TOPI CS.

BY

A MODEL FOR OPTI MAL BU LDI NG PROJECT
REALI SATI ON UNDER MULTI PLE TECHNOLOGY AND
RESOURCE CONSTRAI NTS

A Thesis Presented to this Department
of Building, Faculty of Environnmental Design,
Ahmadu Bel | o University, Zaria, in Partial
Fulfillment of the Requirenents for the Award of
the Degree of Master of Science Construction
Managenent

AM NU UVARU BAMBALE
B. Sc. (Hons) (Building)

SEPTEMBER, 1983

UNDER THE SUPERVI SI ON

Dr. D A MJAZU

ZARIA, NCGER A



DEDICATED

T0 MY
WIFE - BILKISU

AND

DAUGHTER - ZAINAB



ii

ACGXNOWLEHEDGEMERNT

My unregserved appreciation goes to my
* Menmtor Dr. D. L. Mungu. His advice and guideline

at every stage of tho thesis makes me indebted to

. _ _ v | L o

. I mast also thank Dr. T, O, Mosaku,-and the

entire gtaff of the Department for their various help.
I am grateful to Mr, Tom Higgins of the N.N.C.C.

for his agsistance in collecting my data. _
Finally I thaonk all ny clagsmates. I also thank

Misg Hannah Gnbricl and Isaac for their gpeeial help

in typing and rolling,

Thank you all,



CONTENTS

LIST OF PABLOS .. +u oo oo o2 . il
LIST OF FIGURES ov 40 we o0 o+ +e ¥

Ghapter One:
‘l. In‘troduction ) .o e . e -w - 1
1 .1 BﬂCkgro'lma "e Y »e s e e * 1
142 Need for the Resedrch +se o0 ee  an & 2
1.3 Scope and Objectives o e "w aw a 3 .
2 _ Building Project Technologles of Cormon

Use m Nigeri& .. ' .e ¥ e & 4
2ol Manual~Oriented Tochnolog¥ee oo oo & 4
2ol ete Iabour in Vnual-QOriented Teclmolosy 4
2,142 Equipment in Manual-Oriented Technology 5
241.3 Materials in Manual-Oriented Teclmology 5
24144 Time in Manua-Oriented Technology . s ©
242 Semi~Mechaniged Technology .v  we o8 ¢ 6
2.2 1 Labour in Seri-Mechanised Technology . 6
2e242 Bouipment in Heni-Mechaniged Technology 8
242473 Materiales in Domi-Mechanised Technology 10
2¢244 Labout in Semi-Mechaniged Technology. . . 13
2.3 ETEf&bI‘iCH'bionl se we s e er -g'.g . 13
2.3.1 Labour for Prefabrication. eo .o 45 & 16
2.3.2 Materials for Prefabricotion.. & .+ & 17
2e343 Bguipnment in Prefabrication .. .. <& ¢ 18
2¢%04 Time in PrefabricatioNes ee ¢ oe s o 19

Chapter Threq:
3. Developrent of Mathematical Optimization Model
' for Building Project Reanlisation.. .. . 20
1 Nature of Modelsese <4 ee oo oo +o o 20
2 Linear Programming . .}I e er ee s 2
2.1 Linear Programming Problems T Y T B A
0242 Linear Prograruming Chavact Risties s & 21
3 The Dual Problelss ss ss  os s ss & 23
4 Shadow Prices.. :.-. e e ee s e .8 24



Uging Computer to Solve the Model.. . 24

345
346 A Description of & Mathematical o
Opbimization Model for Building Projcct
RealizatioNee <o oe 28 as se oo » 29
3.6,1 Decision Variables (Technology
Constraints)ee se so oo or e .o o 26
Be6e2 Resource Constrainte. e ov oo oo o« 27
Zeba3 Relationship of Technologing to the
Stages of Construction e oo o s & 29
34644 Objective function .. 4. o a2 o« o 30
Ze6.5 MAnalysis of the Utiligzation of the e
Mathematical Model ee oo s 4o o4 o 33
Chapter Fagrd
ds Illugtration of Optimal Building Project |
Optimization Model Using as an Example
the Ahmrdu Bello University Teaching
Hospital ProjeCltees oo oo a0 oo 49 o 4
4,2 Numerical Application of‘the Model 4. o 34
4.3 Tata Preparatione. oo oe oo oo oo o 36
4ol inalysis of Solution Obtained Using
Cost as Objective Function e ee¢ oo « 37
4a442 Analysia of Sclution Obtained Using - -
Time as the Objective Funcbion e« <o . 39
4.443 Comparigon of the Results Obtained Using
Cost and Time ngs Objective Fpnction ee o A
Chapter Five: ok
5 ConeIuSiones so se  ee  an  ae es  ee s 43
5.1 SUIMIATY s o ae oo ev e we  ex s s 43
5.2

Recommendation for Purther Rescarch.e .. « 43



Tabe
Tabh.

Tab L

Tab.

Tab.

Tnb.

Tab,

245
2.6

2.7

LIST OF TALBLIES
Productivity Data for Barthnoving ..

Estimate of Hourly Wage Rates for
Skilled Inbour in ConstructioNn..e..s

Replncement of Huricn Labour
With mcnines..t-o;.-o...vlooittttt.
Estimated Rental Rotes for |

Equipments........-.............-..

Primory Congtruetion Materials
Raquirements......--.---.-.----.-oo

Secondary Construction Materialg
Requiremenﬁs......-....-.........;.

Data on Plants for Prefabricated
Building Components.eceeescreeerrees

iii

. Daseg

5

7

3

1

12

18



Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

21

3e1
3e2

33

34
345

41

LIST OF FIGURES

Prefabricatlon ee¢ ee e¢ ¢o oo
BI'er.lkdom Of the PrOJect P . .
Resource Allocotion., e¢ oe¢ oo

Relationship of Teclmologies to
the Stages of Construction .. ..
Total Cost 28 Objective Function..

4L Model for Optimnl Building
Project Realization under Multiple
Pechnology and Resource Constraints

ABUTH Model <o oo oo oo oo oo

iv

I.a._._ e ﬁ

14
26
28

29

30

32
35



2,

Se

4s
5.

ok

APPENDIX

Bar Chart Programme for Phyasical Medicine
Building. |

ABUTH 8ite Plan. Puange 111

Computer Printout: Convergsationel Compuber

Frogramming. '
Computer FPrintout: Cost 2z Objective Function.

Conputer Printout: Time as Objective Function.



Chzpter One

INZTYODRUBECET 5 & &

Vo1 Background:
Traditional building construction in the couvntry

before the advent o tae British influence ternded to be made
of local materials and simple technology. The techmologies
employed relate to the types of materials and 1 bour
available and consist mainly of local materials such as
earth, bamboo, wood and thatch and local labour which used
to be comminal.

At pregsent in the country. with new and modern
buildings such as hospitols, industries, larse scale housing,
etc. however. the rate of building project reali=zotion '
can be characteriged using multiple technolozies and resource
constrainte.

The types of technologieg employed in the realization
of building in the country involve the important sectors
of construction found in most developing countries of
Africa.

Accordingly Turin D. et al (1) classified the
important sectors of construction in such rerions on followss

(1) The traditional sector, estimated to be
between 20 per cent to 30 per cent of the total
building activity, with most of it existing in
the rural aress and around rapidly expending

urban centres.



(2) The Natural Conventional is choractersed

by 2 mixture of traditional materials and ti-.
techmologies, with a few modern and industrslly
produced materials and compoments (i.c. aluminum
roofing sheets, cement dblocks for walls, simple
reinforced concrete beams and lintols, crude
jornery znd glazing). o

(3) The National Modern Sec%or invoivés the

use of local technical and managerinl skills in
handling modern technologies, imported or adopted
from more industrialized countries. Moat of the
buildings in this sector are carried out in major
urban centres. .

(4) The International Modern Jector draws on the
most advanced consgtruction techmology available in
the world., 1t is contreclled largely hy foreign
consulbtants. 4 prerequisite of the Hational

Modern Sector.

1.2 DNeed for ths Regearchs

There igs need to appraise all the technologies and
materials mentioned in 1.1. and try to come ouvut with optimal
technologies for building project realisstion. Iigh costs
of buildings in the country, time overuns, made worne by
importation of key materizls and equipments, and
transportation problems from the port inland makes such a
need urgent. Such a model should highlight potentuial

bottlenecks in project realization and increase efficiency



of operations, and move efficient use of scent resources.

1.3. Scope and Objectives:

The objective of thiz work is to develop a unathematical
model that will give an optimal building project reslization.
This model should increagse efficiency in building project
realization and streamline resources involved.

Linear programming technic will be used to develop
this model. The modelformulated will then be molved with
the aid of an electronic computer.

Date obtained from construction site of the New Tigeria
Construction Company (NNCC) in Zaria, where Aihmadu Bello
Iniversity Teaching ﬁospital is under construction will be
uged to illustrate the working of the model. Doth time and
cost will Le taken ag objective functions and the results
analysed.

The final analysis of the results obtained from the
model will be reviewed within the lizht of some cualitative
(1.e. political, human 2nd related problens) aspects of the
problemg.that were not included in the Model.



Chaptexr» Two

2s BUILDING PROJECT IECHIOLOGIES OF COMYON
USE 1IN NIGERTA

2.1. Manual-Oriented Technology:
2.1.1. Ilabour in Manual-Oriented Techpology:
According to De et al (2) “the need for building in

all the developing countries requires an all-out effort in
mobliging resources and in developing appropriate technicues
which take into account the techmnologieal development, the
skills and the materials available, As the available
capital in India is limited whilst theve is =z larze 1l-bour
force it would seem more appropriate to adopt manual-
oriented construction method."

Manual-oriented teclinology is labor-internsive. Nigeria
and other developing countries have abundant labouy,
relatively cheap though o poor» gquality. The :uality can
greatly be improved by close supervision.

Efforts are however being made to improve this situation.
Scott and Sheikh (3) reported that "efforts have been made
by intermational agencies gsuch ag Internationzl Lobour
Organisation (ILO), International Bank for Recongiruction
and Development (IBRD), and the World Bank, to help the
developing countries utilize their local resourcesg in a
better manner by substitution of technolozy. The Internetion
Labour Organisation (IL0O) in particular has undertaken studies
in roadwork construction and has demonstrated that in the
cagse of minor roads the prospect of uging labour -~ intensive
methode of construction sre promising. both tecimically and
financially."



Tables: 2.1 Broductivity Data for Barthmoving

Method [ Operation Team Hour%%%Output Anaumptions
Ccl BLHUS Bulldozer _ )
(psH) a0 faul 50m
EL 1 Worker 0.5 L on wheel
@urrow bull cart.
LI HU 1 Worker + 1 [ by wheelbarrow
wheelbarrow 50m.
g 1 “orker 045 Soil, stiff clay
Source: ASCE Journel, June 13978.
CI = Capital-intensive  E=excavation Usunlouding
1I = Labor~intensive I~-loading 3=gpreading
H=hauling

Table 2.1 shows for CI approach the hourly ouveput is
that for the whole task (ELEHUS) but for the LI approach it
1s obtained by cxabining a number of smaller operations.
Since S can be done at 5.0m’/hr for the tagk of ELIUS for

the LI appraoch.

2.1.2 Bguipment in Mrnual-Oriented Technology:

In manual-orienicd technology, mozt of the operations
are manual and therefore the necd for soplusticated ecudipment
does not arige. Simple equipments are only needed for mixing,
excavation, transportation and placing use shovel, hcadpans,

wheelbarrows etc.

2e143. ﬁgﬁerialé in Ménuaerriented Teclmolomy:

"Many developing countries use predominantly imported
materials in construction, according to De Graft Johnson (4).
Thus, material resources in most developing countries are

hot fully exported. In some cases materinls production plantg



dependent on imported raﬁ‘m1terials.haﬁé béen.estaﬁiished,
and this has led to expensive products." |

This solution, carmot be alforded by the poor -
developing countries. These cowntries can only offord to
import the few building materials and produet which they
cannot produce themselveo. . | :”_._

As Krigbiangen {(5) put it, "even today fe&érzfégﬁ teﬁ
of the most industrialised countrieg can afford to buse
thelr construction industry on imported building products
and components. Their finance does not permit this, and thig
is why in 2ll coountries the civil engineering and
construction industry is mainly a2 domestic industry. Too
muach money ig involved (some 50 per cent of all eapital
investment) and therfore a construction industry camnot

develnp if based on imports." - ";}

2+1.4. Time in Manual-Orionted Technolosys

Due to the type of labour and equipment uped in this
technology, the time factor in this case should he longer.
The rote of out put would be minimal, but with good

supervision the out put could be improved.

2.2+ Semi Mechaniged - Technolqg#:

2e2+1. Iabour in Semi.-Mechaniged Teg¢hnolomy:

In semi-mechanised technology the matio of'skilled to
ungltilled labour s hiegh. Thig is so because of the number

of equipments involved. iHere, "gkilled labour" igs presumed
to include the following class of workers: Torewan, lMNechanics,

operators for squipments drivers for trucks, etec. Generally



the operator for heavy equipments are the highegt paid
followed by mechanics, foreman. and drivers. '"Unzikilled
labour are presume to include all those workers who are

engaged in manual work that does not require any skill", (3)

Table: 2.2 Y of Ho ze Rateg for Ditilled Iabour
ction, ﬁag tg per hour:

Skilled Clasgification| Ranze of Wages B | Yaze Used B

Operators for Scrapers,
heavy dozers, loaders
and cranes. 2.00 - 9.50 9,00

Foreman, mechanics,
operators for rollers
and graders 6.00 - 8,00 7.00

Drivers for trucks,
farm tractors 5.00 - 6.50

o)
Q
(®]

Note: B 20=81 US : B1=5¢
Source: ASCE Journal
Vol. 104 No. CO2 June, 1978.

As seen from table 2.2, operators of heavy rachine are
paid higher (8-9,50) than that of drivers for tricks and farm
tractors (5-6.50).

In the developing countries, skilled lobour are in o
short suppiy and are therefore imported. This is substianted
by De Graft Johngon (4) who said, "in most developing
countries, the availability of trained personel ig far below
requirements, and the scope of training is not sufficient to
enable engineering and technology graduates to acsuire akilia
which would facilitate tlie adoption of zppropriate technoiogy.
Projects are planned, designed and excuted by personel from |

developed countries or by local staff trained using technic



gimilar to those available in developed countries.

242.2. EBouipment for Jemi-Mechaniged Technolozy:

Mechanigation plays an important role in industrialization
and in many construction procenses that muct be ecarried out
at building sites.

Mechanical plinte for site work are gcnrce :nd
expensive. Equipments then hag to be imported. The cost of
importing to the developing countries is burden onto their
economy. Mechanisation could both be of disuiviniage and
advantage to these countries. NMechanisation increcses

productivity but reduced the labour employment. (4)

Table: 2,3. Replacement of Humen Labour with lachinegs:

Types of Machine No of lebourers Replaced
Excavation, 0.15 = 3m° 20 - 160
Motor-Scrapers, from 6m? 50 - 120
Bulldozers, from 8hp 70 = 90
Motor Graders, 60 - 120 30 = 50
Machines for Barth Compaction,

4 - 25 } 20 - 50
Building Cranesm, 30 - 80 ' 30 - 40
Dump~Cars, 3 - 5n° 20 = 30
Motor Granes, 5 \ 10 -« 20
Mixers, 250 - 750 ! 5= 10
Conveyors, 4 - 15 l 3= 5

Sources: Building Research Nos., 2 and 3

Regearch Institute of the
Building Industry Prague, 1963,

Table 2,3 shows the relationship of machine to human
labour. By using, for example, mctor scrapers, you replace

50 = 60 human labour, excavation 20 - 160 bujlding cranes
30 - 40.
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ilso the selection of approvri-te tecinolozry is also
based on minimizing the outflow of Torcign exclinge.
Comparing alternative tcechnology by this criterion docs not

involve shadow prices; rather, £-reism cxch rszo flow cnn be

measured in a monetary unit, -nd the not flow over the
relevent span of years ot be discounted biel to The dito of

project initintion., But in & country where reninal services
are offered, firms can s~ve money by hirings md the country

will save its foreign exchingce.

Tables 2.4, Egtimeted lentrl Reteg Lor Iquipmentz:

sourccs ASCE Jourmol
Vol., 104 No. Q02 Junc 1978.

Forn tnble 2.4,

this could be due to hizh list of importation.

Iﬂ Equipment Type Iife in n, *n.vs1rfnur1y “ental

L beg in Bohts
Wheellozders (2.1/2cu yd) 8 440400
Dragline 10 1052.00
Bulldozer: D 8 H 8 630400
Crawler Mounted Loder; 920 8 485 .00
Moter Sornper (Cat 621) 8 630,00
Pncumatic Roller (471) 8 243,00
Motor Grades (Cat 1247) 3 243,00
Vibratory Rollers (47) 5 88,00
Vibratory Pl tc 3 24,00
Dump Truck (5 cu yd) 4 1 127,00
Wator Truck (6m”) 4 127.00
Farm Tractor (73 hp) 4 63400

Note B 20 =8 1 US

he hourly rental rrnte is fairly high,

Hut depending

on how much a list the m.chine e'n be put ~t, ominz or hiring

decision could be arrived -t.
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2¢2¢30 Moteorinl for Scaui-licehonised Techmolomys:,

With regards to the cwntity ~nd quality of huilding
mrterinls available in the country, there is o smnll aomesgtic
production of those moterinls. Llthoush the production of
building moteriais hie been insufficient in developing
countrics, it has gradunlly reached a very hish lovel in
developed countries. .s o result, foreign tride in building
mrterinls eterted to grow in reccont yeors with developed
countries exporting to develcping countrics. St tistics for
1960 show that Afrien had to import n tot2l of 50 pﬁrccnt of
its building materials, including 100 pereent of its glaas,
consumption, 60 percent of puints and vonishes, 50 percent of
brichs, tiles and ccramics, 33 percent of cecment, ‘mnd 33
percent of sawm wood snd wood products (6).

Nigerin is fortun~te to be producing some of the

1

primaxyy’ buillding meoiterials but h:d to import wholly the

secondrry® building miterinls. Sce toble (2.5) mad (2.6).

——— . m

- -— - -

1. High volume strucuri:l materi:.le uged in most buildings
(e.g. cement ond rcinforcing b:irs).

2. The lower volume, more specialised parts of the
interncl systons of the bnilding (e.z. air-conditioners
and sanitary fittings).



Table: 2.5.

1984

1986

1

Cement (T)

Sand (M)

Aggregate (M)

Cloy Products (T)
Rebar (T)
Structural Steel (T)
Lumber ﬁzwv
Lsbestos Roofing (T)
Aluminum Roofing (T)
Asphalt Roofing (T)
Bitumen (T)

2,400
1,400
1,900
600
100
40
2,000

377,900
3,200
6,600
2,100
5,600
1,500

200
100

13,600

'59,900 '67,700 102,000

418,300 421,900

8,100
7,600
1,300
7,100
2,500
400
70

14,900

T - Metric Ton: M? = Cubic Metor #Brick, Hollow Clay Pots, Clay Condurt

11,100

2,500
9,100

3,780

700
400

2,200

110,100 '88,600 '54,600 20,300
107,600 123,900 185,800 202,700 166,000 103,700 58,300

41,100 41,200 24,200

6,000
1,500
1,300
500
200
200

2,200




2

|

Wud“_.m“ 2.6

L . i 1983 1984 1985 1986
_ qocpppumm. Proprictary (M°) ' 200 500 * 1,300 * 1,500 * 3,800 ' 6,100 ' 6,400 ' 3,000
|ceilings, Plaster (M) 50 120 10 60 250 360 310 100
_m;.u.a..ﬂ.ﬁonm. mﬂowu.u.o&g?“uu 200 600 1,900 3,100 8,000 14,000 14,100 8,300
jDoor and Franes: (¥o.) 6,800 15,600 20,900 43,400 54,700 41,900 21,400 10,000
! . (T) 150 350 475 985 1,200 950 490 250
h_apunos and Frames: (Fo.) 8,300 19,800 27,100 51,400 74,200 71,400 53,000 31,000
(T) 110 170 370 700 i, 000 970 (20 420
'
» dumbing and Sanitary . '
t ¥Itiings (70 145 310 510 1,340 1,600 1,100 470 210
mwmduw»ou ¥21ll Cladding (T) 70 180 410 650 1,80 3,070 3,060 1,860 m
b .ir Conditioning Equipment(T) 20 40 90 130 300 450 450 250
Electrical Equipmeni and
Fittings (T) 30 75 160 270 400 440 380 220
Paint (T) 100 240 340 670 890 740 490 270
| steel Pi (Large ,
mﬁbamdmﬂwmﬁav 620 5,400 5,700 4,200 600 0 3 0
Miscelancous Installed
Mechanical and Electrical
Plant and Fittings (T) 770 1,350 860 980 450 120 50 20

r

Stone, Marble, Tile, etc.



153

2.2.4. DIime inSemi-Mochiniged Tochnolosy:,
The time taken here is much legs thon thait of mnuwile
oriented technolozy. This is quite underatond:ble due to the

anount of equipment used.

2.3 Exeffabrications

Testa (7) defines "prefabrica‘tion" as a forn of
indugtrinlization which, count of procucing ports which, when
agsembled, will give a finished prcduct. whether these parts
are produced in a factory oir undci the open gky does not

change the essence of the method- More relevont is the fact
that when utilizing this form of industrinlizntion, we hove
first to designed the finighed product, then break it down
into meaningful parts, producc Shese perts and finclly
aggemble them in the corrcct sequence nnd order.

In 2ll developing coivntries the protlem of providing
dwelling, education and health facilities is of primary
importance. Logically enough, governments consider at time
the poseibility of introducing industrialization as a way of
finding a2 fast and economical solution of the need of the
population,

From the above definition. wc can now identify several
forms of industrialization currently used in the building
trade. A first analysls shows four forms of industrializstion
used in the world at presen.

(a) Prefabrication

(v) Modular Sysem Building

(¢) Rationnlizad Building

(d) EBquipmen’ ~ Oriented Site = Production.
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(a) Prefabrication:
This form of :industrialization consist of producing

parts which when assenblec will give o finished product.

(b) Modular Svstem:
It operates according to the opposite conceptunl

procegss of prefabrication. Here we first desisn » set of
dimensionally and functionnlly inter-related compoments, we
establish general rules of how these components my be
connected together and with thes: components we tlhien design
a product. The components can be produced on 2 fctory or
several factories, but can hordly be produced on gite without
aeboudoning the concerituel basis of this form of industriali-

zation.

(¢) Retionalised Building:

Is based not on o production form (prefabrication) or
on a dimensional discipline ‘modular system) dbut on an
attempt to increase productivity and performance by the

application of all posaible measures Tor streanlining
production, for ensuring the best utilization of w=terials,

equipments, and labour on the building site and in the
production process. A4 project where considernble effort has
been given to planning, escheduling. quality control and
information flow can compete woll in production time, cost

and quality with prefabricotion nnd modular system.



16

(4) Equipment - Oriented Hite Froduction:

Here the objective o achi.vin: productivity is
achieved by the utilizatiocn or site of highly sophistic-
ated equipments which can ond with listle hausan
intervention produce complete »uiding-

The main objective o *hc deve cprment of the
industrialization process, scc rd’ng to Yehecstve™ (6) are
ag follows: "to increcasc the precductivity of l-bour; to
increase the ousiput of the ¢ mgiruci:lon industry; to make
good use of local resources.  iuc nding ~oenl ray reterials,
and agricultural and industrin.. wasies. to reduce the
weight of the building struciurz and as a complimentnry
objestive to decreasc the volunc of materials to be
transported in rela*’on btc building wolmme; -nd to transfer
ag moany process as possible from th» changing building

gites to off-site factories."

2301 our efabrication:

The nain advantage of thiu technique hos been the
high productivity of lesbour: pra~tically the anme number of
workers, as mentioned by Sebestye ' n (6) produce twice ns
many flats."

Prefabrication does not rcquire s much gkilled-lobouk
ag the other technologies or the site but the mwmagerinl and
pPlanning stages need a lot meve. “Onoe large-geale Juropean
industrialized housing produccr profurs to start with

ungkilled-labour, according %o Dictz 8): he can trein
operatives in the simplc :iwivnlatfon aczded in ghort order,
and they need not unlenrn anyth.ng  Building arencies in
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Bagtern Burope say that erestion reguircs no® more thon 25
percent skilled labour, the resgt con bo unskilled.”

Although numercus different jobs nre found throughout
the factory, the persomncl may be divided into four m:in
groups: opercztors, technicinng, office staff tnd monngerse.
Operators are normally semi--gkxilled or unskilled workers
performing all manipulantive operations toth in produection,
maintenance or transportition. Technicl ns are skilled
workers performing such oper:-tinis roauiring o
spercinlization e.2. maintenanec of eqiipuent, setting up
machines, ete, Office ztuff perforums 11 adminiscrative
work supporting the manufacturing procecss c¢.g. plenning,
purchasing, accounting ete. Monngers, technic:1 or
administrative are responsible for 21l plamning, exceutive
and controlling activitics at all levels (9).

2e3e2s Ma lg for Prefabrication:

The materinls are almost th:e sgainc g in the conventional
method. In few cases, it is found that a mixture of more
than one materials is needed. For oxample (8), '"the wall of
the Greater London Council were 0% nzde of only one
material, nor was any one materinl preponderant. Thedkr use
therefore does not coincide with the prim-.ry interest of any
one manufacturer, and no muterinls wwmufacturer took on
either their development or fabilcobion."

Delayed delivery can cnuse congidersable setbnek. To
some extend industrialized brildings ire more anffected by a

delayed delivery than conventional buildings.



Congiderable savings conld b nchiered by exnct ..~

dimensioning of the componcnis, a tignter nu lity control

and employmen?’ of gami--gkilled dasour o site.

2+3¢3¢ Egquipment in Prefabrication’

Machinery acquisiticn by ~ <construrtion firr cun be a

problem in this country.

requires o

The monufrzhare of building mhchines

cervain overall experleaze ir moeclire building,

existing production facilitice for rrucisl parts (electric

and diesel engines, ball beoring:. ot..) und . maxrket of

sufficent size for such wvach’nes. Mcgt developing countries

do not meet all these re¢uiremenis. mnd therefore hive no

building machineg~industry. The pace of indusirializotion is

illustrated by the number cnd sizes of plants for producing

light to heavy prefabricated building components thot are

now in operation or under congtruction (Toble 2.7).

Table: 2.7 Data on Plantg for 2Zrofibricnted Iuildins Componentg:
S e e -
Type of No of Plants; . nnu~l Mo of ‘nmusl Prod
Components} in Operation} Froduction i Plnts under [Crprcity
(9 '..X_’J...C _..t:.-? ! LOon Str - (1 . Oomz)
(1,000
Heavy 15 12 I 11 3465
Light 33 900 i 10 - 250
Total 48 1z b 2 3715
Source: TNINC Technology Prozram

No 12 Tiemwn, 1980,

The technological develcpment “ends to give us very

specialised equipment(7): automntic drills which will drill

at 32mm interval only. foam spraying equipment which can be
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use only in connection with = specific mould, etc.
Obviously 2 specific piecc of cquipment cun perforn
beautifully a cerbtain duty but nothing else., The consequ=
ence iz that it becomes a limiting Tactor for fulure
developments. All new desgign will have vo toke into
consideration the capabilitics of the cquipment or heavy
financial penalties will be paild.

After few years of opcration firme re cluttered with
a very specialiged equipment ané skills and eon herdly
follow ‘the evelution of the market. The altern tive of using
very flexible equipmen® is no% always satisfactory either.

As wish all tools degizned to do r wide rnge of jobs
it may prove that flexible ecuipment is never optinally
utilized, is slow in oper-ting cnd ag a result expensive.

Clearly, the samc rules apply on building - gite: the
correct kind of equipment must »e utilized but at times the

identification of the corrcet cquipment is not an casy task,.

2.3.4 Time in Prefabricotion:

Of all the technologices, prefabwication his the ghortest
duration in terms of building projoe* vroaligpation.

A hypothetical rathematical model would be proposed
using the technologies in building projec’s recalization. The
technologies together with the resource constrirts: would
be applied to the diffcreat stogas of construction in the
model to find an eptimel cost and duration for an optimal

building project realis:tion,
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3. DEVELOPMENT OF MATHEN TIC/.T OBTINMIZL ION
3.1. Nature of Models:

Accoding to Williams (9) the ternm "model" ie usually
used for a structure which hos been built mrposely ©o
exhibit features and chrracter:siizs of asome other object",
Generally only some of the feciur2as 'md chioricteristics will
be retained in the model depending upon the uge to which it
is to be put.

The models are usually rathemnticidl in tht alsebraie
symboliom will be used to ninor She interncl rel:tionships
in the object being modelled v is important to realise
that a model is really defined by the »elationship which

it incoporates. A model muy be uscd on many different
occasiong with differing data 2.g. ~osts. technological

coefficients., resourcc ~va'lobilitics obe
The quality of the answers whkick a model produces
obviously depends on She ceuracr of The gtructure and deta
of the model. For mathemcotical pregronming, models the
defination of the objective clunriy 2ffiet the answers as
well,
A model ghould be used 2s one of a number of tools
for decisions.
The specification of snother objective function in the
cage of mathemetical programmirg mode. mizht resgult in a
different option. By successive qucstioning of the ~nawers
and altering the model or itg objective, it should be
possible to clarify the optious availoble and obtain a greater
understanding of what is poasible . A medel eagt in linear



programming format will be wdopted for building project

realisation.
3+2. ILdinear Programming:
3e2.1, _Lineaxr Programming Problems:

According to Luenberger(aj, *a linear progsromuing
problen is characterised, as the nane implicz, by the linear
functions of the unknowns; the ovjzctive is the linerr in the
unknowns and the econstrainis are .'near equalities or linear
unequalities in the unkmowns."

The problem of buildiag project realisation ig formule-

ated as alinear programming problem. In the following
gection given 1s a brief review of the linear programming
result that will be needed for the undersgtanding of the
proposed model,

3e2.2. _Lineor Programming Characteriaties:

A linear programming problen in gomeral appo-rs as (10):
Maximige or Mininmize

7 = Gy Xy + Cp Xy + cencnnnt € X EERRESRS— ( ) |
Subjeet to

Byq Xy + 8y Xy + secar =8y X = D, mescnne (1T )

Boq Xy + 85y X5+ nncnoa oAy, X, o= b2

am, X, + all, X, + ceearot A X = b =w=—e(III)

md x1 % 0’ 12‘_.' 0, n.aq»nan](n. -~ 0.
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where the bi's, Ci's and nij's are fixed real constants,
and the Xi's a re real numbers tc be determined., It is
always assumed that each equation has been multiplied by
minus unity so that each bi. 0

Here (I) the expression in relation is ealled the
objective function. The objective function is rcquired to
be optimised values of the unknowns X1, X2, eseeecee Xn
has to be found go that the volue of 3 is optimised.

Congider the probleu:

Minimize

2 = Cy Xy + Ch Xy F eeevenss + 2 X,
Subject to

244 Xy + 04, T, beeeoe + Oy Xy b1

321 X1 +322 3{2+ oo--.----'l'ﬂ.znxn — b2

:
am1 x1 + a.me xz + sessesee + :"..m xn ‘:'C._‘ bn

and

X1 A'-, 0, xz : - 0, R xn ’; 0

In this case the constraints set is determined
entirely by linear inequalities, The problem mny be

alternatively expressed as

Minimize
Z=01 11 +02 x2+ esssevee + cn 7.n

Subject to
311 I1+ﬂ1:? X2+ ..--...'Fﬂ..'n Xn+y1 = b1
Boq X4+ Qpp X5+ eeeee o X + Y5 = b2

:
am1 11 +a.m2 x2+ sscsee et "‘.:,mxrl-{-yu = bm
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and x.‘ -é' 0’ 12 :_/' O, srereneee }Cn ’,r 0
C‘J'I.d 31 ;?' 0’ ye . O’ "R yn // 0

The new positive v riables yi introduced to convert
the inequalities to crualities ~re called "slock variadbles”.
By congidering the problem as one having n + n unimwons,
X1, X2, cesesccocsng Mg ly F25 cseeeseee YN, the problem
takes the standard form.

If the linear unequalities of the last problem ire
reversed so that a typical inequality is

al, x, + aly, Xy + secsceses +aly X o bi

it is clear that this is equivalent to
a11 x, + a12 X, + esesceee + ain X, -7 = bi

with y4 -~ 0., Variables, such ng yi adjoined in this fashion
to convert a "greater thon or equal to" inequ-lity to
equality are called" surplus Varinbles'".

It should be clear that by suitably multiplying by
minus unity, and adjoining slack and surplus varizbles, any
get of linear inequality can be converted to stonuard from

if the unknown varicbles are restricted to be non-regative.

3.3. The Dual Problom:
Bvery linear programming problem has what is termed a

"dual problem", This is the "other way" of the original
problem which is ealled the "prinal problem".

Bxperienced users of linear programning pay particular
attention to the dual problem.(11) From it, answers to
important optimality questions may be obtained which are not

otherwise conveniently answered. Answers to cuestions about
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the permisseble range of fluctuntives of coefficients of
constraints are facilituted by exanining the dvl, so0 are
answers to questions a2bout ndding, or deleting, =ome
variables or constraint to the problem. The dual problem ig

concerned with the efficient use of resource.

3ede egs

One very important use of the optim:l dunl solution is
the final values of the origin-l duzl varicble (exeluding
dunl slack varinbles) in the final solution. These values
are termed shadow prices. They show how much the objective
can be inproved by obtaining onc more unit of the ssocizted
(11)

resource provided the solution remains b-m,

3¢5« Uging Computer to Solve the Model:
Although very gimple lincar mathematical nodels can be

solved manually thig approcsch is inappropriate for proctical
sized models. The amount of caleulation involved in solving
real life models alwnys necessitates the use of 'n
electronic computerse.

Practi.al linear prosromnming models ean be very large.
Mogt models have a few hundreds cerctraints and v-orinbles
and could be golved in &« matter of minutes on most conputers.
A sizeable number of L:.rze models invelving thousands of
congtrants and variables hiwve also been builts with these models

the solution times ore ususlly mecsured in hours.
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Bebo r [®) f a Mothenatical Optimization Model for

t Jecligations

Multiple technolozy ond regource constraints problems
encountered in building project realisation could be solved
using o linear programming model ag these problenmg exhibit
linear relations,

The whole building project is broken down into five
stages for the purpose of illustration, (clear and survey,
sub-structure, super-structure, roof and finishes). Three
types of technologies are proposcd here, (manu~l oriented,
semi-mechanised and prefobrication),

One variont is used in the time allocantion. Six variant
in machinery allocation which shall give thirty decision
variables. Six varionts are used in the allocation of labour;
giving thirty decision veriables in the model. TFive variants
in materizl allocation giving tuenty-five decision variables,

Decigion variables for "cler and survey" ore taken to
be two. This means that the only two types of technology can
be applieds Two decigion voriables are in sub-siructure, but
in the case of super-structure, roofing and finishes, three
decision variables are tnken.

The criteria adopted in this model to solve the problenm
is by nmaking use of methematical method of optimization
which make it possible to determine an optimnl combination of
technologies to achieve building project realisation within
a given gset of regource constraints.

Though the model is broken down into five astnges only,
it is possible to break it down further if need arise. Also
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the variables could be nore thon those indicated in the
model (time, machinery, men, mitericls) or they crn he broken
down into more units. The relatiom, ig uped to show

that the limit should not be exceeded.

3,6.1. Decision Variables (Technology Congtraints):

Fig. 3.1. Breakdown of the Project.

FiG. 31 BREAKCDOWM OF THF PROIFCY

| -
DIVISION  |CLEAR §| suB SUPER ROQF | FINISHES | RELATIVE | LimiY

VARIABLES |[SURVEY | STRUCTURE|S TRUCTURE
L“mm 78 T T T ) T e e

V12 3 3 IR TR ETE Y YT

1 , _/;/

Y~ A -
/ /

Here the building project is brokendown into five

stages. These are clesr ind survey, sub-gtructure, super-
structure, roof and finishes.

Thege stages cre in turn brokendown into the approprinte
technologies to be employed, is manunl-oriented, geni-nechanise,
and prefabrication, depicted in the model ns I, 11, III
respectively. The numbers 1, 2, 3, 4. Then, 13 difforentinte
the different decision verisbles in different stages of
congtruction., For exanmple, 11 repregsent decision variables

applied in “elear and survey' stages, Xp decipion varinble
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applied in sub-gtructurc gstuge, IS decision varinble applied
in super-structure state cote.

If for example, "clear and swrvey" isg token, then only
twoe technologies are applicable here, i,e. menu l-oriented
and gemi-mechonised. "Clear ond Survey", Xf denotes
decision variable for manunl—oriented technologzy during the
clear and survey stage. Teeision varicble Xél here
represents semi-mechanised technology during the "clear and
survey" stage. In the cige of "Super-strueturc” ot.ge,
three proposed technologics are all applicsble. XI, III, xIII,
are deecision variable reprcsenting manual-oriented technology,

gseni-mechanised and prefnbrication in the super-structure

Etage .

3.6.2. Regource Congtraints:

Time, labour, equipment and materin. are the resources
uged in this nodel. In Tizure 3.23 the different resources
are allocated accordingly ir the strnges of construction.
Resource coefficientc depicting cppropriate decision variable
are denoted by small letters ue ngainet the capital letters

uged as limits for the resources.

- .. B N S —_ .o e e e e e e —
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Fig. 5e2e Eeﬁource _,A_llOC.’LthH:
Fia-3 .2 RESOURCE ALLOCATION.
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i .
. i
: |
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- Lol
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For example:

by # b3+ b5+ ceniinannl + tyg i T e (1)
1, + 1+ 15 + secrenieee # Ly S T omeeeee (2)
ey + 1, + Iy + eenennniis + 1y = B e (3)
Mg + Hg + Ty + eeveesesee + my, s Mo bt
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t.

t.

=

» P rree

In (1) the tot~l time alloe ted, s

i *o should not cxece

ft,_.“

to different technolorieq

total project durction .

In (2) the total labour (Labourers, c rpenter:, ncg

. ete

d the

ons,

etc) needed to conplete the work stoge should not excoed the
total labour resource neccded fow the preject completion,
The same explonation applics to (3) ana (4).
3«3 + Relation of Tuehmologies to the i eg of
Congtruction;

FiG. 3.3 Retarionsmmp OF TEeLdNoLOGIES To Tie STACGES of comsTRUCTTC
SCISI0M CLEAR 3| SUEB SUPER ROGF [ririsinE s RELATIOH| Lim !
VARIABLE] aurvE Y | sTRuUCTURE STRUCTURE [

4 = o [ |

slaaes h' K; x, f x“ !5{“; ')(.’ L lo’ Kol %y Kia X, ‘

| — L % = S— mat e - e —

CLdAan 4 B 1 I N

BURVEY i N !

Lul I ) T R il

STRucrure ! ’ P = !

|
Surex L] e
ATRUCTURKE ! ! X | r - 1
_ I _ ! _ } _ ) -

Roog | r RN 1 ’ = ! ]

ﬁr Tl ialioin

FiniSnes f !' ! [ ! l i ’ [ = I

‘ ENEEEEE
/ , ’
/ |
|
{* , ! .' ]
| e |
IE ‘ i |
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Figure 3.3, shows the relationship of teelnolo ;iegs to

the stages of constriction thot can be abplied to the different

stages of congtruction, Unity is usred to show the applieation
of the technologies ~t the stoges, The technolozies applied
are in Pereentrge and they adad up to 100 poercent or unity,

For cxample

Clear and Survey, = X1 + X2 = 1

Sub-gtructure, = x3 + x4 =
Super-structure, = IS + X + X7 = 1

Finigheg = }[11 + X12 + 3{13 =

For example, in (5) = certain percentage of I is applied
and the remnining percentige to add up to unity is used of X,
This is so becausge only to different technologice nre applied
at this stage, '

In (7), the percentrge ie shared betweon %, X end X,

The higher the perecentoge, the more Lavour-ble the
technology. Thosc which fovours are thoge choasen for the
optimrlity,

3e6e4.4 bjcet ction:
Fige 3.4. Total costs ag objective function

F...E/
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Figure 3.3. showse the relationship of teelmnolo;ies to
the stages of constriction th-t can be wpplied to the different
astages of construction, Unity is ured to show the nppliecation
of the technologies =t the stoges. The tochnologies applied
are in percentrnge and they add up to 100 percent or unity.

For ecxample

Clear and Survey, = X1 + X2 = 1
Sub=gtructure, = Aj + X4 =
Super-structure, = Z; + X, + Xy = 1

Roof

|
o5
+
' QH
4+
e
o
I
b

Finighes = :{“ + ”'12 + Ly = 1

For example, in (5) certain percentame of . is npplied
and the remanining percentiage to add up to unity is used of X,
This is so because only to different technologice ~re applied
at this stage.

In (7), the percentrge iz shared between X, X rnd X,

The higher the pcrcentoge, the more fovour.ble the
technology. Those which fovours nre those chosen for the

optimnlity.

3e6eds bjecetive Function:

2

Fige 3.4+ Teotal costs ns objective function

P e ;;-ﬁ.,)i; ¥

FIG. 3-4 TOTAL CDST AS OBRJECTIVE FUNCTION .

ECi%iOn CLEAR g |Sua PER : ROOF |Firtanks IR'
ARABALS| suave Y |STRUCTURE smur.ruun* caté- | V5

1

RESOVRCE x§ (g b xE g A Pl PA A P R P1 ?‘451

Gl le]l o e (e ler feo foo fculonlen ] & o
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The objective function wag taken og optimis:tion
oriterion the cost per resovrce applied in building project
reaiiaation.

In the objeetive function colurm, ccst, c¢i, -re used to
denote the thirteen types of decisions varizblos, and the
total project cost is dencted, C.

The optimal cost coefficient in each congtruction stage
are considered. The relationship should be kept in mind that
the total cost should not exceed the projcet cost. o the
different technologies chosen should also have o relrtionship
to the optimal cost to be chosen. For example, i deeision
varianble, x;, (Manual-oriented technology) in "clerr #nd
survey" stage is choasen, the decision voricble, X (semi-
mechanised technology) also =t "elear =nd survey" stnge should
not be added to achieve the building project cost. To show
it mathematically, assure,

Clear and Survey Jiage, Xx is chosen

Sub-gtructure Stoge, X'T is chosen
Super-structure Stigce XII is chosen
Roof » aa is chogen
Finishes > is chosen

then the total project cost relation should be, rithematically,
Alwoys the totals of the different declsion vorinbles
chosen, should not excced the total projeet costs, to give an
optimal decision,
The completed model described above ig then civen as

in Figure 3.5:
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Fig. 3.5. A Model for Optim:.l Building Projcct - ~lisntion
e LLO0JECT ecldlizntio
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3e605. Annlygis of the Utiligntion of the Metucmeticnl Models

The model depicted in Figure 3.5. for optimcl building
project realigation under multiple technology ond regource
congtraints, mekeg it possible for the sclection of the nogh
appropriate variant for building project reolisntion under
total project cogt,

It alac gives the optimal solution the reslisation that
multiple technology could be used to different stoges of
construction. It reckes 1t poseible to see that gingle
technology is not optimnlly the begt to uge in coungiruction
and mnkes it possible to chose the best combination of
technology at differcent stoges.

A demongtration of the use of the medel developed will
subsequently be attempted using data obtuined from o building
rroject for the new Alwridn Belle University Teoching
Hospital (ABUTH) undertaken by the New Nigerin Construction
Company Limited (NNCC). The dnte will be fed into the
computer. The results obtained from such analysis will

give us the optimal solution to ocur nmodel,

Ll B
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Chapter Tour
y
! }Y! .
4. ILLUSTR.TION OF OFPil I BUILDING PROJBCT
C OPTINIZAPION MODEL UIING (8 AW BLSPLE T

SEMADU BELIO UNIVGRSIZY TBACLING HOSPILLL .

4,1, The Lhmﬂdu.Bello Univernity Tecching ospit~l (ABUTH)

project is a Federsl Hovernment Project. The constiuction

is undertaken in phages, For our model, Phose 1(a) is chosen.

The construction cost ig B20m with New Nigerin Coustruction

Company (NNCC) ag the mhin constractors. ) | H”
The Physical Medicine segnent is taken for illustration

purposes in this model (See Dig. 4.1 and 4.2).

4.2. Numericnl Applicotion of the iModel:

The model is brokendown into five stages using three
technologieg. The stnges are, "elear and survey", "sub-
gtructure,” "super~structurce®, "roof" and "finishes'". The
technologies are manual-oriented, semi-mechoniged and
vrefabrication. In 2ll we have thirteen voriables and thir-
teen constraints,

L gtouctural description of ocur formulited mathematical
model for building project realimation was siven in figure 3%,5.
A& numericsl application of this model in pregented here in
the form of ABUTH model, HNumerical values of richt-hond sides
{of the matix) and coofficients of ABUTH building programme
were gsubgtituted into the medel. The sclution procedure and
results obtained are describedand cnalysed hore.. o

It is stressed here that the ABUTH building proéfamme
has o fixed production prograwne, thus we connot select the

type of materialgs, but only the technologles of their
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Fige. 4.1, ABUTE DModel:
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The above figure shows the ABUTHE model nunieric 1lye. The

building project, as you can see is brokendown inic Tive
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gtages with thirteen vori-ble ond thirteen constrointse.

The variboles ore tioe divTferent technolozies applied to
different stages, wkile the constraints are laibour, time,
matericls and equipment, Lhe objective function, is taken
as coste.

There is o relotionship between the congiraints to the

total allowed in the programe. For example, let us take
time (wks)e The total time for the project given should not

excecd 160 weeks, So the optimnl solution shoull be reluted,
guch that the total time allowed should not bLe excceded.
That is why the relation sismm is used. The eother relation
used, 0O, will help the 10 find out frcm the nodel the
optimal time nceded for those constraints, that is vhy we

left it open. The objective funetion is talen as the total

rroject cost.,

4¢3« 2oty Preparation:

The matrix of AEUTI model was solved at the Computer
Centre of Aihmadu Bello Umiversity, Zoric. The computer
utilized to obtain the molution has the following configuration,

Name s Contrcl Data Cyber 72
Memory: 0G4k
Magnetic Tape: 2 Tape Drivers
Peripher~l Device: 1 Crrd Reader; 1 Lire Printer
4 Card Disc Drivera,.
The ABUTE nodel waz solved using eonventional lineax

programring with the following limitetiong:
STP 6 T7/12/26 11: 323 37




: This progren solves o linecr programilng problen using
the rovised Simplex ~lgonthus. The preblen ig stated in the
customnry algebrotc manner stated in scetion 3.2,

The progran cun acconodate a maximum of 30 voriables
(including slack and surplus vorinbles) and 15 constraints.

_ The varisble rmugt be designated X, X, X, «aeess One of
the three signs, s = » mugt be used in each
congtraints, whose right-hond gide must be 2 non=-negative
nurber.,

8lncks and asurplus varinbles ~re added avtomrtically by
the program to the congtraints if they do not appesr yhere
necegsary in the algebrric formulation of the problem.

The data fron our mabtrix was Read into the computer
‘using the teletypc. The optimel solution is in the form of
a Simplex tablezu turned out by the computer by wey of the
line printer.
4.4;1. Analygis of Solution Obtnined Using Coﬁf_gs Objective
. - Function: - . W

The optimal soluticon obtained is in the forwet ghown

below: (See Appendix, Page ). Optimal volue of
objective function is #562011,.70%4 using. |

'l.‘_:_' o
Bk

e
. "
P T T



':38"

Variable 0t at level 0,2974291994
" 02 " " 0.7025708006
" 03 n " (
) 04 n " O
; o5 v o 0.9985557905
. 07 " % 0.00134620497
" o6 v n 0.9835130886
" 10 # n 0.01648691136
" 13 g W 1
" 14 " L 27 .29710071
" 16 " " 20,00791521
" 18 L i 27
" 19 n on 2.574051635 713
" e L 7.608594658 5717

This shows the level st which esmch vnriable is chosen.

At the Yolear apd evyvay" stagé. thn two varinbles
are chosen. 390 percent of X (mnvil-oriented) and 70 percent
of ¥ {seni-mechonised) tcelmologice are used for the optimality,

At the "sub-stracture” pglnge, only X3 (mnngalyoriented
technology) is chpsen, the other technology, X4, {memi~
mechanised) completely discarded,

The “supecr-structure s two_vafi&bles dﬁosen, though
the second onc ig nepgligible. 99.87 percent of Xy (merman -
oriented) and 0.13 porcent of 1/6 (semi~mechinipsed) technolow
gieg are employed. Pricticenlly, here X5 ccould simple be used.

it the "roof" gtoge, two varisbles are chosen, Xq

{ o

(manual-oriented) ond X, ‘eemi-ncehrnized) Xy (semi~mechonised)

completely rejceted. 98.4 percont Xé’and 1.6 percent of x10

{prefabrication).
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Phe "finishea" gstage »ejeccted both X4 (zrinuel-oriented)

. and X,. (semi-mcchanised)} technologies. It only clhose X5

12

k (prefabrication).

The remaining verizbles are the slocks ond surplus,

 wnriables added automitically by the computer (X 14-22),

3 | To explain thesge elacks and surplus vhriables, if you
rltiply the varicbles chosen with the level &t which thoy
are chogen ~nd add the slack or surplus varisable the result
should be equal to the right.hand side.

For example, in the sage of variable X14 in_tho cuge
of time. _ o .. 

S s0m X, + 70% X, + 100% X, + 99, 9% Xss + 0% b

1 98% XB 4 2% X 0 1 O0% X13 + X14 (cvrplus or glsek)

. 1
= 160:

4.4.2., Qneldvagis of Zolution Ohtained Usineg Time ag the
Obidective Function:

Before using time as the objective funetion, we ndd more
to the optimnl cost ubtained from section 2.4.7. Now we
shall obtain an optimnl time for the project realisation at
the given cost. o

| Below is the optinnl sclution obtained in the format
shown below (Sec ippendix. Page )o
thimnl.valus of objective function is 101.354564 weeks
Variahle at 02 at level 0.9983044725

" t 04 v r 0. 7060367454
" " 05 it n 1 o . -ﬂ
" " 10 " 1 4

n " 13 n [t -: o 4,



Variable ats 14 at level  46672.30247

oo " 15 0 " 1136.223999
e 1 17 n o 14.11023622
i " 19 u " 32462992126
"o w20 MM 508,3464567
L Rl g 6w  B0.57430446
o W25 mm . 25,69685059
. o 27 mm o 48,45951759
w32 ww0,2939632546

.:Then shows the i@vél at which euch variable is chonen.
’ '~ The "elear and survey" stoge is roughly ¥, (sonmi-
mechanised) technology, 99.8 poreent X, and only 0.2 percent
¥ (nanuval-oriented)., This is expected since time is the
cbjective function. | |

' Tywo variables cre chosen in the "sub-structuro"'stage.
70 percent X, (gemi-nechanised) snd 50 percent Xy (menucl-
oriented) tectnologies. Here <lso the result is expected.
Though 1t could hrve boern wesuned that morc percentoge
could have been for X4 (semi~nechunised),

A% the "super-structure" stage only Iy (ronusl-oriented)
technology in chogen. This 1s unexpected. Ihin ie so
becauge it has the maximum duration compared o other
technologics enployed. Omne could have expected that the
technology, with lenst time %o be chnsen; : :“

The "roof" and "finigheg" stoges, X1O anﬁ iiﬁ (a1l
prefabrication) is chosen. But thig is expected since they

have the lenst time dwation,



4ede3. (o) on of thz ZHegults Obtained Using Cogt and

— I - R e

The results obtained uvsing cost and tire ..@ objective

functions shows sorc siniliritics. Azhin in some plices it
does not agree completely. This is erpected beciuse of their
differcce ng objective functione.

The "clear and survey" stuge shows that the rosult
obtained when cost is uccd as objective Tunction, roughly
100 percent X, (seni-mechrmiscd) while the rosult obicined
using cos% is 7O percent X, and 30 percent X, (m rul=oriented).
The solution using time is expccted because we need the
shortest possible durntion to complete our project,

At the "pub ~structure" stoge the case is different
from that of "elear and survey". Here the cost solution
chose only the X5 technology (manual-oriented). The time
solution chose both teclmology is monwil~oriented ond semie
mechanised 70 percent X, (seni-mechaniged) snd 30 percent x.j
(manual-oriented). The cost solution is not expected if you
look at the objective function ah et The cost ot X3 (manuale-
oriented) is higher *than that of X, (865,061 =na 64 775
respectively).

The solution both ngree 2t *the "super-structurc® stage.
They both chose X5 tecinology (nmmurl-oriented). But in the
case of time one would expeet the modal to chose the lecst
time for optimnlity. ~Llso the euvst svlution could hove
chogen Xy (prefabrication) be~ause it has the lower cost.

The golution at the “roof” stoge do not agree. While
the time golution chose only %o (prefabrieation), the cost

solution chose 98 perzent Xg (marwsl-oriented) and 2 percent
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%0 (prefabrication). Counsidering cost as objective function
one could have expected XB (semi-mechaniaea) to he chosen,

7. The time golution iz what one could expect, zince it hag the
leaat duration. '?i'

At the wPinighcsz" svuge, they both ngree to one solution.
They both choge X5 (prefabrication) ns the only solution
(prefabrication). This solution satistics the cost nd time
-ifsolution. X1O {prefabrization) has both the le~pgt time and

cogt and ia therefore a result expected n both croeg.
| The second regult i.e, uging time ng the objective
hfunction is whih could be expeeted. The sclution ghows o
reduction of time as a recult of incrense in the coot of
rroject. When the optimal cost is used the project duration
is 160 weeks, bul whon the eost is increased, thetoptimal
time is now 101 weeks. In other words, by increasing the
cost, one expedisting the project and shorter time should he
expected., Again the slaek and surplus variables could be
termed the flost” of individusi nctivities, One can choose
to use the float or ignore it as the cnse may be but it
indicates the posaiblity of working within $the contracted sum
and the possibility of excuting the project within both the
guration and cost. This shows the working of our nodel snd
the possibility of its being used in sny other project. It
proves its practicability to be used anywhere no nmubtter how
mueh you breakdpwn your varinbles or your constraints.

s
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(11) The mod:l shows is could be uscd in deternining
float., So it cow'd e used teo erogo-check the float in the
Critical Pash Moshed “OPM). There is nced for further
me?Efrﬁ'ﬂ‘dion shorgh “n this arce.

(1141) Thc relation between the conatroints =nd the linit

could either be

Though the model could accomodrte nny of them.
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5.1. Suymarys,

(1) The result found out shows that the proposed/
developed model i1 praciticable as @emonstrated by the
solution printout in Appendix. The answers obtoined from

the model g within what would normally be expected.

(ii) This 2lsec shows that building projeét realization
can begt be achieved using multiple technology under, Different
resource constrainis different objective functions could be
used depending on whot one wonts te minimize or maximize as
in our ABUTH model, cost ond time.

{ii1) The result could zlso be used in determining which

of the constraints could be inereased or decreased as required
“1.e, either to relax it or exeubte it as that, in short, the
result also gives the fleat in esch casc.

 (4v)  This model could bhe applied in building projects
realizations in projects in the country and slso in some
Civil Engincering works where there are possible cholces of
technologies o be employed and competing demands for

5CaXrce Iregources.

T .

R

(1) The model could secommodsic more variables.h "“?tf
Therefore, depending on how much there iz need to breskdown
the construction, one could hawe ag much ag variables as one
wishes within certain practical parameters. Simiiﬁg}y one

cculd have as many congbraints as so wishes, 7 "N
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)
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