationsto wrong
choicesof foundation typesfor soilswith low bearing capacities. Thisstudy also confirms
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that there werefoundation problemsin Gwarimpacollapsed ste astheloading on the soil
wasgreater than the cal cul ated safe bearing capacity. Foundation typesand sizesof column
baseswerenot suitablefor the bearing capacity. Thiswasidentified asone of the causes of
thecollapsein Gwarimpa Alsoidentified wasthefact that most of thebuildingsin Gwarimpa
stand on very shallow foundations. Results of concretetest showed that extremely poor
concrete was produced during the construction of the collapsed building. Thisclearly
confirmed that substandard building material swereused to congtruct the collapsed buildings.
Againit wasdiscovered that the sizes of the re-enforcement bars used for the building
wereinadequate as measurement revea ed that the sizeswere not up to the standard sizes
of re-enforcing steel bars. One can conveniently conclude that inadequacy of steel re-
enforcing bars and poor concrete played key rolesin the collapse of the buildingsin
Gwarimpa. Investigation also reveal ed poor drainage/lack of drainage arrangementsfor
most of thehigh risebuildingsin Gwarimpa. Thisgivesroomfor storm water to permeste
freely back into the subsoil benesth the foundations, thereby causing shear failurewhich
leadsto differential settlement and eventua collapse.

Cement brandstested revealed good mortar strength, but literature observed
pockets of cement adulteration acrossthe country. Thistrend isagreat danger for the
construction of quality buildings. Furthermore, investigation reveal stheinadequacy and
ineffectivenessof the existing planning regul ation in addressing quality concernsduring
building production. Thisisbecausethe planning regulationisonly interested in the number
of dwelling unitsper plot, set backsof the building from thefence, height of the building
and thelikes. Thereisno mention of how quality of buildings can be achieved during
construction. Thissituation gives devel operstheroom to construct buildingsthat lack
integrity which end up collgpsingwithtime.

Thisstudy finaly recommendsthat the CORBON quality management plan should
be put to use so that building collapse can be reduced through itsimplementation. Also,
soil investigation for the determination of Geotechnical property of sub soil leadingtothe
calculation of the safe bearing capacity be made mandatory for every intended storey
building devel opment. When the bearing capacity isknown, thefoundation design should
not beleft inthe hands of quacks, but should be handled by experts so that the wrong
foundationisnot designed.

Thereisasothe need for the depth of excavationsto beinspected before concrete
foundationsare casted. Thiswill greatly reducethe problem of shalow foundationsaswas
discovered during findings. If the bearing capacity iscalculated at 1.0 or 1.5 meter depth
and thefoundation depth at congtruction fail sto reach depth mentioned, thereisthelikeihood
that failurewill occur. Besidesthe depth check, thereisthe need for concrete foundation
thicknessesto be pregauged by site supervisors before commencement of concrete casting.
Thiswill help diminatein adequatethicknessof foundations.

Duetothevery poor resultsof concrete tests obtained during theinvestigations of
thiswork, thereisthe need to mandatorily insist on devel opersto make concretetest for
each batch of concretebeing produced onthesiteanintegra part of thebuilding production
process. Wherethisisnot done, punitive measuresor sanctions should be applied onthe
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defaulters. Thiswill ensurethat concretequdity isachieved andit will autometicaly trandate
to the construction of buildingsof integrity. Itisnecessary for every stedl re-enforcing bar
to betested for strength and the diametersal so tested. Designed sizes of steel bars must
be obtained or therewill be shortfall inthe overall diameter of thesteel providedinthe
concreteelement. Thereisa so the need to enforce the Construction Quality Management
Plan (QMP), becauseinit, minimum standards are outlined and spelled out. If followed,
buildings of integrity will be constructed. The QM P be made part of the construction
documents to be submitted to the Development Control department before planning
approval can be granted. Investigation showsthat the document isunknown to many
building experts. CORBON should makeit mandatory for every builder to ownthe QMP,
the Development Control office should beliaised with to makeit availableto devel opers.
Again an enforcement team should beraised by CORBON, security agenciesand other
build environment professional bodieswho should be saddled with thetask of enforcing
the QM P on congtruction Sites.

Thereistheneed for the collection and channeling of stormwater either through
the construction of drainages/guttersaround high risebuildingsor the provision of septic
tanksor any other method of channeling excesswater away from the surroundingsof the
buildingsin order to keep thefoundations safefrom being over saturated with water which
leadsto sheer failure. Government must, through thestandard organi zation, ensureavailability
of only good quality materia sfor the construction market. Cost reduction measures need
to be employed to reducethe cost of construction. Dealersin poor quality construction
material sshould desist from such act. Thereisneed for materidstesting laboratories. This
intervention will provide easy accessto testing facilities so that thereisno excusefor not
supervisng any project comprehengvely. Government must demondirate adequateinterest
inproject safety by prosecuting, with al seriousness, offenderswhose activitiesresultin
the collapse of structures.

No construction professional should carry out work inaspeciaty of which heis
not qualified. If found, should be made to face the disciplinary panel. Also the law
enforcement agencies should be mandated to enforce eviction in houses marked for
demoalition, asthat could have saved thelivesthat werelost in some of the most recent
cases. The menace of quacks should be checked so as to reduce the incidences of
construction supervision being handled by non professionalsor unquaified personnd. In
view of this, adisciplinary committee should be set up to handle cases of violations. And
where one exists, should be made to have powersto sanction and prosecute offenders.
Thereisalso the need for government to establish an academy to train and provide skilled
labour for the construction sector in the areas of draughting, detailing, iron bending,
artisanship, block making and laying, brick, concrete and mortar artisansand workmen,
plumbing, and eectrica works. Thiscantrandateinto qudity building production. Also, dl
highrisebuildings should be provided with drainage around them.

Theimplementati on/enforcement of the CORBON Quality management planon
Construction projectsshould be seen asan antidote to buil ding collgpse. The performance
of thiscategory of workersinthe office and field can beimproved upon by teaching them
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some basic detail s associated with their chosen areas of economic activity. Finally, the
National Assembly should be prevailed upon to passthe National Building code (the
Code) into law asitsprovisionsare comprehens ve enough to addressthe problemsof the
congtructionindustry.
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