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ABSTRACT

N geria is a rapidy devel oping country with a very |large
construction programre. Fortunately it has considerable oil
resources to provide funds for this devel opnent. However, the
dermand for anenities still exceeds the funds avail able so the
devel opnent pl ans have to be carefully considered. To enable
the plans to be drawn accurately it is necessary to establish
current and projected construction costs.

The object of this study is to investigate existing construction
cost patterns and fromthe results obtained to propose a system
for defining these patterns so that they can be used as a basis
for projecting future costs. Two systens were selected for
detailed investigation. These are:
(a) Anal ysis: the analysis of costs of conpleted projects,
(b) Synthesis: the building up of costs using the basic
costs of labour, material and plant.

The met hods of neasurenent and anal ysis are di scussed in the text.
It is shown that synthesis provides the nore accurate results and

is recoomended for use in N geria.
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1.

CHAPTER 1

INTRODUCTION

Comparative Construction Costs:

The motive for the research was to investigate existing construction
cost patterms in Nigeria and from the results obtained to propose a
system for defining these patterns soc that they could be used to
improve the accuracy of pre—~tender estimates,

The estimates are based on cost analysis of completed buildings.
Suaettl - has defined cost analysis as the systematic break down

of costs, according to the sources from which they arise and Seelayz
says it can permit detailed comparisons to be made between different
projects and isolate the causes of differences,

Variations in building costs are due to many factors. The most
important of these are:

(1)  Deeign

(2) Specification
(3)  Height

(4) Function

(5) Time

(6) Location

Variables (1) to (4) can be measured for any given project and are
valued by reference to the cost analysis of completed buildings.
Measures of time and location are then used to update these values
by accounting for any changes in ccst due to the passage of time or
change in location., This research isolates the coste which are due to
these two variables, Comparison of these costs establishes the cost
patterns and allows the nature of the building costs to be examined,
The cost patterns are defined by expressing the costs in the form of
cost indices, The aim is to establish methodologies for collecting
reliable cost data and for processing the data so that it is accurate
enough for use in cost estimates,

* Note: The numbers refer to the bibliography at the end of the
thesis,



1,02

Unfortunately there is virtually no published information on building
cost date in Nigeria so it is necessary to start from the begimming
and make an independent cocllection c¢f cost data, The form of this cost

data depends on the method selected for the preparation ¢of the ocost
 indices, Several methods are in use and are described in Chapter No, 2,

Twoe of them were selected for detailed investigation to check their
suitability for use in Nigeria. .

The methods are:=

(1) Annlysis: The analysis of the cogis of completed projects.

(2) Synthesis: the building up of costs using the basic costs of
labour, material and plant.

Usge of Cost Indices
Matthew5 in his 1963 Report on Building Coste to the former Goverrment

of Northern Nigeria states that before historical cost data contained -« -

in cost analysis can be used it must be adjusted to the current level
of building cosis by reference to a reliable building cost index, He
recommended that as no building cost index of any sort existed it

should he made & priority aim to establish one and maintedin it et quarteriy

intervals, He considered that this was properly a job for a statistician -

who needs to be told what the index sets out to measure.

Sesley2 says that the main function of building cost indices is to
aseess the differences in levels of tenders at varying dates and to
adjust analyeis of past copts of bulldings to current prices and that
future trends in price levels may also be assessed.

In Nigeria due to the absence of building coet indices and with rigid
fovernment acoounting systems quantity surveyors have to include large
contingency or safetiy factors in their estimates to allow for any
unforeseen costis which may arise, Under Nigerian conditdions safety
factors range from 10% to 15% of the total capital vete for
congtruction work, If am is often the case, the contingency factor is
not required then the money reserved for thie purpose has been wasted
in the sense that it has been held back in the capital voies and not
uged to conetruct the amenities the people require. Copt indices by
bridging the gap between known past construction costs and predicted
future/
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future costeg can reduce considerably the reed for contingency factore.

Figure 1.0l is an example of the uwee of location and time indices,

- The aim of thls reseaxch lz to ldentify the best wethod of producing

building cost indisces in Nigeria.

+

Collection and Processing of Cost Data in Wiger'g

The research reported here was vndertaken in several phases. The first
rhage ocorgisted of ¢ollecting and proceesing swltable building coet
data using the fechniques of analysis and syathesis, This work is
described in Chaptors Nose 3 to 5.

The second phase of the work comprised the assenmbly of the cost data
and its presentation in a form which allcwed the wvarious resultes to be
easily compared, This irvolved the prepavation of cost indices for
different types of bulldings at different locatione and dates.

- Detaile of this work are contained in Chapter No, G,

The third phase was the gtatistical analysis of the cost data to
determine its reliability for use in forscasting fulure construction
coptrs .

The thesis concludes with detailed prcpopals for the preparation of
building cost indices in Nigeria and a review of current publicatione
concerning the nse of multiple regreseion analysle z8 & means of
congtructing mathematical models which would teke account of all the
variables affecting bullding costas.
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CHAPTER 2

THE PREPARATION OF BUTIDTNG COST INDICES

2¢01 The Constructicn of Cost Indices

Before attempting to prepare building cost indices it is necessary to
make a detailed atudy of all the factiora arffecting construciion costs.
These factores include the movement cof tender prices of buildings of
all types over the yeaxs; the isolation of the effects of variation
in design and type of duilding; the location in the country and

the form of contract; the relationship betwesen the movements dn
tender prices and changes in building costs. It is alsc necessary

to consider carefully suitable methods of constructing indices of
btuilding costs and whether separate indices are required for dffferent
conditions, - ]

Jupp4 reporting the work of a group formed teo study construction coste
describes how preliminary investigation of the study group centred
around three main concepts of building costs or prices; firsilyy the
cost to the bullder of carrying ocut a specifled job; secondlyy the
cost to the purchaser or client of the building of a dginilar specified
amount of work of constant quality and quantity; and thirdly the cost
to the client measured in terms of funotional units,

The concluaicn of the study group was that most users of indices requfire

the second approach = indices reflecting market prices paid by the
client, Furthermore, a series of index mubers covering prices of
different categoriesa of building seemed ¢ be more usefitl for the
majority of purposes than one general irdex relating to all budlding
and constructions It might also be desirsble to have separate index
numbers for different leocalities. The group also concluded that there
are serious problemp associated with the cometruction of index mumbers
based on labour and material costs notably corcerning productivity and
plant, overhead costs and profit. Regarding indices based on full
repricing of bills, quantity differences and variability of priofng
between bille could lead to high coefficilents of wariation, although a
price wariability might be reduced by stratification into geographical
areass The cost of constructing indices hy the full repricing of
bills would be dependent upon the size of the sample chosen and woitld
probably be very high, However, Jupp4 has pointed out that the tise of
computer for repricing might reduce this cost considerably, It
concludes that it seems likely that indices baged on short 1ists of

items melected from bills reflect reasonably well the trends in prices

derived from indices based on full bills and that the use of tender
prices/

5
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quantity and qualitys.

Sources and Neture of Cost Indices

The cost data required for the preparation of building coet indices

cen be drawn from many eovrces. The mest imporiant are:

(a) GCovermment Statistics: indices can be based on the statimtics of
earnings in the building induetry adjusted for changes in
productivity combined with price indices for construction
materialss This type will reflect changes in market conditions
but will not take account of local conditions, variations for _
different building types or different types of contract. _ f

(v) Government Departments: indices can be based on an average of
tenders received but it is impractical in one index to nake :
allowances for regional variations and differences in building |
types and contractual arrangements.

{(¢) Actual Costa of Labour and Materialst these indices can be baged
on the basic daily wage rates adjusted for holidays with payy sick
leave stc, for building labour, adjusted to allow for changes 'in
productivity and material prices to which appropriate cost weighting
factors are applied, A full description of this method is contained
in Appendix No. 1.

This data may also be used for repricing hille of cuantities,

Examples of indices bamed on these sources are comtained in
references 6’ T’ B’ 9’ 10 and 12,

Swee‘t‘t]'l hae described how he compiles his own price indices from
all=~in labour costs of building, electrical, heating and ventilaiing
operatives and plant and material costs 21l suitably weighted according
t¢ the type of job, For instance, a typical contract for an office
block could be made up of 33% building labour, 5% mechanical mervices,
5% plant and 57% materials,

6e



2,03 Building Cost Indices in Nigerda

There are several methods which could be used for the preparation of

uillding cost indices in Nigeria, These may be broadly classified as

followsy=

(a) Unit prices in bills of quantities: These indices will reflect
changes in labour and material costs, productiviiy and market
conditions, but not changes in specification or metheds of
building unless specifically adjusted,

(¥) Recorded cost of completed buildings: These indices will
reflect changesn in all comts of construction including changss
in specification and methods of building. They must; however,
be prepared for standard types of building and are accurate
only for the type of building to which they refer,

{c) Chenges in cost of labour: Such indices will not reflect
changes in ppecification or methods of building over the years
and by themselves will not show changes in productiviity and
marked conditions, |

The use of indices based on changes in the oost of labour and
meterial (o) was rejected due to the difficulties which would be
encountered in meking adjustments for changes in productivity ard
market conditionm, Changes in productivity are ususlly measured by
reference to published statistice giving details of the groes anmial
output of the building industry and of the number of operatives X :'_‘j""_"'
employed in producing the outputs. Changes in market conditions can o
be measured from statistios giving details of the value of new conastruction
work placed during a given period, It can also be measured by reference

to changes in tender levela for a large muber of contracts for the '

game type of building, The adjusiment factor in the Building Cost
Information Service index 1s calculated from the {rends of tenders

for local authority housing, ;

In Figeria adjustments of thie kind would not be practical due to tha
shortage of published bullding cost data., Howevery a detailed
description of the method of preparing this type of index and its .
accompanying cosi gnslysis is included in appendix No, 1 for reference,

Investigation proceeded ueing slternatives {a) and (b)s To construct o
« - indices based on unit prices a bill of gquantities was obtained for a oy
enall/

e R ’ . N
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 small buiiding amd a detailed synthesls was prepaved for each unit

rate based on the quantities of labomn, maiterdaly planty overheads and
profit required for each items Thia Information was placed on computer
gtore and a programe was written which would sllowthe syntheeis 1o be
varled %o take acvount of changss in labour end materisl costs due to the
varisbles time and loosglions, T%i= method is described in detail in
Chapters Noe 3 and 4.

To conebrast indises based on cosis of completed Tuildings cost data in
elemental formy was obtalned fur mowe them eight humdred buildings in
Figerias The bndldings selected were all sducsiioral btuildings as
indices based on historical copts awe moorwrate only if prepared for
specific types of ulldingsse This cost data was used to calonlate costs
per square metre of floor ares and these were then expressed in ithe form
of cost indices, This method ip desoribed in detall in Chepter Nos 5.
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3.02

3«03

3.04

CHAPTER

UNIT RATE METHCD

SOURCE AND COLLECTION OF COST DATA

Method

The Unit Rate method rests on the philosophy that building coet data can
be synthesised by using actual costs of labour, material and plant and
estimated labour cutputs, This woeuld ensure that the resultis are based
on dats which is krown to be accurate as cpposed to deta obiained from
contractors tenders where the walue of the deta would depend on the
technical ability of the individual who prepared the tenders The method
requires the collection of lgbour and material costs and labour outputs,

source of Labonr Cogte

There have been twe national wage awards in Nigeria during the past

five years. One was the Adebo award the final increase of which was
announced in November 1971 and the Udoji award in April 1974.

Between these two dates wage rates were maintained at the Adebo level

by Govermment degree. Tt should be noted, however, thet the Udoji
award was not announced until Janvary 1875 and back dated to April 1974.
All the calculations therefore were based on the Adebo rates, These
rates are shown in figure 3,01 and 2,02, Details are given ¢of the rates
to be paid to Artisans gnd ror=qualified artisans and also the pluse

9.

rates to be peid to gemi=-sgkilled labours Details of the rates to be pald

to general labour and watchmen aire zlso shown. The award divided the
country up into three zones, as shown, and specified mininmum rates for
cach area for general labour. These rates are used in the computation
of the Unit Rate Methcd, ‘

Scurce of Material Costs

The material prices were obitained direct from Bullders Suppliers in
various parts of the country in December 1972, August 1973 and August
1974, The method of collection is desoribed in 3,06.

Source of Labour outputs

The labtour outputs are based on data compiled in East and West Afrioca,
The original outputs were obiained from tender analyesis prepared by
Mesars Stirling Astaldd Limited for building conitracts in East Africa
between the years 1956 and 1963, These analysis are of the same type
as thoee described in Chapter No. 3 It was the practice of the
company/

caw

L,
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company to prepare detalled analysed build-ups for each major project,
In each case the analyses were prepared by updating information used
for previous projects with the result that the labour outpuis were
contimually being improved and made more accurate with each new

project, .
Subsequently these analyses were used in Nigeria and further altered

and updated as a result of observations on building sites and

consultation with contractors,

Comparison of Nigerian and British Lebour Dutpute and Costse

The following details fig. 2,03 of some of the labour outputs used
and of current outputs in Britain are given for the purpose of cost
comparisons The outputs given for Britaln are those which were .
published by WainwrightIB. It will be geen thal for general iabour
work the outputs are somewhat the same, PFor semi=skilled work the
output in Britain iz aboubt double and for skilled work the outputs
vary from double to three times the Nigeria outputs, Matthew in a
raport published in 19633 stated that at that time labour costs in
Nigeria were about onewninth of thoge in Britain and that
productivity in Nigeria wae generally about cone third that of
Britain.

10.



(1)
(2)

(3)

(4)

NATIONAL JOINT INDUSTRIAL COUNCIL FOR THE
BUILDING AND CIVIL ENGINEERING INDUSTRY
TN WIGERIA

MEMCRANDUM OF ACREEMENT

This Agreement is dated the 10th day of NOVEMEER 1971

IT IS HEREBY ACREED AND DECLARED THAT the following
MINIMUM WAGE RATES shall be immediately incorporated
into the National Joint Industrial Couneil Agreement
on the Terms and Conditiong of Service for all Manual
Workers in the Bullding and Civil Engineering Industry
in ¥igeria dated 27th July 1966, a8 amended from

time to time,

IT IS HEREBRY AGREED AND DECLARED that every daily=
rated Worker, regardless of their present rate of peyy
except General Labourers and Watchmen, shall receive
an increment of 23 44 per day with effect from lst
September 1971, Buch increment shall be included in
calculation of overtime pay and pay for Publio
Holidays,.

The following MINIMUM WAGE RATES shall be read ag
APPENDIX II on pages 13 & 14 of the National Joint
Industrisl Council Agreement, in place of the
exleting rates:

MINTMUM WAGE RATES

The minimum rates of wages, with effect from 1lst September
1971, are as follows:=

THROUGHOUT NIGERIA

i)

1ii)

iv)

Artisans shall receive 12s 44 per day

Nor=Qualified Artisans shall recelve 11s 44 per day

Plant Operators and Drivers shall receive lls 1ld per day
The fellowing plus rates shall be paid in addition to the
rate paid for Gemeral Labour under heading (v) below to
workers engaged in the Tfollowing trades:

plue Td per day Steel Frame Erectors

plug 64 per day Steel Bender and Fixers and Scaffolders
pluas 4d per dsy Brush Hands

plus 34 per day LEleptricians Mates and Plumbers Mates
plus 3d per day Mixer Drivers

. plus 3d per dzy Block Makers

Congervancy Allowance
of 3d per day Nightsoil Men

In the caze of Steel Frame Erectors, the plus rate is for any
building with a height of up to 49 ft. An additional plus rate
of 3d per day is paysble for every additional height of 30 ft,

Figs 3.01

s A

11,



ADEBO WACE AWARD

(v) Minimum Rates for Ceneral Labour and Watchmen, with
effect from lst September, 1971, are ag follows:

Zone 1 General Labhour Watchmen
Lagos State 10/~ 11/64

21,00 21,15
Zone 2

Western State

Mid=Western State

Eagt=Central State 8/94 9/104 -
Rivers State :

South~fastern State 88k 98k
Beme~Platean State -

Kano State )

North=~Central State )

Zone 3

Kwara State
7/-4 8/4a
Horth=Eastern State 70k 83k

North~Western State
(vi} Apprentices:

The wages paid to Apprentices, with effect from lst
September 1971 shall be as follows:

ist year 5/44 per day
2nd year 6/44 per day
3rd year 7/10 per day
4th year 8/10 per day
5th year  10/4 per day

(5)IT IS FURTHER AGREED AND DECLARED that these new rates shall be
effective from the lst day of Scptember 1971 and that any arrears
of wages shall be paid to all workers not later than 22nd
December 1971,

(6) IT IS ALSO FURTHER ACREED AND DECLARED that thie Agreement
shall apply to all workers employed as at lst September 1971
and that any worker whose employment is terminated after that
date shall be entitled to receive these arrears, »

EXPLANATORY NOTE:

This Agreement provides for a general award of 2/4d per day for
all workers in the Puilding and Civil Engineering Industry in
Nigerio, with the exception cof General Labourers employed in
Zomes II and IIT who must receive an increment to bring

their wages up to the new minimum rates for their Zones,

Pig. 3.02




LABOUR OU'LPUTS

UENFRAL LABCOUR

ITEM OUTPUT _
(NIGERIA FRITAIN
1. Excavate overesite average 150 mm 4 MB/day 4 Ms/da.y
deepa
2. Excavate trench not exceeding
1,50 m deep. 3 M3/d.ay 2k M3/da,y
3, Return, fill end ram excavated
material, 4 MB/day 8 M3/day
4.  Cut, berd and fix 12 mn diameter
mild steel rod reinforcement, 30 days/tonn]a 16 days/tonne
ARTTISAND
TTEM CUTPUT
NIGERIA BRITATN
1, Formwork to soffits of slab 5 M2/da,y 10 M2/da;y
2, Blockwork 100 mm thick per block 60/day 122/day
3, Cement and sand screed 30 Mz/da,y 32 Mz/day
4. (lazing 2 Mz/day 6% Mz/da,y
5, Painting 4 W/day | 96 ¥o/day

Pigs 3.03




14,
3,06 Collection of Material Costs
Quantity surveying students, who actted as field enumerators during
their vacationg, collected the material costs, The siandard pro~forma
fige 3404 was imsued to the students and was used to record the cost

data, Provision was made on the form for recording a range of prices

| to ensure that average costs wers chbtained, The data was collected
in December 1372, August 1573 and August 1974,

This method of cclleotion was found to be less then ideal., The use
of a large muwber of voluatary enumerstors made it difficult to ensure
that the data was collected under wndiform conditions, Additionally it
was difficult tc ensure thut the dats was ccllected from the same
source on each occasion, It wes not possible to regulate the time -
periods as collection had to be done during vacations, Thias is a
major problem in the construction of terilding cost indices, I-Irobell4
says that as much of the dala umed for the BeCeTeS, index ds provided
by subseribers it may not have been collected wnder conditions of

uniformity sueh as a statistician wonld require,

To overcome this problem the University Hesearch Committee was
regquested to provide a grant to cover the costs of a geries of

country wide tours by the staff of the quantity surveying section to
obtain material coste and to check productivity and market conditions,
Unfertunately this request was nol granted, However, in spite of these
difficulties the cost data will indicate the degree of accuracy which
can be achieved using a unit rate method, The proposals for the
preparation of cost indisces include the use of trained emmerators

covering the same locations at regulated intarvals.



15.

1.
2,
3.
e
e
€a
Te
8.
9.
10,
11,
12,
13.
14.

15.

16.

17.

18,

19,

21,

22,

23,
24,

BUILDINI MATERTAL PRICES
NAME: ABUBAKAR, MB

DATI: AUGUST '73

TOWN: __ KANO SYATE: _ KENO
, LOW_ | MDIM
Cement per cwt, 2450 ¥1,00
safﬁ per C|y kl.&." ‘1.20
3" Aggregate per c.y. NA.00 §AL 00
2" Ditto per ceye E 85,20 35,20
1" Ditto per c.y Il A8, 20 ¥8,30
13" Ditto per ce.y I
3" Steel rods per ton [ 210 ¥216
8" Ditto per ton # q1s ¥220
%" Ditto per ton H2OD w208
2" Ditto per ton ¥2720 1 €208
1" Ditto per ton W00 64208
14" Ditto per ton 196 200
13" Ditto per ton W1G6 200
Formwork timber = State
species per c,ft, M.30 ¥2,00
Joinery timber i
Mahogany per c.ite P Ad. 0 #A, 30
Hard Board per sheet |
sizes BI=OM x 41e)¥ h w20 32,10
Celotex Board per sheet
gize 8'=0O" x A'=C" ¥N2,90 #1,00
Hollow conc.blecks
18" x 9% x 4" 0,16 #.16
18" x 9% x &% .19 #2,19
18" X 9" x 9" E W’.EJ 1,23
Light Supersix Asbestos 1
Roof Sheets 100" long 1
per sheet ':. 05.19 5. 30
20 SeWeGs Flagﬂpa.n l:
Aluminium 10/3" pitch
circalar profile rcof :
sheets 10/0" long per sheet ¥2,70 ¥3,00
6" x 6" White Clazed wall tile:
per box of 100 N5, 50 N11.05
24 oz, Ulear Sheet fGlass
per sheet gmize 24" x 24" Y¥l.15 hig1l5
Emulsion Paint per gall. B, (K ¥8,03
Gloss paint W2.18 NG,2C

HIGH REMARKS
33,30 | Ex-stock
n.40 1]
¥4.50 | On site
H5. m " "
na. w " "
B230 Ex—-stock
‘232 " "
N215 " "
5215 wooon
N215 "n 11
m4 n n
q204 " "
N‘2.00 n "
4,50 " n
¥2.30 " "
#13,10 L
H0,16 | On site
H0,20 " "
m.24 " "
H5.50 | Ex=stock
¥3.00 " ”
¥11,05 " "
W1l.20 LA
#8,10 w "
m. 30 " LLJ

Note:

Remarke zolmmn should siate

Fig.

if prices are on Site or Ex-Stock

3,04
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CHAPTER

UNTT_RATE METHOD = PROCES3ING OF GOST DATA

Preparation of Defaliled Cowt Anslyepie:

The cbject is to be able to ¢blain the cost of a completed bullding by
using unlt rates for each item of cometruntion work, The first step

is to obtain a bill of guantities of a building which war typical of the
kind of construstion used in Nigeria, Wor the purposes of this

research the bullding chosen is a low ccat Local Fducation Authority
Classroom desighed by the Ministry of Works and Housing, Kaduns.
Permanent materials were vasd Iin the design. This was chosen becauss

it was a simple design which could be pyriced accurately within the
limits of the cost data available. The measured items in a bill of
quantities follow the same sequence as the operations performed by the
Contractor in construcing the building., PFirst he removes the top soil,
then he dige the itrenches, pours the foundations, builds the rising walls
etc, To enable the bill of quantities to be priced detailed price
analysis were prepared using basic coests of labour and materiale for
each of these work items feollowing the same sequence, By substituting
actual costs of labour and materdials in the analysis unit rates iere
synthesised for each work item.

A peparate synthesig is required for each item as they can be labour only
guch ag excavation or labour and material such as concrete and within
each gronp different typesz or quantities of material or grade of labour
are required. Before preparing the synthesls for each work item it is
necesgary to calcalste a coet per day of general labourers and Artisans
go that thig can be included in sach work item,

The analysis prepared included the following iteme:=
LABCQUR
1, General labour ccst per dsy i.e. basic cost plus cost of anmal

holidays, publis holideyn, sick pay etc,

2e Artisan cost per day, a aimilar calculation 1o No.l using bagic
cost of an artisan per day.

BICAVATTION

3, Txcavate over site average 6" deep ard spread and level per

square yarid.
4. Excavate gurface trench not exceeding 5%=0% deep per cubic yard,

5. Return, fill and ram ~r spread and level surplus excavated
material per cubis yard,
CONCRETE



CONCRETE REINFORCEMENT AND FORMWORK

6. Cost ¢f owning and operating a 10/7 concrete mixer per hour,

Te Cost of nixing concrete with a lO/T concrete mixer per cabic yard,
8, Cost of placing concrete in foundation per cubic yard.

9. Cost of placing csoncrete in superstructure per cubic yard.

10, Cost of cement delivered to site per tom,

11, Cost of conorete (1:3:6 = 1% Agge.)

12, Cost of concrete {1:2:4 = 2" Agge.)

13, Plain ipwgitu concrete (1:3:6 = L%" Agge, ) in foundation per cubic
yard.

14« Reinforced imesitu concrete {1:2:4 — 2" Agege.) in superstructure
per cuble yard.

15. %" Diameter mild steel rod reinforcement including bendsy hooks,
tying wire, distance blocke and ordinrary spacers in wall
reinforcement per owie

16, A" Diameter mild steel rod reinforcement and ditto per cwt,

17. Sawn formwork to horizontal soffits of slab for square yard.

18, FExtra over shuttered fmoe of concrate for fair face finish per
Bquare yard.

BLOCKWORX

19. 6" Hollow concrete block walling in cement mertar (1:6) per
gquare yard,

20, 9" Hollow concrete block walling in cement mortar (1:6) per
square yard,

2l Extra over hollow concrete block walling for building fair face
and pointing in cement mortar (1:6) per square yard.

22, 9" Hollow concrete block walling in cement mortar {1:6) with all
cavities filled molid with concrete {1:2:4 ~ 2" Agge,) per
square yard.

ROOFING

23, Light supersix ccrrugated awbestos rcof sheeting fixed to
hardwood battens with galvaniged mild steel drive screws and
washers per square yard.

24, 20 S.W.G. Flagspan aluminium 10/3 pitch circular profile roof

sheeting fixed to hardwood purlins with galvanised mild steel
drive screws and washers per sguare yard.

PLASTERING



PLASTER NG

25. " Cement and sand {1:3) render on block walls per sBguare yard.

26, Tyrolean render on concrete block walls externally per square yard.

27« l41Cement and sand (1:4) flooring laid in one coat and trowelled
smooth on concrete bed per square yard.

28, 6" x 6" White glazed wall tiling fixed with adhesive on screeded
backing measured separately per square yards

GLAZING AND PAINTING

29, 24 oz. clear sheet glass and glazing to metal with putty per
squrare foot,

30e Prepare and apply two coztes of emulsion paint on rendered walls
per squars yard,

CARPENTRY AND JOINERY | |

3l. 5™ x 2" Hardwood door frames per lineal footl. )

32, 6" x 2" Hardwood purlins per lineal foot. i

Mull details of all these analyses are contained in the computer print
out bound in Volume No, 2 submitted in support of this thesis., A

typical analysise of a work item is as follows:™

9% Hollow concrete block walling in cement mortar (1:6) per square yard.
(Imperial vnits are used as these were current at the time the work was
done, Future work will be based on metric unite. )

18,
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Take 100 s, Tt

100

T:BE-E-6:7§ = 89 HNo.

89 No, blocks @ 20K per hlock on gite

Add  Waste 5%

Cost of mortar BY c.ft @ 46K per cefte

Add  Waste 10%

Labour
2 Masons @ Nl.54 per day =

¥ 3.08

2 Labourere @ ¥Nl,11 per day= ¥ 2,22

H 5,30
Add 5% for tools ¥ 0,27
Cost of gang per day = N 2.57

Output 100 blocks per day

..o per 100 sg.ft.

T 1 x 8

Add  25% General overheads and profit

per 100 square ft.

per sge i,

Per sge. yard

¥ K
17 80
0 89
3 20
) 38
4 96
27 83
6 96
34 79
0 35
w3 15
Tty

19,
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Computer Programme — General Information

A computer programme "Comparative Construction Costs" was written in
standard FORTRAN 1500 to perform the synthesis reguired to produce unit
rates for each work item listed in Section 4.,0l. The programme will
also update the synthesis to take account of changes in cost due to the
variables time and location, The gynthesis was originally prepared in
December 1972 and updated in August 1973 and August 1974 using labour
and material cost data collected as described in Chapter No. 3. The
resulting print out comprised detailed price schedules for each of

the main geographical centres in the country for the years 19724 1973
and 1974, The print out is somewhat bulky as it was designed not only
for this research but also so that each student who participated in
gathering cost data could have a detailed price analysis of construction
costs in his home area for each of the dates listed above.

Computer Programme = Method
There are two phases to the programme:=

The first is the computation of the cost per day of General Labour

and Artisans, This is performed by using the basic cost per day at a
particular time and location and adding on or allowing for the various
additional benefits which may have to be paide A Schematic diagram of
this operation is shown in Fig, 4.01. The second phase is the
computation of the synthesis of each work item using the labour costs

computed in Phase I and the costs of material and plant for that location

and time, Fig. 4.02 is a flow chart showing the arrangement of the
synthesis of the work items, A general listing of the programme is
contained in Appendix No, 2 to this thesise

Computer programme = Required Input Data
The input data required for the synthesis of a work item by this

programme is:
The basic cost of General Labour per day.
The basic cost of Artisans per day.
The labour output for each operation,
The cost per unit of material.
The waste factor on the material,
The cost per unit of plant.
The cutput per unit of the plant,
The percentage to be added for general overheads and profit,

20,
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Computer Programme — Output Data

The programme print out containsg the following information for each

o

time and locationi~—
A detailed syathesis of the cost of general labour.

A detailed synthesis of the cost of artisans.

Detailed syntheses of the costs of each of the work items listed

. in Section 4,01,

Computer Programme = Limitations

The gynthesés are linited to those work items included in

the general

ligting of the programme, Additional work iteme may be added as

required.

Cost of Complete Building

The synthesais of the work items produced by the computer programme are
used to price a copy of the bill of gquantities for the low cost claps=—
roon for each time and location. A typical priced bill of quantities,
Sokote 1974, is shown in Fig. 4.03, This aspect of the work could have

been included as a third phase in the computer programme but wae

and becguse the amount of work required for this research ccould dhe

- excluded partly due to time limitatione on the use of the computer

L3

done manually. The totals of the bills of quantities are then

expressed as costs per square metre of floor area by dividing the total
cont by the total floor area, and converted to an index relative to a

base year or location as described in Chapter No. 5.

!

21.
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BILL No. 2

SUBSTRUCTURE ~ NORMAL SOIL CONDITIONS

VORKS UP TO AND INCLUDING (RCUND FLOOR SLAB
EXCAVATION AND DARTHWORK

Excavate oversite to remove vegetable soilg
average 6" deep 71 Sqgeyd 0,12

Excavate trench for foundation commencing )
from 6" below ground level and not exceceding 2 Cu, yd 0.43
5%0" deep,

Remowve surplus excavated materlal from gite 14 Cu, yd 0.32

6" Rock laterite hardcore fill well rammed
and consolidated, ; 60 Sqg, yrd 0,60

CONCRETE, WORK
REINFORCED INSITU CONCRETE

Reinforced concrete (1:3:6 = ¥ agsregate )
ireinforcemen‘s and formwork measured
separately) in:

Foundation 5 Cu, yd 18.00
3" Bed 71 Sq. yd 1,50
REINFORCOMENT

Singla layer BRC mesh fabric reinforcement

BoSs No, 124 with 6" side laps and 18"

end laps (messured net) ins

Bed 88 Sg. yd 0,90

FORMYORK

sawm formwork to:

Edge 12" high 34 Lin.yd 1,00
SUNDRIS

4" Pibreboard sxpansion joint in 3" concrete
bed including necessary formwork 24 Lin, yd, 0.20

DECORATION

Prepare, prime and pednt two coats of emulsion
paint externally oni

Concrete plinth 12 8qge yd 0,38

Substructure — NORMAL SOIL
Carried to SUMMARY ]

24,

8.52

0,86

4448
36,00

79420

34.00

4480

696

A —

371.32




BILL NO, 4

SUPERSTRUCTURE

BLOCKWORK

Holiow sanderete blockwork

A

| 6" Wall ' 79 Sq. yd

6" Wall 4n beam Filling | 13 Sq. yd

Txtra over 6" waell for filling cavities 9 Sq. yd
solid with concrete (1:3:6 — 3" aggregate Qs JCe

Fxira over blockwork for fair face 86 Sgq. yd.

CONCRETE WORK
REINFORCED INSTITU CONCRETE

Reinforced Concrote
Ceefuforcement and formwor
geparately) in:

measured

25,

5,04 398.16
3,00 40,17

4,70 42.30
0.18 15,48

Ring beam 1 Cu, yd. 40,27 40,27

REINFORCEMENT

Mild steel round bar reinforcement in reinforced
conerete beam ahd cavities of hollow block

walling

B4 Bar - 1% Cwt,
FORMWORK

Sawn formwork to:

S8ides of beam 11 Sq. yd
REINMORCED PRECAST CONCRITI

Reinforced precast concrete {(1:2:4 = & ameparato)in:

6" x 6" Lintel with 1 No. %" mild steel
round bar,

ROOFING
ALUMINTUM

24 Gange lomgspan YFlagd corrugated roof
gheeting with one cormmation side lap
{measurcd net) fixed in accordance with
mamfacturerts instructions to timber,

; 11 Lin. yd

Roofing 83 Sq. yd

Carried to COLLECTION

32,48 40,60

3t 42 37 » 52

0.60 6, 60

9.72 805,76

¥ 1427,96
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Superstructure (contd.)
CARPENTHRY AND JOINBRY

0 o w b

=

Hro&ght Hardwood

6" x 2" Purlin 19
g" x 2" Rafter 15
6" x 13" Fascia 109
10f x 2' lageis T
6" x 3 x 2" Cleat 35
SUNDRIES

4" Dianeter holding down bolt 16" long one

end ragged snd bullt into concrete ring

beam other end threaded with mut and

3" x 2" x 30 nild steel plated washer 10
including drilling hardwoed rafter

VETALWORK
DOORS AND WINDOWS

Crittal~Hope or ecual paint finish standard
sLeel Iropical aoors and Windows DObl wiin
stoeel frames.

Door size 217"x 6110 high with knob handles
lock and keys, 1

Window type ZNCTP size 4102" x 3'0f" high 5
PLASTERVORK
THTERNA . WORK

RENDERING

Cement and sand {1:3) on:

Wall 98
Extra over render for duobing out 1" to

form blackbeard T
Wall over 3 and not exceeding 8" wide 29

Bill No, 4
H
cub,ft 3,00 57.00
cub, £t 3,00 45.00
Lin,ft 0.23 25,07
Lin, ft. C, 50 35.50
Now 0.40 14,00
Yo, 1.00 10,00
Fo. 40.00 40.00
Hoe 36.00 180,00
Sqeyd 0,90 88,20
Sq' ;Yd. 10 30 9-10
Line.yd 0.15 4,35

Carvied to COLLECTION

N 508,22



’

I

Superstmicture (contd,)

2

PATNTTNG
INTERNAL WORK.
Prepara, prime and paint 4vo copts of emulsion

Baint 0118

Rendered wall ] 103
Prepare, prime and paint two undercoats and
one Uinishine coal of gloes paint on
metalwork

General surfaces 9
Burfaces not exceeding 3% girth 30

Knot, prime, stop and paint two undercoals angd
one finishing coat of gloss paint on woodwork

General surfaces 41
EXTERNAL WORK

Prepare, prime and paint two coats of emmlsion
paint on:

Fair faced blockwork 103
Prepare, prime and paint two undercoats and

ope finighing coat of gloss paint on
metalwork

General Surfaces 9
Surfaces not exceeding 3" girth 30
Surfaces over I" but not exceeding 6" girth 6

Knot, prime, stop and paint two undercoagts and

one finishing coat of gloep paint on
woodwork

General surfaces 32

Sge 3d

Sq ] yd-‘
Tin.yd

B‘I [ yd'

Bae yd

Sqe yd
Lin,yd
Lin.yd

Oce yd

27,

N
0.58  59.74
0,60 5.40
0.10 3.00
0,70 28,70
0.58  59.T74
0,60 5.40
0,10 3.00
0.15 .90
0.70 22.40

Carried to COLLECTION N 188,28

GOLLEGCTION

Fage 4
Page 5
Page 6

SUPERSTRUCTIRE
Carviced to SUMMARY

N
1427,96
508,22
188,28

¥ 2124,46




SUMMARY

NORMAL SOTIL CONDITIONS

Page 2

Bill Nee 2 Substructure I 371,32
Bill No, 4 Superstructure 6 2124.46

P ]

TOTAL = Normal Soil Gonditions
Carriad to FORM CF TENDER H'2495.78

e ——iieh

Note: The above total is converted o a cost per
square metre of floor area by dividing the
gross cost by the gross floor area of the
building.

28.
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CHAPTER 5
HISTORICAL COST IOSTHCD

SOURCE, COLLERCTION AND PROCKSSING O DATA:

Objcet of Method
The object in using the historical cost method, ji.e. analysis war to try

t0 overcome gome of the drawbacks of the synthesis method. The latter
results in their present form, do not reflect all changes in market
sonditions or changes in productivity. Market conditions are reflected
in the unit rate method to the extent that it dees account for the
effect of supply and demand on material prices, However, it does not
meagurs the offect of supply or demand on contractors organisations in
terms of the mumber of new contracts being placed compared with the
contractors average cutput. A large quantity of new work will force
up prices whereas a chortage of work will bring prices down., To obtmin
cost date which included these factors it was nccessary to analyse "all
in costs" of completed buildings. Ideally, this would be an analysis
of contractors accepted tenders, However, due tc the wide variation
in technical expertise from contractor to contractor the quality of thie
type of ccet data would depend primarily on the expertise of the
techniocal staff employed by cach contractor. Seeley2 says that the main
source of cost information, comtractors prices, is itself subjcot to
considerable variation from contractor to contractor, district to
digtrict, and job to jcb and over periods of time, Skilled
judgement is therefore necessary when extracting and using cost
information from priced bills of quantities, obiained as a resull of
competitive tendering., To overcome this problem the International
Develcpment Asmocilation projects were used. The "all in” costs for
these projects were prepared by professional firms of quantity surveyors
in Nigeria and conld all be relied upon to be reasonably accurate,

i

The Internationgl Davelopment Assgociaticn Programme

In 1965 an international firm of Consultant Architects and Quantity
Surveyore Robert Matthew, Johnston-Marshall and Partners based in

- Edinburgh were commissioned by the International Development Association

an asgocizate of the World Bank ic act as overall consultants for an

", ‘educational expansion programme in Nigerla comprising some 220 building

contracts_oovering new projects and or extensions to exisiing schoecls
and colleges, To implement the programme they sent a team of
congultants to Nigeria who investigated locgl systiems of conetruciiion,

foundation/
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foundation preblems, climatic condition and space reyuirements in
Educational Institutions. From their investigations the team produced

a guide to the design of educational buildings in Nigeria.l5

which laid
down standards for construction and space per pupil for each type of
education building. It also listed areas where Foundation probleme could
be expected, On the assumption that, generally, the climate in tropical
countries is an enemy of effisiency in schools it divided the ccuntry
into climatic zones and specified the comfort limits which must be
achieved in each area, These limits conlirolled temperature, humidity
and the through passage of alr at wvariocus times of the day and seascon,
Depignere were required to achieve these limite by natural ajr-
conditioning, i.e. by the use of suitable forms of construction,
gpecified areas of fixed and adjustable ventilation and by attention to
wind and sun shading. They also prepared a procedures guide which laid
down methods of implementing the degign proposals and controlling
expenditure on the projects.l6 This guide reguired the quantity
surveyors to provide a full cost plamning service on cach project,

To further implement the programme local firms of Arehitects, Engineers
and Quantity Surveyors were appoinied to design and cost control the

various projects in accordance with the Design and Procedures guides.

Format of Information

The consultant quantity surveyors prepared detailed cost analysis for
each projects. The information wes presented on standard proforma shown
in fige. 5,01 =~ .03. Fig. 5.0l is an analysis of the "All=in'" cost of
s completed project. Figs 5.02 is uscd to analyse the "all=in" costs of
each building in a project, The analysis is preasented in elemental
form, i.e., each of the main eclements of a building such as work up te
ground floor, frame, roof ete, are costed separately and added together
1o give the gross cost. Fige 5.C3 gives specification notes for each
building. Sets of these proforma were prepared at sketeh degign and
detail design stages, In a few cases it was also done at contract award
stage and it was intended that some would be done at fimal account
stage. However, due to the situwation in th¢ country between the

years 1966 = 1970 the duration of the projects was extended beyond

that originally envisaged and the procedures had to be curtailed in the

interest of reducing costs.



%04 Source of Infoermation

5405

The cost data on this programme was obttained partly from the
profeppional offices who prepared them and parily from the offices
of Robert Mgtithew, Johnson-Narshall and Partners in Kaduna and Lagos,

Collection of Information
The detailed cost data obtained for this programme covers about 50% of

the projects invelwved. It is contained in seven volumes which are
provided in support of this thesis. Initially the information wae
collected by students from the Kaduna Pelytechnic College in 1971
and 1972, who while on vacation employment with thc MHinistry of
Works and Housing in Keduna were attached to the offices of Robert
Matthew, Johnson=Marshall & Partners in Kaduna and copied the
information on to blank forms. Later some was collected by quantity
surveying students from Ahmadu Bello University, Zaria, while on
vacation employment. Later still two further box files of data were
received on loan from the Lages office of the overall consultants.

The locgtion of the projects for which cost data was obtained are

ghown on the map of Nigeris in Fig. 5.04.

31.
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5.06 Processing of Information

With the historical cost method the processing was a very simple
activity as all the analyeis work had already been done by ihe
consultant quantity surveycrs, The results are in elementazl form
and expressed as "zll-in" costs in Nigeris shillinge per sguare

foot of floor area. These rates are converted mathematically to
"all=in" ocsis in Naira per metre squared of floor area. Lagos 1967
at a cost of N72,81 per m2 is taken as the base location and date.
All the cosis per m2 are related to this base and expressed as an
index,



33.
HISTORICAL COST ANALYSIS SHRRET

1,01} Region (note 1) NORYi s
1,02f Type of School SECONDARY -
1,03] Name of Schocl GOVERNMIIUNT GIRLS
' COLLKGIE
1.04] Type { new* /major* /minor }
1.05] Minimum net teaching area T -
1,06] MNumber of pupils : No,
1.07] Minimum net teaching area per pupil (1.05 & 1,06) Bols
1.08] Proposed net teaching area (note 2) 8, T,
1.09; Propcsed net teaching area per
pupil : (108 & 1,06) N
1,10{ New boarding places
1l.11] Maximum puplle served per meal from new
kitchen -
1,12| Total cost of buildings Phase I (ageregate total of 2,14 |.. |
column ¢) LA
1l,13|] Total cost of site preparation and external
works Phase 1 (note 3) SN11, 684
1,14| Total estimated cost excluding feeg (1,12 + 1,13) EN96,118
1.15| Total walue of preliminaries &N 307
le16} Total value of contingencies £N 1,300 1
1.17| Percentage of preliminaries {1415 * 1,14 x 100) 0,385 1
1,181 Percentage of contingencies (1,16 * 1,14 x 100) 1, 35
1.19{ Special costs (note 4)
(a) Special costs relating to tuildings {elements B ~ 0)
3 No. Matrons Guarters & N
{b) Special costs relating to site preparation and
external works
Diversion and extension of fencing 43%
Additional draginage to pipeaffluent from site 1,57
Addition of stabilization pond including fence | 4,460
TN Gy Al
1,20 Sperification notes of site preparation and external works {note b)
Site clearance, drainage, roads and paths, externsl walter ang
electrical distribution, diversion and exteneion of existing
hovndary fence and proviejon of gtabilization pord beyond tho sile,
1,21} Architect D Gillies-ltoyburn
1,221 Quantity Surveyor Widness & Trollope
1,231 Consulting Engineere M,0,W. Kano
1.24] Form completed by Widness & Trollope
Date 22nd May 1970

1.25

FIG, 5401
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HISTORICAL COST

ANALYSIS SHEET

2,01 | Building name or reference DORMITORY
2,02 | Type of accommodation (note 6) D
2,03 | Number of similar buildings 3
2,04 | Maximum number of storeys 2
2,05| Total ground floor area (note 7) 11,890 s.f,
2.06 | Aggregate of upper floor areas (note 7) 94930 B.f,
2,07 | Total floor area (2,05 + 2,06) 21,820 s,f,
2,08 | Area of enclosing walls (note 8) 24,380 s.f,
2,09 | Volume of building (note 9) 243,800 c,f,
2,10 | Wall/floor ratio (2.08 * 2,07) 1,11
2,11 | Average storey height (2,09 + 2,07) 100"
2.12 | Value of contingencies (note 10) £N 1,022
2,13 | Value of preliminaries (note 10) £N 288
2,14 | Elemental analysis (note 11) |Element Element unit | Element |Cost per e,1
) quantity |rate coet floor arca
a b=cég c d =c 22,07
B |Work to top of ground
floor. 11,890 s.fd 14,1 8,814 | 8.1
C Frame ' f
D Reof 14,394 13,2
E Upper Floors ! 8,262 7.6
P |External walls ) 21,552 19.7
G Internal walls 14658 1.0
H Fixtures and fittings 6,864 6,2 .
J  |Plumbing installation | 2130 203 1
K Electrical installation 2,475 2.3 {
L Gas installation
M Air handling installation Cels 1
N Other services i
0 |Telephone installation No, |
Totals 23150 69.4
2.15 | Date of tender JANUARY 1970 |
2,16 | Type of Tender SELECTED }
2,17 | Contract starting date MARCH 1970 i
2.18 | Contract completion date DECEMBIER 1970 i
2.19 | Name of Contractor A.G. GERRARD & CO LTD '
2,20 | Address of Contractor P,0, Box 125 Kaduna i
Note: Items 2,15 to 2,20 are applicable only to the cost analysis of the

contract sum.

FIG, 5,02
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35.

2,23

HISTORICAL COST ANALYSIS SHERT

Specification notes (note 12)
Code Ttem Description
B Ground floor construction 6" Concrete
Ground floor finish 13" Granolithic
D Reof structure Steel and timber.Concrete slab over
staircase,
Rainwater plumbing Asbestos
Reof finish Aluminium. Felt over staircase
Ceiling beneath roof 4" Insulation board and polystyrene
Render cver staircases,
i Upper floors structure 4" reinforced concrete
Staircase structure Reinforced concrete
Upper floors finish 15" Cranclithic
Ceiling beneath floors Render
F External walls structure 9" hollow block (9" cavity walling
to Matrons)
Windows Louvres, concrete screens, Mosquito
proofing
External doors Ply faced flush
External walls(ext.finish) Render
External walle (int. finish)| Render
G Internal walls structure o" load hering on ground floor and
9" x 6" hollow
Internal doore Ply faced flush
Internal walls finigh Render
H Fixtures and fittings Terrazzo worktops, lockers,
shelvings, Cupboards
J Cold water plpework CGalvanized
Hot water pipework "
Waste pipewcrk "
Soil pipework Agbegtosn
Sanitary Tittings 27 WeCo = 27 L,B = 12 sink ~
3 Bath -~ 24 showers
K Electrical wiring Goncealed

FIG. 5,03
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6402

CHAPTER 6
COST DATA 1967 ~ 1974

Format of Data

The source, collection and processing of the cost date are described

in Chapters 3, 4 and 5.

The total cost of each building is expressed in terms of its cost

per square metre of floor area and is listed according to location and
dates The data is then converted to indices using a suitable base in
each case, FEach Index is followed by a statistical analysis to check
its reliability for use in forecasting future costse. The characteristics
of the results are summarised and described in Chapter 7.

1.D,A, Historical Location Cost Data: 1967

The location cost and the location index for all buildings for 1967

are shown in Fig, 6,01 and the statistical analysis is shown in

Fige 6402 and a histogram showing an overprinted distribution curve is
shown in Fig. 6.03. The significant statistical measure is the
coefficient of variation (c.var).  This is the standard deviation
expressed as a percentage of the mean, Assuming the population is
normally distributed a coefficient of variation of lees than 105

is necessary for a 95/ certainty in any prediction, This calculation is
described in Chapter 7. For 1967 Vs = 14,9863, This is well above

10% but is one of the best results achieved for historical cost data.
The ranges are also found to be very high. In 1967 it was Tl. The
1967 data is expressed in terme of costs of all buildings as the sample
was not large enough tor allow for further stratification,

Where there are a mumber of prices for the same type of building in the
same location this is due to differences in design solutions from
different architects,

37.
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All Buildings 1967

(i) Location Cosis 1%/ Floor area
(ii) Location Index Lagos = 100
LOCATICN coaT INOEX LOCATION CosT TNDEX
/o WAL
Classroons Co
l. Mubi 69.62 96 15. CGombe 79.33 109
2, Gombe 7229 | 99 16, CGombe 78,79 108
3. Maiduguri 70,24 | 96 17. Maidugari 64.85 89
Administration Block 18, Maiduguri 67«35 93
4 Mubi 78,84 | 108 19, Maiduguri 66475 92
Se DMubi 79.98 | 110 Schools
6. Mubi T2,13 | 100 20, Gomhe 78.62 108
T+ Gombe 85,67 | 118 21, Azarc 86,36 g2
Dormitories 22, Yola 94.27 129
8e Mubi 62,63 86 23, Kaduna 61449 84
9. DMubi 53.64 T4 24, Mubi 101.04 139
10, Maiduguri 49.81 | 68 |25, Maiduguri 75,67 104
Assembly Halls 26, Lagos 72,81 100
11, Mubi 81,11 | 111 '
12. Mubi T7.26 | 106
13, Qombe 75,18 | 103
14. Maiduguri T1e97 107

FIG, 6,01
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Statistical Analysis A.B., 1967

HISTOGRAM

OFFSET= 0,5

CELL WIDTH = 12

DATA |
CONSTANT SUBTRACTED 70O

26,0000

29,0000

26,0000

38.0000

40.0000

30, 0000

48,0000

16,0000

440000

~2,0000

41,0000

36,0000

33,0000

I 37,0000
.. 39,0000
38,0000
19,0000
23,0000
22,0000
38,0000
22,0000
59.0000
14,0000
69,0000
34.0000
30,0000

¥ =26

MEAN = 101,1154
STD, DEV = 15,1534
SKEWNESS =  0.1717
KURTOSIS =  3.4256
XMIN = =~2,0000
XMAX =  69.0000
RANGE = 71,0000

C.VAR = 14-9863

CELL # LOWER LIMIT NO. OF OBS HELATIVE PREQ
1 -5, 5000 2 7.69231
2 6.5000 2 7.69231
3 18, 5000 9 34,61538
4 30, 5000 10 318, 46154
5 42,5000 1 3.84615
6 54+ 5000 1 3.84615
T 6645000 - 1 3,84615

Pig, 6,02

39.



EACH X = 0,96 PERCENT

=5« 3000

65000
18,5000
30,5000
42,5000
54. 5000
6645000

! 78,5000

., *
900800 ¢4
. *
196849808 *
#*
RO X OO BRI XXX Y
*

X 3OO SO X RN * XX XX XX
»

XXX *

FIG, 6.03



| 6403 I.D.A. Historical Location Cost Data: 1068

The location zosts per square metre of floor area, the location indices
and the statistical analysis for 1968 are shovm in Figs, 6,04 to 6.19,
The samples available for 1968 are very much larger than those for 1967,
A8 a result separate indices are provided for classrooms, administration
blocks, zssembly halls, and housing. These are then collected and
expressed as indices for secondary schools and finally all schools,

The purpose of thisstratification is to see if by using an index which
compared the costs of the same type of building or the same type of
school, the results would be better than those obtained from an index
comparing all buildings irrespective of type or function, The results
were in fact betters, For all schools Ve = 40; sgecondary schools Ve=30;
housing Vs = 1%; assembly Halla Ve = 21; administration blocks Ve = 24
and classrooms Vs = 22, These Tigures are conegiderably in excess of
the 10% 1imit, Nevertheless stratification eeems to improve the
resalts and as Wrobell4 says it supports the common scnse viewpoint

and reinforces the dictum that like must be compared with like., The
ranges contimie to be very high., From 26 for housing to 159 for all

gchools,



lassrcoms 1968
2
(i) Locabion Costs M /Floor Area

Lagog = 100

{ii) Location Index,
LOCATION COsT INDEX
. NAE
1o Makurdi 42,41 91
2. Lafia A%¢35 97
3e Makurdi 45435 97
4o Makurdi 41,66 89
Se Lafia 45.2) 97
6e Lagos 46,82 100
To Zarda 6702 143
84 Kano 62,11 133
G Llorin 55.83 119
10, Ilorin 59+ 20 126
11, Bauchi, 68465 147
12, Maiduguri 66480 143
13. Yola T4e 87 160
14, Sapele 48,63 104
15. Sapele 37«03 79
16, Sapele 45667 98

PIC. 6404

42,



STATISTICAL ANALYSIS CLASSROOMS 1568

HISTOGRAM

OFFSET = 0.5

CELL WiDTH = 13

DATA

CONSTANT SUBTRACTED 78

13,0000

19,0000

19.0000

11.0000

19,0000

22.0000

65,0000

550000

41,0000 . , .
48,0000 S B
69,0000

65.0000

82,0000

26,0000

1,0000

20.0000

N = 16
MEAN - 1132.9375
8TD, DEV, = 24.7857

SKEWNESS = 0. 4074
KURTOSIS = 1.6213
XMIN = 1,0000
XMAX = 82,0600
RANCE = 81,0000

CLVAR = 21.7537

CELL # LOWER LIMIT NO.OF OBS % RELATIVE FREQ
1 =64 0000 1 6425000
2 740000 5 3125000
3 20,0000 3 18, 75000
4 33,0000 1 6025000
5 46.600G 2 12,50000
6 5940000 3 18.75000
7 72,0000 1 6225000
EACH X = 0,78 PERCENT
- 6,0C00, *
SKKKKXIRK *
7.0000, *
o XXX XOOOOCRRK X RERXX * KKK KK KRR XXX KX KKKK
20,0000, *
o XKXXKXKXRKROXKIK KN XEIKK *
33,0600, *
o KXXXKXXX *
4640000, *
o KXEXKKXXXKKXKKKX *
5940000, *
» KXXXKEXXIOOK KX # XXX LXK KKK
72,0000, *
o KKEXXX*X
85,0000, ¥ e e

S T

43.
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Administration Blocks 1968

(i) Location Costs Mz/Floor Area Lagos = 100
{1i) Location Index

Location Cost Nsz Index

1, Makurds 51,24 81

2, Lafis 51,66 81

3e Makurdi 39.18 62

Vi Lafia 50,48 80

Se Maiduguri 63.40 100

6. Azare 82,90 131

Te Yola 17416 122

84 Maiduguri 67,42 106

e Maiduguri 72,31 114
10, Azare 84420 133
11, Zaria 93,89 148
12, Ilorin 61,00 96
13, Sokoto 83.86 132
14e Lagos 63,40 100

FIG. 6,06



STATISTICAL ANALYSIS AD. BLOCKS 1968

OFFSET = 0s5

CELL WIDTH = 14

DATA

CONSTANT SUBTHACED 61
20,0000
20,0000

1,0000

19,0000
39,0000
70,0000
6100000
45,0000
53,0000
720000
87,0000
35,0000
71,0000
39,0000

N 14
MEAN = 106,1429
STDG DEV. L
SKEWNESS -
KURTOSIS
XMIN
XMaX =
RANGE

CVAR =
CELL #

25,0349
~0,0335
= 1‘?388
1,0000
87,0000
86,0000

23,5861
LOWER LIMIT

=60 5000

T« 5000

214 5000

35, 5000

49,5000

6734 5000

77 5000

EACH X = 0,54 PERCENT

=5,5000 o *
o XXX KKK KRR
745000 *
o K XX KK KX XXX KKK KKK KKK
21,5000 *

Noo OF OBS
Te14286
21,42857
7.14286
21.42857
14,28571
21.42857
Tel4286

I o N
P N e

*

é

355000

49,5000
63,5000

é

*

OB EEES 0000000 00.006000.9.04
*
TR XXX XU X O OO A X R XXX
T7«5000 *
AZXRXEFRALILK *
*

m % % % g & B 8 9

91,5000

% RELATIVE FREQ

* %

FIG, 6,07
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Assembly Halls 1968

() Location Costa ME/Floor Ares,

(11) Location Index Lagos = 100

LOCATTON COS'T TINIX
mfuz

ie Makcdi 1¢2447 143

2, Lafia 57,08 79 {
kR Malcondd 65402 91
4o Lages 71,80 100

Se Zarie 63465 97 -E
60 Kano 71,58 100 |
Te Tiorin 59.84 83 \ :
8o Ilorin 99.89 139 - |
9, Ban:hi 68,06 95 i
106 Azare 55.01 T7 |
11, Yola BOe17 12 L.
12, Bauchi 7702 107 %
12, Bauchl 68,67 96 L
14, dzare 5145 T2 .i '
15, Sckoto 89, 30 124 i

FIf., 6,08



STATISTIZAL ANALYSTS A. HALLS 1968

HISTOGRAM

OFE‘SET = O. 5
CELL WIDTH = 12
DATA
CONSTANT SUBTRACTED 71
T240000
8.0000
20,0000
29 ¢ 3:’00
26,0200
29,0000
1269000
68,0000
240000
6,0000
41,0000
36,0000
25,0000

N = 15
MEAN - 1101,0000
SE[.TD . DEV. = 2 1 » 209 8
SKEWNESS 066049
KURTOSIS 242675
XMIW 10000
bALIN S 720000
RANGE 71,0000

GoVAR = 20,9998

CELL # LOWER LIMIT  NO, OF OBS  YREIATTVE FREQ
] =5e 5000 1333333

65000 . 13.33333
18, 5000 40,00000
33, 5000 13433333
4245000 6. 66667
246 5000 0, 00000
666 5000 13.33333

EACH X = 1,00 PERCENT

=5 5000 ¥
o KUK XX XK H* XK
645000 o *
XXXXAIXKIALEX  *
18,5000 . *
o F K ORI XK R KR K K XK X X K
305000 *
 KEXKKEXXX XKLL *
425000 , *
o XKXXKX *

5445000 *
*

A8 na ki

LAV

~3 A B o
OGN

6665000 o *
Boecoeveervesd
78,5000 . *

"T0e 5209

47,



- R fa Ty
Homsing 1988

(1) Location Costs M?/F.ccr Area.

(i) Location Index - Lagos = 100
LOCATION COST THDEX
- N/
1o Makeordi 5T«C5 s pah i
2o Malonrdd 59409 115
3 Maidageed . 75478 147
Ao  Pazoipi 72413 140
5¢ Azare _ 65.07 _ 126
6e  Yola _ 76,69 149
7o  Bauohi 67.74 - 132
8. Yola - 75695 “ 148
%  Oyo 50459 1 98
10e  Two - 50456 98
11, lagos : Sle44 100
12. Tlorin i 56435 110
13,  Tlorin o 65487 128
14 Sapele 57,63 112
1%, Sapele 55400 107

FIG. 6,10




STATISTICAL ANALYSIS HOUSING 1968

HISTOGRAM
OFFSET _ - 0e5
CELL WIDTH - 9
DATA
CONSTANT SUBTRACTED 97
14,0000
18,0000
50,0000
43,0000
29,0000
52,0000
35,0000
51,0000
1.,0000
1,0000
13,0000
13,0000
31,0000
15,0000
10,0000
N - 15
MEAN = 121,4000
STD. DEV. = 18,4693
SKEWNESS = 0,2383
KURTOSIS = 1.4527
MIN = 1.0000
XX = 52,0000
RANGE = 51,0000
C.VAR = 15,2136
CELL LOWER LIMIT  NO. OF OBS  YRELATIVE FREQ
1 =4.0030 3
2 50000 2
3 14.0000 3
A 23,0000 2
5 32,0000 1
6 41,0000 1
7 50,0000 3
FACH X = 0,50 PERCENT
"'4- Q000 *
« XXX XX XK X OO KX XX KX XXX XRAKK
5,0000 *
ID'0605 00000006000 ¢o000 0009 S
14,0000 . *
D 56000 0 E00800000EIEIOEOITEIIIEEPIEEOLI
23l OOOO . »*
o XXX R KX KRR KX KK *
320 OOOO . *
o XXX AKX *
41 00000 . *
D000 6409801 *
50,0000 *
o XXX X XK KK X XXX KX KKK
59,0000 , *®

20, 00000
13,33333
20, 00000

13.33333
6. 6E66T
6. 66667

20, 00000

FIG. 6s11
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Secondary Schools 1968

{i) Liocatlon Costa Mz/Floor Area

i3) Loecation Yrndex Lagos = 100
LOCATTON COST N/M INDEX
le Lafis 10642 131
2. Faieing -~ Ala 63,95 79
3s Katsina = Ala 7359 87
4e MNalousdi 85eTT 105
56 Beivchi 76625 94
6, Gombe TTeT2 95
7. Uombe 78002 97
8. Azare 83,46 103
Qe Azure B85, 35 106
10. Banohi 83,43 103
1ls Yola 87.81 108
12. Yola 9427 116
13 Yola 20,80 112
14, Xano 57 TT TL
15, Ilorin 63467 78
16s Kaduna 61,49 76
1Te Zaria 46439 57
18, Zaxia 60429 74
19. Lagos 81,40 100
2C. Oyo 40,16 49
21, Abeckuta 99,14 122
22, Abeckuta 15,86 56
23, Ogbo 99,14 122
24e Shagamn 99,414 122
25, Orde 99,14 122

FIG. 6- 12

0.



STATISTTOAL ANALYSIS SEC. SCHOOLS 1968

HISTOGRAM

OFFSET = Oa5
CELL WIDTH = 14
DATA
CONSTANT SUBTRACTED 46
85,0000
33,0000
41,0000
59.0000
28,0000
49,0000
51,0000
570000
60,0000
5740000
6240000
70,0000
66,0000
25,0000
32,0000
30,0000
11,0000
28,0000
5440000
3.0000
76,0000
10,0000
6. 0000
7640000
7660000
39.0000
1.0000
10,0000
13,0000
8.0000
10,0000
14,0000
22,0000
35.0000
1640000
51.0000
22,0000
13,0000
13,0000
13,0000
17,0000
13,0000

FIG. 6.14
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53.

N = 42
MEAN = 82,7857
STD. DEV, = 2446414
SKEWNESS 043133
KURTOSTS = 1,6944
XUIN = 1,0000
MAX = 8540000
RANGE = 84,0000
CUUAR = 29!7652
CELL # LOWER LIMIT NO. OF 0BS
1 =64 5000 2
2 Te 5000 13
3 21,5000 8
4 3545000 4
5 49 5000 8
6 634 5000 6
T 775000 1
EACH X = 0,77 PERCENT
=64 5000 , »

JHXXXXX  *
Te5000 *

D9 90.009.0009 049080 F0.LD 00905006009 900 908
2145000 *

« OO0OCCO00OCOCO000000XK. - *
3545000 & *

o KAOOOKKCAKAK “
4945000 *

o KOO XXKK KX RKH KA XK KXK* KK
6345000 « »

o KCOCKIOCX* X000
1745000 o *

oJOOL *
91,5000 » ¥

JRELATIVE FREQ

4,76190
30.95238
19.04762

9.52381
19.04762
14428571

2438095

FIGe 6415
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Al1 Schools 1968 _ Lagos = 100
(i) Location Costs M?/Floor Ares
(ii) Location Index
LOCATION L ;3;2 INDEX
le Lafia 106,42 131
2, Kateina Ala 70,59 87
3. Makurdi 85,77 = 105
4. Pankshin 83,98 _ 103
Se Bauchi 76.25 94
Ge Combe T7.72 95
Te Azare 162,46 200
8. Bamchi 83,48 103
9, Yola 87,81 108
10, Yola 90.80 112
11, Mubi 92,80 114
12, Maiduguri 78455 96
13, Gombe B87.17 107
14. Numan . 83,23 102
15. Maiduguri 73,48 90
15, Kano 5TTT 71
17, Tlorin 63437 78
18. Pategi 100,04 123
19, Zaria 60,29 T4
20. Soba 86.59 . 106
21, Mashi 64445 79
22, Zaria 88,57 109
23, Lagos 81440 100
2de Ljebu Ode . 57213 70
25, Oyo 58,70 72
26, Oyo 40,16 49
27. Owo 58,70 72
28, Tbadan 33417 41 _
29, Toadan 33,17 an |
30, Abeckuta 99,14 e

FIG, 5.18
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All Schools 1968 (contd,)
LOCATTON Coa TNDEX
N/M2

3l. Abeckuta 32,17 41
32, Ogbomosho S%9.14 122
33. Ogbomosho 33,17 41
34. Shagamu 99.14 122
35 Ondo 99.14 122
36. Ondo 33,17 41
3Te Tkare 33,17 41
38. Ilaro 33.17 41
39. Ife 33617 41
40,  Ado=Ekiti 33,17 Q
41, Ijebu=Ode 33.17 41
42,  Ilesha 33,17 41
43 Tddo=Ekiti 33,17 41
44, Sokoto 9773 120
45 Bida T6e52 94
A6, Sapele 6l.76 16
47. Benin 69,08 85
48, Agbor 38.41 47
49.  Effurum 48.41 59
50, Emeror 45.48 56
5l. Irrua 55.70 68
524 Sabongida=Ora 66426 81
53 Igara T79.03 97
54 Ubulu = Uka 55«70 68
55 Uromi 48,41 59
564 Benin 48.41 59
5T« Ozoro 48,41 59
58 Bomadi 51.45 63
59 Ashaka 48,41 29

FIG. 6,17



STATISTICAL ANALYSIS ALL SCHOOLS 1968

HISTOGRAM

OFFSET = 0.5
CELL WIDTH = 15
DATA

CONSTANT SUBTRACTED 40

91,0000
470000
6540000
630000
54,0000
550000
16040000
63,0000
68,0000
72,0000
740000
56,0000
6740000
62,0000
50,0000
31,0000
38,0000
83,0000
34,0000
66,0000
39,0000
69,0000
6‘0.0’000
30,0000
32,0000
9,0000
32,0000
1,0000
1,0000
82,0000
1,0000
82,0000
1,0000
82,0000
82,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1.0000
1,0000
80,0000
54,0000
36,0000
4540000
7.0000
19,0000
16,0000
28,0000
41,0000
. 570000
28,0000
19,0000
19,0000

mTM £ 2l

564




19.0000
23,0000
19,0000

N = 59

MEAN = 81,0169 s
STD., DEV= 32,3198 o
SKEWNESS= 0.7531
KURTOSIS= 4.,0967

XMIN = 1,0000

XMAX = 160.0000

RANGE =  159,0000

C.VAR = 39.8926 o

CELL #  LOWER LIMIT NO. OF 0BS “RELATIVE TREQ
1 ~7.0000 13 22,03390
2 8, 0000 7 11, 86441
3 23,0000 9 15.25424
4 18,0000 6 10,16949
6 i 68,0000 9 15,25424
7 83,0000 2 3.38983
8 98.0000 0 0.,00000
9 - 113.0000 0 0, 00000
10 ' 128,0000 ) 0,00000
11 123.0000 0 0, 00000
12 158,0000 1 1,69492

EACH X = 0,55 PERCENT

~7.,0000 , *
D004 008000000000 0000P0ECIIEIIINEOEI
8.0000 . *
o KX XK XX KX KK *
23,0000 , M
o XXX XU X XXX XXX *
38,0000 . *
» KEXXXX XA TR XXX ALKXX *
53,0000 . *
o KX XX XK XX XXX XXX XXX * XXX XK
68,0000 . *
D EEE 0000000000000 00C0 000001
83,0000 , *
JKEXXEKX %
98,0000 . %*
. *
113,0000 , *
- *%
128,0000 o *
.* L
143,0000 o*
.*
158,0000 *
o ¥XX
173.0000 *

FIG. 6419



6,04

6.05

6,06

6,07

58,

1,D.A, Historical Location Cost Data 1969

The location cosis per square metre of floor area, the location indices
and the statistical analysis for 1969 are shown in Figs. 6.20 to 6.32,
Separate indices are provided for classrooms, administration blocks,
assembly halls, housing and all schools, The values of v range from

9% to 26k,

I,D,A, Historical Location Cost Data 1970

The location cosis per square metre cof floor area, the location index
and statistical analysis for 1970 are shown in Figs. 6.33 and 6.34.
The sample for 1970 was too small to stratify, The value of v was

24%,

Unit Rate Data: 1972, 1973 and 1974

The location costs per square metre of floor area, the location
indices and the statistical analysis are shown in Figs. 6.35 to 6.39.
The statistical results are very good with values of v of 4% and 5k,

Time Scales
The time scales are shown in figy 6,40



CLASSROOMS 1969 Lagos = 100

(i) Location Costs Mz/Floor area

(ii) Location Index

LOCATION cosT INDEX
N/ue

l, Makurdi 47.20 106
2. Makurdi 48.33 109
3, Zaria 64410 144
4., Zaria 60.90 137
5e Sabongida = Ora 41.70 94
6. Benin 49,51 111
T. Sabongida = Ora 44.46 100
8. Igara 48.44 109
9. Igara 53.82 121
10. Kano 99.74 134
11. Lagos 44.46 100
12, Ijebu = Ode 47.72 107
13, Ijebu = Ode 63,70 143
14, Ilorin 53437 120
15, Okene 61,24 138
16, Okene 61,47 138
17 Gombe 57.52 152

FIG, 6.20



STATISTICAL ANALYSIS CLASSROOMS 1969
HISTOGRAM
OFFSET = 0¢5
CELL WIDTH = 9
DATA
CONSTANT SUBTRACTED 93
13,0000
16,0000
51,0000
4440000
1,0000
18,0000
740000
16,0000
28,0000
41,0000
7.0000
50,0000
14,0000
27,0000
45,0000
45,0000
590000
N = 17
MEAN = 121,352
STD. DEV = 18,3642
SKEWNESS = 041352
KURTOSIS = 1.4149
XMIN = 1,0000
m = 59-%00
RANGE = 5840000
Cl VAR = 15.1 fu—-’?
CELL LOWER LIMIT NO. OF OBS /RELATIVE FREQ
=44 0000 1 5488235
2 50000 3 17.64706
3 14,0000 4 23+ 52941
4 23,0000 2 1176471
9 32,0000 0 0,00000
6 41,0000 4 23452941
7 50,0000 2 11,76471
6 59.0000 1 5.88235

FIG, 06421
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STATISTICAL ANALYSIS AD. BLOCKS 1969

HISTOGRAM
OFFSET
CELL WIDTH
DATA

= 005
- 13

CONSTANT SUBTRACTED 77

STD. DEV,
SKEWNESS
KURTOSIS
RANGE
C.VAR

CELLA

e BLPA R LI ~ PV S

1,0000

9.0000
45.0000
6340000
64,0000
61,0000
71,0000
82,0000
580000
23,0000
2540000
18,0000
6540000

13

21,6865

122,0000
2644575
=0, 3113
1.4402
1.0000
82,0000
81,0000

LOWER LIMIT

-’6.0000

7.0000
20,0000
33,0000
46,0000
59.0000
72,0000

EACH X = 0,96 PERCENT

=640000

*

;

7.0000
20,0000
33,0000
4640000
590000

72,0000

*
p8.0.0.06.9900L) 0008

%%é*

*

?

85,0000

*

*
* X X

NO. OF OBS

HAUT RO

|
%

RELATIVE FREQ
T.69231

15, 38462

15, 38462
T+69231
7.69231
38.46154
T«69231

FIG,

6.24
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Assembly Halls lﬂéﬂ Lagos = 100
(i) Location Costs M?/Floor Area

(ii) Location Index

LOCATION CQoT INDEX
N/

l, Makurdi 73.26 109
2, Katsina Ala 60,96 91
3, Katsina Ala 62,75 94
4. Katsina Ala T4.38 111
5¢ Azare 54,98 82
6e Gombe 75.85 113
Te Zaria 15499 113
8. Zaria 69447 104
9. Sokoto 68,58 102
10. Kano 72,28 108
11, Lagos 67.03 100
12, Ilorin 68,16 102
13, Dekina 71.28 106

FIC. 6425

64.
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STATISTICAL ANALYSIS ASS. HALLS 1969

HYISTOGRAM

OFFSET

0.5

#

CELL WIDTH = 5

DATA

CONSTANT SUBTRACTED 81

L

i
MEAN =

ST, DEV

28,0000
10.0000
13,0000

1,0000
32,0000
32,0000
23,0000
21,0000
270000
19,0000
21,0000
30,0000

13
103.0769
94292

SKEWNESS = =0.7916

KURTOSIS

KMIN =
MAX =
RANGE =

EACE X
~2 0000
3.0000
840000
13,0000
18,0000
23.0000
28,0600

33,0000

2.4774
1,000Q
32,0000
310000

= 9-1478
LOWER LIMIT
=2, 0000

. 3,0000

b 8.0000

L 13,0000
18,0000
23,0000
28.0000

0,96 PERCENT

4

A
*
.

?

*
*

TR XXX R R XX RFX XL

BE0.88900.00090044

*
¥*
*

NOe of OBS

AN PG G e O

YRELATIVE FREQ
T+ 65231

0, 00000
7469231
T.09231

23,07692

154 38462

38, 46154

» EXCCXE XA XX KO IR KX XX XK XA X AKX XX
*

»

FilG, 6e26
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Hous
(1) Location Costs Mz/Floor Area Lagos = 100
(ii) Location Index
LOCATION COsT INDEX
N/H2
1. Makurdi 60423 119
2. Makurdi 64,68 127
3. Azare 6514 129
4. Gombe 59426 117
He Zaria 69- 21 137
6! Za-ria. 68.08 135
Te Kano 6T.31 133
8. Kano 54414 107
9e Lagos 53.27 105
10, Lagos 50, 60 100
11, Owo 45,81 91
12, Oyo 45.47 90

FIG., 6427




STATISTICAL ANALYSIS HOUSING 1969

HISTOGRAM

OFFSET = 05
CELL WIDTH = &
DATA

CONSTANT SUBTRACTED 89

30,0000
38,0000
42,0000
28,0000
48,0000
46,0000
44,0000
18,0000
16,0000
11,0000

2,0000

1,0000

¥ = 14

MEAN = 115,8333
STD.DEV = 16,9214
SKEWNESS = *0,2269
KURTOSIS = 1,3992
XMIN = 1,0000
MAX = 48,0000
RANGE = 47,0000

CeVAR = 14,6084
I OB3

=

CELL 4 LOWER LIMIT NOo
=3, 5000

445000

12,5009

20,5000

284 5000

3645000

4445000

EACH X = 0,63 PERCENT

I W N
NS b= = R =N

(RELATIVE FREQ

16466667
8433333

16, 66667
8.33333
8433333

25,00000

16,66667

FIZ, 6428
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All Schools 1969

(4) Leccation Coste HZ/Flccr Area
(44) Locatfion Index

COST

LOCATION A INDEX
N/
1le Katsina = Ala 63,96 80
22 Pankshin 84.14 105
3e Makop-dl 59.58 /o
4. Azare 83,46 105
Se Zaris 46,0 58
6e Moshi 6T« 52 85
Te Lagos 79.81 100
8e Sapele 78,40 98
Te Agbor 4557 57
12, Effuron 4424 55
11, Emeror 48.45 61
12, Irua 62,68 79
: G Sabonglia=Ora 50,10 €3
14. Igara 44.73 56
15. Ubula = Uk 62,68 79
16. Uromi 42,28 53
17. Berin 42,63 53
18, Ozoro 42,28 53
19, Bomadi 42,62 53
20, Ashaka 43,09 bl
21, Sckoto 83,39 04
22, Bida 87.90 110
21, Tjebu=Ode 58, 30 13
24 Oyo 36428 45
25 Owo 61,13 17
26, Ibadan 4727 59
27 Ibadan 46480 59
28, Abeokuta 45486 Y
29, Abeck:ta 46,80 59
30, Ogbomosho 48,98 61

s,

—— -

Gile



411 Schonls 1269 (eontd,)

C0sT
e B LT
3l. Dghomceho 50633 63
32, Dudo 47,02 59
33, Ondo 47,58 60
34 Alure 50617 63
35. Ikare Sle45 64
36a Tiaxo 46,80 52
37. Ile = Ife 46,80 59
8B, Ado=Ekliti 50,33 63
39, Ijetn =~ Oda 46,80 59
A0, Itecha 55 33 A3
4l Iddo — Ekibi 50433 63
42, Pategl 58,23 73
436 Ila I5420 119
Me Ilorin 64,66 81
45, Ckene 694 &5 88
A6 Deking T6a17 9%
Pils Ga W2

63 e
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STATISTICAL ANATYSTS ALL SCHOOLS 1969

HISTOGRAM
OFFSET = 0.5
CELL WIDTH = 12
DATA
CONSTANT SUBTRACTED 44
' 36,0000
61,0000
31,0000
61,0000
14,0000
41,0000
51,0000
5640000
54,0000
13,0000
17,0000
35,0000
19,0000
12.0000
35,0000
9,0000
9, 0000
G e OO0
9, 0000
10,0000
60,0000
6640000 -
29,0000
1,000
33,0000
1540000
15,0000
13,6000
1540000
17,0000
19,0000
15,0000
19,0000
20,0000
1540000
15,0000
19,0000
15,0000
1940000
19,0000
29,0000
75,0000
37,0000
43,0000 _
51,0000 -

FIde 6431



N = 46 :
MEAN = 71,6522
ST, DEV = 18,5942
SKEWNESS = 0,8788
KURTOSTS =  2,5676
XMIN = 1.0000
XMAX = 75,0000
RANGE =  T4.,0000
CaVAR = 2549506
CELL # LOWER LIMIT NO. OF 0BS HRELATIVE FREQ
1 =5, 5000 1 2.17391
2 6. 5000 19 41, 30435
3 ' 18.5000 g 19.,56522
4 o 30,5000 7 15,21739
5 42,5000 - 4 8, 69565
6 544 5000 5 10,86957
664 5000 1 2417391

EACH x = 1,03 PERCENT
=5, 5000 , *

X *
645000 , *

o OO0 K KX KK XX XXX R X XA R X
18,5000 ., *

o UK X KRR X KKK KKFK *
20,5000 *

» XXX KKKKX *
42,5000 . »

o FXXXXHXX. *
54.5000 . *

o XXX * XXX
66,5000 , *

o ¥

78,500Q « ¥

FIG. 6e32
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All Buildings 1970

(i) Location Costs b?/Fﬂoor Area Lagos = 100
(ii) Location Index
LOCATION e THDEX
H/Iv!z
Ls Lagos AT.15 100
2, Ilorin 58,07 123
3. Lagos 39.85 85
4e Lagos 40,41 86
5e Lagos 45449 96
e Lages Nil Nil
Te Ilorin 64,12 136
8. Lagos 51465 110
9e Lagos 53651 113
10, Lagos 52.74 112
11, Yaba 70,80 150
12, Tgobi 46.80 99
13. Badagry 46480 99
14. Lagos 90,09 191
15, Makurdi 60,22 128
16, Ilorin 99,24 147

FIG, 6,33
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STATISTICAL ANALYSIS ALL BUILDS, 1970

HISTOGRAM

OFFSET = 0.5

CELL WIDTH = 18
DATA

CONSTANT SUBTRACTED 84

16,0000
39,0000
1.0000
2,0000
12,0000
52,0000
26,0000
29,0000
28,0000
6640000
15,0000
107.0000
44,0000
63,0000

N =
MEAN =
STD. m.ﬂ
SKEWNESS =
KURTOSIS =
MIN =
MAX =
RANGE =

EACH X =
=84 5000
9 e 5000
2745000
4545000
6345000
81, 5000
9945000

15
118,3333
2845474
0.9799
32770
1,0000
107,0000
106, 0000

2441245

LOWER LIMIT
-8.5000

9+ 5000
2745000
4545000

63, 5000
81,5000

99. 5000

0.83 PERCENT

é

* g
*
¥

*

o X* 00X

117.5000 o*

NO,OF 0BS

HOFHNDBOUN

*
»

% RELATIVE FREQ
13, 33333
13,33333
26466667
13,33333

6. 66667
0.00000
64 66667

w

FIQ. 6434
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T4s

Classrooms 1772~ 1974
LOCATION RATE PER M°/FLOOR ARFA
1972 1973 1974
W N N
1. Lages 33.51 37.51 42,02
2. Tbadan 31.74 38, 30 =
3 Tlorin 33,16 37.61 38,24
4e Kaduna 33.55 38,72 41,13
Se Benin 33,88 38.34 45.46
6o Enugu 33,81 40,51 43,34
To Maiduguri 33,91 38,10 44,00
8. Sokoto 37.65 42,32 45.52
9e Kano 34,00 38.70 44450
10, Jos 34.71 38.09 -
11, Calabar - - 42,64

FIG. 6.35



Classrooms 1972 = 1974

LOCATION INDICES

T i
LOCATION EYE i 97311974 |
1, Lagos 100 100 100
2, Ibadan 95 102 -
3. Ilorin 99 100 91
4e Kaduna 100 103 98
Se Benin 101 102 108
6o Ermgu 101 108 103
Te Maiduguri 101 102 105
8. Sokoto 112 113 108
% Kano 101 103 106
10, Jos 104 102 -
11, Calabar - - 101

EIIG. 6. v’l‘:'l
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STATISTICAL ANALYSIS CLASSROOMS 1972

HISTOGRAM
OFFSET = 0.5
CELL WIDTH = 3

DATA
CONSTANT SUBTRACTED 94
60000
1,0000
50000
640000
7.0000
T.0000
7.0000
18,0000
7.0000
10,0000
N= 10
MEAN - 101, 4000
STD- DEY. L 4.3512
SKEWNESS = 1,1251
KURTOSIS = 4,0140
XNIN = 100000
XMAX = 18,0000
RANGE = 17,0000
CoVAR = 4,2912
CELLy/ LOWER LIMIT NO. OF OBS  JRELATIVE FREQ
1 =1,0000 1 10,00000
2 2,0000 0 0.00000
3 540000 7 70,00000
4 8.0000 1 10,00000
5 11,0000 0 0,00000
6 14,0000 0 0,00000
7 170000 1 10,00000

EACH X = 1,75 PERCENT

-1,0000 , *
« JOU0*
2,0000 *
*
*
UK XXX KX KOO XXX KO XK XXX KKK HNKK
»*
»

500000
8.,0000

11,0000

*

14.0000

*

17,0000
o X*¥XXX
20,0000 .*

FIG, 6,37
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STATISTICAL ANALYSTIS CLASSROOMS 1974

HISTOCRAM
OFFSET = 0.5
CELL WIDTH = 3
DATA
CONSTANT SUBTRACTED 90
10,0000
1,0000
8.0000
18,0000
13,0000
15,0000
18,0000
16,0000
11,0000
N = 9
MEAN =  102,2222
STD - DEV. = 5 - 4? 22
SKEWNESS =  =0,7051
KURTOSTS = 2,3169
XMIN =  1.,0000
XHAX = 18,0000
RANCE = 17.0000
C. VAR = 2+ 3532
CELL # LOWER LIMIT NO. OF OBS #RELATIVE FREQ
2 2,0000 0 0, 00000
3 5.0000 0 0,00000
4 8.0000 2 22,22222
5 11,0000 2 22,22222
6 1440000 2 22,22222
17,0000 2 22,22222
EACH X = 0,56 PERCENT
-1,0000 , *
o XX OO XX XXX XK
2,0000 , *
. »
5.0000 *
v ¥*
8,0000 . *
o KOO XK K nranaa XEXEX KX XA XX KK AXCLLKR AR
11,0000 , *
o ZXCK KX OO0 KX XX KK IO XX KR K%
14,0000 , *
o XXXX KR XXX KN KR XX ¥ KA RKKK
17,0000 , *
o KOO0 R OO X * XXX OO0 AKX KK
20,0000 , *
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CHAPTER 7

CHARACTERISTICS OF COST DATA

7.01 Reliability of Cost Indices

The accuracy of cost indices depends on the accuracy of the data on
which they are based. Stone 17 pointe out that extensive studies have
indicated that it is more or less impossible for an observer to choose
a truly representative sample,

Many variables affect the cost of a building. The most important of
these are listed in the introduction to this thesis. Any or all of
them may vary from one contract to another, In addifion to these
variables, to arrive at the cost of a building it is necessary to
synthesise the cost cf the several hundred work items needed to
complete the building. Each of these work items in addition to the

known basic costs of labour and material contain estimates of the amount

of labour required for the item, estimates of the amount of waste on
materiales and labour and in a nuber of cases estimates of the plant

required. Fortunately these tend to be compensating or unbiased variables.,
This is proved later on in the chapter when it is shown that when materials

with very high coefficients of variation are combined in a bill of
quantities they still produce all in costs with values of V as low as
4 or 5.

The cost of a building will aleso vary according to the type of
contract, ie, accurate Bills of Quantities, Approximate Quantities,
Serial Contracte, Negotiation etc,

Seoleyz says that for some years there has been a growing concern with
regard to the degree of reliability of available building price

indices in Britain. This concern stems partly from the lack of consistency
between various published indices and partly by their failure to indicate

the movement in building prices that experienced professionals in the
building industry felt, from their own experience to have occurred. An
additional and significant reason was the wide coverage of the majority
of indices without regard to specific locality or building type.

Sweett 18

indiscriminately from a bill of quantities to an estimate. Allowances
must be made for differences in tender dates, contract conditions,
regional differences, type of contractor, site conditions, availability
of local/

emphasises the point that cost data should never be transferred
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local labour and materials, any abnormalities in pricing and prevailing
economic conditions,

Southwell'? has also referred to the need to make adjustments for
differences in tendering keenness and price levels generally. The

only possible indication of the general keenness in tendering is the
closenesp of the tender figures, In some cases a very low tender is so
exceptionally low that it throws doubt upon its use as a basis for cost
analysis, Seeley2 says that for these reasons, probably the most
reliable information is that based on approximate quantities prepared
for each design and priced by an experienced quantity surveyor, who
will make allowance for relevant abnormal and local conditions,

It has bheen argued that an analysis of the second lowest tender would
provide a more accurate indication of real cosis on the ground that
this would eliminate an exceptionally low tender, It is considered
however that any advantage gained on a small proporticn of contracts
would be outweighed by the slightly high tenders used for the majority
of the contracts, It has also been suggested that the final cost of a
building should be used as a basis for analysis, This could be
misleading as the final cost is not known until all the work has been
completed and it may include for variations and increased costs of
materials after the date of tender, It is more reasonable to assume
that the amount of the accepted tender represents the actual cost

of the building at the date the tender is submitted, The
historical cost data used in this research is based on the pricing of
approximate quantities by experienced quantity surveyors,

Scuthuelllg has also described how the builder's price is the
building owners cost, and when we are using data provided by bills of
quantities for cost analysis, it is cost=to=client in respect of
elements of design rather than the cost—~te~contractor, with which we
are concerned. He has emphasised that the distinction between cost
and price is not merely an academic terminological issue, The fact
that there is lack of coincidence between the unit of production cost
and unit of design cost accounts for some part of the wide
discrepancy between unit rates in bills of guantities,

7,02/
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Statistical Analysis
The suitability of groups of cost data for use in the preparation of
cost indices can be checked by statistical analysis,

The statistical work comprises the investigation of the dispersion around
the mean of groups of building costs, The costs of the buildings are
expressed as costs per square metre of floor area. The costs of say

a number of classroom blocks would be gathered together as a representative
sample of a particular population of classroom block costs and various
statistical measures of the samples calculated, These statistical
measures would give the dispersion about the mean and an indication of
the shape of the population distribution, It was hoped that of the groups
of costs investigated some would have dispersions small enough so that

the mean costs could be used as a basis for estimating, The homogencity,
or resemblance, of the various groupe of cost is measured by calculating
the coefficient of variation = V = of eachs Thie is the standard

deviation expressed as a percentage of the mean,

standard deviation
LE Yeor == x100 - :'né x 100

It is used as a measure of the relative dispersion of a distribution, It is
assumed that any groups of cost having a '"W! greater than 107> would

not be useful for estimating purposes. A value of 'V' of 107% would mean,
assuming the population to be normally distributed, that for 957

certainty in any prediction the mean cost plus or minus 207% would have

to be used, This calculation is shown in Pig, 7.084

The statistical measures were calculated using Hewlett Packard model
HP 9830A programmable calculator. A general listing of the programme
used is shown in Fig. 7.01,
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7403 The main features of the data are:=

(a)
(»)

(e)
(a)

The large variations in cost due to location,

the very high coefficients of variation for the historical
cost data.

the low coefficients of variation for the unit rate data, and
the reasonable variables in the time scales,
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LISTING OF STATISTICAL PROGRAMME FOR BUILDING LOCATION COST INDICLS

NIGERTA

10  DISP "CONSTANT SUBTRACTED";
20  INPUT X

21 PRINT "CONSTANT SUETRACTED" K
30 DISP "X("N+1")=";

40 INPUT X

50  X=X=X
60  Z =FNX(1)
70 GOTO 30
80  END

10 M=S1/N

20 S=SQR( ( S2-M=M*Y) /(¥-1))

30 M3=83/N=3*M*S2/N+2%M"3

40 MA=S4/N-4r%S3/N+64(102) *S52/N

50 NA=M4~3*HM 4

60  FORMAT F12,4,/,F12.4/,F12,4,/,F12.4

70 PRINT

80  PRINT "N="N |

90  WRITE (15,60) "MEAN="MK,"STD,DEV="S, "SKEWNESSa"M3/S 3, "KURTOSIS="M4/" 4

100 IF ™M=0 THEN 120

110 ORINT "MIN,MAX,RANGE MAY BE INCORRECT™

120  WRITE E15,50)"mm="m, "XMAX="R2, "RANGE="R2-R1
130 WRITE (15,140)"C,VAR,="(S/(M+K))*100

140  FORMAT F12.4

150 IF R3=0 THEN 170

160  FRINT "NO, TOO SMALL="R3

170  IF R4=0 THEN 190

180 PRINT '"NO. TOO LARGE="R4

190 END
10  PRINT

1  FORMAT F5.0,F12,4,F11,0,FLl7,5
12 PRINT "CELL&;""  LOWER LIMIT;

13  PRINT TAB18;" NO. OF OBS"; " “RELATIVE FREGQ"
30 Y=FNC(1)

40 OR I=l to B

45 WRIN'IgX&lI%,ll)I,(}+(I~l.5)*C,1\_(I),lOO*A(I)/N

50
60  TOR J=1 TO 10
70 PRINT

80  NEXT J

90  END

FIG, 7,01



O FICIENT

F OR

9%

Or  VALIATI

CERTAINTY

\l)-.

ll}.!

< 101 10

A
1

li ' o
\
| i
i
L,
' 10
bin
o
m =+ 20%

l'IIG. Tlom



¥ f&cLUOED

86,

SUMMARY : LOCATTION TNOEXES

BUILDIRGS TEAR Le We KW, H.C MW T .C N,E, N, W, K. B.P.
Classrooms 1968 100 = 123 143 94 - 150 - 133 94
Administration 1968 100 = 96 148 - - 118 132 - 76
Tormitories 1968% - - 126 128 100 - 125 - ~ -
Assembly Hall 1968 100 - 111 97 - - 93 124 100 104
Houses 1968 100 98 119 - 109 - 140 - - 113
Sec, Schools 1968 100 99 78 T0 64 ~ 104 - 71 100
Craft Schools 1968% - = 162 122 100 - 134 141 - 136%
All Schoole 1968 100 62 100 92 67 - 111 107 71 106
Mean 1968 100 86 105 110 84 = 119 121 94 _ 99
Classrooms 1969 100 125 132 140 107 - 152 - 134 107
Administration 1969 100 ~142 148 98 -~ 141 135 - 95
Dormitories 1969% = 102 111 110 100 = - - 86 107
Assembly Hall 1969 100 =~ 106 109 - = 98 102 108 101
Houses 1969 100 88 = 132 - - 120 ~ 117 120
A1l scheols 1969 100 61 91 79 63 - 105 107 - 87
Mean 1969 100 91 118 122 89 - 123 115 120 102
Clagsrooms 1972 100 95 99 100 101 101 1CL 112 101 104
Classrooms 1973 100 102 100 103 102 108 102 113 103 102
Classrooms 1974 100 = gl 98 108 103 105 108 106 -
Nean

163,41 72,173,174 100 94 103 107 a7 104 110 113 105 102

FiG, T.02
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Ta04 LOCATION COSTS

105

In some countries location is not considered to be an important
inflvence on building cosis. Seeleyg, Wrobel14 and Kouskoulaszo have
all mentioned this although Seeley doce express doubts about the
truth of the statement, In Nigeria locatiom has proved to be a
mzjor factors. With the higsterical cost data renges of up to

50% have been found between various locations. Admittedly, part
of the difference ia due to changes in specification, structural
form and site conditions but a large portion seems to bhe due to
location., With the unit rate data where the same building was
uged for all ten locations the costs varied up 10 a maximum of 1%
which could all be atiributed direct to location, It is clear
that any system adopted for the preparation of bullding cost
indices in Nigeris must take full account of the location variable,
4 list of the factors affecting location costs are given in the

conclusion to the thesis.

Coefficients of Variation for Historical Costs Dafa

The ccefficients of wvariation for the wvarious groupings of
historical cost data are wvery high ranging from 15% to 40%. A}l
are well outside the arbitrary limit of 10%. This indicates that the
data ig not suitable, from the statistics point of view, for use in
the preparation of pre~design estimates. Wrobell4 who carried out
a similar study using BsCeIleS. cost data, in Britain, for groups of
the same type of buildings obtained similar resulis with
coefficiente of variation ranging from 10% to 366, Only one Typey
secondary schools, approached the arbitrary limit of 10%, Other
examples were benks 17% offices 32% and factories 36%,

In an effort to lsolate the factors contributing to these large
dispersione a group of classrooms from the 1969 date were analysed
into costs per element i,e, substructure, frame, roof, external
wallg, internal walls, fixtures and fittinge, servines and sub~
total less roof, The latter was usedas the roof construction was
the major design variable between the classroom blocks, It was
hoped that this method by comparing groups of the same element -
ies like with like would produce btetter results, This did not .
happen, With one exception the groups of element costs produced
higher coefficients of varlation than that obtained using a group
of total costin, This suggests that the variables in the total

costs are unbiased,

a5/



As a further check the group of classroom costs were sub=~divided
into total cost less one element, total less two elements etc,

In each case statistical analysis produced higher coefficients of
variation than those obtained using total costs., Details of this
analysis are shown in Figs. 7,04 to 7.12 and in Figs. 7«55 to 7.89.
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CLASSL OIS 1869

HISTOGRAM

OFFSET = 0.5

CELL WIDTH = 6

DATA

CONSTANT SUBTRACTED 99

35.0000
1.0000
4.0000

12,0000

21,0000

39,0000

38,0000

10,0000
8.0000
1.0000

B= 10

MEAN = 115,9000
STD. DEVe = 15.2785
SKEWNESS = 0,4164
KURTOSTS =  1,3011

XMIN = 1,0000
TMAX = 39,0000
RANGE= 38,0000
C.VAR = 13.1825
OELLyY LOWER LINIT  NO. OF 0BS ZRELATIVE FREQ
1 ~2,5000 2 20.00000
2 345000 2 20.00000
3 945000 2 20,00000
4 15,5000 1 10, 00000
5 21,5000 0 0,00000
6 2745000 0 0,00000
T 3345000 3 30400000
EACH X = 0,75 PERCENT
=2,5000 , *

» XHOCOORXRH T XX KA XL EXHX

3. 5000 , *

o KKK R KRR KKK AAKKIKKX
9.5000 . *

D VVECOIOTOTIOTEEIIOLIY 06
1545000 . *

o KXIOCKOKK XXXKK "
21,5000 , *

- ' *
27,5000 o *

. *
3342000 o ¥

o KOO KX KX KKK XK XK KKK KKK
335000 , *

FIG, 7.04
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STATISTICAL ANALYSIS SUBSTRUCTURE CLASSROOMS 1969

HISTOGRAM

OFFSET = 0.5

CELL WIDTH = 13

DATA

CONSTANT SUBTRACTED 4

48,0000

56,0000

44,0000

1.0000

78,0000

56,0000

23,0000

46,0000

39.0000

5640000
N - 10
MEAN = 88,7000
SThe DEV. = 20,8649
SKEWNESS = ~0,5787
KURTOSIS = 2,7165
XMIN = 1. 0000
XMAX - 7840000
RANGE - 770000
CoVAR = 23,5230
CELLF LOWER LIMIT NO.0F 0BS ZRELATIVE FREQ
1 . m$e D000 1 10.00000
2 7.0000 0 000000
3 20,0000 1 10.00000
4 33,0000 2 20,00000
5 46,0000 5 50, 00000
& 59,0000 0 0.00000
7 72,0000 1 10.00000

EACH X = 1,25 PERCENT

~5,0000 . #
o OO IO
T+0000 , *
N *
20,0000 . *
9. 00008001 *
33,0000 . *

46,0000 . *
B0 EOENII0EN0GE000LD 0904045006460
59,0000 , *

. #*

72.0000 ¢ *
o R0
85,0000 « %

PIG, 7405
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STATISTICAL ANALYSYS CLASSROOMS ROOF 1969

HISTOGRAM
OFF'SM = O|5
CELL WIDTH = 27
DATA
CONSTANT SUBTRACTED 39
165, 0000
£1,0000
40,0000
21,0000
97.0000
100, 0000
147,0000
30,0000
84,0000
61,0000
N = 10
MEAN = 117.6000
STD, DEV.= 51,0581
SKEWNESS =  0.2484
EURTCSIS = 1.7980
XMIN = 1.0000
XMAX = 165,0000
RANGE = 16440000
CLVAR of LOWIR LIMIT NO. OF 0BS
1 =13,0000 1
2 14,0000 2
3 41,0000 2
4 68,0000 1
5 95,0000 2
6 122,0000 1
7 149,0000 1
EACE X = 0,50 PERCENT
"’13.0000 a1+ *
o KX OR KKK XA XX KKK
14,0000 . *

FRELATIVE FREQ

10,000C0
20,00000
20400000
10,00000
20,00000
10. 004300
10, 00000

o KRR R 000 O X0+ XXX
41.0000 *
PRI HEES00000 000000040090 000004004

68,0000 ,
B9 0060000000909 000909
95,0000 ,
o XX KRR KX O KRN XK
122,0000 , *
Bovesceoreoeroresers BN
149,0000 , *
o KXRX XK KK AR # XXX KKK
176.,0000 . *

FIG., 7.06
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STATISTI

CAL ANWALYSIS CLASSROCMS EXTERMAL WALLS 1969

HISTOGRAM

OFPFSET
CELL WID
DATA
CONSTANT

= 0.5
TH = 50

SUBTRACTED 99

24,0000
1,0000
30.0000
79. 0000
42,0000

- 297.0000

= 10
HBAN

176.0000
232.0000
28,0000
1.,0000C

190, 0000

1

STDe DEV. =  105,6546

SKEWNESS
KURTOSIS
XMIN

—3 OVAR P e PO

BACH X
2545060
7545000

12545000

225, 5000
275, 5000

32545000

0,8313
1.9541
1,0000
2970000
296,0000

5546077

L}

t RN

LOWER LIMIT No. OF OBS % RELATIVE
30, 00000
30, 00000
16, 00000
0.,00000
10, 00000
10,00000
10, 00000

=24, 5000
25,5000
755000

125, 5000

175.5000
225, 5000
27545000

= 0,75 PERCENT

- *

o OO RO R XK KR * KR KKK XX X KK KKK K

. *

00900000 PIEETIVETOOTICITOIEIOIINOLO IS
*

o e O

%
*

L |
%

KAXXRARXLXKTK  *
*
KOOI 0K
*
RN X XXFK
®

*® 4 % & = 2 &F »

*

FREQ

FIG, 7.07
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STATISTICAL ANALYSIS CLASSROOMS INTERWAL WALLS 1969

EISTORAM
OFFSET = 0.5
CELL WIDTH = 20

DATA
CONSTANT SUBTRACTED 38
67,0000
62, 0000
80,0000
125.0000
940000
1,0000
25,0000
18,0000
10,0000
62,0000
¥ = 10
MEAN - 92, 4000
STD . DEV = 400 1 309
SKEWNESS = 0.1860
KURTOSTS = 1,6303
XNIN = 1, 0000
XHAX - 125,0000
RANGE - 124,0000
G [ VAR = 43 [} 4 317
CRLL # LOWER IIMIT NO. OF 0BS FRTLATIVE FREQ
1 ~0 , 5000 2 20, 00000
2 10, 5000 2 20,00000
3 30, 5600 0 0.,00300
4 5045000 k! 30,00000
5 7045000 1 10, 00000
6 904 5000 1 10, 00000
7 110, 5000 1 10, 00000
BACH X = 0475 PERCENT
=0, 5000 .
o RO X OO RO XX
1C. 5000 . *
KOO0 0T XK XKL
3045000 *
. *
50,5000 » *
o X0 X K XX XK KX XXX XX
7045000 . *
IR 0.0.0.6000.096864 *
90,5000 . *
» IO XKANXXXY *
110.5000 *
o SOOUR X XXX
130,5000 *

PIGs 7.08



CLASSRCOMS FIXTURES and FITINGS .

dincn

RISTOCRAM
OFFSET De5
CELL WIDTH 23
DATA
CONSTAND SUBTRAGTED 17
21,0000
81,0000
132,5000
123.0000
1&0000
28,0000
59,0000
45,0000
54 D000
81,0000
N = 10
MEAN = TT » 3000
ST, DEY, = 47,5396
SKEWNESS = (14 3706
KIRTOSTS = Lo 60T
XWTN - 1 0000
FMAX - 139,0000
RANGE - 138,0000
«.UAB. = 61.5001
CELL o LOWRR LIMIT
2 12,0000
3 3540000
4 £8, 0000
5 81,0000
) 104, 0000
7 12740000
FACH ¥ = 0,50 PERCENT
110000 *

12,0000
35,0000
58,0000
81,0000
104,0000
12740000

150,0000 .

» LU XA XX RAXKAXXX

o SEXRXRCK A LN XK X

]
& LEXTA T XXX X LEARX*

|

o XEXXXAXE X TR 000X
*

NO. OF OB3

[l oLt ol VI

*

*

SRELATIVE FREQ

20, A00DN
20 0H000
10, 00000
13, 00000
20, HODDE0
10, 00000
1000000

- R K XK KR K K XX KKK I K K

LSS 00000000 0FRIRIPICRERCEIRTLIONINO NP
*®

+*
*
¥*

L]
» KRR AR KUK XA KRR R KRR XK IR LR XX AL EXE

i :

Fide 7409
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CLASISRCOAIS Srevie£s ’9¢9
HISTORAM
QFFSET - 0.5
CELL WIDTH = 50
DATA
CONSTANT SUBTRACTED 63
152,0000
37,0000
1,0000
104,0000
9440000
78.0000
139,0000
36,0000
309.0000
370000
N = 10
MEAN = 160, 8000
STD., DEV. = 8549894
SKEWNESS = 1.0846
KURTOSTS = 3.3159
XMIN = 1., 0000
XMAX - 300, 0000
RANGE - 299, 0000
CuVAR = 5la 47 60
CELLK LOWER LIMIT WO, OF 0BS % RELATIVE FREQ
1 =24, 5000 1 1000000
2 2545000 3 30, 00000
3 75, 5000 3 30, 00000
4 125, 5000 2 20, 00000
5 1755000 0 0.00Q00
6 225, 5000 0 0, 00000
7 275, 5000 1 10,00000
EACH X = 0,75 PERCENT
=244 5000 *
COOOCTRNK *
2545000 *
o 20K XXX KKK N KR X * KR KX KX KKAKK
754 3000 o *
o KOO RO OO XX KX R KKK KX XXX KX KK XXX
125,5000 , *
« OO KR X KR XK XK XK KK K
17543000 o *
- *
225,5000 , *
. *
2755000 *
o KX XK KAR KK

12545000 , #

FIG, 7.1
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103,

N

BUILDING MATERTALS

COSTS 1972

i

1

4 —————

Le
Ce

le

Aa

5

HERE 18 (2 |8 {e |8

MATERIAL 3 g § = ] g S =)
Cement tonne 38438 13844 {4742 {4663 §41e315341 [6849 §49.2 [59.5 [39.4
15 mn Aggregate M 6054 |645415.89 }6.54 |6.54 |5.89 }6.54 |6.54 |3.27 J6.5
12 mm Dia M,S,rod kg 0e2304220,3810.25(0,25 0.24L0.32 0,20 §0,24 .19
Formwork timber M 70.6| 60 [63.6{63.6] 53 | 60 l63.6]66.4163.6] 53
Hardboard M3 0.,53]0.38}0,60}]0.7531.43}]0.45 J0.60 » 68 J0, 60 J0,45
450x225x225 Blocks No,. 0612 §0.15§2.25}0.20 {0. 35 |0. 20 |0. 30 |0.18 |0, 30 0. 15
Asbestos roofing Mo 1.28 |0,98 0,90 [0.28 {1.28 [0.90 f0. 53 fo. 68 |o. 60 f0.90
Alminium roofing Mo 3,39 {6.85[5.12{3. 39 §3. 39 }3. 39 J0. 23 }3. 61 {8, 88 }4.14
Wali iiles per 100 1.40 11,0}10.0{14.0 12,5 }12.0}12,0 J10.0 9.50g9.25
Class M° 2.54 11.96]2.03)2.26§2.26 2,26 |3.76 |2, 26 }2,03 }1. 58
Bm:lsion paint litres, 1631 {10561 76{1e65{1e43{1e54{1.98 {1451 {1.43{1.53

FIG, T.14




BUILDING MATERTIALS

104.

208 1973
el ETeEE I8z |8
3 A3 18IS B aleg
le Cement tomme 38,4138.4{47+2 1551 }41.3 [62.3168.9]59.1}39.6139.4
2. 19 mn Aggregate M 7485{7.85{4.71 {7485 {7485 {1.85{7.85{7.85{7.85{7.85
3¢ 12 mm Diae M.S. rod kg  0.20§0.3910.35 o.22 Jo.27 Jo.26]0.44]0.20}0.26}0. 30
4. TFormwork Timber M 84.8] 72 |53 |r6.3)63.6] 72 {76.3179.8]63.6]63.6
5. Hardboard M 0.5310.68{0. 60 J0.90 {0.75 fo. 60 {0. 68{0.45{0.53 0. 60
6. 450x225x225 Block Mo, 0.2010,20{0.22 J0.25 |0. 35 Jo.20}0. 30{0.23]0.22 0. 25
7. Asbestos roofing M 1.2¢}0.98}2.03 }1.43 1.20 h.os 0. 60]1.20}1,13}2.12
8, Aluminium roofing ¥ 5012{5.1213. 39 [5.04 I5.12 [5.12{6.17{5.275.42 | 6.17
9. Wall tiles per 100 9.50110.0{7.10 9.75 9. 50 {15.0{13.0]12.1}12.0{10.0
10, Glass ¥ 2.56]1.73]1.88 J2. 03 Jo. 26 |2, 48 3. 76 2. 18] 2. 03 |1. 73
11. Emuleion paint litres 1.56)1a7611039 {177 179 1.83]2,10§1,77]1.78}1.76
FIG 7.15
COSTS 121&
NERERERE 2 5 | &
ARERER RN R R E
3 - 75 Ei =] o
1, Cement tonne 43,31 = (68.91(92.5 59.1'84.6 88,6 P0.5{76.,8174.8
2, 19 mm Aggregate M3 9,161 = |9.16}9.,16P.169.,16}9,16 9.,16]9,16}9.16
3¢ 12 mm Diae M.S. rod kg 0e34] =~ ]0435{0,4T {049 [0444]0439 0.45{0,36]0.T1
4. Formwork timber M° 53 | = {124 | 53 {159 [70.6{88.3 [81.9{88.361.1
5. Handboard N> 0.45) = Jo.60}0.23f0.75 |o. 30]0.83 fo.90]0. 60}0. 53
6. 450x225x225 Block No, 0u41] = §0,30}0.35 P.45 |0.25]0, 30 0. 30]0,49}0.28
7. Asbestos Roofing M2 1,05 - [0.60{1,28 f.13}1,28]1,58 H.23 1,13{0,98
8, Aluminium roofing M 4.82] = 16.02]3.61 .97 [5.796.17 [5.49] 40244044
9. Wall tiles per 100 12~ J1s )17 ta las )27 hs 16 14
0. Glass M 2.26| -~ [|2.26(6.02 .76 4.74]2.26 [3.01]4.52]2. 26
11, Bmulsion paint litres 1,91 ~ {2.31{1.68 p.20{2,21{2,31 fp,24{1,75(1.23

FIG, 7416




BUILDING

MATERZALS

. . A~

LOCATION INDEX 1972

| falm! a
MATERTAL S g% =181@ 5l8lel,|B
Afa|RIR|A = 8|28 R
1, Cement 190 1100 1231[‘:.21 108 138 1791128 {154 |103
2e¢ 10 mm Aggregate 100120 § 90 100 100 1 60 100 Jico ) 50100
3¢ 12 mm Dia, M.Se rod 100 92'153g£4 104 193 0371 871103] 81
4« Formuwork Timber 1201851 9019C) 7518591 94] 90| 75
5¢ Hardboard 100] 71544 p43 F71 86 914'129 114] 86
| 6. 450x225x225 ma Blocks 100 125 fecs 067 292 her fso hiso Jeso hies
] 7. Asbestos roofing 1001 76F 71 FLCIO 00y 71141 531 47} T1
8. Aluminium roofing 1¢0 o2 his1 hoo Lo hoo 3c2 hot j262 |22
9. Olass 100 761 79|88 88)] 88 pa7| 88| 79| 62
1%« Emaleion paint 100 115 hag hoe tiog his fisi f116§109 {117
11, Wall litres wei 19l 7L hool a9l a6y 86| 1| 68 66
. —
FIG. Tel7
LOCATZON INDEX 1573
=1e | = | E4 -
MATERTAL 2! 2 g; B8 §§_|§§ g1a ;%
SEIE RS EIELE
1. Cement 100 1100 123 ha4 ho8 fiéa 79 hisa oz hios
2. 19 mm Aggregate 100 ;100 { 60 ;oollae‘loo 100 {100 {100 1100
3, 12 mm Dia, M.S. rod 100 $20¢ 1180 113'135'133 225 1104 1132 {150
4. Formwork timber 1004 85 63: 904 75185490} 94¢ 75| 75
5 Hardboard 100 1129 1114 {171 143 1114 129 { 86 1001114
6 45042255225 mm Blocks 106 §100 {110 125 {175 1100 1501115 110,125
7« Asbestos roofing 100{ 81 {169 ﬁl9‘100 88 | 501100194 {94
8. Aluminium roofing 100 100} 66 § 99 1100 100 121 £103 {106 {121
9. Wall tiles 100 {195 { 75 Hic3 fico 158 P36 116126 {105
12, Glass 120§ 68 741791 88| 57 1147 85| 79| 68
11, Emieion paint 100 {113 89|¢13‘1151117 134 113}114 113

FIC, 7.18



V el e B e e i el il

2274

BCTLDING MATERTALS
LOCATION INDEX

10€,

e 1 H -4

3 (= =i 3 a s 13 a = =

1, Cemert 100 | - | 159 |214 J136 {195 {205 [eog 177 n73
2e 19 mm Aggz-egate 100 - 100 1170 5130 i%20 {100 {100 | 100 {100
le 12 mm ™ia, MeSe rod 130 - 125 §240 (146 [1321 §117 {133 |108 [1l
fe Formwork tlmber 199 - 233 {102 |00 1133 {167 [155 167 {115
5a Hardboard 100 " 133 ] 50 |167 | 67 {1183 §200 {133 [117
€e 4503225x225 MM Blecks 100 - 73 1 85 {110 1 61§ 73 1 73120 | 68
Te Ashestos roofing 100 - 57 1121 j1c7 |121 {150 §1i21 J107 | 93
8o Aluminium yoofing 10 ~ 125 ) 75 1323 J120 {128 114 | 86 | 92
9. Wall tiles 100 - 125 {142 J117 §133 142 j125 J133 (117
17, Glass 100 .- 68 {235 {147 {185 ]88 118 J176 | G8
1l, FEaclsfon palat 130 - 121 | 68 {115 {113 f121 {117 { 51 | 64

FZl. Tel19



STATTISTICAL ANALYSTS  CEMENE 1972

107.

HISTOGRAM

OFFLET=

a.5

CELL WIDTH = 13

DATA

1.0000

CONSTANT SURTRACTED 99

1.0000 -

24, 0000
22.0000
9. 0000
39.000D
80.0000
29.0000
55. 0000

4, 0000

N= 10
MEAN=

STD, DEV=
SKIWNESS=
KURTOSIS=

XMIN=
TMAX =
RANGE=
C.VAR, =

CELIL#

12504000
25,7691
0. 75943
2.2960
1.0000
30.0000
79.0000

20.549%

LOWER LIMIT  NO., OF OBS

RELATIVE FRE

B Y- SUF N T

;6.0000
7.0000
20,0000
33.0000
46, 0000
59.0000
72.0000

£5, 0000

-5,
7.
20,
33.
46,0000
59.

. T2,

30.,00000 .
10. 00000
30. 00000
10. 00000
10.00000
0. 00000
10, 00000

0000
0000
0000
0000

0000
0000

e ) b b A3 =b 3

EACH X = 12,75 PERCENT

#*
PP 0.009 800058690060 00000006 4058008000 U S0 S 1
#* : o

60000 0eseeees *
F 3

S 000000000000 0e0 e eesreestreecseressest
L)

 RXHXLTATXLLRK ™
CXXXXAANAXALKL %
%*

*
#*

XA LAKENL
2%

.

FIG. 7420




STATISTICAL ANALYSIS AGGREGATE

HISTOGRAM

OFFSET= 0.5

CELL WIDTH = 8

DATA

CONSTANT SUBTRACTED 49
51.0000
51.0000
41,0000
51.0000
51.0000
41.0000
51.0000
51.0000

1.0000

51. 0000

N= 10

1972

MEAN=

STD. DEV=
SKEWNESS=
KURTOSIS=

XMIN=
XMAX=

|3¢ mon

15.6702
5.69730

1.0000
51.0000

RANGE= 50.0000
C.VAR.= 16.3497

CELL# LOWER LIMIT HO. OF OBS YRULAMIVE FREQ

-3%.5000 1

4.5000 (3]
12.5000
20,5000
23.5000
36. 5000
44,5000

~IOWWT A LI N -
-~ N0 DD

EACH X = 1.75% PERCENT

~3.5000 ,*

L XXX
4.5000 ,*

3 *
12.5000 ., *

= E 3
20. 5000 . *

. *
23,5000 . *

. *
36, 5000 ., *

L XUXAXXK XXX *
44. %000 #

52.5000 .

10.00000
0.00000
0. 00000
0. 00000
0. 00000

20. 00000
70. 00000

« XXX XXX X X* XX XA XA XXX KX AXX XXX XXXKX
#

FIG. T.21

108,
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STATTSTICAL ANALYSIS ROD 1972
HISTOGRAM
OFFSET= 0.5
CELL WIDPH = 12
DATA
CONSTANT SUBTRACTED 30
20,0000
12,0000
33%.0000
24.0000
24.0000
23,0000
57. 0000
7. 0000
23,0000
1.,0000

= 10

MEAN= 107.4000
STD, DEV= 24.5728
SKEVHESS= 1.1229
KURTOSIS= 3.0239
XMIN= 1.0000
XMAX = 3%, 0000
RANGF= 32 .0000

C.VAR, = 22.8797

CELL/ LOWER LIMIT NO. OF OBS $“RETATIVE FREQ
=5. 5000 1 10. 00000
6.5000 2 20.00000
13. 5000 5 50, 00000
30. 5000 0 0. 00000
42, 5000 0 0, 00000 -
54. 5000 1 10. 00000
66, 5000 0 0. 00000
73,5000 1 10. 00000

AT B LA S

5 -
~

o
e e

FACH X = 1,25 PBERCEHT

-50 5000 . *

o XXXXXXXX *
6. 5000 . »

« XXXXXAXXXKXAX*KL
13.5000 . -

« XXX XX XXX OO XXX XXX XX XXX X
30.5000 . »

*

42.5000 . *

= *
54.5000 . "

o XXXXXX*X

66.5000 . »

#

73.5000 , *
- X*XXXXXX

10,5000 , *

i“IG. ? - ??
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HISTOGRAM
OFFSET= 0,5
CELL WIDiH = 4
DATA
CONSTANT SUBTRACTED 74
26,0000
11.0000
16,0000
16,0000
1. 7000
11,0000
16. 0000
20,0000
16,0000
1. 0000

= 10

STATISTICAL ANALYSIS ‘“TTHMRER 1972

110,

MEAN=

' STD. DEV=
SKEWNESS=
KURTOSTS=

X1MIN=
AMAX=
RANGE=
C,VAR. =

CELL#

~ TN EN

37.4000

7.3060
~0,3117
2.0102

1.0000
26.0000

25.0000

3.9313
LOWER TLIMLT

-1.5000
2. 5000
6. 5000

10, 5000

14. 5000

13, 500D

22.5000

OF 0BS5S

== -2 %N DN

“RELATIVE FREQ

20, 00000

0. 00000

0. 00000
20.00000
40, 00000
10. 00000
10,00000

FACH X = 1,00 PERCENT

~1.5000 . *
- KXXLERXAXALX K KXXAXXX
2.5000 . "
. *
6. 5000 . *
- *
10- 5000 - .
« XXX XXXXLA L XN KKK AL *
14.5000 . w
I 0060668000606000¢0EIEE0080000806900904
131.5000 . »
« XEXLXXXX KX *
22,5000 . *
o KKXEXXX*XK
2(}‘ 5000 - *

S S—

I'TIGe Te23




by o 1lle

STATISTICAL ANALYSIS HARDEBOARD 1972
HISTOGRAM .
OVFSET= 0.5 - oy
DATA S
CONSTANT SURTRACTED 70 i !
30. 0000 L
1.0000 : _ :
44.0000
13.0000
201.0000
16.0000
44,0000
59. 0000
44,0000
16.0000

= 10

MEAR= 122, 3000

STD, DEV= 56. 3260

SKEWNESS= 1.6349 _ ; :
KURTOST = 4,9049 . e
XMIN= 1. 0000 : i
XA Y= 201.0000 l i
RANCE= 200. 0000 : !

C. VAR, = 45,3681
CELL# TLOWER LIMIT N0, OF ORS JRETATIVE FREQ
1 «16.5000 3 30. 00000
2 17. 5000 4 40, 00000
3 51. 5000 2 20,00000
4  85.5000 0 0,00000 |
S5 119,5000 0 0.00000 |
-6 153,5000 0 0,00000
7 137, 5000 1 10,00000 | |
EACH X = 1,00 PERCENT
-16.5000 . * |
D59 0.0000 0000008040080 00004
17, 5000 X

:XXKXXXXXXXIXXXXIXXKXKXX*XXXXKKXRXXXXXXXX
L1

51.5000 .
DEE909000909048880985004 * E :
a5¢ 5001‘ . * _ I .! oo
119.5000 , »* ‘
. *
153.5000 . *
. *
17,5000 , * '
LD 60508081 .
221,5000 .* |
{
.

FIC., 7.24



STATISTICAL ANALYSIS RTNCKS 1972
HISTOGRAM
OFFSET= 0,5
CELL WIDMIT = 37
DATA
CONSTANT SURBRTRACTED 99
1. 0000
26,0000
109, 0000
63,0000
19%.,0000
03,0000
151.0000
51.N000
151. 0000
2627000

I 10
1EAl'=

STD. DEV=
SKEWNESS=
KITRTOS) S
LMIl=
YIMAX =
RANGE=

1173, ANODN)
£3.11673
0. 5310
1.514%5
1.0000)
19%. 0000
192.0000

C.VAR, =
CRLT#

T B N -

.
-

34,4119

OWER LI o, OoF ORS
~165.5000
16, 5000
A, 50010
80, 5000
112, 5000
144, 5000
1765000

ZRELATIVE FREO

10. 00000
20, 00000
%0, 00000
10. 00000

0. 00000
20, 00000
10, 00000

-0 D N -

BACH X =~ 0.7%

-15. 5000

20. 5000

1125000

176.5000

201, 5000

——

144.5000 .

TERCLIM

a0

s TAX XX T XXX
16,5000 ., *

DO EELE V9L 0882806009 6004
A3.5000 . %

D04 00000800808 088800869620008800000009¢4
*

000000080000 x
*®

-
&3

*#
o XTRA XN ELX A XXX ELXX TR XXAXXKY

T RURNXNENKLXKK

-

FIG. 7425
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STATISTICAL ANALYSIS ADTESTOS 1972

MISTOGEA
OFFSET— 0.%
CELT, WIDTH = 10
DATA
CONSTAFT SURTRACTED 40
60,0000
36 . 0000
31. 9000
60 . 0000
H0. 000
31.0000
1. 0000
13. 0000
7.0000
31.0000

N= 10
MEAN=
STD. DEV -
SKTWNES "=
KURTOST. ==
XMIil=
XMAX~
RANCE=

73,0000
21,3735
0N, 00nH3
1.4221
1.0000
60. N0
L9, 0200

C.VAR, =
CETL{

29.%705

LOWER T, 00007
~4, 500
5 SO0
15,5000
2. 5000
35 . 50
A%, H0010)
] rp';. ';n:"‘.“

RS- Bat JREY

3 -

BACH ¥ - 0.7%  RROWHY

-A 5000 X

hASERRKE
5.5000
YYXXXIXY

iy e

[ —
" f{ S AN Iy v

AR KX

55. 5000

Ho, OF NBS

XXX

M

EYAXXTEARLXXAXXNXXX

"

»
KKK XXX XA XEXX K BTN
*

LI ALeT ST T e

o iy AN

*
*
£

TG, Te205

AXIXAXAXK

CREGATTVE FRIPOQ
1000000

20, 00000

0. 00000
70,00000

10. 000N

. 00000

%0, 00000

, CORX RN T RN KR KX XXX XXXXK XXX XT KX L XX

113.




STATISTICAL ANATNSIS ATIMTIOIMT 1097772 — —
HIS'TOCRAM
OFFSRT= 0.9
CELT VIDTH = 33
DATA
CONGTANT SURTRACTED 99
1. 0000
103. 0000
£2.900
1.7000
1. 0000
1. 7000
203,900
3. D000
1630000
23,0000
N= 10
MPAT = 154, 6OON
STD. DEV= 7%5. 1100
SKEWNESS= 0, 3360
KIRTOSTS = 2.0434
Xl = 1.0000
MAL = 207%. 0000
RANG E= 212 . 0000
c- VAR, = 43,5 :33
CBLT# LOWER Toinirm HO, OF OPS  ARETATIVE FREN
1 -16.0000 5 50, 00000
2 1/.0000 4 10. 00000
3 50, 0NN 1 10. 00000
a 5. 00NN 1 10, 00000
5 116,,0000 0 0. 00000
6 149.0000 1 10. 00000
! 1120000 1 10, 00000
BACHT X = 1.2% PERCENT
=16.0000 ., *
DDV VEISVECIC G PP O 0900000 0.000080 081
17,0000 . *
« XA XKXXXX *
50,0000 . *
+ XXX LK *
3%.0000 . 3
i § 899944 ¥*
116.0000 .
1A0_.0000 . ¥
- LTXYX XX
112.,0000 . *
< A XXX
215.0000 ,
FIGs 727

114,




115,

ey

STATTSTICAL ANALYSIS GTADS 10/2
ITISTOG (AT
OFESET - 0.5
CELL WIDTT = 1
DATA
CONSTANT SHBTRACTED 61
51,0000
15,000
11,001
27,0000
27,0000
27.00M0
i, 0000
27,0000
1.:..0000
1.0000

H=2 10
PIEA e i, 5000

ST, D= 22.50°1
GKRINESS = 1,421

KURTOS[Se A, 450
XMIN= 1.000D

KA Y = 6. 0000
MAHGE= 25,0000

C. VAR.":' ").:.'.:T.'?-f'

CELIF LOWER LIty HO, O ORS ORELATIVE ¥t
1 £, 00D ' 10, 0O000

—

2 T o HO¥) 9 “0), 00000
3 21,5000 4 A0y, DODO0
4 595, 5000 1 10, 00000
5 A3, 15000 0 9, 000
G 63, H00N N 0. 0H000

i 4 17, H000 1 10, 00000

PACH X == 1,00 PERCET

~i:, 5000 ., &
19 '4.00.09 43984
1.5000 | *
IS LR CIO RS 6460 ¢ CabREST0 30
21,5000 "
» KXREN R RN N X o e R XX S XXX
35,5000 t
. XU UXK "
19.%5000 . *
. #*
63.5000
T7.5000 ,
. XX ARNKAK
91,5000 ,

FIG, 7.28
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STATISTICAL ANALYSIS PAINT 1972 .

HISTOGRALT :

OFPSET= 0,5

CELL WIDTH = =

DATA

COMSTANT SURTRACTED 99
1. 0000

20, 0000

ah, 0000

27,0000

10,0000

13,0000

52.0000

17,0000

402 QOG0

13.0000

Ne 10 -
MEAN= 119.9000
STD. DEV= 14. 5943
SKFWNESS= 0,560
KURTOSIS= 2,063
XMIN= 1. 00GO
AMAX = H2.0000
RANGE= 1. NN

{C. VAR, = 12.00587

QFULA  LOVWER LIMIT  HO, OF 008 SRETATIVE PRTO
- 3. 5000 ) 1 10. 00000 _
AL BONO 201, 00000

12,0000
20, 5000
23, Hoon
26, KOO0

A0, 00000
10, 00000
10, 000K}
0. G0N0

=3O RN NG -
— 0 - ey

A4, B0 10, 00000 -

UEACH X~ 1,00 PRROENT

w3 BOOO - *
' S S 00.6 845
4.5000 . *
XXX AL AN T 200X
1205000 . * '
150008966003 0SSICEN 90 CI 000900008096 60.904

o XXX KXAKXE *
23,5000 ., *
B Y $.9 0. 4500 i
36,5000 , &

LIN

: A4, 5000 - *
S o« RV EXEXER
82,8000 L. T

FIG, 7.29
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STATTSTICAL ANALYSIS 31w

HISTOGRAIT
OFFSET= 0.5
CELL WIDTH =
DATA

6

CONSTANT SUNTRACTED 65

. 35.0000
L 14,0000
c6.0000

- 3R.N000
T 24,0000
S 21,0000
1 21.0000

6., 0000
3.0000
1. 0000

Na 10
MEAN=
STD. DEV=
SKEWHES =
RURTOST =
XMIL}::
XYAX =
RAHNGEm

1. 6000
12, 6069
0. 2153
1., 3924
1. 0000
29. 0000
34, N000

15, 4436

TOWER ILTHIT

=2 . 5000
3. 500N
9. 5000
15, 5000
21.5000
27.5000
33,5000

C.VAR. =
CETT#

=3 B DO s

No, OF OBS

no

NO SN2

FACH X = 0,50 PTRCEN?

i ~2.5000
3. 5000

9. 5000
15. 5000
21,5000
27,5000 .

33. 5000
33, 5000 ,

*

*

RO XXX XK XK KX KUK
* )

YRTTATIVE ITRQ
20, 00000
20. 00000
10, 00000
20, 00000
10, Q0000

0. 00000
20,00000

KKK KXY XK K X X X XXX KX XXX XK
R F X KR T X XK T R R XXX KT KX X0CLT

#

PP P00 eeeees
GV P00 0000 ee 0000800008 0ee0s00ees
R EEXXXKELET AN KXK KT KK *

*

a3

p989¢.0.00.09 00900088

It 7. 30



118,

R LT ITI Il T M R S PApear,

HISTOGRAN
OFFSEP= 0.5
CELT WIDTI = 13
DATA
CONSPANY SUWIRAQTED 99
1.000
1. D000
24,0000
45,0000
9. 0000
65. 000D
30, 7))
55, 0000
4, 0000
4., 0000

Ha 10

MEAN= 127, 53000
S1D. DEVe 20,347
SKEWILS S 0, 45i.3
KIIR1'3518ea 1. 3926
IMIH= 1. 00550
AKX = W), 0000
RANGE-: 9, 000

C. VAR, = 23, 4330

QLA LOWER LIMT'® Ko, 01 OBS  SRETATIVE FREQ

=£.,0000
7, 0000
20,0000
2%, 000D
44, 0050
6,000
72,0000

~3 SV S A )
U ST W ST R VR VN N

BACH X = 1,00 UERCHIT

~6, 0000 £

: XODOOCK A RLRLRLTEXEEXXTXAL LU KA XX LLAXK KKK

7.0000 . #*
» LEXNAXKXA T *
20.0000 . *
XXX UNLLY *
33,0000 ., *
« XEXKXRALLL %
46,0000 . #
SKELXEXAX %
*
« KRXXLLLLHRK
72.0000 , *
» KEXXFKKKX L
85,0000 . #

53,0000

_— FIGs Te3l

STATIST) CAL ANATYSIS CEMEHNT 1973

40, 00060
143, 000040
10, 00000
10, 000450
1, O00LD
10, 000010
10, 06010




S —

HISTOGRATM
OFFSET= 0.5
CELT, WIDTH =
DATA

1. 1000
101. 3000
31,0000
14.0000
36, 0000
34. 0000
126.700)

5. 0000
33. 0000
51. 10000

e 10
MEAN=
STD, DEV=
SKEWNESE »
KURTOSIS=

147

STATISTICAL ANALYSIS = 12mm. ROD 19973

CONSTANT SURTRACTED 99

21

L2000

A1, 1590
7. 5719
i ,1!) ;'l’n

AMIN=
AMAX =
l{ﬁ. NG I‘:a

C,VAR,=

1. 0000
126, 0000
125.,0000

21,4363

LOWER Larym Nl
=10_,0000
11.0001)
32 . 00010
53%. 0000
74,0000
95. 0000
1160000

Ji0,

CELI

S K |

=

4

1
2
3

-

—

6
f

FACH X = 1.00 VEROENT

~10.0000 »
« XEXXEXXXXX*XXX
11.0000 . *
« XX AXX XXX
32.0000
XXX XXKAXXXX

53.0000
T4.0000 .
o AXAXAXKXX
'-)5. { '0(){) p.

L XXX XX
. 3

o XALEAXTAXX

X

M

116.0000

137.0000

ONsS  “MRLAPIVE FRRIO
20.00000
10, 00000
A0. 00000

0. 00000
10. 00000
10. 00000
10. 00000

XXXXZX

*
»®

XXXXX XXX LY XX XXX XXX X XXX

»

"

3

FIG. 7. 33




STATISTICAL ANALYSIS LU AR 1973

HISTOGAM
OFFSET-~ 0.5
CELL WIDTH = A
DATA
CONSTANUT SIIBTRACTIVD 62

31,0000

2%.0000

1.0000

21,0000

15,0000

23%.0D000

21,0000

32,0000

15.0000

14,0000

N= 10

121,

MEAN=

XMIN=
XMAX=
RANGE=

C.VAR. =

Q
3
= aWwm h.ur\)_..E

STD. DEV=
SKEWNESS=
KURTOS1T 8=

13,2000

11.0975
(1,275 34
1.8330

1.0000
31,0000

37.0000

13.333¢
LOVER LIMI™

-2.5000
3.5000
9, 5000

15. 5000

21.5000

2'7.5000

33. 5000

OF 0OBS

2 UINOWD =

“RETATIVE FREQ

10, 00000

0. 00000
30, 00000

0. 00000
20, 00000
30.00000
10, 00000

EACH X = 0.75% PERCENT

=2.5000 . *
o KXXXX*¥XXXXXXT
3' 5000 - *
i *
9. 5000 -

15. 5000
21.5000
27.5000
33. 5000
32. 5000

R0 00000880000 00900688C00000000000e000804H
*

*
*

JD00.9.099000000006009600006¢ G

. *

JDE000800900008900066¢0000080080000000600H
»

-

XXX KXHALA*X
*

FIG. T.34
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— ey = o= —_ -

STATISTICAL ANALYSIS HAPDIOARD 1973

HISTOGRAM
OFFSET= 0.5
CELL WIDTH = 14
DATA
CONSTANT SUDBTRACTED 3%

15. 0000

44,0000

27,0000

16, 0000

51%.0000

25,0000

44,0000

1.0000
15,0000
29,0000

M= 10

MEAN= 120. 0000
STD, DRV = 24,2949
SKEWNESS= N, K222
KURTOSIS= 2.A6107
XIIN= 1. 0000
XMAX= 36, 0000
RANGE= 15,0000

C.VAR, = 20, 5201

CELL# TOWER LINTT N0, O OBS < RETAPIVE FREQ
-0, 5000 10, 00000

7. 5000 20, 00000
21.5000 50,00000
35. 5000 20.00000
49, 5000 10,00000
H%5, 5000 0, 00000
77.5000 10, 00000

I AN -
™ L L EE I R

BACH X = 0,75 PERCENT

-6,5000 . ¥

o XXX XX AXXNX*X

7.5000 . »

« EXXAXLXXALA XN XXX LXAX#XXXX
21.5000 . *
050000000008 0000000080000000E62000800800 ¢
35.5000 . *
o XAXXKXXXNXXXAXXXXXXKLXXXZTXX *
49,5000 *

o XEXXXXXZXXXXXX *

63,5000 . *
»

77.5000 . ”
o XNAXENAXXXAIXXX
91.5000 . *

FIG. 7e35

e




e e

HISTOGRAM
OFFSET= 0,5
CRILY, IDTH = 17
DATA
CONSTANT SURPRACTED 90

1.0000

1. 0000
11.0000
26,0000
76,0000

1. 0000
51.0000
16.0000

11, 0000
26,0000

STATISTICAL: ANALYSIS

T= 10

S5TD, DEV-
SKFWVES =
KURTNSIE =~
KMIN=
MAX =

SANC R

0L VAR, =
ORLL#

LHOWER LTy

12 1. 00¢0
?4 - ‘l' rf2?
1.0325
2,733
1. 0009
T, OO0
15, NN

20,22%0
SRELATIVE FREO
%0,00000
30.00000

o, OF ops
~5. 5000 3

. 5000 3
1. 5000 2 20,00000
50. 5000 0 0., 00000
42,5000 1 10.00000
54,5000 0 0.00000
66, 5000 1 10, 00000

FACH X = 0.8

rEncrRT

-5- r‘)oon - #*
D88 ¢0000086860990C)000809000680806600000¢¢
6. 5000 . *
XX VXXX XAV AXXL XX XX R X AX XXX OO0 XXX
13,5000 . *
90600008088 088000060896604,
30,5000 =
= %
A2.5000 , %
» XXXXAXIAXNKEX *
54.5000 ., %
. N
66, 5000 , *
o XXT*LAXAXXNNX
73,5000 , *

FIG, 7.36
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HISTOGRAT
OFFSET= 0.5
CELL WIDTH = 20
DATA
CONSTANT SUNDTRACTED A9
51.0000
32,0000
120. 0000
70. 0000
51.0000
79.0000
1. 0000
51.0000
45,0000
45,0000

= 10

MEAN= a9, 5000
STD.DEV= 30. 1732
SKEWNESS= 0,77i3
KIIRTOSIS= 3. 5707
XMIN= 1.0000
XMAX= 120, 0000
RANGE= 119, 0000

C, VAR, = 30, 4293
CELL#  LOWER TLIM1T

1 ~7.5000

2 1. 5000

3 3. 5000

4 57, 5000

s, 0. 5000

6 90. 5000

7 110. 5000

EACIT X = 1,00 PERCHNT

STATISTICAL ANALYSIS

1.

-1.5000 .  *
" RXXKTXERY
10. 5000 .
305000 .
50. 5000 .
70. 5000 .
90. 5000 .
110.5000 .  *
X REXXA KKK
130.5000 . *

O N3
1
0

4
A
0
0
1

3¢

¥

ASTIRSTNS 1973

PRELATIVE FREQ
10, 00000
0.00000
40. 00000
40, 00000
0.00000
0.00000
10. 00000

¥*

OO0 XN XXX XXX XX XX XXX * OOXX XX XXX XXX
*
) 0000000000 040000900000006)00080800006009.4
at

FIGe Te37
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{TISTOGRAM
OFFSET= 0.5
CELL VIDT = A
DATA
CONSTANT SUBTRACTED 65
35.0000
35.9000
1.0000
34,0000
35.0000
35. 0000
56,0000
3 3. 0000
41.0000
56 . 0000

= 10
MEAN=
STD, DEV=
SKEWNESS =
'{l IR'[‘OS I E'.l e3
KMIH=
XMAX =
RANCT=

101 . 6000
15,1232
-0, 1307
% G199
1. 0000
56,0000
55. 0000
C, VAR, = 14 . 3550
CEI:TI {; i (VR rﬁ'j 2 B
1 -/ . 0000
2 . 0000
3 14,0000
25,0000
32,0000
410000
50, 0000

~ T e

FACH X = 1.50 TIEReRmy

-4,0000 _*
X*XARX

»

5.0000
14.0000
23,0000

LI T B Y LI T T )

32 . 0000
41,0000 .
o ©.9.9 98
50. 0000

59.0000 . *

WOy,

~ STATISTICAL ANALYSTS ~ ATARITATINT 975

0F 0OnRs
1

0

0

0

0

i

‘e

.

o

B

R

) ¥
« AXTEXXXXHTAXK

CRELATTIVE WRIQ

10. 00000
3. 00000
0. 00000
0. 00000

0. Q0000
10.. 00000

200, 00000

: XXX OO X200 OGO XX XXX

125,



b -

HISTNGRAT!
OFFSTET= 0.%
CELT, WIDTH =
DATA
CONSTANT SUTNTRACTED
A 3 alelela]

11. 0000

17 . 0000
22,0009

31. 0000

40. 0000

20. 0000
21,0000
22.0000
11.0000

3

1

“
Y

N= 10

STATISTICAL ANALYSIS

1

3

126,

-d

GTASH

MEA)=

STD. DEV=
SKEWNESS=
KURTOST! =
XMIll=
XMAX=
RANGE=

C.VAR. =

33, 5000
275.263N
1.4322
A, 1412
11.0000
0. n000N
79 . 0000

26,2359

LOWER LiMIw

=0, D0

I .. 00NN
20,0000
33. 0000
45,0000
57,0000
T2.0000
A5, 0000

CELL#

L=10NauNa

FACH X = 1,00 FPERCENT

#
%

-6.0000

L] L] .

7.0000
o LAXXXXX XK

« XEXXXAXXXT

20.0000
33.0000
46,0000
59. 0000
72 . 0000

15,0000

:XXKXXKXXIX

CRE T T T

*
. ®
o XENXXXXXXX

*

-

91,0000

.

“RETLATLVE FREQ
0.00000
30.00000
A0, 0D00C0
20. 00000
0. 00000
0.00000
N, 0000
1000000

oF Ons
l\

TXEXITXRE XX XLNXNANXX X
4?
KX XXX AX LA AXX LXK XX XX XX
»*
XXXXAAXXXX *

*

N

_—

——— FiG, 1+



PSS —

HISTOGRAM
0.5
CELT WIDTH = =

OFFSET=
DATA

li= 10
MIAN=

XMIN=
XMAK=
RANGE=
. VAR, =

CELL#

T A N -

N o~
-

STD. DEV=
SKEWNESS=
KURTOSIS=

12. 5000
20. 5000
23,5000
%6. 5000
44,5000

4.5000

25,5000

STATISTICAL ANALYSTS PAIRT 1973

COHSTANT SUBTRACTED 38
12,0000
25'0000
1.0000
25,0000
27.0000
29.0000
46,0000
25,0000
26,0000
25.0000

112.1000

11.5417
-0.223%9
3.0254
1.0000

46,0000

45,0000

10. 2359

LOWER LIMLY HO. O OBS  SRETATIVE FEQ

10, 00000
10, 00000

0. Ol-'(}l '(’
GO L OLOUUO
10, 00000

O, 00D
10. 00000

4. 5000 1

— -
b

-
i J ¥

-t

SAGH X = 1.50 PERCENT

-%.5000 *

" XK#XXK
*
DXL *

12.5000 .

.

20. 5000 i

:XXXKKXXXXXXKKKKXKX*XKKXKKKXXKKXKfXKXKXXX
%
« XXXXXX

36, 5000 ., *
14, 5000 *

52.5%000 , *

FIG. T.40

127,




T T STATISTICAL ANALYSIS
HISTOGRAM
OFrFSET= 0.5
CELL WIDTIT = 144
DATA
CONSTAVIT DURTRACTED 76
24,0000
29,0000
-1, 0000
27.0000
24,0000
12,0000
61.0000
20,0000
50,0000
29,0000

N= 10

MPAN= 112. 5000

15,5000 .
o KXXXXXAX

7. 5000
"30 5(,00 .
7.5000 . *

XX XK
1.5000 . ¥

*

TTIES I073%

STD.DEV= 25.0515%

SKEWNESS= 0. 1321

CURTOSIS= 2.5 60)

AMIN= =1.0000

XIAK = 32. 0000

RAIGE = 3%, 000

C. VAR, = 20,49 M1

CELT LOVED LIMIP HO. OF ORS  9RETATIVE FREO
1 =6, 5000 1 10, 00000
2 7. 5000 0 0, 00000
3 21. 5000 5 %0, 00000
4 35. 5000 1 10.00000
5 19, 5000 2 20.00000
6 63. 5000 N 0. 00000
7 7. 000 1 10, 00000

EBACHT X = 1,2% PRICKHHT

-, 5000 . *
. XXX XE*X
.'..o Sﬁm - *
71,5000 . *

: PO 000 ¢ D000 0P EPEREI 080090008008 09500008

*

: XXX XX XXXKXXAL XY
*

FIG. Te41
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STATISTICAL ANALY31S ORRENT 1574
HISTOGRAM
OFFSET= 0.5
CELL WIDTH = 29
DATA ,
COMSTAINT SURTRACGTED 99 -
1.0000
60,0000
115.0000
37 .0000
9(,. 0000
’0". ()000
110.0000
70,0000
74,0000
N= 2
MEAY= 1/4,2222
STD,DEV= 37,7136
SKFWNESS= ~N,061%2
KURTOS [S= 20633
YMTl= 1. 0000
KMA K= 115.,0000
RANGE= 194, 000D
C. VAR, = 24, (A7
CETT# LOVIER LM ey, o ons  CMETATIVE WRED
1 ~9, 5000 1 M.11111
2 10. 5000 N 0, 00N00
3 30,5000 1 11.11111
A 50.5000 1 T 115111
& T0. 5000 2 22,22222
6 an . 5000 3 %3.33333
T 110, 500 1 111111
FACH X = 0.8% PERCENT
=3,5000 , * -
o R AAXEATALLNNAX
10,5000 *
30, 5000 . *
D AXAXXXXXAXXXAL »*
50,5000 . *
A XXAXARAANLYX G
‘l"‘(] - 5000 - *
0000006008000 004.090900 &
90,5000 . *
900058000 800080¢000000 6800000000 000089004
110.5000 . *
o KXXX XXX XKXX
1372.5000 . N
FIG. 7.42
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STATISTICAL ANALYS1SROD 15/4
IMISTOGRANM

ORFSET= 0.5
CBLL WIDPI = 19
DATA
CONSTANT SUBTRACTELD 9u
1.0000
6,0000
41.0000
47,0000
32.0000
11,0000
34,0000
9. 0000
112.0000

il 0

MEAT = 132.533:

STD. DEV= 33.6052
SEEWNESS = 1.2133
KIIRTOSIS = 3. 5022
XIIN= 1.0000
XITAX = 112.0000
RANGE= 111,000

'

3

C.VAR,= 25,4246
CELL/ TOWER LIMIW o, OF OS5 “RELATIVE @RBQ

1 =9.0000 3 33.335353
n 10. 0000 1 11.11111
3 290000 4 A4. 44449
1 43,0000 0 0. 00000
5 67 . 0000 0 0, 00000
6 1360000 0 O, 00000
71050000 . 1.11111
BACH X = 1,11 PIROEI
~3,.000) ., "
X OO X Y X XK KKK X S XK
10,0000 . *
KK *
29.0000 . .
JB'600 60000000 Re e o000 Esse00es88e00000ate,
43,0000 . #
67.0000 . *
b3
16,0000 . *
R *

105.7000 . *
o AFXTAXXNXY
124.0000 . #

130.
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HISTOGRAN
OFFSET= 0.5
CELL WIDTT =
DATA
CONSTANT SURTRACTED 99
1.0000
13%4.,0000
1.0000
201, 0000
%34 . 0000
6 1.0000
56, 0000
61,0000
16,0000

33

H= 9

STATISTICAL ANAL

MEAN=

XMIN=
XMAK =

STD. DEV=
SKFWNESS
KURTOSIS=

163, 5333

66,0549

0n,8641
2.5 1

1.0000
201, 0000

RANGE= 200, 1000

C.VAR,=
CELLY
1
?
3
4
5
6
7

40, 1414

LOWER LIMIT
~16,0000
17,0000
Hy, 0000
13.0000
116.0000
149.0000
1132.0000

EACH X = 0.:12% 1 ERCENT

HO. OF OnS
3
1
3
0
1
0
1

~16. 0000 "
17.0000 .
XXIXXXIXXNXKX
50.0000
5%.0000 .
116.0000 .
CXXTRXXXXKXKKX *
149.,0000 . *
1312.0000 . B
XX *XKX XN
215.0000 . *

131,

*

vsis i MR 19,4

CRETATIVE FREQ

*

*

33.33353
11.11111
35.33353

0.00000
111111

(0.00000
111111

I OO 900NN VCH FONOEES6E000800600006D ¢
»

¥

: XAXXXXXRZXEZXRXXXXFX XXX X *X KX XXX XXX XXX L X
»

FIC., T.44




I
HISTOGRAN

OFFS

DATA

H= 9

A
Al

WL ] :,‘5

(!l"al;[; 1‘,’{‘)‘1‘”’ =

$1.0000
H34.0000
4. 0000
113.0000
11,0000
1354.,0000
151.0000
14,0000
61,0000

AL

COUSTANT HSURPRACTIINY a0y

STATISTICAL ANALYSIS

HARDOARD 1374

MEAN e
STD, DEY=

}( M T "ﬂ
AVA Lo
RANGE=

C.VAR, =
CET.L#

N EWNY S

PACH X =

SKEWNESS=
KURTOS (S«

LOWER T AMiT i, O

120,777 4
By (Y9
'_.r]_ a0
1. 57191
1.0000
151. 0000
150, 0000

9. 60¢Y

0ns

CHELATIVE FREQ

13.0000
33,0000

1. 14111
11. 11111

|

1

1 11,9111

5 33.33333
0,00000

:‘2. ?2222
1 117177

63,0000
15, 0000 0
113.0000 ”
1353.0000 1

0.3  PERCENT

=12.0000 "

D90 0806 CHEA S U4

13.0000 . *

TXXEZRRXKEXINYE *

31,0000 . *

XXXXIXXX XAXX #

63.0000 . i
o KXXRYOOCUIXXR XX RRCER XY XX XRLLCT KR KX
38,0000 .

¥

113.0000 *
133.0000
163.0000 .

J0016 0 €990 4909088 800000008808
3

XY AR RN
%

1% 7.4

132,



STATISTICAL ANALYSIS - v M'h.: 11,4

HISTOGRAM
OFFSET= 0.5
CET]TI WIT)T” = 1'[]
DATA
CONSTANT SUBRTRACTED 0
49,0000
13.0000
25.0000
50. 0000
1. 0000
1%. 0000
13.0000
60.000
8, 0000

N= 9

HEAN= 34,777
STD,DEV= 20, 51
SKEWHESS= 0.9193
KIIRTOSIS = 1. 07
T 1IN= 1.0000
--AAX= 60, 0000
RAINGE= 59. 0O

C_ VAR, = 24,2172

CELY! TWE2 LIraw
1 -4, 5000
2 5. 00N
3 15. 5000
A 25. L0
5 35. 5000
6 A% LD
T 55. 5000

FACH X = 1.11 PERCEAY

~4.5000 . *
s XKXXXBXY

5.5%00 .

Mo,

X
"

o XKEXRXXALLX

15. 5900
25,5000 .
35.5000 .
£5,5300
55. 5900
(5. 5000 .

A A

o« KKEYUXXINY

o XXEXXXXXXE

XX XXX

5 #

XK RN
3

».

OF Ol CRBEADTYE PRV
i "M.11011

1 4. 4144
.11
0.09900
Ti.11111
.11
19131

—
- - o=

- o —

X TOOCTRX XX ROy

*

.

#

ige Ted6

53,
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STATISTICAL ANALYSIS AltnwelMrais 1,
HISTOGRAM
OFFsSiET= 0.5
CELL WIDTH = 12
DATA
COHSTANIT SURPRACTH 56
44,0000
1.0000
65, 0000
51.0000
65.0000
Q4. 0000
65, 0000
51.0000
37,0000

U= O

MEANE 10 1, 5556
STD, DEV= 25.37 1
SKIWNESS = ey I
KIRTOSTS= 2.71 1
{MTN= 1.0000

re (== a4, 0000
RANGR= 13, 7000

C.VAR, = 23.39% i

CELI TLOVER LTMTH i, of oS SRRLATTYR PRDO
1 - 5. 5000 i 11.11111
2 6. 5000 A 0. OO000
3 1. 5000 ] 0.00000
4 =0, 5000 I o
) 42,5900 3 33. 59395
6 A 5000 ) 33.3%49933
7 (. 5000 i) 0. O D
3 "4, 5000 0" 1y, (100
9 an_ 5000 f (EPEREEE

BACIT X = 0,13 PRERCEI

-5 - 5000 - ¥
- ARXMLXLXREHH
€.500) . !

-

13,5000 , .

2%

30.5000 .
« FRXXXNEXXXTN X *
42.5000 . »
0600000089085 G000 FCHLIPIVERE S E R0 ¢ 5¢:4
54.5000 . *
o AKX A XXRXOLXXC S XRXXIRAX IR UKL EAYRN L oXXxax
66.5007 . :

L4
-

¥

73. 5000

90. 5000 . *
i * X OCCREXY KRKNE
102. 5000 . 2

+*

FIG. Te47
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STATISTICAL ANALYSIS  ATLIMIIIIMT 1974
HISTOGRAM
OFFSET= 0.5

CELL WIDTH = 7

DATA
CONSTANT SURTRACPED 15
15.0000
40. 0000
-10.0000
11,0000
43,0000
29.0000
1.0000
7.0000
N= 9
MEAN= 04,773
STD.DEV= 13,3492
SKEWNESS= -0, 120
KURTOSI = 1, 4273
XMIN= =10, 0000
XMAX = 4%, 0000
RANGE= 53, 0000
Co VAR-= 1?. ',:125
NO, TOO SMALIL= 1
CELI# TOWER LIMIT 0. OF OBS %RELATIVE FREQ
1 -3.0000 1 11.11111
2 4.,.0000 1 11.111 11
3 11. 0000 1 111111
4 13,0000 1 11.11111
5 25,0000 1 11. 11111
6 32 .0000 1 11.11111
7 39,0000 2 22,22222
EACH X = 0,56 TERCENT
"3-00()0 - *
o IXXXXKXX XXX XXX X% XAX
4.0000 ., *
D9 600060080006000060dNE.
11.0000 . -
109.0660¢008000.000 0980 *
13,0000 ., ¥
G 09.0060800000080096 *
25.0000 - *
S 000000000000 8080 004 %
32.0000 . *
19906000600 008000880 4
33 .0000 *

:TXXXXXXKXKXXX*XXKXXXXKXKXXXKKKXXXKXXXKXY
46.0000 , *

FIG., T.48




STATISTICAL ANALYSIS 7i.%7

IISTOGRAM
OFFSTT= 0.5
ELL YIDTH = 24

13{‘.

NFITA

A'TA
ONSTANT SUBTRACTID 7
13.0000
1.0000
14 2.0000
60.0000
94, 0000
1. 0000
%1. 0000
39,0000
1.0000
I= 9
TBAN = 136.1111
D, DiEV= N YL B

PERGH

PACH X = 0.3

~11.5000
12.5000
36, 5000
67.5000 .
44,5000 .
103, 5000 .

132.5000 *

156.5000 .

MO, O Ong

*

»

D980 8¢89 000 R0EI0000¢0 8008I DEED 90000

:XXXK*YXXXX?TE

KEWHESS= 0, "H90
JIRTOST = 1.:1/3
= 1. 0000
LA = 147, 0000
ATGE= 147, 0000
. VAR, = 31,7925
EELL# LOWER T,TM17
1 ~11.5000 ;
2 12,5000 2
3 6., 5000 1
b 60. 5000 0
5 34, 5000 2
6 173, 5000 0
7 132. 1000 1

« XXXXXXXXXRXY "

CRELATIVE ¥UEO

3%.3313%3%
DI D290
1.11111

O, 00
22,21202

O, Oy
IRPREEER

e XXX ATEXAXE XX CRTINAAXNKRY
..

g
a2

o

N

o XEXX LXK IOTR DX X KX AR N X

"

FIG. T.49
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STATISTLCAL ANALYSIS TATIT 1974
HISTOGRAM

OFFSET= 0.% -
CELL WIDTH = 9
DATA
CONSTANT SUBTRACTED 63
.. 37,0000
53,0000
s 25,0000
co o 52,0000
TS AT.0000
L R, 0000
© 54,0000
2.1, 0000
1.0000

N= 9

MIGAL= 107, 0000
STD,DEV= 19. 1572
SKEWNESS= -0y, 7571
KURPOSIS= 2.1014
TMI e 1.0000
AMAT 53. 010
RANGE= 57 . 0000

Je VAR, = 13,5993

OBELLY  TOWER LTIIT

co b, B0.0000

A
T

FACH ¥ = 1,11 TFROEN®

Do ueveeed
5.0000 . * :
¥ T

14.0000 , - . %

*
23,0000 *
32,0000 . ¥
» XA RETKX #*
11,0000 . %
L IXTX XYY *
50,0000 *

53.0000 .

PS50 0060000000 406000.4

N0, NF ONS  URFTATIVE FREQ

1 =4.0000 1 11,11111
2 75,0000 0 0. 000010
a3 14.0000) 0 0., 00000
1 23, 0000 2 282,22222
5 2. 0000 1 11.11111
6 41.0000 1 1. 11111

A YYYYY

.XXKKXKXKXXXKX*XXXXXXXXXXKKXXXXKKKKXXXXXX
o & . :

PIG. T.90
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-

.r-———-v—-w— e ma—— -

HISTOGRAM
OFFSIf= 0.5
CELL WIDTH = 7
DATA

1.0000
26,0000
43, 0000
18,0000
%4, 0000
43,0000
26.0000
34,0000
13,0000

N= 9
MEAN= 126, N0NY
STD. NEV= 13, 46210
SKEWITSS=
KURTOSTE= " 2.04)
AMIN= 1.0000)
EMAX = 43 . 0000
RANGE= 42. 0000

C,VAR. = 10, 6349

g -%.0000
= SR 4, 0000
14,0030
173, 0030
250000
R2.0000

STATISTICAL ANALY

CONSTANT STUBTRACHER 79

L=, 4605

SIS

TLDHEG 1974

CELTS  LOWER LTM(T Ko, OF OBS ﬁnﬂnawrvw'FRMQ

1M1.11111
0, 0000
0., 00009
22,.022022
pa.2p022

138

2
2 L 22,2222
5 -

33,0000 22,2222

EACH ¥ = 0,56 TRRCEND

-3 . 0000 . M C | ) S o l . .
| X XXIXSY LN IXIXEALAL o L
© 4.0000 . % SRS
s 11,0000 . ' : * S N B SR
. | " PR I
11,0000 . * o
o XXX KA XXX LK KA KK KT XY LXK
25,0000 . &
- XXX LR KRR X KR KRR CXAKALLAL LXK

32 . 0000

L EXXXKK R NRXRKREELXTKE KRR LK KA XK IR
39.0000 . *

5 XK R XXX XK KX XS KX XXX LXK
46,0000 . # ST

FIGs Tu51 |
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TTMB SCALE 3 RANGNS

YEAR

TNDEX

ZeDohs Hishordoml Nethod

1967
1968
1969
1570

140
113
103

50

Urit Rata Method

1572

100

%

1973 114 :

1974 126 |
Fil 7453
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BUILDING MATERZALS

TiME SCALES 1972 - 1974

NABRIAL 72} Ei = fﬁ |4 & £

8 = B E g 1218 [a|B

--BERL “SERERERE
Cement 1972 100 {190 §100 {1cc {100 (100 | 100 | 100 {100 |1cCO
1973 100 {100 {100 §119 (100 119 }j100 | 120 | 67 | 100
1974 | 113 |- 146 (199 [143 |159 |129 | 184 | - {195
12 mm Dia M.Se. rod{1972 100 {100 {100 0 {10¢ |100 |100 | 100 j100 {100
1373 83 {182 92 90 {108 (108 |137 | 100 |106 |154
1974 143 - 92 {192 (200 {182 {122 |[219 | - |190
Timber 1972 100 {100 {100 {10C {100 (100 | 100 | 100 {100 {100
1373 120 {120 83 {120 {120 [120 }|120 | 120 {100 |120
1974 o= 194 83 {300 [118 |139 |123 | - |167
450x225%225 mm 1972 100 00 {102 {100 {100 |100 |100 | 100 {100 }100
Ll 1973 | 167 {133 | 88 {125 {100 {100 |100 | 128 | 731|167
1974 32 |- 120 1175 {129 {125 j100 |1€7 | - | 327
Asbestos roofing 11972 100 100 {100 {100 100 (100 | 100 | 100 {100 | 100
1973 94 (1c0 {225 {112 94 117 {114 | 178 {188 {125
1974 62 - 67 (100 88 (142 {300 |189 | = |125
Aluminium roofing {1972 100 J100 {100 {100 {100 (100 {100 f{ 100 {100 {100
1973 151 75 66 1149 {151 {151 60 | 146 | 61 {149
1374 142 | = 118 {107 {147 |17l 60 152 | = {100

¥IG. T.54
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STATISTICAL ANALYSIS

HISTOGRAM
OFFSET= 0.5
CELL WIDTH = 10
DATA
CONSTANT SUATRACTED 6O
a7.0000
40,0000
43,0000
T4.0000
59.000"
91.0000
101.0000
55. 0000
56.0000
A0, 0000

N= 10
MEAl'=
STD. DEV=
SKEWNESS=
KURTOSTIS =
IMIN=
XMAY =
RANGE=

12%.1000
21.3401
N, 3476
1.4204
A0, D000
101, 0000
61,0000

C.VAR. = 17.45M

LOWER LIMIT
=4, 5000
5. 5000
15. 5000
25. 5000
35.5000
6 45.5000
T 55. 5000
8 65. 5000
9 75. 5000
10 35. 5000
1 95, 5009

CELL

N -

VTS WO

o,

)

OF 018
0
0

N 9D

= NN D a4 N

1960 T-8U,

SRELATIVID FRE(

0., 00000
0. 00010
0. 00000
0. 00030
20,0000
20,00000
20,00000
10.00000
0.00000
20.,00000
10.00090

. S
71964



. P il el Sk vim s AT R

T.~5u,
EACH X = 0,50 PERCENT
S ~4.5000 L% - S

55000 , %

25.5000 . »

35.5000 . »
N T PEEE RS ¢ ¢ £6.9.0. 05000090 604608048 S99 9909000596009
A ABL 5000 ®
D 0 6.4.0.0.0.0.0 0.5 0099 00000000009Ce LIS 991
55,5000 . *
A , XXX KX KRR CX XX KXY KX X XXX L EXK A KKK
65.5000 . - *
T RRKXRX XXX XXKKRXXRAX | LI
75.5000 . | | ® e

85.5000 . *

o XXX XX KX XK XXX XX AKX N #X XXX XX A XX RRXXAXKX XX

_ 95_5000 . * | e e
‘ . XXXXXXKXXX#XXKXXKXKXX - P

105.5000 .  * R




QH?T?TﬂIIJ £HI;'1I{:'= - ﬁ“-“'- : SR . L46. |

STATISTICAL ANALY$IS . CL, 1969 D-H,
HISTOGRAM R o ' o
OFFSET= 0.5
CELL WIDTH = 7
DATA '

CONSTANT SUBTRACTED 90

15,0000
10,0000
22.0000 .
51.0000 | : E
23.0000 : 2 -j
47,0000 :
27.0000 - " o
35.0000
11.0000
10,0000

N= 10

MEAN=

STD. DEV=
SKEWNESS=
KURTOSIS=

- XMIN=
MAX=

~ RARGE=

C.VAR, =

CELL#

@~ O s W A

115, 1000
14.9922
0.5370
1.6699
10,0000
51.0000
41,0000

15.0254

SRETATIVI FREQ

0. 00000
20, 00000
20,.00000
20, Q0000
13.00000
10, 00000

0, 00000
20, 50000

LOWER LIMIT NO. OF OBS
=3,0000 o
4,0000
11.0000
18,0000
25.0000
32,0000
39,0000
46,0000

RN O - PPN

-

FIG. 7.58




FACH X = 0.50 FERCENT

' B ’ .Z -3.0000 » * ) .

-

4.0000 . * S
B LE OIS ONOIID OOV ELIIIETEEEI R 606

11.0000 . * S
 XEX XXX LXK KKK KK KX XK KRR K H XX AKRER KKK

18.0000 . e ot
XXX KX KX XK XK XRX KX KX XXX AKX KT XXX X #XKK

- 25.0000 . | L e
. CXXKXXXKKEKXRXARARXLX. i *
- 32,0000 . | I
NI oo soeosssteseeesess SN R
| 7y 390000 . B S
o * I

B0 898600 Eo000000000Ese0oRETETee000008918
53.0000 . ; S

FIG. 7.59




148,

STATISTICAL ANALYSIS . CL. 1989
HISTOGRAM
OFFSET= 0,5
CELL WIDTH = 10
DATA
CONSTANT SUDTRACTED 65
71.0000
35.0000
34.0000
36,0000
52.0000
32.0000
0 .,.0000
9.0000
32,0000
35.0000

N= 10

MEAN=

STD. DEV=
SKEVWNESS=
KURTOSIS=

IMIN=
XA =
RANGE=
C.VAR, =

CELL#

I vl N

103.6000
16.2494
0.2606
2.75438
9.0000
71.0000
£2.0000

15,6345

LOWER LIMIT
-4.,5000 0
5. 5000
15.5000
25.5000
35.5000
45.5000
55.5000 0
65. 5000 1

N = 0 O -

NO. OF OBS ¢RELATTVE FREQ

0, 00000
10,.G01300
O, 00N
50.00000
10.00000
20,00000
O.00CI00
10, 30000

FIG. ?-6()



T-E. VW,

EACH X = 1.25 PERCENT

"'4. 500'0

5. 5000

15.5000

25.5000

35.5000

45 . 5000

55. 5000

65.5000

755000

1066000000 00000006)00000005 0080000000000

- OXXXXX

*

- XXX *XXXX

*

FIG,

7.61

149.



150.

STATISTICAL ANALYSIS ~CL.1969 T-T1.Y.

HISTOGRAM

OFFSET= 0.5

CELL WIDTH = 10

DATA

CONSTANT SUBTRACTED 90
50.0000
10.0000
10.0000
12.0000
23.0000
66,0000
60,0000
25,0000
24,0000
10,0000

N= 10
MEAN=
STD, DEV=
SKEWNESS=
KURTOSIS=
XMIN=
XMAX=
RANGE=

120.2000
21.4253
0.5014
1.5157
10,0000
66.0000
56,0000
C.VAR,= 17.3252
LOWER LIMIT
1 ~4,5000
2 5.5000
3 15. 5000
4 25.5000
5 35. 5000
6
7
8

CELL#

45.5000
55. 5000
65.5%000

NO. O OBS

0

4
0

SRETATIVE PREQ

0. 00000
40, 00000
0.00000
A0 ., 00000
0, 00m0
10. 00500
10.,00000
10, 00000

FlG,

7.

62



T-I.III.

EACH X = 1,00 PERCERT

-A4,5000 . *
i RS
5.5000 . "
59360000688 086)0000000000068090000000068064¢4
15.5000 . =
) »
25.5000 , *
» XXX KX XX XXX XXX # XXX XXV A R XX
35.5000 , *
>
45,5000 *
 KIXXYXXXXX *
55.5000 ., B
. o XXXXXXX#XX
65.5000 ., *
- AXX*#XXXXXX
75.%5000 ., *

FI1G., 7.63

151,



STATISTICAL ANALYSIS CL, %, T-VE&F,

HISTOGRAM

OFFSET= 0.5

CELL WIDTH = 9

DATA

CONSTANT SUBTRACTED 35
62,0000
15.0000
10,0000
22,0000
43,0000
65.0000
60.000.)
30.0000
33.0000
15.0000

N= 10
MEAN =
STD. DEV=
SKEWNESS=
{URTOSIS=
XMIN=

121.0000
21.1765
0.1941
1. 1947
10.0000

MAX=
RANGE=

C.VAR. =

64,0000

55. 0000

17.5012

CELL# LOWER LIMIT NO. OF OBS ¢IRETA

Tive FREQ

~ OOV a w N

~4.0000

5.0000
14,0000
25,0000
32.0000
41.0000
50.0000
59,0000

0
1
b
1
I
1

0
3

0. 00200
10, G000
50, G000
10,00 1))
10, Qw0
10, D000
0. G000

SO L)

-

Flg,

7.

64



T_P&F.

~4,0000

5.0000
14,0000
23%.0000
32,0000
41.0000
50,0000
59.0000

63.0000

EACH X = 0.7% PERCENT

- KXXXXXXX LA *XX

10 9600000000000006500000008080090860000046¢

XXX XXX XXX

- IXXXXXXXXXXXX

 AXXXXXTXXKXXK

100000000060 800000006000888:800000000¢¢00¢

*

¥*

"

*

»

*

FIG,

7.

65



STATISTICAL ANALYS1S
HISTOGRAM
QFFSET= 0.5
CELL, WIDTN ~ 7
DATA
CONSTANT SUBTRACTED 1%
45.0000
15 . 0000
20,0000
24.0000
3% . 0000
53.0000
19,0000
24,0000
10.0000
15.0000

Nez 10
MEAN=~
STD, DEV:
SKEWNESS=
KURTOSIS=
XMIN=
IMAX =
RANGF=

113. 3000
15.339
0,552
1.3901

10.0000

53%.0000

4%,0000

C.VAR, = 15.5235
CELL/ LOWER LIMIT
1 ~3.0000 0
4.0000
11.0000
17.0000
25.0000
32.0000
39.0000
8 46,0000
9 5%.0000

wioMN

~ Sy A
s T T B B X R

|
i
|
[

No. OF OBS

CTh. 1969

1~ SE

SRETATIVE FREQ

0. 00000
10.,.00000
20, 00000
30, 00000

0. 00000
10. 00000
10.00000
10,0000
10. 00000

FIG. 7.66

154,



i s A B 8 o v el

. e S

1

T"“s er.,

EACH X = 0.75 PERCENT

=3.0000 . *

4.0000 ., "
o IXKXXXXXX*XXX
11.0000 ., v

13.0000 . *

25.0000 ., *
*

32.0000 .
« LEXXXTXXTXXXX *

39.0000 ., "
o XXXXXXAXXXXXX  *

46,0000 , *
« XLXXXXXXAX*XX

53.0000 , *
o XXXXX*XXXXXXX

60.0000 . L

BD 50905000589 09006500060080 4

*

1D 8000860608 080080000086)000998600080800044

FIG. 7.67

5'



156,

LOCATION INDBX CLASSROOMS 1969

ELEMENTAL ANALYSIS

TOTAL COST LESS TWO ELEMENTS

T T T T
Location SE&R S8, R & Ser S.ly & S

1. Kano Cost 22,71 41.87 28.75 18,31
' Index 113 154 98 101

2. Sabongida Ora 20.14 27«13 29439 18,09
' 100 100 100 100

3. Sapele 25.40 27.93 34.04 24.08
126 103 116 133

Vil Benin 39.28 33. 69 40.91 35.85
195 124 139 198

5e Ilorin 21,80 31,08 32,39 18.59
’ 108 115 110 103

e Okene 31,89 26410 40.29 28,89
' T 158 96 137 160

Te Zaria 29,20 36473 32,59 25,06
145 135 111 139

8. Nakurdi 29,18 18,17 37435 27.16
145 67 127 150

Do Ijebu Qde 22,37 27496 24430 14,92
L 111 103 83 19

10, Lagos 20,14 27.13 29.39 18,09
' : 100 100 100 100

CeVara 23,495 {21,751 16,082 28.728

FIG, 7,68



STATISTICAL ANALYSTIS CL. 1969 T-5&it,
HISTOGRAM

OFFSET= 0.5

CELYL, WVIDTH - 16

DATA
CONOTANT SURTRACTED 90

25,0000

10.0000

36,0000

105 . 0000

14,0000

63.0000

55. 0000

55.0000

21.0000

10.0000
N= 10
MEAN = 130. 1000
STD, DEV= 30. 5667
SKEWNESS= 0. 7655
KURTOSIS= 2.353%
XMIN= 10. 0000
XMAX = 10%, 0000
LRANGE: 15,0000
C.VAR, = 23.4948

CELL{ TLOWER LIMTT NU. O OBS %RELATIVE FREQ

1 ~7.5000 0 0.00000
2 8, 5000 9 50.00000
3 24.5%000 ! 10.00000
4 40, 5000 2 20.00000
b 56. 5000 1 10.00000
6 72.5000 0 0.00000
7 83,5000 0 0,00000
8 104.%000 ! 10.00000

FIG. 7.69



| 12005000 . *

T OS&R.,

EAGH X = 1.25 DPERCENT

‘.'71 5000 » *

AL
T
L]

8.5000 . * ISP

IO CE080009006200909088008904480EE00895.04
24.5000 . - * | | =
e L XXEXTKKL %*
40,5000 . *
| XXX XA XK LAKKE*
56,5000 . *
N  XEAX KX *
S 72,5000 . *

83,5000 . *

- 104.5000 ., *

F1G. 7.70




STATISTICAL ANALYSIS

HISTOGRAM
OFPSET= 0.5
CELL WIDTH = 15
DATA
CONSTANT SUBTRACTED 60

94 .0000

40,0000

47%.0000

64.0000

55.0000

%6.0000

75 . 0000

7.0000
4%,0000
40.0000

N= 10
MEAl=s
STD,DEV=
SKEWNESS=
KURTOS1IS=
XMIN=
XMAX =
RANGE=

109. 7000
2%.53609
0.1719
2,3703
7.0000
94.0000
37.0000
C.VAR. = 21.7511
LOWER LTMIT
1 ~7.0000
2 3.0000
2%.0000
31.0000
53%.0000
€3.0000
3%.0000

CELL#

(oA TR L B T

-3

1

ok 0

NO, OF OIS

CL. 1969 '

SRE

LATTVE PREO
10,0Cu0)

0., 0L
10, GGG
A0, L)
20, 0D
10, G000
10. GUADO0D

159.

FI1C.

1«

71



160,

T" s ?:m’l -

FACH X = 1.00 PERCENT

~7.0000 , *

» XXX*TXXXK

5.0000 . "
»®

23.0000 . »
 XXXXKZXXXX *
33,0000 . *
.XXXKKXXKXXXXIXKKKXXIXXIKK”KXnKXXKXXXXXXK
5%.0000 . »
.KXXXXXXKXXXXKXKXXXKX *
68,0000 . *
XXX A KKXXXX *

83.0000 . *®
» XXXX XX *XXX

93,0000 . #*

FIG. 7.72




= sl i i
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161,

HISTOGRAMY
OFFSET= 0.5
CELL WIDTH =
DATA

18,0000
20,0000
36,0000
57,0000
30,9000
57.0000
31.0007
47,0000

3.000)
20,2000

N= 10

MEAN= 112
STD.DEV=
SKEVWNESS=
KIIRTOSIN=

STATISTICAL ANALYSIS

Cli. 1969 T=R%G,

10

COI'STANT SUBTRACTED 0

21000

18,0274
0,1241
1.606%6

XMIN=
XMAX=
RANGE=

C.VAR, =

CELLA
1

2

3. 0000
59,0000

56 . 0000

16,0816

LOWER LIMIT

~A4.5000

5. 5000
15. 5000
25.5000
35. 5000
15. 5000
59.5000

NO, OF 0OBS

1

N = e oW o

ZRETATIVE FRE()

10. D00V

0. 00000
30.00000
20.00000
10.00000
10. 00000
20, 00000

FI1G.

il d




MY n;i-'lhm‘qf-w:---h LIPS TS M PLE DAt T T 1 PRI PR
i T
- h

T.-R&S.

FACH X = 0.75 PERCENT o

=-4,5000 . *
L XXEIXEXHREXXXLX

5.5000 , *

15,5000 . *
D00 8008.0060086000000000885000¢900.¢060.00.0¢

25,5000 . *
IS 09000800860000008680080604 *

35.5000 .
- XXX XEXRXXX _ *

45,5000 . *
» XXX XX XXXX *

55. 5000 . *
DS 600800CH00 0000000000000

65,5000 ., *

FIG. 7.74




163,

STATISTICAL ANALYSIS
HISTOGRAT
OFFSET= 0.5
CELL, WIDTH = 20
DATA
CONSTANT SUBTRACTI™ 70
31.0000
30,0000
63.0000
125.0000
23.0000
90,0000
69,0000
80,0000
9,000
30 . 0000

M= 10

Cli. 1969 T-FRS.

MEAN=

126. 7900

STD. DEV= 36,2730
SKFYITESS = AT A
KURTOSIS= 20030

XMINe
XMAX=
RANGE=
C.VAR. =

CRLL/

~ N A NN =

a_ 0000
123.,0000
119, 0000

23,726

LOWER LIMIT WO, OF ONS ¢METATTVE FREQ
=9. 5000 1 10, 00000
10. 5000 20.00000
30. 5000 20. 00000
50. 5000 20, 00000
70.5%00 20. 00000
90, 5000 0, 00000

110, 5000 10, N0000

N

- o N N~

Fig, 7.75




164.

T-SRS.

EACH X = 0,50 PERCENT

-9.5000 . *
» XXX XX XXX L XXLXXX

10.5000 . »
159,099 990000060000000000000C008609000060.¢

30.5000 . *
1D $000890000860000000060000000608060800009 ¢,

50.5000 . *
0008000008000 000000000000000880000008004 ed

70.5000 . “
10968600000 000000006000000000088000450004

90.5200 . ¥

110.5000 . »
19 0.90.6.006.00 650600060004

130-5“00 - *

FIG. 7.76



LOCATION INDIX CLASSROONS 1969

BLEMENTAL ANALYSIS

TOTAL COST LIsES THREL TLEMENTS

165,

LOCATICH Te=53 &0 & T [Ta=REWEF & T
1. Kano Cost 34466 23,67
Index 171 117
Z2a Sabongida Ora 20,24 20,24
100 100
3. Sapele 19,78 19,43
98 96
4 Benin 22449 26426
111 130
5 Ilorin 21.99 26,10
109 129
G QOkene 23,40 16,30
116 83
Te Zaria 32,36 16,04
160 79
8,  Makurdi 14429 16409 .
Tl 79
9,  Ijebu~Ode 24,68 20,11
: 122 99
10, Lagos 2024 20,24
| 100 100
CoVar, 25636 18,643

FIG, T.77



166.

3 1.t
TeS&EWETY .,

STATISTICAL ANALYSIS
HISTOGRATI

OFFSET= 0.5
CELL WIDM™ = 17
DATA
CONSTANT SIIBTRACTED &5
106, 0000
35,0000
3%. 0000
A6 . NONN
44,0000
51.0000
25,9700

‘f’-
5T
25
N= 10
MEAN=

STD.DEV=
SKEWNESS =
KURTOSIS=

XMIN=
YMAX =
RANGE=

C.VAR. =
CELL#

~N YU A Ul N

2000
000
2000

115, 3000
29, 6364
0.5763
2.23%0
6.00N0
106. 0000
100, 0000

25.6%60

LOWER LIMIT NO. OF OBS
-8.0000 1
9.0000
26,0000
43.0000
60.0000
77.0000
924.2000

1000000
0.00000
30.00000
A0, 00000
0., 00000
0, 00000
20, 00000

N O S awo

GRETATIVE FREQ

FIG. 7.78



167 »

EACH X = 1,00 PERCENT

9.0000

26.0000

43.0000

60.0000

77.0000

94 .0000

111.0000

*

o AXXXNEXXAX

*®

*

o XXEXX XX XXX XL X AAXXXXF LK AKAL o X

o XAXXX XXX XXX XX XL AN AKX LKA

Ld

*

*

« XEXXX*XAXXXLLXXLLXKX

*

i

KKK XAXXLXXK

F1G. 7.79




168

STATISTICAL ANALYSIS T~R&EV&FP.

HISTOGRAM

OFFSET=

0.5

CELL WIDTH = 8

DATA

CONSTANT SUBTRACTED 70
47.0000
30,0000
26,0000
50,0000
59.0000
13.0000

9.0000
9.0000
29,0000
30,0000

N= 10
MEAN=

STD. DEV=
SKEWNESS=
KURTOSIS=

XMIN=
XMAX=
RANGE=

C.VAR. =
CELL#

-] O WU &\ N -

101. 2000
13.8668
0.3%164
1.5341
1, 0000
60.0000
51.0000

£.6431

LOVER LIMIT
~3.5000 0
4.5000
12.5000
20, 5000
24,5000
36. 5000
44.5000
52,5000

0., 00000
20, 00000
10. 00000
10.920G000
30 . 000G

0, O KD
10. 00Q0G
20, 00000

N oa O W = a2 N

NO. OF OBS $%RELATIVE L

“Q

FIG. 7.80



| .19,
FACH X = 0,75 FERCENT §
-3.5000 .  * “
" *
4.5000 . *
600000000680 000080800080 3 |
12,5000 . * | | |
KKKROEXEXE %
20,5000 , * S
. XXXXXXXXKKKXK *
28,5000 . *
e 0600000000000 00 000t tINNEP N 00000004
36,5000 . __ | *
. - . | 3¢
. 44,5000 . | *
e  XKXXAXKAXXXXE  *
52,5000 . ¥
- 00009084000 008 68000009804
 60.5000 . *

FIG. 7.8l




170Q.

LOCATION INDIX CLASSROONMS 1969

ELEMINTAL ANALYBIS

TOTAL COST LESS FOUR FLIMENTS

LOCATION TS, Holla T, e Te=SoBoWo T W P&F] Teit, TH.FGF Ser
1. Kano Cost 8.07 32,61 19.49
Index 112 216 112
2.  Sabongida Ora 7422 15.07 17033
100 100 100
3 Sapele 9.47 11,63 17.74
131 T 102
4« Benin 17.32 15,17 22,39
240 101 129
S Ilorin 4.22 20,98 22,29
58 139 129 :
B Okene 5e35 20,95 35.14
74 139 2,03 i
Te Zaria 8+19 28431 24417
113 188 139
8.  Makurdi 5433 10.98 30,16
74 73 174
9. Ijebu Ode 871 23e42 19.76
121 155 114
10. Lagos Te22 15,07 17.33
100 100 100 %
C.Vaz. 444935 38,811 26,248

FIG, 7.82




—— e — =

- R

STATISTICAL ANALYSIS
HISTOGRAM
OFFSET= 0.5
CELL WIDTH = 30
DATA
CONSTANT SUBTRACT®D 50
62,0000
50,0000
31.0000N
190, 0000
8.000n
24,0000
63.0000
24,0000
71.0000
50. 0N0N

[ IR P 00 N L

N= 10

MEAN= 112.3000

STD, DEV= 50.4624

SKEWNESS= 1.4112

KURTOSIS= 4,3011

MIN= 1, 0000

XMAX = 199, 0000

RANGE= 1132.0000

C.VAR.= 44,9554

CELL# LOWER TLIMIT NO. OF ORS YRELATIVE FREQ
1 ~14.5000 1 10.00000
2 15. 5000 2 20. 00000
3 45,5000 5 50.00000
1 75. 5000 1 10. 00000
5 10%5. 5000 0 0.00000
6 135.5000 0 0. 00000
7 165. 5000 1 10,00000

FI1G,

7.83



172,

EACH X = 1,25 PERCENT

~-14.5000 ., »
« XXXXXXTX *
15.5000 . *
o XEXXX XX XXXXXXXX*
AS.,.5000 . *
& XEOO OO0 XXX XXX XX KO XX X XXX XXX
75.5000 . »
» XXXXXXXX *
105.5000 ., *
) *
135.5000 . »
) 12
165.5000 . *
. XEXXXXXX

195.5000 , *

FI1G. 7.84



b s

[P

STATISTICAL ANALYSIS CL. 1969 T~-S,EW,IW,F&F. _

HISTOGRAY
OFFSET= 0.5

CELL WIDTH = 24
DATA |
CONSTANT SUBTRACTED 70
146.0000
30. 0000
7.0000
31.0000
£9.0000 .
.~ 69.0000 :
. 113.0000 l
~ 3.0000 !
85,0000 |
30.0000
F= 10
MEAN= 126, 8000
STD. DBV= 47,4126
SKEWNESS= Q,4772
KURTOSIS= 1.7704
XMIN= 3., 0000

XMAX = 146, 0000
RANGE= 143%. 0000

C.VAR,= 36.8110 | )

- CELL#  TLOWER TIMIT NO. OF OBS #RETATIVR FREQ

1 ~11.5000 2 20,00000
2 12,5000 3 30.00000
3. 36.5000 0 0.03000
4. ' 60.5000 2 20. 00000
5 84.5000 1 10.00000
6  108.5000 1 10. 00000
7 132.5000 1 10,00000

FIG, 7.85

173.



174,

T.-S.EV, IV F&P.

EACH X = 0.7% PERCENT

~11.5000 . *
« XXXAXXXXEXXXX#XXXXXAXXXXXX

12.5000 . *
1D 0080000000 058000000665080800008006000000¢

26,5000 ., *
*

60.5000 . &
1D 000000 0008006000080080006 ¢,
84,5000 . ¥
» XXXXXXXXXXXLX *
103.5000 ., *
L XXX XX XX XXXX *
132.5000 ., »
» XXXXX*EXXXXXXX
156.5000 , *

FIG. 7.86



7-R&IWEFFESER.

STATISTICAL ANALYSIS

HISTOGRAM
OFFSET= 0.5
CELL WIDTH =
DATA
CONSTANT SURTRACTED 0

22,0000

10,0000

12,0000

39,0000

39,0000

113.0000

A9,0000

84,0000

24,0000

10.0000

17

N= 10
MEAN=

STD, DEV=
SKEWNESS=
KURTOSTS=
XMIN=
XMAX =
RANGE=

130. 2000
34,1754
0,9589
2.5107
10. 0000
113.0000
10%5. NOND

C.VAR.= 26,2434

LOWER TLIMIT
-8 ,0000
9.0000
26,0000
43%,0000
60.0000
77.0000
94,0000

9 111.0000

CELL"

-~J cy W o

NO. OF ORnS
0

5
2
1
0
1
0
1

%RELATIVE FREQ
0,00000
50.00000
20, 00000
10. 00000
0., 00000
10.00000
0.00000
10.,00000

1

175

F1G. 7.87



1564

EACH X = 1,25

-q- 0000 -

9.0000 .
26,0000 .,
43.0000 .,
60,0000 .
77.0000 :
94,0000 .

111.0000 ,

125.0000 .

PERCENT

*

*

»

»

-

o IXXXXXEX

« XXXXXLX*

o X*XXXXXX

»

o XXX XXXXXXXX X *

»

»*

19 0.0.606060600806000008800000000880000660¢0¢

FIG. 7.88



1.

SUMMARY GLEMIENTAL ANALYSIS

»
COEFRICTONTS O VARTATTON

LM
l. Total Cost of building 13,18 | 21.75 1 23,59 [ 15,21 [ 9,15 [14.6L
2. Total cost less one element 17,461 13,03 15.69 {17.83 1 17.50(13,.52
3., Total cost less two elements 23,501 21,75 16,08
Ae Total cost less threceclements 20,731 25.64 | 18.64
Se Total cost less Tour elements 44,94 | 26.25 { 38.81
G Individual elements of building 23,52 1 43.42 | 55.61 | 43.43; 61,50, 53.47

FIG,. 7.89
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CHAPTER 8
Proposed Building Cost Indices in Nigeria

Method of Precparation

The Unit Rate and the Historical Cost methods have been examined in
detail. The Historical cost method has the advantage that it reflects
market conditions and productivity but the groups of data are so widely
digpersed arocund the mean that from the statistical point of wview the data

is not accurate enough to be used for pre-design estimates,

The Unit Rate method provides the reguired degree of accuracy but does

not directly reflect changes in market conditions and productivity.

Market conditions are conmtinuelly changing from location to location

gnd from time to time according to the volume of new construction work
being tendered. This factor can hest be assessed by the guantity surveyor
on the spot at any given time., Changes in productivity are more difficult
to deal with, There is no evidence that contractors pass on the benefits
of geasonal changes in productirity to proepective building owners. It is
however safe to assume that naticnal increases in productivity due to
improvements in technology and the training of menpower will in due

courge be reflected in building coste. This variable can be measured

by continually reviewing the labour outpuls by consultation with
contractors and cobservation on constructicn sitesg., The Unit Rate method
also has the advantage that it can be processed and published very quickly.
Sweettll explaing that his practice prepare their own indices to overcome
the time lag which arises bhetween the oceourrence of price movements and the

inclusion of their consequences in published building cost indices,

On balance the evidence weighs heavily in favour of the use of the
Unit Rate method for the preparation of building cost indices in

L

Nigeriae

Organisation

A large organisation would not he necepsary for the preparafion of building
cost indices. It is suggested that a Building Cozt Research Section he
incorporated in the propesed Construction Matorial Research Centre to be
attached to the Department of Civil Ingineering, Ahmadu Bello University,
Zaria, Nigeria.

The/ ..
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The staff required would consist of two or three research fellows under
the control of the Department of Surveying, suppertied by a suitable

number of technicians and clerical staff, It is possible that the
research fellows will be found as a result of the recruitment of graduate
assistants who would be researching for higher degrces., The section

would require a generous anmual allowance for travelling expenses,
Sufficient computer facilities are already available within the University.
Informal inguiries are being made to see if the Federal Ministry of
Housing, Urban Development and Enviromment would be willing to finance

the preparation of the indices,

Source and Collection of Data
It is suggested that cost data be collected and processed for each state

capital and published in the form of location and time scale indices,

Ilach location should be visited initially half yearly and later, when
the organisation is well established, the visits should be quarterly,
Current material and labour costs should be collected during each visit,

Construction sites and contractors offices should be visited to

179.

ascertain labour and plant cutputs, Any variation in outputs due to location

or climatic conditione should be noted, In some instances this information

will be available from the contractors. In others it will have to be
cbtained by doing case studies on construction sites,

Processing

The computer programme prepared for this research contains analysis

for about forty of the main items of construction work., This would
have to be expanded to provide Schedules of Rates which are sufficiently
comprehensive to price bills of cquantities for fairly complex buildings
of varying structural forms and specifications, A considerable

amount of the analysis required is alrcady available in the Department
of Surveying,

Typical types of buildings constructed in Nigeria should be
identified and cost indices prepared for each type. It is suggested
that the classes should be:=

(i) Load bearing blockwork up to three stories high.
(ii) Reinforced concrete multi=-storey construction.

(iii) Steel framed multi-storcy construction,

(§v) Light framed steel or concrete construction.

These classes could be further sub-divided according to building function,

Unpriced/



Unpriced bills of gquantities for typical buildings in ecach section
should be cobtained. These should be coded and stored in the computer.
Bach bill would be priced for cach location each time the cost dato
wat collecteds The priced bills would be analyscd into costs per
square metre of floor area for each building and then converted to
location and time scale indices ready for publication,

180,
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CHAPTER 9
FUTURE RESEARCH VORK
General

The aim of this research was to provide for the improvement of the
accuracy of pre—design estimates by developing an accurate method of
measuring the effect on building costs of the variables time and

location, However, variations in building cost are due to many factors.
It is now necessary to devise methods of quantifying all the variables and
bringing them all together ic produce a pre—design estimate,

It is possible to analyse a completed project and allocate wvalues to

each of the variables so that the total wvalue of the variables equals

the project cost. However, to use that information for a pre=design
estimate, it will be neccessary to substitutie new values for some of the
variabless The problem is how to measure the effect of a change in the
value of one or more variables on the valucs of the remaining variables,
This can be done by preparing mathematical models for each type of
building using a technique called multiple regression analysis, The
following sections are a review of some recent papers describing some

of the uses of this technique in connection with construction work,
Estimat for Civil Engineering llorks

Bugheazl in a recent paper discusses the problems of pre—design cestimates
for civil engineering works., The following is a synopsis of his paper.

He advises that in considering technique to be employed quantity surveyors
should reflect on the suitability of methods devised for use in the contemt
of building before using them in circumstances for which they were not
introduced, Engineers claim some experience in the field of estimating
and are certainly more knowledgeable than their architect counterpart as
to how a particular job may have to be done and the plan or risks that are
likely to be involved, Also by their iraining they are more concerned with
the economics of design. That they express their problem in tonnes or
metres is as valid as the quantity surveyors use of the Naira as a unite.
In the case of buildings there are usually several options open in solving
a givén precblem, In cngineering problems tend to be more unigue and
their solution dictated by engineering considerations, For these

reasons cost planning and cost control as applied in building are in
general not applicable to civil engineering, The validity of any
technique must be judged in terms of its performance in practice.

At/
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At Ceogibiliby oblogs it ie o rimnle btechniaue to eorrclate
unite ol reemirenonl iilh Finsl e bnl costle A simole
mathenatical model Tor o road urald bes

length x breadth @ coet per sruare motre = cstimate cost,

In eoennection vith dur) three lone rural moborunys it was
feund that cogle varicd betuesn Hlm and H3m, per mile, Clearly
thig repregented boo larme o variation to be oi” any practical
usce Abttention vas thorefore turn~d touards idenlifving those
parancters vhiech vere mensurable at feasibility stage, such as
rise and fall of" ground, geology, climabn, crossings of other
rcadey rivers ond reiluvarey cbes  Altegothery, upwards of 17
vere poleocled, By Lhe use of maltiple regression analysis it
uas vogsible to nroluee confficicnis for 11 lfactors, the

reme inder being: discearded as sbotictically none=simnificant,
The model derived Look Lthe Pollouing form:

Ga 6T 4 MM 4 108X 4TI Xy + 32X+ 155 Xy

- 805 Ky = 0.72 X ) X 65 Xyg = T1 Xy =
+ 005 Ky = 0aT2 Zyp + 20 Xpp 4 69 K = T1 Xj5 = 1000

27

tthoere
Kl & 2{:_, - rige and fall of ground
::3 2 i * rond croscings
X L amall uaborways
‘) = rail croscings
‘."10 = intorchianges
J{w = height aboeve sea level
':14 = population Iaelor
:;l'j = roainfall
.".17 " seological Imetor

the mothod of measuring these vorametiers bheing defined, The model
gave resultes with » standard errvor of & #97,000 per Kme and a
coefficient of varintion of aboul 9,» vhen applicd to cases (32)

from which the data hod been deriveds The coelfiecient of variation
being obtainced uith Yeonventional? mothods of estimating for
corrcsponding schomes waz around 25 - 30,:, Marther development

work is contimuing. T'he aim is nol so mach a cocfficient of variation
of say 10, as aphlicd to cases fvom vhich data has been derived but
cne ol perherc 20.> or logss when applicd to new cacns compared with

34 being currently obiained,
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9403 Regresscion Analvsis as on lstinmating Tool

Lstinaling bascd on statistical m¢tnud322 kag the appecal of
condensing historical records into 2 usable form. Regression
analyds as a coct modelling tool is a technicue which enables the
cosl of a projeet to be expressed in a very {ew items. [or
example a cost model developed by reygression analysis for residential
apartment blocks may bes
Cust (al wodelu basc data)
=  36001.7Y + (1959.834 = zrca ol single units)
+ (137438 x arca of double units)

(2993.8 = muaber oi' storeys)

+

+ (3049.53 x mamber of 1ifts x number of storcys)
+ (139,89 % Yotal access arca)

4 (3)3.13 % Common Room aruau)
+

(13335443 ¢ nwaber of garages)

and it the model variables had bhe follouwing values in onc particular

casc
Arca ol singl. units = 1044
Arca of doublc unile = 281
Yo, of storcys = 3
Noe of lifis = 1
Total accens urca s 550
Common Ruow Arcas - 81
Nou, of garagus = 1

the estimator could guickly shou that the coat at models basc
datc was £393,423,

Obviously it is much guicker to cileulate Llikely costs in this
vay rather than by approximalc design, approximate guantities

and approximate rates, In scvoral casce il has been found that
these cost prediction models arve signiricanily more accuratce than
designers early estimates. 'Thus in appropriate casce cost models
based on regression analysis can provide a substantial improvement
on existing methods of estimuting ['vr cost plamning purposcs,

Regression/
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Regression Analysis is a ftechnique that will find an expression

or formula or mathematical model which best describes the data
collecteds The process is only practicable if computer facilities
are avnilable, There are several computer packages which permit
the user to present his data in o prescribed manner to the

computar package and all the calculations are done automatically.

At Loughborcugh University the computer package used is “Himbus"23

pupported with programs for storing data and selecling different
combinations of vnriables, Using this programme regression
analysis and cost model building is reduced to a routine exercise

fiven access to data.

Pre=design Cost =~ Pstimation Function for Buildings
2
Kouskoulns nnd Koehn <4 recognising the need for pre=design cost

estimation techniques attempt to solve the preblem by deriving a
single cost—estimation function that applies to several classes of
buildings and defiince cost in terms of several other measurable
variables, The end resull is a pre—desipgn multilinear cost=—
estimation Manction.

The cost of a building is a function of many variables, The first
and basic problem ie the selcction of 2 set of independent
variablce that may deseribe a project and definc ite cost. Such
variables must be mezsurable for cach new building project. The
gsecond problem is the determinntion of the cost function in termo
of the sclected variables in closed mathematical form. l!hatever
technigque one may chooge for the construction of the cost function,
its immediate usc dictates that a criterion for the selection of
the variables is the avallability of daln on such variables from
building projects completed in the past. These data are not only
recquired for the construction of cost functions, but aleo for solving
the third problem i.c. Lesting the realiability of the derived
function,

Cuided by these principles and after extensive search regarding the

availability of data, one may define the cost function by the relation
c=f(vl,...,v6) e G )

in which C = egome cost measure characteristic of buildiugs; and

Vk = pix independent variables, which are in squence specifying

building lecality, price index, building type, building height,

building cuality and building technology.

lach/



sach of the variables are cxamined individuallv and their
meacurcnent and the depivalion of the function are deseribed,
The mathrmatical teols employed during the development of the
methodology included the use of the ideas of rogression,
correlation and probability analyeis., The regression analyeis
was periormed by ucing cne of the many available statistical

analysie conputer nackagon,

The methodology developed recuires that a complete record of the
samnle building dala is mointained with a concise definition of

the variables and Eheir values uscd in deriving the cost Tunction.
In cstimating the cosl of a new building projeet, it is instructive
that the new projeect is compared vith similar projeects in the data
or congisboney in the aseipmment of the variables., It is also
inctruclive that data are updated and the cost function is

redorived neriodienlly,

185.
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CHAPTER 10

Summary, Conclusions and Recommendations

Summary

The object of the research was to investigate existing construction
cost patterns in Nigeria and from the results obtained to propose a
system for defining these patterns so that they could be used to
improve the accuracy of pre-tender estimates.

The research was conducted by using two methods:-

(a) Synthesis: the building up of building cost data using

actual costs of labour and materials,
(b) Analysis: Analysing the costs of projects for which cost
data was available.

The results were tabulated as costs per square metre of floor area
and as location and time scale indices. Proposals were made for
the preparation of building cost indices in Nigeria.

Conclusions

The predominant factor which has emerged from the results is that,
in Nigeria, cost variations due to location are as important, as
those due to time. Most published workM'20 has tended to ignore
the location factor.

Averyza, however, lists the factors which will influence cost in a
particular location as:

1. Distance from source of material supply.

2. Availability and cost of labour.

B Productivity.

4, Cost of plant.

e Cost of water.

6. Cost of power.

7. Weather conditions and hours of daylight,

8. Local differences in market conditions,

. Topographical conditions.

10. Geological conditions and Biological activity,

11 Availability of materials, skills and facilities.

12, Localised customs and regulations,

in/
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In a given location it is possible to investigate each of these
factors. 1t is suggested that the introduction to the published
indices should contain any data available on any of these factors
in respect of each location. The data should be reviewed and

updated at regular intervals,

Any activities which can identify andincrease understanding of

location cost are desirable.

10.03 Recommendation
It is recommended that a Building cost Research Section be
incorporated in the proposed Construction Material Research Centre
to be attached to the Department of Civil Engineering, Ahmadu Bello

University, Zaria, Nigeria.

That the Research Section prepare building cost indices based on

an expanded Unit Rate method as described in this thesis.



10.

1l 2%

125
13-
14.
15,

16.

17.
18.

19.

20.

21.

22./

188,

Bibliography

C Sweett. Cost analysis - its application to cost planning
and cost control techniques. The Chartered
Surveyor (Junme 1959),

I H Seeley. Building Economics., Macmillan (1972),

R H Matthew. Report on Building Costs. Government of Northern
Nigeria (1963).

B C Jupp. Trends in building prices. The Chartered Surveyor
(January 1971),

M E A Bowley Report on the study of trends in building prices.
and HMSO {1970).
W J Corlett.

Housing and Construction Statistics - definitions supplement.
HMSO (1973).

Housing and Construction Statistics No. 7 HMSO (1973).
Building, The Builder (monthly).
The Cubitt Index. Holland, Hannen and Cubits (quarterly).

Building Cost Index. Cost Study. Royal Institution of Chartered
Surveyors (1965).

C. Sweett. Building Cost Indices : the measurement and
forecasting of changes in building costs.
Building (23rd April 1971).
Collection of Construction Statisties B.R.S. (1971),
W H Wainright., Practical Builders Estimating. Hutchinson (1970).
S Wrobel. Towards a computerised system for building cost.

Design Guide for 1.D.A. historical cost data. See Volume 4 of
supporting documents,

Procedures Cuide for 1.D.A. historical cost data. See Volume 5
of supporting documents,

P A Stone. Building Design Evaluation Costs-in-Use. Spon (1967),
C. Sweett. Building Economics and the Chartered Quantity
Surveyor. The Chartered Surveyor {August, 1961%,

J Southwell, Building cost forecasting. Quantity Surveyors'
Research and Information Committee. Royal Institution
of Chartered Surveyors (1971).

V Kouskoulas Predesign Cost Estimation Function for Buildings.

and E Koehn. Journal of the Construction Division, A.S5.C.E.
(December 1974)

G A Hughes, Estimating for Civil Engineering works, The

Quantity Surveyor (Janvary/February 1974),



22.

23.

24,

R McCaffer.

B MD Nimbus,.

D W Avery

189.

Some examples of the use of Regression Analysis as
an Estimating Tool. The Quantity Surveyor {(December 1975),
Biomedical Computer Programs. University of
California Press (1971).

Factors Affecting Cost - Geographical Location -
Glasgow College of Building internal paper.



190.

APPENDIX No. 1

Building Cost Indices in Britain

1.01 General
The purpose of this appendix is to describe in some detail the labour

and material method of producing building cost indices.

These indices are prepared by the Building Cost Information Services (B,C.1.8)
which is operated by the Royal Institute of Chartered Surveyors in London.

It provides a cost information service to practising members of the
quantity surveying profession. Schools of Surveying, Colleges and
Universities can also be members., The members pay a subscription and also
provide the cost data necessary for the preparation of the indices. A
quarterly supplement is issued containing tables of costs. 1In addition to
this data an index is provided showing changes in the following factors

affecting cost.

(a) Labour costs

(b) Productivity

(e) Material prices
(d) Fluctuations risk
(e) Market conditions

1.02 Compilation

The indices measure the effects on tender levels arising from changes in:

(a) Labour costs: the indices allow for changes in basic hourly wages
rates, national insurance payments, holidays with pay, number of
hours worked per week etc, and are adjusted for changes in productivity,

(b) Material Prices: From a study of actual Bills of Quantities a
system of weightings was devised to allow for changes in material
costs, according to the different quantities of materials used in
different types of construction, Consequently, a steep rise in
brick prices bears more heavily on the index for Brick construction
than on the index for steel framed Buildings. The labour index and

the material index are weighted together.
(e)/
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(c) Fluctuations Risk: The indices also reflect changes in the
assessed value of fluctuations’ risk on firm price tenders.
(d) Market Conditions: A further adjustment is made to the indices
to reflect the effect on tender levels of market conditions.
1.03 Data in Graphic Form:
The first set of graphs is shown in Fig, 101. These graphs include the

following: -
Graph 1: Plots the BCIS Index Class €. Brickwork construction,
Graph 2: Shows the influence which labour and material increases have
on the index.
Graph 3: Is the allowances for the fluctuations' risk in firms price
tenders.
Graph &4: Indicates the changes in the "Market Conditions Factor",

It can be seen from this diagram that the Labour and Material index
rose by 15% from the lst Quarter of 1958 to the 2nd quarter of 1964,

Market conditions over the same period rose from - 3 points to + 25 points.

Fig., 1.02
Graph 5: Shows the changes in the basic hourly wage rates.
Graph 6: is the "All-in" Hourly Wage Rate. It consists of the basic

hourly wage rates, holidays with pay schemes, national insurance, graduated
pension schemes constributions, overtime and supervision. The "all-in"
hourly wage rates are used in the compilation of the B.C.I.S. index. It
can be seen from the graph that future wage increases are included in the

firm price index as soon as the announcement of the increase is made.

Fig. 1.03: Shows the crude labour and material index.
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Seotion 2 ~ Crude Labour and Material Tndox
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Detine the class of buldding under
consideration { Group 1,2, 300 4 )

i PROCEDURE FOR UPDATING PRICES
FROM AN OLD TENDER FOR

BUILDING WORK USING THE

f -

Select the index series apphcable to

B.C1S. COST INDEX.

that class of bulding

l

MNote the year and quarler n wihich
the 'ender was wubmitted

lFicarl oft the index tigure ftur that

year and quarter

!

au the onginal tendee
on a firm poice basi.

R

Gt DLCT allowance tor

VE Huctuations nish apphcable to year
) and quarter ot tended

1 S— o — - —— o —— e e e i T

Nole resulting mdex figure (A7)

!

Read ott current widex tor class of

bulding  under consideration

j

on a fwm pice basis ”/""
/ I DUCT current allowance

Yl.‘- fiw .flul tualions nisk

. e I —

[Noie resulting current index( 13 )

Is there dnym-

between A dand H'

R : o FIG. 1.07

- ———— . B e i el

Make MO adjuustment 1o
VES orqnal prices

e B S

Apply tormula B A 4100« &9

Add J.‘.u/o to all onginal prices 1o

- GLASLOW COLLEGE OF BUILDING & PRINTING
Piepared by [0 W Avery June 1970

biing to current date

Hedtawn by A Caropbell  Jan 1974
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User's Guide for Programme QSO1

——

Control Cards (15)
a) Heading Cards

2 - 72 (ZPGIT) - title card for programme identification.
2 - 72 (ZPGNG(20)) - Heading Card.
b) Control data Card (15)

IBS - Basic Cost per labourer

PID - Provident Fund

IPS - Sick Pay

IHS - Hospital Visits

ITs - Government Training Scheme

IAH -~ Annual Holidays allow

IR - Rains Allow

IPH - Public Holidays

ICA - Leave Allowance per annum

ICL - Cost per labourer per 8-hour day

Hater{gl{ﬁf{ggfrty Cards.

—_—

a) Unit Conversion Card (15), (16).
a) Excavate Oversite (15)

ICLB - Headman

NLAB -  Labourers

ICLA - Masons

ILD - Labourers and Masons
ITA - Wastes

1CG - Gang and Waste

ICY - Cost per Cubic Yard

IPS - Cost per Square Yard of excavation 6" thick.



