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Variability Analysis of Prime Cost Sums 
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Abstract: This paper investigated the variability levels of prime cost sums in building projects in 
order to establish the reliability of such estimates in bills of quantities. It involved a purposive 
sampling of forty-six executed projects in South-western Nigeria from which data on estimated 
and final prime cost sums as well as estimated and final contract sums were procured. Ratios 
interrelating the four variables were generated and their mean values determined. The mean 
prime cost sum overrun was found to be 41% of the estimated sums. However, a negative 
relationship between the prime cost sums and the final contract sums was established. Based on 
observed variations, models were developed to predict any of the ratios in general, and specifically, 
the practical prime cost range in order to effectively control overall project costs. 
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Introduction   
 
In building contracts, there are sums often provided 
for in the Bills of Quantities that are not of exact 
measurement and yet do take significant percentages 
of the contract sums. These include “Provisional 
Sums” meant for unforeseen work details, “Conti-
ngency Sums” for items that might have been 
overlooked and “Prime Cost (PC) Sums” for aspects 
not normally undertaken by the contractor but rather 
by specialists. In South-western Nigeria it has been 
observed by that, of the three special sums, PC sums 
often account for the heaviest percentage of the 
contract sum [1]. Incidentally, parties not privy to the 
contract prepare these prime cost sums. 
 
The tradition in the construction industry is that the 
expenditure profile for each project be monitored to 
the final accounts point. Interestingly, final accounts 
do not often tally with these initial sets of sums. If the 
estimated sum is larger than what is stated in the 
final account, then as a general rule, the balance is 
expected to get back to the client. However, 
experience and pilot surveys show that the reverse is 
usually the case, i.e. the actual amounts spent on 
such items always exceed the estimated costs. It gives 
great concern to note that the estimates of items of 
such magnitude often indicate very significant error 
levels to the disadvantage of the client. In estimating 
practice,  surveyors  most   times   adopt   well-known 
percentages to determine the approximate cost of 
building elements. The degree of accuracy depends on 
the reliability of the sampling technique. Current 
works portray this as a highly controversial issue [2]. 
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This may equally be extended to prime cost esti-
mating – a feature which is of prime concern to 
participants in the construction industry in general 
and to clients in particular. 
 
This study was therefore aimed at assessing the 
characteristic variability of PC estimates in building 
construction works. The specific objectives pursuant 
to this were twofold. The first was to examine the 
relationship between estimated and final PC sums 
and the second was to determine the error level on 
the final accounts due to variations. This would allow 
more accurate estimates to be made at the tender 
stage. 
 
Prime Cost Sums in Building Contracts 
 

Standard conditions of contract recognize the practice 
of subcontracting specialist works to nominated 
subcontractors and allow for their estimates as prime 
cost items. The Aqua Group [3] explained this within 
the context of the Joints Contract Tribunal (JCT) 
document. Examples of such coverage include piling, 
structural steelwork, fixing of aluminium doors and 
windows, specialized floor finishing (terrazzo, mosaic, 
etc), plumbing and metal works. Others include 
electrical installations, acoustic suspended ceilings, 
roofing and general engineering installations [4]. The 
concept is not particularly limited to construction 
works but also to materials to be delivered by 
nominated suppliers. 
 
General contractors may wish to execute works such 
as mosaic floor and wall finishes or materials’ sup-
plies for which PC sums have been earmarked in the 
contract documents. The JCT conditions of contract 
[3] accommodates this in Clause 35.2, providing that 
the work must be such as the general contractor does 
directly in the normal cause of his business, although 
if he is allowed to do the work, he may subcontract it 
subject to the consent of the architect. It is also 
required that the contractor must have given notice, 
prior to the drawing up of the contract that he wishes 
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to carry out such work, indicating what the items of 
work are, so that they may be set in the appendix to 
the conditions. However. the architect must be 
willing to accept a tender from the contractor for such 
work; if not the contractor will not be permitted to do 
the work himself. 
 
If the tender is competitive, then the contractor is 
entitled to the profit additions just as if a 
subcontractor were to do the work. Otherwise, it is 
deemed to be included in the contractor’s price and 
the contractor should be informed of this at the 
tender invitation stage [5]. A contractor may not 
therefore arrogate upon himself such works because 
any sum included in the contract sum for general 
attendance would be deducted [6]. A contractor may 
execute the work himself where a nominated 
subcontractor defaults before completion of his 
subcontract to avoid delay that would be occasioned 
by the need for the architect to re-nominate. 
 
Initial and Final Prime Costs Differential 
 
Past works, particularly those of Aladegbaiye [1] and 
Brownlee [7], suggest that the final cost profiles of 
virtually every building project exceed the estimated 
values. Prime cost is no exception to this claim. The 
difference between the actual amounts expended on 
PC items as shown in final accounts, and the initial 
estimates may be attributed to a number of factors. 
The major source of variation in PC estimates is a 
change in the design emanating from either a change 
in the brief or a change in opinion by the architect, 
both of which necessitate variation orders.  
 
Variation orders by architects attract strict com-
pliance. Mistakes due to lack of adequate and 
appropriate construction knowledge may lead to 
variation orders, but it is important to state that this 
is not usually according to an architect’s whims [8]. It 
has been shown that clients are not always certain of 
their requirements at the inception of projects [5]. 
Variation orders could therefore be borne out of 
circumstantial considerations rooted in the fact that 
many private and public clients do not allow 
sufficient time for project planning [9]. More so, there 
could be better innovations in the market between 
the tender period and the project commencement 
date that could necessitate such changes [10], 
particularly when the cost, juxtaposed with the 
serviceability, justifies such  [2]. The architect may 
also wish to avoid the use of materials in which the 
delivery time may affect the project duration due to 
some anticipated events. 
 
Disparities have also been traced to the quantity 
surveyor’s estimating inaccuracies. This may be as a 
result of not being familiar with the design details 
[11] or inaccurate specifications, detailing, and 
general working drawings, i.e. the entire contract 
documents [12] Perhaps the only factor out of the 

control of the parties but which affects cost diffe-
rentials significantly is that of prevailing economic or 
market conditions. Price fluctuations seem a common 
phenomenon particularly in underdeveloped econo-
mies and politically unstable countries. In Nigeria, it 
was observed that fluctuations stem from direct 
government policies as well as general inflation [13]. 
Studies by Leivers [14] and Al-khahl and Al-Ghafly 
[15] also showed that government policies and 
legislations could affect project costs. A variation in 
the PC sums initially provided, which resulted in cost 
overruns, was found to emanate from delays [16]. 
Most delays are due to the introduction of a number 
of changes in a project [17] and are usually attributed 
to the architects’, engineers’, or contractors’ short-
comings [18]. Other construction features identified 
as prime sources of delays include materials procu-
rement, cash flow, manpower and plant scheduling, 
contractual relationships, and inadequate program-
ming techniques [19].  
 
From the foregoing, it is apparent that items covered 
by PC sums are so vast that there hardly would be a 
building contract without PC estimates. These esti-
mates, which are prepared by parties not privy to the 
contract, are fraught with such errors or inaccuracies 
that clients detest, particularly as the final accounts 
often reflect a sum higher than the estimated. 
Conceptually, if the observed PCs, contract sums, and 
final accounts are examined, their statistical 
properties may serve as a basis for the prediction of 
PC ranges. This work therefore made use of the 
observed differences between the estimated PCs and 
the final sums to measure of the coefficient of 
variations for various levels of contract sums. 
 
Analysis of Prime Costs and Contract 
Sums for Variation Coefficients 
 
Data pertaining to the estimated and final PC sums, 
contract sums, and duration of each project were 
obtained from a purposive sample of projects 
executed in South-western Nigeria. All the projects 
examined involved key professionals such as archi-
tects, engineers, contractors and quantity surveyors 
in which reliable estimates were expected. In 
addition, the forty-six projects selected were those 
that were completed within schedule. This eliminated 
the incidence of variations arising from time 
overruns, which could modify the characteristic 
behaviour of estimated costs. Table 1 shows the 
primary data sorted in ascending order of the 
estimated contract sums. The asterisks indicate the 
projects in which the general contractor executed 
works covered by PC sums.  
 
Following the findings of Brownlee [7]), it was first 
necessary to investigate the level of variation 
between the estimated and the final prime cost sums 
and also between the estimated and final contract 
sums.  In table 2, the independent variations of PC 
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sums and Contract sums were obtained by 
expressing the final sums as ratios of the estimated 
sums respectively. The final prime cost sums 
exceeded the estimated prime cost sums in all the 
forty-six projects by varying margins. In the case of 
the final contract sum estimates, 11% showed no cost 
overrun.  
 
Table 1. Field Data on Prime Cost and Contract 
Sums     

PROJECTS ECS 
[Nm] 

FCS 
[Nm] 

EPCS 
[Nm] 

FPCS 
Nm] 

1 12.21 16.12 2.08 2.22 
2 23.97 27.56 11.55 11.97 
3 13.10 15.21 3.75 4.69 
4 13.00 16.00 2.02 3.20 
5 18.00 19.50 1.80 2.80 
6 24.00 24.00 4.50 5.40 
7 16.85 17.20 3.80 4.96 

*8 23.00 27.50 1.20 1.42 
9 4.20 4.25 0.80 1.80 

10 3.78 3.95 0.66 0.71 
11 4.80 6.67 0.82 1.20 
12 1.44 2.30 0.50 0.59 
13 9.20 11.40 1.20 1.55 
14 9.50 9.50 3.00 5.10 
15 6.05 6.95 1.25 2.05 
16 4.00 17.00 2.35 3.20 
17 6.75 18.25 2.50 3.60 
18 16.00 21.00 3.10 3.60 

*19 9.50 11.20 4.80 5.18 
*20 8.65 10.00 3.10 3.55 
*21 8.00 8.50 0.50 0.80 
22 3.50 13.50 2.50 3.20 

*23 20.00 20.30 6. 00 7.50 
24 8.90 10.10 3.50 3.50 
25 2.30 2.70 1.20 1.50 

*26 13.10 16.00 2.10 2.40 
*27 19.00 21.10 0.30 0.31 
28 13.00 15.00 1.20 1.80 
29 13.00 15.00 3.80 4.20 
30 11.00 12.00 2.80 3.70 

*31 18.00 21.00 0.23 0.25 
32 9.10 12.00 3.00 6.00 
33 14.50 15.00 1.50 3.00 
34 12.00 15.20 3.00 6.70 
35 20.00 22.00 2.10 4.00 
36 16.50 17.50 1.10 1.80 
37 17.50 19.00 2.40 2.90 
38 15.80 17.00 3.50 4.20 
39 8.00 8.50 3.50 4.50 
40 14.50 16.00 0.20 0.25 
41 19.00 22.00 1.50 2.00 
42 10.00 10.00 4.00 4.50 

*43 9.77 12.02 1.00 1.20 
44 16.00 17.42 4.00 5.00 
45 12.00 12.00 1.20 1.60 
46 25.00 25.00 0.65 1.85 

 
EPCS = ESTIMATED PRIME COST SUM; FPCS = 

FINAL PRIME COST SUM 
ECS  =  ESTIMATED CONTRACT SUM; FCS = FINAL 

CONTRACT SUM. [$1 = N130.00] 

Table 2. Derived Prime Cost and Contract Sum 
Ratios 

PROJECT A B C D E 
1 1.60 1.18 0.27 0.35 0.33 
2 1.17 1.25 0.56 0.52 0.44 
3 1.05 1.49 0.18 0.17 0.17 
4 1.01 2.25 0.42 0.19 0.19 
5 1.39 1.46 0.18 0.17 0.12 
6 1.15 1.64 0.29 0.21 0.18 
7 1.06 1.60 0.09 0.06 0.06 
8 1.06 1.29 0.53 0.44 0.41 
9 1.16 1.15 0.36 0.36 0.31 
10 1.14 1.00 0.35 0.39 0.35 
11 1.32 2.00 0.50 0.33 0.25 
12 1.24 1.29 0.14 0.13 0.11 
13 1.00 1.70 0.54 0.32 0.32 
14 1.18 1.08 0.46 0.51 0.43 
15 1.23 1.20 0.10 0.10 0.08 
16 1.00 1.13 0.45 0.40 0.40 
17 1.09 1.32 0.31 0.25 0.23 
18 1.27 2.23 0.44 0.25 0.20 
19 1.00 1.33 0.13 0.10 0.10 
20 1.32 1.07 0.14 0.17 0.13 
21 1.23 1.58 0.20 0.16 0.13 
22 1.15 1.50 0.12 0.09 0.08 
23 1.15 1.11 0.28 0.29 0.25 
24 1.16 1.23 0.31 0.29 0.25 
25 1.23 1.14 0.15 0.16 0.13 
26 1.00 1.28 0.24 0.19 0.19 
27 1.21 1.36 0.19 0.17 0.14 
28 1.03 2.00 0.20 0.10 0.10 
29 1.10 1.25 0.02 0.01 0.01 
30 1.08 1.20 0.25 0.22 0.21 
31 1.31 1.16 0.17 0.19 0.15 
32 1.09 1.25 0.29 0.25 0.23 
33 1.06 1.63 0.10 0.07 0.06 
34 1.09 1.44 0.20 0.15 0.14 
35 1.02 1.31 0.29 0.23 0.22 
36 1.09 1.21 0.15 0.14 0.13 
37 1.08 1.56 0.14 0.10 0.09 
38 1.17 1.09 0.01 0.01 0.01 
39 1.11 1.03 0.01 0.02 0.01 
40 1.16 1.33 0.09 0.08 0.07 
41 1.02 1.25 0.37 0.30 0.30 
42 1.10 1.91 0.18 0.11 0.10 
43 1.20 1.18 0.05 0.05 0.04 
44 1.15 1.04 0.43 0.48 0.42 
45 1.00 1.20 0.23 0.19 0.19 
46 1.00 2.85 0.07 0.03 0.03 

Mean 1.14 1.41 0.24 0.21 O.18 
Std. Dev. 0.12 0.37 0.15 0.13 0.12 

A = FCS / ECS; B = FPCS / EPCS; C = FPCS / FCS; D = 
EPCS / ECS; and E = EPCS / FCS 

 
The mean values of the ratios generated in Tables 2 
were also computed. The ratios were specifically 
focussed on estimated prime cost sums (EPCS), final 
prime cost sums (FPCS), and the final contract sums 
(FCS). Models for EPCS were considered essential for 
tender planning, particularly if they could be related 
to the estimated or initial contract sums. As EPCS, 
final prime cost sums, and contract sums are known 
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to play useful roles in short-term and long term 
contract planning, reliable models were therefore 
derived which could aid to curtail cost overruns. 
Table 2 showed a mean PC overrun figure of 41% 
with a corresponding high standard deviation (0.37) 
as against a mean 14% overrun in the case of the 
contract sums. A variability coefficient of 1.41was 
therefore ascribed to estimated PC sums. A 41% error 
level would not be acceptable to the clientele 
especially if it was known that the mean variability 
coefficient could be far less. To buttress this, the 
mean PC overrun for the nine-asterisked projects 
that the contractor executed the works covered by PC 
sums was 1.19. 
  
From the mean figures in Table 2, 

        FPCS = 1.41EPCS  (1) 
        FPCS = 0.24FCS  (2) 

Therefore evaluating equations (1) and (2) simulta-
neously, 
                       EPCS = 0.17FCS  (3)  
 
These and a range of other possible relationships 
between prime cost sums and contract sums 
(estimated and final) that could be drawn from Table 
2 are summarised in Table 3. 
 
Table 3. Derived Prime cost and Final Contract Sum 
Relationships 

Cost Variable Equivalent 
EPCS 0.21ECS 
EPCS 0.17FCS 
FPCS 1.41EPCS 
FPCS 0.24FCS 
FCS EPCS / 0.24. 
FCS 1.14 ECS 

 
EPCS may readily be ascertained for planning 
purposes at the pre-tender stages while FPCS is 
useful for cost control at the pre-contract and contract 
stages. It is therefore possible to use these ratios to 
obtain an overview of a project at any point prior to 
the practical completion date. 
 
Estimated final cost figures are equally essential at 
the pre-tender and pre-contract stages and an 
accurate prediction of the final contract sun (FCS) is 
an invaluable planning and controlling tool. In all 
these computations, the estimated PC sums and final 
PC sums indicated considerable variability, the 
extent of which, as contained in Table 3, could be 
stated as:  

FPCS = 1.41EPCS   
 

Prime Cost Differential Pattern 
 

Aladegbaiye [1] observed that cost variation 
characteristics could depend on the magnitude of 
contract sums. To test the behaviour of the same 

ratios as the contract sum increased, the sample was 
grouped into three million Naira contract cost 
brackets, and the mean figures for the variables A, B, 
C, D and E in Table 2 recomputed for each group and 
shown in Table 4. The chart showing the mean 
values of the five ratios over the grouped contract 
sums indicated no direct relationships not even for B 
(Figure 1). In computing the correlation coefficients 
for each of these variables against the contract sum 
groups at 95% significance level, it was found that the 
relationship between the estimated and the final 
prime cost sum (B), was surprisingly very low (0.41) 
even when the last contract sum bracket (N24m – 
N27m) with single data entry was discountenanced. 

 

Arrangement of each group of the five ratio bars from left for 
each cost bracket: 
A = FCS / ECS; B = FPCS / EPCS; C = FPCS / FCS; D = 

EPCS / ECS; and E = EPCS / FCS 
 

Fig. 1. Graphical Relationship Between Ratios and Group-
ed Contract Sums 
 
This ratio (B), by definition, was expected to establish 
the variability trend. The other ratios showed very 
strong correlation with the contract sum brackets 
above the critical value of 0.666 for 95% significance 
level.  At 99% level of significance, the critical value 
(r0.005) was 0.798. The seemingly strong relationship 
of the other ratios could therefore be dismissed as 
mere chance occurrences, with the exception of the 
ratio FPCS/FCS in which the correlation coefficient 
was –0.83. The relevant pair with the strongest 
relationship from this table (the ratio of the final 
prime cost sums to those of the final contract sums 
(FPCS/FCS)) was not considered appropriate for 
describing the variability of prime cost sums, since 
other factors apart from the prime cost could vary 
final contract sums.  
 
Conclusion and Recommendation 
 

From the study, it was evident that no clear-cut 
relationships existed between estimated PC sums 
and contract sums. This went to show that with 
respect to practice, percentages of estimated contract 
sums were not used to arrive at estimated or final PC 
sums. PC estimates were therefore borne out of 
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traditional estimating procedure. This situation cer-
tainly would impair approximate estimating 
particularly for tendering purposes.  
 
Variability could therefore only be measured in 
relation to the observed differential between the 
estimated sums prior to construction and the final 
sums at the practical completion date. The mean of 
the differences between the estimated and the final 
prime cost sums, computed as 0.41, was observed to 
be on the high side. The relationships generated were 
considered appropriate for the approximate 
estimating of prime cost sums and also for the control 
of such sums during the contract period. It was also 
found that the level of variation of prime costs in 
projects where the general contractor executed those 
items of work was relatively lower. It could therefore 
be inferred that as far as practicable, main 
contractors should be encouraged to execute items of 
work which would otherwise have been subcontrac-
ted, if it is apparent that they posses the wherewithal 
to do so. 
 
The computations depended on data from just forty-
six contractors. It is recommended that more 
extensive studies involving very large samples be 
undertaken so as to derive more reliable models to 
assist practising surveyors. 
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