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Building-failure usually results to collapse if not discovered and 

properly addressed. Building-collapse/failure most times cause loss 

of properties and lives. A case study of a partially-collapsed one-

story building is presented for emphasis with technical-assessment 

of the actual collapse cause so as to proffer remedy of the structure. 

This is achieved through detailed engineering-analysis of the 

building’s structural-elements and identification of remedial-

options. Field-inspection through excavation of the soil to assess 

the foundation condition, taking soil-samples from the collapsed-

building for laboratory study and non-destructive test. From 

inspection, it was observed that the building construction was not 

properly supervised and as a result were under-reinforced, which 

led to excessive cracks and deflection. The soil is classified by 

AASHTO as A-2-4; maximum-dry-density of 2.15mg/m
3
 and 

optimum-moisture-content of 9%. The compressive-strength of the 

structural elements were measured using the rebound-hammer and 

a mean compressive-strength of 13N/mm
2
 was obtained which 

indicates a low-compressive-strength concrete. Analytical-

hierarchical-process is utilized as the multi-criteria decision 

making method to derive the actual cause of the collapse and from 

the priority vector 6%, 56%, 26% and 12% was obtained for 

soil/foundation, under-reinforcement, low-compressive-strength 

and overloading alternatives respectively. The consistency-ratio 

was obtained to be 0.065 this showed that the decision-maker’s 

subjective assessment is consistent. The summary of the failure 

investigation underscored the importance of ensuring proper 

supervision and quality control in the construction of framed 

structures. The remediation measures outlined are engagement of 

experts to re-design the structure using relevant-codes; then 

cracking, chiseling, and excavation to re-build the structure with 

thorough supervision. 
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1. Introduction 

Building failure can be described as the deficiency or dysfunction of any of the building 

components and results in various level of severity with the worst of it leading to the eventual 

building collapse. Building failure leads to collapse if not discovered and properly addressed, it 

does take time but during this time, measures for remediation of the building is applied and 

executed to ensure restoration of the building to avoid collapse [1]. Collapse and failure of 

buildings result in loss of properties and lives in most cases and its incidence has become a major 

development concern of any nation to reduce the frequency of its occurrence due to the 

magnitude of losses experienced. Building collapse can be simply described as when the whole 

structure or as a result of dysfunctional part; and the failure makes the building unable to serve 

its initial intended purpose. Buildings are structures which provide shelter and comfort for 

humans, his activities and properties. It is expected to give humans the desired satisfactions if 

properly designed, planned and executed. The building styles and aesthetics are frequently 

evolving with the emergence of new techniques and materials for construction. This makes it 

essential for the right components, structure and materials that meet the expected building 

standards to be selected to avert failure [2]. Research and Investigation into the cause of building 

collapse have been carried out by civil engineers and professionals so as to find systemic 

measures which will help to ameliorate this menace. Mansur et al., [3] in their work on the 

evaluation of building collapse via system thinking approach. Only secondary data were used to 

finding out the main cause using a system thinking approach where casual loop diagram is 

developed showing relationships and inter-dependencies among critical factors identified. 

Vensim which is a system thinking application was utilized to develop the casual loop model 

which aided in finding out critical points namely, structural issues, structural failures and 

differential settlement which are all associated discipline in civil engineering. Recommendation 

based on findings are to ensure provision of quality of materials for the construction of building’s 

structural elements become responsibility of structural engineers. Adetunji et al., [4] in their 

research study on the building collapse assessment in Lagos Nigeria. Both primary and 

secondary data were utilized for the investigation program so as to add its quota to the existing 

literatures on critical steps to be taken in order to curb collapse of building in Lagos Island 

Nigeria. 

For technical emphasis, a case study of a partially-collapsed one-story building in Ikwuano Local 

Government Area of Abia State, Nigeria to thoroughly examine the cause of the building 

collapse using multi-decision making technique known as analytical hierarchical process (AHP); 

the material properties were examined, the building skeletal elements were assessed and to 

obtain the engineering behavior and classification of the soil. AHP is a multi-criteria decision-

making tool essentially suitable for the evaluation of complex and multi-attribute decisions 

involving the correlation of decision elements which are not easy to quantify. It consist of 

formation of a ranking of decision elements. The AHP enables the decision maker to work out 

the major sections and subsections of a given problem into a hierarchical structure (family tree) 

that is based on expert’s judgments by pairwise comparisons. Then to the pairs of homogenous 

criteria, experts’ interviews and pairwise comparison judgments are applied to obtain the general 

priorities which is utilized for the ranking of the alternatives. AHP which is an advanced decision 
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making tool is utilized here to evaluate and prioritize the criteria and alternatives responsible for 

the collapse of the building. Site investigation and non-destructive tests will be used for the 

assessment process, the soil engineering properties would be determined and classified [5,6]. 

1.1. Building collapse 

Collapse of building usually occurs as an outcome of consistent break-down or deterioration of 

the various constituting skeletal components of the building. Failure is an unacceptable 

difference between observed and expected performance. It occurs in a system making it 

incapable to fulfill its principal functions. Some projects in Nigeria are planned to fail because 

competent project managers, engineers and builders were not recruited to do the job. Inability of 

the client to recruit the expert team of professionals appropriate for the project is clear invitation 

of failure in the project deliverable [7]. It is very essential to carryout reconnaissance survey to 

explore infrastructures availability and condition of site in order to determine the appropriate 

type and depth of foundation which will carry the superstructure. Expert judgment from site 

investigation data are used to ascertain the type of foundation for buildings, the intended use, the 

number of stories and load analysis before project execution. Building failure can also result 

from defective construction, integrated by other factors related with the structural, functional, 

material and environmental deficiency resulting in to a poor performance that occurs at any time 

in the product’s economic life. Examples of failure in building includes defects as deflection and 

overturning of column or beam, cracks in walls and differential settlement. Building Collapse 

may occur as a result of failure in building’s structural elements be either a progressive, partial 

and sudden or total collapse. The effect of any building collapse can be so detrimental as to cause 

loss of live, properties and wealth [8,9]. 

2. Analytical hierarchical process (AHP) 

AHP essentially assists the decision-maker to prescribe priorities and proffer solutions to 

estimation and decision problems [10]. The complex decisions are reduced to set of pairwise 

comparison using scale of relative importance and by synthesizing of the results, enables AHP to 

offer solutions to subjective and objective aspect of the decision; it also incorporates the 

consistency test of the decision-maker’s assessment in order to reduce bias in the process of 

decision-making. AHP system of processes considers set of assessment criteria, sub-criteria and 

alternatives through which the optimal decision is to be executed [11]. For each assessment 

criterion, AHP generates weight function as prescribed by the decision-maker’s pairwise 

comparisons of the alternatives, sub-criteria and criteria. The higher weights indicates more 

importance of that particular criterion. AHP generates for fixed criterion, values of each options 

which is derive from the pairwise comparisons of options based on that particular criterion. The 

more values obtained, the better the performance for the considered criterion. Lastly, there is a 

combination of weights of the criteria into the global value for each option to enable the ranking 

of the options. The global weight value represents the score’s weighted sum obtained with 

respect to all criteria [12]. 
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2.1. AHP assumptions 

AHP is also a very important tool which enables the translation of quantitative and qualitative 

assessments performed by the decision-maker into a multi-criteria ranking. It may require large 

volume of assessments especially when the problem to be solved possesses many options and 

criteria. It requires the decision-maker to decide by relative scale of importance how two criteria 

compare to each other. The following assumptions are considered in the processing of AHP and 

there are as follows [13]; 

2.1.1. Reciprocal axiom 

If element x  by scale of relative importance is n-times better than element y , then element y  

will be the inverse of n 








n

1
times better than x . 

2.1.2. Homogeneity Axiom 

When the elements possess equal scale of relative importance or when a criteria compares itself 

presented in eqn. 1. i.e. 

,1iib  for all ni ,...3,2,1 . (1) 

2.1.3. Axiom of dependence 

This allows the comparison of elements’ group from level one with criteria in level 2 and level 3 

of the hierarchical structure. The scores obtained for the various alternatives depends on the 

values obtained for the constituting criteria through which the alternatives would be judged. And 

any alteration in the hierarchical structure or adjustments in the weight functions would alter the 

ranking computation and require new priorities calculation for the new structure [13]. 

2.2. Mathematical model 

If n-elements are compared through pairwise comparison to form a pairwise-comparison-matrix (

PCM ) which possesses m x n dimension matrix shown eqn. 2. 
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The element of the PCM  which is the comparison ratio between the criteria is expressed by the 

formula in eqn. 3. 
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And considering the reciprocal axioms presented in eqn. 4, we have 
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  (4) 

Then we normalize the PCM  with constituting elements represented as  ijb  computed as shown 

in eqn. 5. 
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The weights computation which is through the Eigen vector analysis   iww   from obtained 

from the normalized PCM  ijb . This computation is done by taking the average of each row of 

the normalized matrix using the formula in eqn. 6; 
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2.2.1. Consistency test 

The test of consistency show or indicates that the decision-maker’s judgment is coherent 

concerning the pairwise comparisons. If the PCM is consistent if ,/ jkikij aaa  for all, nkji ,...,,

then it must possess a unit diagonal entries since ,ilii aa  for all, nli ,...1,  . To check for 

consistency, the principal Eigen vale  max is gotten by addition of the products of each Eigen 

vector element and that of the reciprocal of the diagonals of the normalized PCM , one of the 

condition for consistency of PCM is that the ranking has to be transitive i.e. if ba  and cb  then 

ca   [14]. Because of the involvement of human judgment as the basis for the PCM

formulation, it allows some degree of inconsistency termed reasonable level. For this we have to 

work-out a quantitative measure for the PCM  and for it to be consistent, then the normalized 

matrix normPCM  could be generated with identical columns of the form expressed in eqn. 7; 
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The PCM is related with normPCM by division of the column elements i by iw . The result of the 

division is expressed in eqn. 8 in matrix notation; 
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The generated comparison ratio are presented in the form wn  Eigen value problem where w is 

the relative weights of the column vector ,iw for ni ...3,2,1 . Therefore, PCM is consistent if

  nwwPCM  . Expressed in matrix notation in eqn. 9. 
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2.3. Criteria and Alternatives responsible for Building Collapse 

A good building design must possess strength property capable of carrying intended dead and 

live load of the structure, failure to meet this basic requirement normally results to overloading 

of the building which will cause its collapse. The load due to serviceability requirements such as 

fire-resistance, vibrational loads, deflection, durability, fatigue and the building is expected to 

withstand these series of stresses to satisfy the owner. Finally, the building ought to be eco-

efficient and eco-friendly with respect to wind loads and soil conditions and maximize strength 

parameters using minimum costs following standard specifications [15]. 

2.3.1. Inadequate preliminary site investigation 

These are activities and operations which are performed to find out how the building would 

suited in the proposed site. It involves the examination of soil strata, topography of the site, 

flooding propensity, load bearing capacity of the soil and important information from a 

previously built site in the same location. Adequate investigation of site helps to forestall the 

problem of foundation failure because after thorough investigation of the soil, the most 
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appropriate foundation for the structure is prescribed based on soil characteristics and the load 

analysis. The water level, tree existence, waste dumps, streams and discharge units and 

underlying soil strata are various information obtained from past history of the site and are used 

for major reference points. The buildings resilience against collapse is dependent on the soil 

which bears the building weight and also the soundness of the skeletal elements of the structure 

[16]. 

2.3.2. Non-conformance to standard 

The quantity and quality of specified construction material is required to be adequate enough to 

meet the building demands, good quality material is very essential as specified by the standard 

specification makes a very durable building. The utilization of sub-standard quality materials for 

construction activities has been the root-cause of building collapse and failure. The specification 

for the quality of materials must satisfy the intended purpose of the project and also very 

standard and adequate enough prevent collapse of the building. 

2.3.3. Inadequate technical supervision 

Accuracy and efficiency in design and execution of construction work depends strictly on 

effective monitoring and control (Supervising) of the project’s activities. When the civil engineer 

have delivered a good design, it could be easily misinterpreted by casual workers (masonry) in 

terms of concrete target strength and reinforcement placement; for this, it is important that every 

activities of the construction work to be supervised by a specialist (professional) primarily 

saddled with the responsibility of the attainment of the clients’ demands and expectations as 

stated in the contract document are efficiently implemented and executed [9]. 

2.3.4. Soil and foundation 

It is a major part of the skeletal framework of a building system and it plays an essential role of 

transmission and distribution of the structural loads (dead and live loads) to the underlying soil 

structure. Several building foundations are constructed without thorough load and soil analysis; 

for this, it is essential for thorough soil and site investigation to be conducted so as a suitable 

design that suits the specified geology of the area is obtained. The geotechnical assessment of the 

terrain and building type would enable the engineer decide the type of foundation whether its 

shallow or deep foundation. Some of the major factors that influences the type of foundations are 

site condition, soil type, load bearing capacity of the soil, other constructional and economic 

considerations, evaluated load and weight of the proposed building superstructure [8]. 

2.3.5. Abuse of intended use of the building 

When there exists the scenario where there is sudden alteration in the intended use of the 

building, it can come in several sorts, renovations or remodeling, expansions or conversion 

scheme. For the renovations and expansion scheme, before and after demolition of the 

unsuitable, it is imperative that the building’s structural integrity is not jeopardized and this must 

be carried out by a specialist (Structural Engineer) especially when the conversion is from 

residential to industrial or commercial purposes. They stand in the best position to state and 

evaluate the building’s structural integrity especially as it concerns change of intended use. 
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Failure to do that will lead to faulty constructions and overload of the building which can cause 

building collapse [17]. 

2.3.6. Overloading 

It is one of the major factors that is responsible for building collapse and it occurs in structures 

when live and dead loads on the building exceeds the estimated projected load the building was 

designed to withstand. Overloading easily cause building failure because the foundation which is 

designed based on the projected estimated load. A common example is when a one-story building 

with foundation for one-story, then after some period of time, the owner decides to add more 

story (floors) to the existing building. This practice is highly discouraged because it can cause 

collapse of the building due to overloading [18]. 

3. Methodology 

The methodology involves a host of experimental and field works performed to investigate if the 

building collapse occurred as a result of poor engineering design or fault in project execution, or 

both. The investigations were conducted according to the guidelines given in the General 

Specifications, Roads and Bridges, Volume Two where appropriate and the British code of 

practice CP2001 (for site investigations), BS 5930 and ASTM C805 for concrete Nondestructive 

test. The fieldwork consist of the following; observing the physical conditions of the collapsed 

building, excavate the soil to observe the soil type and depth of foundation, beams and slabs 

chiseling to show spacing and type of reinforcing-bars and the sections of the beams and slabs 

were measured to assess its depth and span. Soil samples obtained during the field investigation 

study were taken to the lab for experimental assessments. It is important to note that the 

structural and both architectural drawings for the investigated building were not provided to the 

research team despite persistent request [19]. 

3.1. Site investigation 

The investigation program include boring of two (2) Hand Auger holes of 150mm diameter to 

the depths of 4m and five points of Non Destructive test of concrete. The hand auger boring was 

carried out with the possibility of continuous sampling at each lithological change of the strata 

while the Nondestructive test was done with Schmidt Rebound Hammer by sounding. The 

determination depth of the foundation and the inspection of the soil’s properties at that depth 

considering the building dead and live load was also carried out as part of the assessment of the 

building’s foundation. 

3.1.1. Soil sampling 

Soil samples from the study area were gotten in the following forms; 

a) Disturbed samples which are used for soil classification, consistency test, and other index 

property test at specified depths. These samples are collected in bags suitable for 

preventing loss of moisture. 

b) Undisturbed samples for strength test were collected in samples tubes. 
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Fig. 1. Collection of Soil Sample with Hand Auger. 

3.2. Laboratory tests 

Representative soil samples were tightly sealed after being sourced from boreholes and are then 

taken to the laboratory where they were subjected to further visual inspection and classification 

using AASHTO method; the following tests will be carried out: 

 Atterberg Limits (Liquid and Plastic) the Plasticity Index (PI) was also determined. 

 Specific Gravity 

 Natural Moisture Content 

 Compaction Test 

 Sieve Analysis 

 California Bearing Ratio (CBR) 

 Unconfined compressive strength (UCS) 

All the laboratory tests were conducted in accordance with the guidelines provided in British 

standard BS 1377 [20–23]. 

3.3. Validation of results 

After the technical assessments and physical observation of the soil and skeletal framework of 

the collapsed building, weights are then assigned to the criteria, sub-criteria and alternatives in 

the hierarchical structure shown in the figure 2. The problem’s goal is the general objective 

which mainly influences the problem decision. It should be directly related to the challenge at 

hand. The goal have to be singular i.e. the decision maker should avoid a case of satisfying 

multiple goals for one problem. The alternatives of the problem are the varying options which is 

being weighed in decision-making while the criteria are the factors used in the evaluation of 

alternatives with respect to an already defined goal. The alternatives would be picked depending 

on the criteria which is used to define how well they meet the problems goal [24]. 
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Fig. 2. Hierarchy of the Problem Decision Factors. 

The flowchart of this research study showing the required steps and the sequence of programs 

followed in this research study as presented in fig. 3. 

 
Fig. 3. AHP process flowchart. 
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4. Results and discussions 

The evaluation of the single-story building that was used for this case study showed that the 

foundation, though not properly proportioned, did not show any sign of distress, but the walls 

were partially distressed and prone to cracking and failure. 

4.1. General behavior and classification of the soil 

The preliminary test results of the soil presented in Table 1 have shown that the soil obtained 

from the site is silty (non-plastic) or clayey gravel and sand. The soil’s strength properties also 

showed the values are of acceptable standards for materials to be used as foundation materials. 

The engineering properties of the soil were satisfactory. The failure would definitely be as a 

result of poor quality of materials and also engaging incompetent workers. 

Table 1 

Basic Properties of the Soil 

Properties of Test Soil and Units Values 

% passing sieve No 200 2 

NMC (%) 12 

PL (%) 16 

LL (%) 24 

PI (%) 8 

Specific Gravity 2.2 

AASHTO Classification A-2-4 

MDD (mg/m
3
) 2.15 

OMC (%) 9 

Color reddish-brown 

SL (%) 2.5 

Unconfined compressive strength (UCS) (KN/m
2
) 195 

California Bearing Ratio (CBR) (%) 24 

 

4.1.1. Particle size distribution of the soil 

The particle size distribution analysis shows the range of particle sizes present in the soil as 

presented in fig. 4. The soil is well graded and contains silty (non-plastic) or clayey gravel and 

sand. The strength properties also showed the values are of acceptable standards for materials to 

be used as foundation materials. 

4.2. Causes of the building failure from technical assessments 

The investigative study of the engineering issues surrounding the collapse of a single-story 

building was carried out to discovering the actual cause of the building collapse. The source of 

the failure was objectively evaluated based on data obtained from field inspection survey, non-

destructive test and laboratory methodology. 
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Fig. 4. Particle Size Distribution of Soil. 

4.2.1. Field inspection 

From field inspection of the building it was observed that the sub-structure and super-structure 

walls had cracked in several regions of the building. The building’s general arrangement of the 

skeletal frame-work and as a result, insufficient columns allowed the slab and connecting beams 

to span more than 6 m with inadequate depth; the cracks are more pronounced in the side walls, 

the columns and beams. Fig. 5 shows a partially-collapsed portion of the partition-walls of the 

building under study. 

    
Fig. 5. Cracks at Partition-walls of the Case Study Building. 
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The long vertical cracks extend to the superstructure walls from the foundation as shown in the 

fig. 6. The cause of this cracks emanating from the lower region to the upper region of the 

building is; 

 The substructure block walls and mortar were too weak withstand the lateral load due to 

the steepness of the land and applied load. 

 Failure to introduce expansion joints at critical sections where the steepness of the land 

induces lateral pressure to the substructure. 

 
Fig. 6. Cracks drawing from the foundation of the building. 

4.2.2. Foundation behavior 

From the result of the tests carried out, a firm lateritic granular soil was obtained at the 

foundation depth. The topography of the land was observed to be hilly but with solid soil 

structure. Based on the soil test results obtained, it was observed that the results were in tandem 

with the values stipulated in the F.M.W & H Specification. However, the cause of the failure of 

the said one-story building was clearly not associated with the failure due to soil. The depth of 

the foundation was 1.2 meters but the substructure blocks were poorly constructed with little care 

paid to fortifying the substructure blocks against the lateral earth pressure introduced due to the 

steepness of the land and no introduction of expansion joints where appropriate. 

4.2.3. Non-destructive test 

The non-destructive test is carried out on five equally spaced points on the structural elements of 

the collapsed building which implies that the structural elements have a very low compressive 

strength and stiffness to carry the design load. The concrete works was not properly supervised 

as issues concerning mixing, water cement ratio, vibration and compaction was poorly handled 

and as a result the structural elements were made up of concrete with low compressive strength. 

With a mean compressive strength of 13 N/mm
2
 the concrete is said to be substandard; falling 

below specification the detailed result is shown in table 2. The rebound hammer test confirmed 
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the obvious from site observation, the concrete quality was poor due to inadequate cement. This 

can be the possible cause of the collapse due to the fact that the construction work was poorly 

supervised and also design specifications poorly interpreted during project execution [25]. 

Table 2 

Non Destructive Test of Concrete Results. 

Structural Elements 1(N/mm
2
) 2(N/mm

2
) 3(N/mm

2
) 4(N/mm

2
) 5(N/mm

2
) Average(N/mm

2
) 

1. Column-A 14 12 13 11 13 12.6 

2. Column-B 14 13 10 14 10 12.2 

3. Beam-A 11 14 7 10 9 10.2 

4. Slab 10 12 11 16 11 12 

5. Beam-B 10 8 11 12 12 10.6 

 

4.3. Structural assessment of the investigated building 

The general arrangement of the building as obtained during the site investigation is presented in 

fig. 7 showing the connections, arrangements and relative measurement of the structural skeletal 

frame work which include beams, columns and slab of the building under study. 

 
Fig. 7. General arrangement of the first floor plan of the building. 
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Panel 5, beam B1, beam B3 and the partition walls were the most visibly failed portion of the 

building. The concrete works were observed to be sandy and seems not to bind properly due to 

inadequate quantity of cement and poor interpretation of concrete design mixture specification 

for the building. A section of the failed section of slab and beam of panel 5 showing the cracks, 

reinforcement arrangement and component thickness (depth) is presented in fig. 8. This crack is 

caused by inadequate slab depth and support for the slab spanning more than 6 meters and the 

supporting beams poorly reinforced. This occur due to poor technical supervision and quality 

control during the project execution. 

 
Fig. 8. Section through the Failed Portion. 

The reinforcement placement for the slab section shown in figs. 8 and 9 was assessed by 

chiseling some section of the slab. This indicates a poor and crocked alignment of the steel bars 

which will cause poor distribution of load and cracks due to inadequate top reinforcement. 

 
Fig. 9. Slab Reinforcing-bars Placement. 
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4.4. Remedy to the structural failure 

The building ought to be been designed by a specialist following prescribed guidelines or design 

codes as the building partial-collapse has caused economic loss to the client and unable to serve 

its economic life. A new structural design is expected to be conducted as one of the major task in 

the remedy program of partially-collapsed building according to the provisions of Codes of 

Practice BS 8110 [26,27], BS 6399 [28], Moseley et al., [29] and Kong et al., [30]. Cracking, 

chiseling and re-construction of the building from foundation, then working on panels 4, 5 and 

all troubled regions of the skeletal frame work. The lessons learnt from this set-up shows the 

need for experts to be engaged in construction activities from start till the finish of the project. 

Due to high patronage rate of non-professionals in carrying out engineering projects, engineering 

support and development is critically lacking while the need to engage them goes begging. 

4.5. Multi criteria decision making to determine the cause of the collapse 

AHP is a Multi-criteria decision-making method used to calculate scale-ratios from pairwise 

comparisons while also allow some inconsistency in judgment. This analytical technique will be 

adapted for determining the cause of the building failure by expert judgment in assigning weights 

to the criteria. From the building assessment and as shown in figure 2, three criteria namely; 

Strength, Serviceability and Environment. Four sub-criteria namely; Material Property, Non-

conformance to Standard, Inadequate Technical Supervision and Abuse of Intended use of 

Building. This factors will enable us choose from four alternatives namely; Under-reinforcement, 

Overloading, Low-Compressive Strength and Soil/Foundation. And the weights are assigned 

using ranking scale of relative importance to generate the pairwise comparison matrix (PCM). 

The length of the PCM is equal to the count of alternatives in the process of decision-making. 

Here we have a 4 x 4 matrix; the values in the PCM is dependent on the decision maker. For this 

research study, the criteria and rankings is based on the details obtained in the field Inspection 

and laboratory investigation of the failed building. In table 3, the PCM is constructed using scale 

of relative significance or importance. 

Table 3 

Relative Importance. 

1 Equal Significance 

3 Moderate Significance 

5 Strong Significance 

7 Very Strong Significance 

9 Extreme Significance 

1/3, 1/5, 1/7, 1/9 Values For Inverse Comparison 

 

From the assessment, it was observed generally that the material property of the skeletal 

framework of the collapsed building were below specified standard which is caused by 

misinterpretation of design information in terms of concrete mixture and the reinforcement used. 

The PCM is 4 x 4 matrix shown in table 4; 
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Table 4 

Pairwise Comparison Matrix  PCM  

 
Soil/Foundation 

Under-

Reinforcement 

Low-

Compressive 

Strength 

Overloading 

Soil/Foundation 1 1/7 1/5 1/3 

Under-Reinforcement 7 1 3 5 

Low-Compressive 

Strength 
5 1/3 1 3 

Overloading 3 1/5 1/3 1 

 

The PCM  is then normalized by dividing each of the column entries by their respective sum, 

after which the row results would be averaged to obtain the priority vector (PV). Since PCM  is 

normalized, the elements sum in the priority vector (PV) is unity. The priority vector (PV) 

presents the respective weights of the compared alternatives and the computation is presented in 

matrix notation in eqn. 10. 
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26.0

56.0

06.0

 (Priority vector) (10) 

From the priority vector, we can observe that Soil/Foundation has 6%, Under-Reinforcement has 

56%, Low Compressive Strength 26% and Overloading 12%. 

4.5.1. Check for consistency 

To check for consistency, we need the Principal Eigen value which is obtained from the products 

summation of each Eigen vector element and the reciprocal column matrix. 

        176.412.0
3

28
26.0

15

68
56.0

34

57
06.016max   

For consistent decision making according to Saaty [12], the maximum Eigen-value is equivalent 

to the number of alternatives of the problem, or nmax . Then through a consistency measure 

called Consistency Index using eqn. 11. 

1

max






n

n
CI


 (11) 

14

4176.4




= 058.0  
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The Random-consistency Index (RI) is a very essential parameter for the computation of the 

consistency ratio of the decision maker. From table 5 we have a consistency index of 0.9; 

Table 5 
Random-consistency Index (RI). 

n  1  2  3  4  5  6  7  

RI  0  0  0.58  0.9  1.12  1.24  1.32  

 

Then, we will work out the Consistency-Ratio of the decision maker which is the quotient of the 

Consistency-Index and Random-consistency Index, with the mathematical relationship expressed 

in eqn. 12; 

RI

CI
CR   (12) 

065.0
9.0

058.0
  

The value of Consistency-Ratio is 6.5 % which is satisfactory. If the Consistency-Ratio is more 

than 10 %, then we say the inconsistency level is unaccepted and we have to reorganize the 

subjective judgment because it is untrustworthy and too close for comfort to randomness. Thus, 

the decision maker’s subjective evaluation is consistent. 

5. Conclusions 

The following conclusions are drawn on the basis of this study; 

 The building failure emanated from a series of cracks in the walls which extended from the 

sub-structure walls through to the super-structure walls and through deflection (sagging) of 

the slabs together with its over-spanned connecting beams. 

 The building collapsed partially due to the presence of a long span slab (panel P5) which 

have series of cracks and shaking because of inadequate depth of slab and support at 

critical sections with under-reinforced beam. Further inspection reveal that the cracked slab 

sections had only bottom bars without top or tension bars and the reinforcing-bars were 

poorly placed indicating poor technical supervision of the project. 

 The AHP multi-choice decision making method was adapted in this study to ascertain the 

cause of the failure and from the priority vector, under-reinforcement of the structural 

members with 56% is the major cause of the failure followed by low-compressive strength 

with 26%. 

 Finally, it is clearly obvious from the information presented that the construction industry 

needs relevant professionals and engineers to forestall future occurrence of this hazard and 

strict attention ought to be paid to the quality of materials used in the execution of 

construction works. 
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