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RESULTS OF SUBSOIL INVESTIGATION ON A COLI.APSED BUILDING SITE IN IAGOS,
NIGERIA

'Oke. s. A.. 2Amadi, A. N., rAbalaka, A. E. and rAkerele, R. T.

'&2Department of Geology, rBuilding Department
Federal Universiry of Technology, Minna, Niger State, Nigeria

ABSTRACT: Geotechnicol properties of the subsoil of o colloltsed building site ot Ebute-Metto, Logos were

evoluoted by drilling o borehole from the ground level to o depth of 25.50 m. Ihe subsoil is heterogeneous verticollf.

The liguid limits vory from 27.00,6 to 28.5 . The plostic limits ote of the order of 15.0O6 to 2l.0i6. The plosticit'/

index ronges from 6.Ooh to 13.5o/o. The shrinkoge potentio, is low to medium. The meons of the empticol

compression index, moisture content and bulk density ore 0.l6ok, 17.6296 ond 1.92 kglms respiectively. The

coefrcient of volume compressibility vo es from 0.104 mzlMN to 0.t56 m'1lfiN. The coemcient of consolidotion

ronges from 2.72 m'lyr to 58.40 m'lyr. fhe existence of stifi silty cloy loyer from the surfoce to 10.50 n depth,

presence of comptessible refuse moterials at foundotion level, unfovouroble geotechnicol proPerties ond odoption of
shollow foundotion cont buted to the collopse of the building.

KEYWORDS Collops ed building, Eeotechni.ol Prcpefties, foundotion, site, distubed ond undistufued somples

INTRODUCTION
On July 26, 2006, a four storey residential

building under occupation covering 420m2

collapsed into a pile of rubble at No.56 Bola

Street, Ebute-Metta, Lagos (fig. l). lt was reponed
that fofty five people died as a result of the collapse
(Guardian newspaper, 2006). This pafticular
collapse is one out of several collapsed buildings in
the country with attendant loss of human lives. The
most recent is another four storey building under
construction in Utako district, Abuia (Daily Trust,
2008). The recurring incidences of building collapse

in NiSeria and public outcry led to the formulation
of the National Building code in 2006. The Federal
government of Nigeria formaliy launched the nerv

national building code on Friday )anuary 26,20O7
(Abalaka, 2007). Unfonunately however, its
implementation and enforcement has been slow in
catching with fast pace of property develoPments

takinS place in the country (Abalaka, 2007).

Subsoil investigation is a systematic evaluation

of the geotechnical characteristics (panicle size,

plasticity, shear strength and compressibility) of
subsurface materials (for example soil) in order to
obtain information required to desiSn and

construct the foundation of ciYil engineering

faciliries. Sub soil investigation is normally
undenaken prior to the construction of new
stru(tures.
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It can also be caaried out on an existing structure.
A collapsed building is a house that falls down
suddenly generally as a result of damage, structural
weakness or lack of suppon.

Euilding collapse can be artribured to a

number of factors namely; under-design, poor
quality of construction materials, unsuitable subsoil,
use of wrong or untested construction techniques
and methods and the use of quacks. Building
collapse could also be caused by natural factors
such as, erosion, landslide, earthquake, volcanic
eruption, flooding, tsunami, sr.:bsidence, faults,
folding, poor drainate system, unfavourable soil
geochemistry and groundwater conditions.

This work focused on evaluating the
geotechnical properties of the subsoil of a

collapsed building site in Ebute-Metta, Lagos. The
aim was to determine if the subsoil characteristics
contributed to the collapse of the building and

recommend necessaD, procedures ro prevent
recurrence for any building thar may be
constructed on the same site in the future.

STUDY AREA DESCRIPTION
The study area is located in Ebute-Metta,

Lagos state within the mainland part of Lagos
metropolis (flg. l). The collapsed building was

Road network Study area (Ebute Metta)

Fig. I Location map of the study area (Ebute Metta, Lagos)

Regionol Geology of the Areo
The study area is situated within Dahomey

Basin which is an extensive sedimenrary basin on
the continental margin of the Gulf of Guinea
(Fig.2). lt runs parallel to the coastal margins of
Ghana, Togo, Benin Republic and Southwestern
Nigeria. The Dahomey Basin is separated from the
Niger Delta basin by the Benin hinge line and the
Okitipupa ridge (Adegoke, 1969, Bankole et al.,

2006). The basin is a marginal pull-part (Klemme,
1975) or marginal sag basin (Kingston et al., 1983)

which developed in the Mesozoic era when the
African and South American plates separated and

the continentai margin was founded (Burke et al.,

1971, Whiteman, 1982). The Benin hinge line is a

part of the chain oceanic fractures while the
Okitrpupa ridge is a submarine basement radSe

(Adegoke, 1959).
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situated at No 7la lbadan Sreet, Ebute-Metta. lt is

located precisely at latitude 6'29.212'N and
longitude 3'23.165'E with an elevation of llm
above sea level and an area extent of l2m by 35m
(420m'?). The area invesrigated is accessible
thro:rgh Murtala Muhammed way, Yaba, Oyingbo
and 3'd Mainland Bridge.
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The stratigraphy of Dahomey basin is summarized

in Table I (modified after Jones and Hockey, 1964;
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Fig. 2. Geological map of Dahomey Basin (Moclified after Whiteman' 1982)

Table l: Stratigraphic sequence of Dahomey Basin

e

al, Lit , Lagoonal

Deposit.
Coasral Plarn Sand

llar6 Formati6n
Oshorun Formation

Akinbo Formation

oke and Omatsola t98 rAd

Miocene - Olrgocene

Upper Eocene Oligocene
Lower Eocene
Middle Eocene

Lower Eocene -

Upper Paleocene
Paleocene
Maastrichtian
Turon ian

Neocomian - Albian

Precambrian

Coastal Plarn Sand

llaro ,Formatioii
Oshosun Formation

Ewekoro Formation
Araromi Formation
Afowo Formarion
lse Formation
Basement Complex

Akinb Formation

Ewekoro Formation

Afowo Formation
lse Formation
Basement Complex

METHODOLOGY OF INVESTIGATION
The soil strata were investigated by using a

percussion drilling rig with shell and auger tool to
bore to 25.50 m below existing ground level

accordinS to British standard code of Practice for
site investigation BS 5930 ( l98l). Standard

penetration tests were carried out in silu on the
non cohestve strata to determtne Penetration
resistance in the silt/sandy material. Disturbed and

undisturbed soil samples were collected from the

boreholes and taken to the laboratony for reievant
geotechnical analysis according to British Standard

methods of test for soils for civil enSineeriog

purposes (British Standard lnstitution, BS 1377,

1990). The essence of undertaking the tests is to

I
I
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Adegoke and Omatsola, l98l).

lones and Hockey 0964\
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ascer-tain if the geotechnical ProPefties of the soil

contributed to the collaPse of the building. Dry
sieve analysis was carried out in order to obtain the
particle size distribution of the soil samples and was

performed with a set of sieve sizes: ( 19.00 mm,

9.50 mm, 4.75 mm, 2.36 mm, L 18 mm, 600 gm,
425 pm, 300 1-tm, 150 ,gm, 75 pm) and mechanical

sieve shaker. Liquid limit was carried out with a

liquid limit device (Casagrande cuP). Plastic limit
test was executd by kneading and rolling soil

samples between fingers and thumb into about 6
mm diameter thread. Each thread was fufther
rolleo between fingertiPs on a clean flat Slass Plastic
with sufficient pressure to reduce the diameter
imo I mm. At exactly 3 mm, the Paste starts to
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crumble and cannot roll further. The Process was

repeated until longitudinal and transverse cracks

appear at a rolled diameter of 3 mm- When this

process occurs an averaSe moisture content of the

cracked threads was then determined.

Consolidation tests were performed on some

selected undisturbed samples using the Oedometer
to determine the comPressibility Parameters of the

materials.

Resulr of Boring Operotion
The records of standard penetration test

(SPT), disturbed and undisturM samPles collected
during boring are contained in table 2. The
summarT of the subsoil conditions from the
borehole is presented in table 3. Table 4 was used

to infer the consistency of granular aod cohesive

soils with the use of their standard Penetration test
N values, The granular soil varies from medium
dense to dense. The cohesive soil is generally stiff
Table 5 was utilized in inferring the relationshiP

between 'N' values and sand propenies.

Table 2: Sample number, Depth and SPT "N" v-alues of the different soils

Encountered during boring.

Sam e number Depth (m) SPT "N"
Count

0. t5

3 t.s0 23

5 3.00 28

7 4.50 36

9 6.00 79

T

t
7.50 30

t3 9.00 lt

t5 r0.50 40

t7 t2.00 26

t9 I 3.50 32

2t r5.00 34

I 5.7

73 6s! 36

24 t7.25
)5 l8iic 31

t9.50 36

20.

29 2 t.00
2l

3l 22.50
,i.i

33 24.00

3s 25. s0

T

T

Table 3: Summary of subsoil condition from the borehole

Undisturbed

f 7

4

6

B
I

l0

t2

t4

I t.25t6

l8

20

22

76
27

28
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Layer (m) Layer
Thickness (m)

Range of
SPT blow
N value

Unified
Classificarion

Scheme
(uscs)

soil Soil Description

10.50 to 12.00 1.50 26.49 sc Brown, gravelly, clayed dense

SAND

15.00 to 25.50 9.50 34 to 37 Yellowish brown, silty,
gravel ly, dense SAND

I

l
(

Table 4: Consistency of gran ular and cohesive soils in terms of 'N'rralues.
'N'ValueSoil

Loose 4- t0

Dense 30-50

I
I

Cohesive soils soft 0-4

Medium 6-15

Hard >25

(Source: Cunin, et al., 1997)

Table 5: Relationship between 'N' rralues and sand proPefties.

loose Loose Medium dense Dense dense

CPT cone resistance <5 5- t0 r0-t5 r5-20 >20

causrng liquefaction
(Source: Curtin et al., 1997)

;l
I

I-ABORATORY RESULTS
Sieve onolys,s

The results of sieve analysis are summarized in

table 6. A typical pafticle size distribution curve
obtained from the area investigated is illustrated in

fig 3. Two groups of soils were identified from all

the particle size distribution curves. The first type

is sand > clay > silt > gravel. The second tyPe is

sand > gravel > silt > clay. Table 7 summarizes

the drainage characteristics of the different soil

particle sizes.

I
I
ii 40

0 to 10.50 10.50

12.00 to 15.00

23 to 49 Reddish brown, :lateritia stiff
CIAY.

26 ro 34 sc/sM

Consistency

Granular soils loose 0-4

-E

Medium dense l0-30

VenT dense
V.ry

e
I*

t6:25

value <4 4- l0 l0-30 30-50 >50

ii
densiry < l5

< l4

t5-35 l5-65 55-85 85- t00

>2.0Dry unir welght (kg/mr)
'Friciion angle (degrees)

Cyclic stress ratio 0.04-0.10 0. t0-0.35 >0.35

r .4- 1.6

30-32

t.8_2.0
,' 35-38 >38'<30

< 0.04

t.6- 1.8

32-35
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Fig.3. Panicle size distribution curve of the study location

Table 6: Summa of Result obtained from sieve anal

I
I

o/o

clay
of 7o df silt Yo of sand o/o of gravel

Fine Medi
um

Clay Fine di Coars Fine l'ledi coar5
e

Coarse

e

Il5 t0.50 37 3 0 0

35
total - l6

I
total = 50
?3 26 0 0

t0 6 9 2

Range 8 6 0

t0 24 7) tl 7 9

T

I

+ t
I

YI
I

l !{
) a

t
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I
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t
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tI
I

I
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g

I

Ill
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ti

t
I

I

I

I

Irl
t,

I

Sampl Dept
e.. h

Numb (m)

t7 12.00 20

um

totai = l0
00

35

total = 60
24 42

total = 72

li {ir

. total = 4

24 0 2

2total
4

total = l8
0 0

;32

4i
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Table 7. Soil DescriPtion and Particle sizes (Source: Weltman and Head, 1983)'

Grain size

(mm)
0.06 0.02 0.006 0.002200 6c 20 6 2 0.6 0.2

Drainage
Propeny

Low permeabilir/
Poor drainage
l0-8m/s < k< l0 5m/s

Practically
lmpervious
K< lO€ m/s

T

T

Atterberg limit
The results of the Atterberg limits are Presented in

Table 8. The mean yalues of the liquid limit, Plastic
limit, and plasticity index are 27 .8o/o, 18.0096 and

9.7596, respectively. The liquid limit ranges from

27.OOo/o to 28.5096, the plastic limit from 15.007o

to 21.0096 while the plasticiq/ index ranges from
6.0096 to 13. 50%. The Plasticity is generally low
(<3596). However the samples retrieved below

l4.0nr were non-plastic. A plot of plasticiry index

(Pl) a8ainst liquid limit (LL) is shown in fig 4. Table

9 was used to ascenain the shrinkage Potential
which ranges from low to medium. The effect of

allowing soils with hiSh shrinking and swelling

potential to become either too wet or too dry can

be catastrophic esPecially when they are

supportin8 buildings and other man-made

structureS.

Table 8: Atterberg Limits, emPirical comPression index, moisture content, bulk density, coefficient of

comPressibiliry and consolidation test results.

T

I

Srhpl€
\o.

D!prh
(nD

Airrib?rg Linrit EBptrl.rl

lnd.r
Cc=0.009(LL-
r0)
(%)

Ordom.ler CoDrolldrlioD

lir.zi
,.. !

Srr.rs
R.ng.
(L\hi)

PL

t%)
Pt
r..")

-1 l 50 ts.5 I :.0 1-:.: rrcdiurtr 0.1l l.r.3s l.i0
-t l.::

1.50 l6.r 0

9 6.00 l8 lil
i1 ;.50 Ii.0 2l.0 6.0 Lo!\' 0.15 21.50 t .1{ 0.1.10 0-2E 3 8.-t0

0.156 :s-56 5S..10

0.101 56-l l:
0 1:-< I l2- I l s.l

0.108
-t -r6.5

-r.25

:0 I l.t5 Nor plaslic

Rarrge :?.0

i8 5 :1 .0

6.t)

tij

Low

\lediun}

0.15

0l?

I { .-l I

? 1.50

lj

2.tl

0.101

0156

00

-t-16.5

2.72

48..10

\Ieall t..E I S.L) 915 0.16 l: 6: L9: 01166 2290

42

CLAY

"?"'EorE>,"t 6a ,,1 -)EreE:cxtC3 f f 3 i t u i ;
SILTGRAVEL SAND

COAPSE SOIL FINE SOIL

Basic

Soil

TyP" -9-o
-oou

!
J
o(o

VERY

COARSE
sotL

High Permeabitir/ generally k > I

Maximum can approach I m/s
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Table 9: Shri Potential

70

60

50-

40

30

t
T

:C

10 ".
0-
0- -'i---t

000 ?0 4r) 60

liqul{l llmit lX)

10c 1:lrl

notBs : ! sllt (tt-soil), DlotI, tr'eloH A-1i,r{r
clay {C-$cil}.l}lut$ aLove A-l irr.,

1

I
ll and C lllay ltr!
cor:rulncrl afi f irir] s(,ll t-

2 Llle l(]ttur '0' ili i]ljtlt:d i; L} tltt lr!ijtri:1 O, A{rV :tiir.-(rlial
t:rlnl,lrrtittr, i, iirrjfrif il-n,tt l{.rt,lL,r'l li n {rl o,.,j.rtl:r-- ,t..ritrT
{r.9. Mlrc)

3 clrart is basBrl 8n mateclir'l lritr:;illU . 4?1i,i.tii n:i sir]vc

Slrlplc 3 al l.50nr

SarnplellatT.50r)

Fig.4. Plot of plasticiry index (06) versus tiquid limit (96)

T

Consoridotion Iest
The compression index (Cc) was compured from
rhe empirical formula 0.009(LL- lO) and ir ranges
from O. I 5 to O.l7 96 with a mean value of 0. l6
96. The coefficient of volume compressrtriliry (M,)
yaries from 0.104 mr/MN to 0.156 m2/MN with a
mean value of 0.1266 m!/MN and is of medium

compressibiliry (Weltman and Head, 1983). The
mean oI the coefficient of consolidation (M,), is
22.90 m1'/r and ranges lrom 2.72 m,/MN to 58.40
m)/MN rIabte 8).

The bulk density of rhe subsoil varies from
1.70 kg/mr to 7.14 kglmt with a mean value of
1.92 kglnr. The moisture content ranges from

T

than 95

30-60

,l

rJlp0r' D !ilrt i r: i l,/ ri:tr0e l.l

_l:

at

43

i

Plasticity inder
Greater than

2748.
ri-:z i

shrinkage potenrial
very high

, .. High
Medium

95

less than 18 less.than 30 Low

o
,GI

6il

@
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14.38o/o to 21.5096 with an average value of
17.620lo (Iable 8).

FIELD OBSERVATION AND DISCUSSION
The ground floor of the collaPsed buildint was

made up of several shoPs while the remaining

three floors served as residential aPartments,

Further investitation revealed that the site was

used previously as a refuse dump. The ground was

hollow, before being turned to a refuse dump

where wood, nylon, plastic and other types of
w"aste materials were deposited. The excavation

carried out revealed that the fill materials were
composed of different t/pes of materials including

plastic, nylon, poorly soned sand, clay, wood. and

silt. These non-degradable and highly compressible
materials account for the wide range of coeflicient

of consolidation observed at the site. The extensive

ranging values will lead to differential settlement of
column bases of a redundant structural frame of
the type used for the four storey building at Ebute-

Metta. A column base in a 4.5m frame span with a

differential settlement of 25mm would develop
bending moment of 80kNm at the ends of beams

framing into it at the first floor level. Redistribution
of this moment will take place in the frame, but if
yielding of any cross section starts, additional

secondary stresses that could then start a chain

reaction will be induced in the structure which will

eventually lead to collapse. The extent of collapse

would depend on the qualiq/ of construction and

available alternate load paths. Where good quality

construction is lacking a pile of rubble would result.

This phenomenon known as progressive collapse

has been observed in structural collapse of
buildings (Shankar, 2006). With reinforced
concrete having density of 24 KN/mr, concrete
structures have high dead loads compared to live

loads panicularly for a residential building and the

onset of differential settlement on a column base of

a redundant structural frame can lead to total

collapse of building under dead loads. Structural

frames are sensitive to differential settlements;

therefore the higher the degree of redundancy of a

structural frame, the bi88er the danger of a

differential settlement of a column base to the

whole structure.

RECOMMENDATION
With occurrence of silq/-clayey maierials to

about 10.50m from ground surface and

compressible waste materials at 3.5m at the

building site investigated, the use of conventional
near surface foundations such as strips, continuous
strips and isolared footing would be likely causes of
structural failure. The rype of soil at the building

site could readily produce differential sertlemeots

thar are dangerous to structural fra'nes that
inevitable results from isolated Pad footrogs. The

CONCLUSION
The geotechnical characteristics of the subsoil

of the collapse building site evaluated from field

observation, and laboratory analysis of soil samples

recovered have revealed the factors that

contributed to the failure of the four storey

building structure at Ebute-Metta on JuS 26,2006.
Two unfavourable soil conditions identified are; the
existence of reddish brown, lateritic, stiff, silty clay

of 10.50m thickness on which a shallow foundation

was founded and the presence of highly

compressible materials like wood, plastic, and

nylon at the foundation level. The choice of a strip
foundation {o. this soil contributed to the collaPse

of the building. The prior knowledge of these

unfavor:rable conditions based on pre construction
geotechnical survey and selection of a more
suitable foundation type could have prevented the

collapse of the building.
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