A Linear Programming
Approach to Construc-
tion Method Selection

¥ A Manleau, BSc MSg, PhD, MGIOE

Daparimen of Bulding Teshnology
Uniarsty ol Sclance and Tachnoiogy
Kamasi, Ghana

ARSERACT

Tivis paper deals it ey dhevidepnme of a el
Jor selecimg an i) CORMIRTIR P Jiartt
e several posable elferamive sl arwtthlnle
on @ project, based oo de liwear progremming
r.rrknﬁqwr Thie sodel oo mumted of avipeving @ sl
effecrive pnd efficient Wil | an e g
sadian s reaiores drcapabidicg of Borg pied o
ke e itaely amtlo flernler gatliinocy ais
efrelmess a dn ime il vl [l SRR

g

A merieal crmmple, brsed ol ot codlfecied it a
“reat fife” project was wed pFasses e feezixalsilony
oif e develvped model The coimpaficsiam 1wk Jrawr
it v gl was o vihirable g o e ATy
ard * iljechive sefeciioe af relidlle consracied
sretliods for aptimiem pesulis, prannded e 1o
data were aecurane and welinble,

LEYWORDS:

Linear Programing; Sodel; Congrucir Project
Method Seloction; Seannvuy Al

IWTRODETTION

e smvncssiul nrphovs nizisn ol 4 wisstruciion
project tegqustes the underaking of several vaiying
activilies a1 specific s using speaibicd methids
of gonstnotian. Fach activity, Could kcarclically,
be carricd il in a cournilies aumberal wayd wag
g sancly ol resougee combinaticns, Fach reusice
combisation woubd bave associated with s time
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melhids - nf vedertaking ezch activity that consls
balis @ project.

Even thouph the mcthod selectivn activity i one uf
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en by cuamtActinn compaclhing ek wish
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ing 1o temain compeltive and indeed syrvive,
ipvestigations wndenisken on the subject within 51
large conspuECtion organisations in Nipgeria indicans]
w sumprisingly lackedaisscal approach b the perfor
maice of the fanction. [T) “When the 51 respon-
Eents in the orgasisalions included i the study
were asked whether they would describe their
currcit procedures of consiruction method sclection
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Twenlicth Century Digtipnary defindtion of "objec-
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lake such sensivay analvae 5 pow &
“siee qua non® Boe any elficiest and -
able decision making model

I deder bo vversame 1he above dlalked drawhssks ol
the presenl “suhjective” methad of comuimuchion
anethod sebection, a medel bassd anan © ohjedive”
sysiem of construciion methed sclectinn 15 being
[.rn-lml [or ihe construction tnidasiry. The systens
i Based on the limar prgmaming reetigue,
bocasse ke techmigue 5 capabie of Bamlliog the
magar problems that kave begn assoginied aaih the
presenl  “subjective”  micdel mentioned  ahoner,
namoly; the mesaunee consfraied fackar, the clearly
siated and gaantifiable objective facter, cmd the
uquhililr [or  undertaking  seasibively  Snklyss
[nctoe.

Thes paper roports the aulcanne of a project ande -
taben 1o develop @ meore effjcienl wualeld Tnd oo
struction methed selecicon based oa the Begar
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Oine of the sjor tagks (e using e Binesr pragsam-
ming wchrsiges is dhe Tormslation o the problon s
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fation of the shjcctive luncide.

In kst emedel-boing propescd G ihis paper
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mislel. The vanike caocstial Feolunes ol ihe nasdel
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The above scepano completes the 1heorciacal
description of 1he model. A numedcal cxample
will mow be used to fully explain and demonstrate
the formulation, provide solulions and interprel the
oadputs from the model. Perhaps that might be the
simplest way of demonstrating the application af
the model to "real-life” problems.

A NUMERICAL EXAMPLE OF THE MODEL

A histof 56 steins was randomiy selecied from the
aciivitics making ap the profect Tor inclagion i the
cxercise. The Jist of ilems iopcther with copics of
the Blank chans shown in Figeres 2 oanpd 3, was
despatched 4o cach ol the three paricipass an the
exercise, for each fo provide the required dala.
Figure 2 jpeeded no accompanving imstmctions To
puide the three parécipants in compleling the
charts; Figure 3 however was sent with an explana-
tory note spelling oul what was meguired froum
then.

In Figure 3, the columa uwsder TYPE OF RE-
SOURCE was to be used 1o hist the labour and
plant resources [hat were [0 be used on the project,
anid which have been incleded o thelr setloed
statements.  The TOTAL QUANTITY OF RE-
SOUVRCE AVAILABLE FOR DEPLOYMENMT ON

e

freploymeni

: ] _ THE PROJECT 5
Input data for the model were provided by 3 medi- culumn was to be used to indicate the 1otal amount 5
um-sized construction company based in Jos, of cach resource available for deployment on he o
Nigeria. The project used was one for the con- project.  The column headed PERIOD OF DE-
struction of twelve two-storey blocks of flats for a FLOYMENT was 1o be used to indicate the period
hig manufacturing company. The conimct was of time thal each resource would be available for
based on drawings, bilks of quantities and specifica- deployiment on the project. |
tians. 3
Three senior company staff members were mandat- On closely scratinizing the relumed comploled
ed by the company's managememt 1o fully co- forms, it was noticed that significant dilferences |
operate with the author in the exercise. The partici- exisled among the resource combinations and thus
pating staff members consisted of the cstimalor. resounce oulpuls being proposed fos each of the
the site manager for the project and the chief activitics, by each of the three participants. Equally
planning cngineer. large differences were nolwed in the figures sub-
9
SiMe. Activity [eserip: (rmasaity Resouros {Caagh Hesowres {Gang] Tl Eresoii plicen of
551 i mposi 8o pul por 4y mdechind
i
F
' '
[
- =
Fig: 27 Blamk Method Sratemend Chart g
£Mo. Type of Hea- Tolal Cusatzy of Resouroe Availabie for Deploy- Penant ol Deploy- Fesmak 1!
Gurce monl on the Frogect ment
w F
i
Fig. X Flenk &verall Reseurce
Chart. ]
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mitted on (ke resource availability chatls. The
question clearly therelore was:
"Which method do  you select  from
amongst the three submitted by each of the
pardicipants for each activiey?”

There must indeed be a sound basis for selecting
any one method for each of the activities inchaded
im the cxercise, Again, the fact that large differcnc-
es existed in the figures submilted by each ol them
on the oversll resource availability chan indicated
that none of them was aware of the right amoums
of resources available 10 the conlractor’ s orgamisa-
tion for undertaking the project. One therefon:
waonders how any senous method selection activily
could be underiaken with those ipvolved in the
selection process having oo clear idea about Lhe
smount of the variows resowrces available for
underiaking the activities constifuling 3 project.

Mormally, in a building consiruction organisation,
the Final method gelection aclivity is undenaken by
a semior managemend feam within the organisation,
The three participants wene therefore constituicd
it such a team 1o select an appropriale melhod
for each of the aclivities on the aclivily list. The
task was accomplished for each listed activity oflen
after very protracted and heated arguments; for
each participant wanted his suggested method to be
the selected ene for imclusion in the final orf
"pooled” method siudy docuwment.  Oue could
therefore see clearly the problems that a buikding
construction organisalion normmally  faces when
undenaking (hal aspect of its work., The impor-
tance and the need for the development of an
abjective method or model for undertaking the task
therelore became all too glaring.

Figure 4 shows fhe complete information that
resulied feom the above-mentioned exercises,

hethod Mo, 1 contains details of the moethod agreed
upon by the team for undenaking an activity, while
Method Mo, 2 Method Mo, 3 and Metbod MNo. 4
contain detsils of the suggested methods by the
eslimator, the site manager and the chicl planning
engineer respectively. Taking item Mo, 1 for
instance on the char, which is, "Excavate trench
commencing (rom stripped level and not exceeding
1.50 metres deep®, with & 1otal quantity of 78 cubic
mielres: the pocled supgesied method was o use 15
Iabourers with a tota! oulput of 34 cubic metres per
day. The time 1o be taken by the gang to perfonn
2 woil amount of work, was therefore 024 bowr.
The eslimater's supgested method of using a gang
of 8 labouwrers, with an output of 20 cubic metres

per day, kad 040 hour as the time {or 2 woil gquanti-
ty. The sitle manager suggested wsing 5 Tabourers
and a 0,25 cubic metre backacter with an outpul of
43 cubic metres per day, giving (. F% hour per cubdic
melre. Finally the chiel planming engineer's sug-
gested prethod of 2 labourers and a 025 cubic
meire backacter, with an owput of 21 cublc metres
per day, resulted in a unit guantity outpat figure of
0.10 hour per cubic menne,

A close ook a1 the owput figures on the method
statement document indicated significant discrepan-
cies in some of them, Taking wem Mo, 1 for
inskasze as an example, the chief planning engi-
neer’s daily owtput figure of B1 cubic metres for 2
labowrers and a backacier, &8 wice as much ags the
site manager's daily output figure of 43 cobic
meires, for 5 labourers and a backacter even though
mearly the same resources were being used in bath
cases, One coukd easily canclude that the comstruc-
tion organisation did not bave a reliable data base
for such an imparant piece of data, and thar stalf
in ihe organisation used data acquired privately
from experience and olher private soerces,

An anvéstigation carned oul by the avthor to
zscertain il the praciice was widespread ia the
industry, was confimed when 43 oot of the 51
construction companies included in the sfudy stated
that they did not have reliable output data bases for
use within their organisations. Since the mesource
output figure i a vital and critical piece of dala for
planning, estimating, controlling  pumposes, @8
meghect by construclion companics only openly
broughi to the fore, the levily with which most of
the organisstions approsched the handling of that
crilical msue in their organisations.

Il is oy be poted, before we leave the method
statement document (Figure 4), that each of the
meibods included in 1be document has been denct-
ed as an X varable.

Figure 5 shows an abndged version of the liscar
progamming model, wilh the necessary input dats
transferred to it from Figure 4. I could be scen
from the bottomn part of the model that the objec-
tive function being optimised was tme: Time was
1o be munimised. Oiber additional pieces of infor-
mation included in the chart were 3 listing of the
resources - together with their associated daily all-
e rales in Mairga, 1o be used for the profect - under
the RESOURCEACTIVITY colimn; the various
technology co-efficiens [or the X vanables., and
1he valucs of the right hand side co-cificents.

a7 Journal of the University of Science and Technology, Kumesi Yoloms L3 Members 2 & 3, 1595



e ——————

B i frvmen | fhing || Gdohr | BEL S & e
| Crdamd  im ) | F | B it

e l.l,ﬂ.-n-'\l-!hl.-!ql-

FOR THE KXl ERAMPLE
e i R, Do e TS, T o L LTS 7
- .d .lu'.l-l-l! o el Lol ¥ 15 5 i Hoa M b e L gl Drnal Eedld Bpesiadeh Delrn
| im Pttt B e L e etactihmnipel 7= R iPLe | WCroal
1 _l....: PI'-I:-.L.---.._ joem e | L R - f
o e e AT [ T L i S SRl WA Biwasie |ewd o Rtk | mdiAL]
AT T ol = 5 o Ed pheed) | Wil L mami | s o | '
T PTE preay et 'y g | d | —ia | o s Sl B L
. 1 L
1 w———
| . 5 | 12 3n fpri (=] *
Derritt e cbremgeivg i | el [ 30| leearn |oase® | ehiwd ay bephe ]y |4 Lamearsin | & cni L G i #
T I I“'Lh: 1} ¢ I'h
| Ll dms aiRarpey Lok | e g |
jo| Dt HIT [JFEC=T I paid | Esmesd B a-pha Bp [P TNCRTy T Lj | & i [EEtE B
IR S P Besb oy 8 g | e | wiEe Ry goane! g |1 paseeart | st FERRETTreee LS
" I‘ [ | il D o
Ry AsH s Rl el tant | b Lemssrs | Coemd sesiva | il DR | AT “!:m-'n-' hert sl james |Hik J dpssnes | HE=2 8
e T E-__u." N | T |
e A e A B P wr 3 . 1
B omewnis | HeS] ] BEERT BT | s EREE My @ ibhe | B30 || W maearen | Bl (0
el e, B ML SRR | e Edaar | : 1 Loy Wt R | {
T R AT R | | H
P e FORCLrrp R I b ivn | B ERADRe | BET L elemersra f Eemd | 00K 131 lmsserun | wan E2§ § dlawmees | 13mdp 8
i R L ] W iy P |:Imn|-- 1 ¥ bt B b -
& I e w R e e ST TR [T ]
Bl wh B et AR b ! H '.|:..|.7 2 ..d-nl_hu.-.n': ST
e A (i el Rl He ; r-ll-ﬂ-l- Lk £
s et i : | i
ol wdciin Wi el asw  pmasbl a0 1 el aey | Sama] 11 | Jusesenn | HeR | FE (3T fssaenn | med oo DB | b Geban | REE D0
e o ] e |0 P e 1 i i B i’ k i L ]
g,
- - L Ld -
I g & piaed] it | o Lasmeni | ipad | ecxsel gse | opumesses | wek |5 ey i T e Lt
S (1] 6w ool b gevaen | Sokeal L e | i | LK b teaild
il Bhhege o ral e Depe fl‘l-.lul. i AV =
el 0 A e g ] e’ } i g i ot 1L i b
Bp e Pl il b et ] e Tiraariim v
v ’ HH.'-'I
| pesesn o wimsdnoess B joBw 330 & cessears | Geed D pass | B3e | ke | e | e g peae Jank W leaeewn | WBSEF
- el R ?Eﬂﬂl [T L]
e AT [
| 15 T b
Eerm | g ware i el [ FE] i fageerain | el |80 R | ERE o M8 SEbmste ) Ll f BOPRRS 5o pER b Lamed e diksd- [
[t L ki y
alad A | (=T
=y (] p"*.l“
e el b ekl dedet ol | iRdmd D] b L - | Rl e | B 1y, wawares meld | ek s | Eik o Tlsaeerdis LLE S
oL 1 et et s i § gt b
et e W s el | Weed B8 B labeain | Samd ) sdsha | agk e | g | .08
i wrwah | lal=T| &
o Few Alee | AR o) Tl
; Abaep e ! g i i
[} wrH ek b e S wmilels | ol Do | labid i 1 & Fiwy I'Il: E] Rawrara I.1-IIII & ik Suk | IH el el | B
o Rewakeigl nemmn WFE gl B Capdsli B A L Dl iiae
I ] L b s
[ sl et B edal | SRR vl LR, L ans r...i-- Tma || Bddba] BI% © 0wl uvl;'l oped Bk - B Hekdeea | Wy | B
PR — T R § Dasmeniin | & Dad=imie 1w ey |
-
i I |
) R S (P (TR S [ R B T 1 et Rk MR el i (et St BeR [k mssn | WSpE
& G P L L] e pemieesy b G st
J I i dmee | [T Bl |
3 |
g | e el W vmpey e s | i ] dssmeemn | dmy | mawe| wiE | flipssesd §omar | gohsip LEDC ] Saneem gmt | v | abd b s | HSE |
o e 'I FT e——ry LLgpantye | NG e i b O
K 1
N e ramp—— [ 1 {8 fin ddliy| Gginel FEE 3 o] Sl Bkl B84 T LA j iy b
| | el e

" EEE L ] [T T ! g O | ARE 5B s | TPy | A pELes | BT boinemaain] ladten B oBELe
Al P | B b b r-‘\u-llu-\ oo T 1
} v 1 i 1
i ] H .
T e e R e EIEL e ..-| | Ineea wpsded mhe | dummsss| jegig & Rab 410 Seigm dmee) TIG b Gaere f ETE ;'-""“"" LE Ll b
] T b e bt I
5 e 0 G e e v s By BFF Lk ik adk | S g 8 Bk 10 4 Atk S by | A "1 T oambenai | B g TR T B, B
ol TS - Gl Srern H
5 | vt e o § pigsy r
S | ] i i |
i) b ] e e ] Fitg BB, 5 d Labmaerd | 033050 p-B0a0 0 BE | L SRS 11abag] S-odng BAT [ ER@kEA el [ g | B Lo
b P - ' [ b pad e ¥ § laal Rl
[T ¥ 1 e
= I |
P PP R [ TS T T agangd gonne| 0 un | s Ny | saaea] anr | wiewese | OHs jog iy i
rang ey Bl Bary o] P i F sEnm| B4
| . L Caman
| Bl e
| r i CmaFam 8
¥




i I-m.iru|||m|

Beamond sy mrmis W e I-.II:IF | [ — :uJ ||-u-|,:--|- [— ||-rlr-| T
et e e — i 1 = i = | 1 P 1 A
|| i I | |4 e | s i | Ia.u—'
L. 1
[ | | | SEE. | | fe=m
Bl om ] T W | BE Eofdi el e pw faA Rosesr ) o L] Ry e |
| L SO T — [ e
ey
] el ]
Vet | oo Ve L
| b L | =
iJ-h--rn-—--u — mllaw  Eoacem @ |pw olom cp s P B EE G e Pasl i [ [ TeS—
R i r T P F nimeag
L + fama i mes )
o R L bl e
T I - W
= B =y
L L I PP | R L I T R T T I SR LLLT ] TRy R
I Emaa e 1 Fnew =
e TR R ey " -
A .m el g AN
; e L
B 1 P o e il R L LI T~ T [ L e L I . =
| = m—— | Vorwwn | LR ¥ e
i ]
H
o et T P B u--hh[ut.'“.—... m.--lp e L T ([ —
|Iu|ﬂ-|.-- i | I-u--.J 71 b : g ——
| e e o L o PN Py S SN —|—.--\.-|. Vi | S e |0 e | o
[:h.-a L | {8 Sens | LR v
i B .
e Sy e | 0 e [ EE il Ll ] . L R
i o |1 te—y I*- = |"* = i N T B
il Lo I 6 T RRUTFE S (R T (SR e e e A LT T .
b o h— o e Pl = 0 m—
-

] ¥ 4
r:_—n H—-l—.-'--l‘.ll-r_\n !a-‘lr-h_ |-.|” q--l--l I.T"I.im LR -=H--|. L

— e a ma 1
e B - I
e 1

—h—mh-q- L L L R s, - WEE | f— --l_- L T - H-lqp“u.
| Frm [

i

L - I :
i i diames F g [l e N 7 ¥ R S e O s L L BT R TS
s — ey [ — EREY ¥ e
B e B ey i LI T T e P 'qu-.-llul LR L R O b jmesy m e
el IR [ - .|-|.-—I [ = 1 —
L N 9
! L}
e e ey e L R R A sy l-.u.-. el L TR P ™ R e i R
e rmsE o Sy 8 Wy L A B i—
S
I-l-ll-!-ul--—-pp ¥ i ¥ |
[ Sp— i i 1
L e R . = R LLR | [Ty S S Pimssss | e e a6 e el
iy e o 1 § i | | [ — | b Lo " :
== Is il e i r r i
' T

. L by i 1 & W ]
= ] i I
proiicnssat i L LU L L RS T R p e iy e L LT U7 ) e
i e L r|ll— 1 B = = i —

. — + Irem— i —
! " LR i
i oral b jew Uy s | med | i | Fomng u-'!q-iq B L e el
L 1 iy "y ——

i
i

i e e B i
e ! B B
: el e e
i
Wb e s e | ) g Pimens el o w W s el [ R Y. f-r LE L T TR [ P et
o e o ! b — 0 omEa—
AR i ;
e e I PR T ) (R lu."u.----..u—-l-u-l_u-.- L N R ——
i b i s i i F S
T - ET L™ O
| ¥ i et ey LR -
-
e W B et B S I PP RNEPI S I Pt Vo o f o i iy
B Ly | 1 — e
| e rTp— P e [

Fig. & pronrdl o Meihod Sratemens for
he Nusmgsical Erampls.

ourval of Ba um“hathm-uhﬂmhn Keimui Valoma |5, Munbers 1 & 1. 1504



ity |
a3 0 ) o § L T
_ [ |
el i ] o4 1 iy | BN
nuspeaiiy [
hiih's | M whgs F | RER
1 iwara |
acll | aM ¥ nigln [ W
Armaniyd . [
pabii | am 0 e | aeE
LEL =
PR Ll LT L L
T BLE
N LR L LR L
i i
] ]
] AT
A will R T
i
b
T _ Wikt 3
b l..-_._._ ermat g | BET
| i
| |
I Ay ¥
g B [y b aksaerd Lo BNL
i
i
LT LU L I
MR | sl TRT
i o For

A _.Ii.w.__...__..l!.._._ L L

Jastwenn
Vanga "peppl iR A0

oA BRI
Ca et e o e T b e e o i

)

e L

'
a
:_En._..l-__t“ LELT T TN
I
" Aekpaila ) I
g .ln.n_ P

Airgd = =T
i

b e
gl i 1.5..--_._._ “ KiF
1

'
1
mLiBf o | et £ ] {ET
_ -
i |
pregl oMk empeagg £ QR
L Tl
iy | em [T -m §da
1
ot s | ol § ) Gorlmiag ¥ § OIT
(T | R | R n“qﬁ_
sl b | b | wEdy § | RIS
E
1 t
:
pidl 8 [ | wimesl b BDA
. -
o :
PR PR PR R

EE TN
T L R LT T AT

P e T

e R T Y T i S e P

- R
apdendy  [oaparwsny sy
fof Hinadame poylip o (plmes) p iy m
-
i
&
i
A
TR gy P
aveg pudg PRTiS iy ® Wt
THHA e [ ¥
Narpang srshEar aiiieng  dm| Sl R A
sl | e aEEE b SRR Aania | ey nE u_:n il agmn ew e esie il §FBIEL | T w
T .-.m Hidesul | Rk Bpge e R W
b @] b 08 AES P CNIE | LRDEA | aN Y napen [P Airn [snng | Doy sl wheir o 00 70 |6 3
iq
cmimj yimd el A E
e N B L e
Ty 1-.'1._]'—..1 .T_i. ._ﬂ
amamy P | i -I_:r..___._ L S m
-RLs | A i L RE U RN e LLLLN 3. bl | o i mras s wegow | 79
il l - mep e e sl .m
P gy il ek el
npn=my BirF=—fr © m winah beppey v B =
et d | am | amEm P mmnfeecel| as g wEEm D[RS AE| o e pems ms e (6 _m
T P e ]
el s semji W e CE m
[l ] L ] . g
ame] smap| vy hEde fimi i | ewe vy | Bobn bty |90 Bl s apm oohTEST | £t £
| m R T .m
riad [eemad | cekd R ERy 1 ewa -_._....__.___ ey || (BEL by T 1N -
1 =
! | i ey m_
| L L] =
i s I vy | L ]
iR Bty vaiersRE § REIE NS G padly sl R | LD .___n..- Fet WY P mEp ey iy | B =]
(]
] i ERs =Edfa g e .m
_ Hoi s i e A )
vomady * bl il Ry fub Pl OEDS HEES =
rdi§  worg c dnewaiNi o @7 |ewipon mnirvy chEEET ] I SRS map i o ey el o | 1 |
_ _. | adih N “ -M
mar i swa =
_. H__ ekl __n-... o R B
* b e . Ba| A eidies nall b RS
bl s MR § el | MT | A EE WIE | nAnshl R AR Rt e e e A L]
u m _ wyrand mad
5 T -
LT | : . ﬂ_-ﬂlwﬂ._.lt.- R e
LR dwggy ¢ ey | Wl [ Eeie  dohneld { ARIULATEL] b b Pl S TR TR
- : | -
wii ey § Fiakpaindy § | wim] memy T BEL T SET R EN
eAEE fW00 W) [ AN fRE g Emi F s AP driii e BeEe Easpie | 4T
1 i i
i T + [ty | [T R T S R
o iy cBwil AT NEE | AiR D Rl | e ] £ AgLn i | e el wwa] § BEL 2 HEE A AY
i i
ashuhn B r Anaabe §
sl dwdl  maEgRai 10 LEE =l et unaEsEE N nnnewws Mmoo meRdl e ST ESE RER | BB m.



Since the varouws co-cfficien indicated vnder the X
variable columns are so oritical to e developimcie
of the mudel, an explamation of how they wers
derived should be appropriate. The figure of 3.60
(15 labourers x 0.25 hours) [or the X, vanuble
indicales Ihe iolal manhowrs ken by  the 15
labourers to carmy out | anit of french excavations.
Similarly ., for vamable X, which wses twio 1ypes o
resources {2 labouroes and a backacter), the figure
.95 (5 labourers x 0019 hour) 5 andicaled againes
the labourer pesowurce, and (R19 {1 backacter x 0019
heour) indicated zgainat the backacier resouroe vinlee
the X, warmable coluwmn. The objective lunation oo
efficient of 024 iadicated wmder X, s e e
laken im howrs by the pang of 15 lsbounes o
perlorm a uoet of the operation,

Peehaps 11 is pertindad (o emphasize a1 this poisl
that the faci that & snalbemalicon] ” progmomming
model favolves a single ohjeciive Tuntion which is
10 be maxinnsed or mmimised, docs oot ioply thal
prablems with multiple objeclives cumsal be tick-
led. Wanous modelling techitigues and solutios
simiegies can he applicd to such problems. Some
pmeolve reducinge the model to one with o single
pbjeciive,  Objeciives and constrints cin ofien be
imerchanged. Onee a model has been buill, # s
extromicly  easy [0 copwert an objeckive Lo a
comstraint or vice versa, Another way of lackling
amultiple objective mwodel is through the wse of a
variant of the lincar progromming echnigue Kinwa
as poal progmmming.  This fechiigue cven has
facilitics for priontising the poels. The reazon i s
pot presently widely wsed is the limiled availabili-
ty of compuier soflwares for solving “real-life”
problems.

Continuing our explanation of the techasiogy  oo-
efficients in Figure 5, we find thal the imersecions
of cach row and column describing each activily 1%
given a co-cfficient of 1. In lincar progmmming
problems, this is normally donc when dealing with
Ihose varables mpormally  described as haviag
penemlised upper bounds of L. This mcons hal the
sumn of these variables must be L. The fact ihal the
cose(ficiem of such variables are ones, 13 pol very
pmpartanl, since scaling can always converl any
constants with non-pegative co-ellicient inio this
form. Whal is however impoftant 15 thai, when a
agaber of constants such ag the sbove exisl, the
vagiables in them form exclusive aeis. A set of
variables is said to belong 1o 2 generaliscd upper
bound set if it cam belong to ne others,

The right hand side co-cificicmt of 194,408 agains
the labourer Fesouroe was armived a1 by using the

figusre of 45 labowrers that the buildog organisaton
indicated it bad available o be wied on the prajecl
fur a sl period of 540 working days. Since the
prganisation had an #-hour working day, the 1ol
Iabourer-hours available for the praject would b
194, 400 hours. Smoe Lthe wember of labourer-houm
misst Bl be excecded, the rolefions]l operator
linking the manshowrs (0 the bounes resoEics
would be the "less than or sgual b type®. The
fight hasd side co-elliciend finking cach dctivity
deseripiion mow woould simply be the Total guaniiy
or anteasial ol work  valved or each dtem: thie
iciationdl operastor would e cach case be the
“miqunl” sign, since the quaniity  showki neither by
reduced nor exvceded. Thus, for the firs activily
i the activily  description rew, namcly, “Trench
Excuvation”, the right hand side vo-ificient wis
preit doram as TH, which represcnis the lota] quaakity
of TH cebee mscires of trench cxcavation o be
wnderthakoen.

IT ssiend of midaising ime, we rsiher ehecied 1o
numemise cosd, then oor obpedive unciion oo-
cificient for cach of the X vanabkes would have e
be alicred fo rellect the . chapge moour abjective.
Thus. & indicated in figure &, the X, co-e Micient of
(.24 would now be changed 10 4,97 {M1,38 x 360
howes), where K138 G5 the wll-in datly ke (or
Iahourers.  The lechnokagy  co-cflicienr would
howeever mensmRn Lhe same as [or the tune aphinnsa-
L anodcl,

SOLUTHON TO THE MODEL

The Sciconic Mathematical Progmmming compuler
software was wsed for proviling soletions o the
hinear progrmming probloms fonnulated o thes
paper. Abpdged versions of the input data for the
mambe] with TIME  and COST a5 the ohpdive
functions are indicated 0 Figurcs 7 and B respoc-
tively, Fipst, the ow varable sasws were cptencd
followed by ithe column and the nght hamd side
variables; each with it associated co-ellicient. The
variatle names have boen coded to comply with b
comnpaler soflware's specilicalions. of limiting
warcablde names e 8 maximwn of sipghi characier.
Full descriptions of a few selected ooded names are
given in appendix A,

The compuier outputs of the mode! Dsdicating the
selected methods with tiose and cost as the objeg-
tive lapctions are indicated an- Figures 9 awd 10
respectively. Each outpur bas three ool
headed: "COLLUMMN", "AT  and "ACTIVITY". Tl
variables in the (irst column indicate Mhose Chat are
in the solution, The scoond cobemn gives an

41 Jesarnal of the University afl Scince and Technology. Komasi Vohure 150 Mumbors 7 & 30 [0
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shadiow prwce Thice of the resparces Gl o Hhie
wlcgary: Backacw'n, Boller and Jurdacse Vileranior
Figure 13 paowides the same vpe ol dnloamaion
but with lime 3% the objective fumcton The
ilasmiatin  indicates  that the mnomen sark
comtent, if I selected methods were used, would
e 2R6R.3T hours: smy ofher comsbimation of meth-
rds would have 3 hapher work content (han the
ghove mentioned fipere,  The eespeciive siack
vaites are also shovm,  Here, thoee sceouties,
pamely; Concrete Mier {14710}, Rolter and Sur-
face Wihmsor have been fully ulleed . These wall
therefore have shadivg prices associaled wath Hacin,

Fipure 14 provides a sumeary of the slack vihues
{in percemages) avadable, with both time and cosi
as objective functions. While some of the resourc.
&x had 7ero slack walues in both cases - roller,
srface wibpabor - athers, such as the PR concrele
mixer, carpeniens, steel fiser, masoms spd paintert
bad very high slack values, also s biztls caseh, The
high slack values produced by the ayndel mndicated
ihat the planning team had been viry generous with
s sllocation of resousees 1o the pmject.  The
model was nem again with the ameunl of each
tesource reduced bo hall of il original value, and

the cuicome of the exercise (s depicted n Figur
15 The projedt m ikis particalar case was fourd 10
b indeasihie, lidicating thal af least ope of the
resounces - labourer-baurs &t that siage = allocaied
10 the project was not adequate,  That was a very
imporian fevelation since ol chearly demonsirated
g of The important features of the mode], namely.
is capacity for indscsting ke adeyancy. of orhel-
veise af e msources comsirecions would want o
deploy on specific projects 1 the planaing siages of
such projects

The vatue ol lincar optimisation maoedks o the uscr
is not simply In obtaining an opural solutiog 1o a
problem, but i interscling with the model and its
vanaltions W oblain infonnation and icsaghts. The
hennt of the masagenal fanction is focused in the
ilenpeetation of fesults and in decisson-making.
While the solution cutput has obvicas vatue for the
wser, the power of the msulis & greatly enhapced
by the sensitivily or pest-optimal analysis, Sensi-
lavity or post-optinsal analysis cnables. information
1o be gemerated lor the “what-if” questions that the
wer would wanl 1o find answers for before armiving
at the final decision oa implementation, A decailed
treatebend of the subject will fomm fhe sulbjech matior
ol znother paper.
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This swccessiul applwaiin al the muslel o fos-
slrction meikad selecnion probbemns should apen
ihe I'Imu,lg.m:'ﬁ for i use s innide lling nmny suailar
problems in the consiniclicn isdusiry, such oas
determining the “hes” mux of badding types for
speculsiive development projects, the sclection of
thic “kest” m-.:n schemes pal Porwarnd by cesspn
consulbapts, B nxsdelling wl & Giedeacior s canin
warkboad fors defined pepued of e o delemmine
the leasghmiliy of such 8 waaklaad “sis-g00m" he
fesources al the comiictne s disposal, 2od e lenh

Fumthermaore, ihe use of e model 0 comunlisn
wilh the netwik anabysis sechidque - that i, s
ihe madel e solecting opiimal comdresciion .
s which will sabsequently he used for praducing
metwork diagroe e pipeds - Wil comsiderately
ehaice the prectice of project plameng ot
cordbpiction indusiny.

CONCLUSION

We have aucceedod am s mescarch prigee e
developine @ model ke sebechipg apEoDpainic
crbraction metlnds o the myrad ol prosible
bl that could beoused inoandertiakang o con
dnoctEn priveat. The facl thal the mwalel ke
cogaisamey ol e Wpe amount, oosd, amipd o
wetria. af 1B viamd e lor s fesownes, and acspeoaii
abgeitive i The seleatiag prstsss, neikes the neade]
a e relabde ool than most ol the proseal s
et Tor okt vonsinecisng mellinds

Bs capability as a Pool for undedaking sensitivily
pnalvass, makes it particalarly wselial for tesiimg the
effects af seveml aliemative policy decisenes,
bofore their aciaoal inipled mlation on the Erapel
I is eapable of company-wide applacsizoa, that s,
mpnhln: ol hr.'in.l: wsed o delermine the melbenis
that would reall in b best dse of 3 company's
resoufres o all jes peojects simeliameously

The reliabainy siod accaracy of the ol wstpue
are. very mwich depepdest on the accurecs of ke
in|'r|.ﬂ data, [ s impodant for the modi s was o
n-:]im:'r'h.al. Il'u.'d-t'r'clnp-:nmlluf: felealie divlin B,
- wlng sach bechalques 5 work stizls, assigumiesl,
Inneponation, quesing ol @esisiam Moo
sy foali -

applicatiog.

TR B | o 1 i foE o st vessdal
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