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Problem Statement
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Research Methodology
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Dual-Skill Strategy

Four-skill Craft Strategy

A

Four-skill Craft Strategy B

Theoretical Optimum
Strategy

Electrical
Work/Insulation Worker

Civil/Structure:
Carpenter. Iron Worker.
Concrete Finisher.
Structural steel Erector

Civil/Structure: Carpenter,
Iron Worker. Concrete
Finisher. Structural steel
Erector

Rigging/Equipment
Operation

Carpentry/Pipe Work

General Support: Labor,
Equipment Operator.
Truck Driver, Crane
Operator, Rigger,
Surveyor. Painter

General Support: All helper,
Labor. Equipment Operator.
Truck Driver, Crane
Operator, Rigger, Surveyor,
Painter

Surveyor/Instrumentation

Tron Work/Structural
Steel Erection

Mechanical: Insulation
worker, Millwright, Pipe
Worker. Welder

Mechanical: Insulation
worker, Millwright, Pipe
Worker. Welder

Crane Operation/Painting

Concrete
Finishing/Millwright
Work

Electrical: Electrician.
Instrumentation.

Electrical: Electrician.
Instrumentation.

Construction Worker:
Carpenter. Iron Worker.
Concrete Finisher.
Structural steel Erector.,
Labor. Equipment
Operator. Truck Driver,
Crane Operator, Rigger,
Surveyor. Painter.
Insulation worker.
Millwright. Pipe
Worker. Welder.
Electrician.
Instrumentation.
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L andae () 5S5 08 daal g dpaae 4paS rCagll pli V0
aagl) s Cprntl Ly oSl Ky oS )l G piia v

i) sl ) sl 2l v
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{ Need for oplimization ]

Choose deS|gn variables F:

Formulate conslralnts E—
Formulaleobjectwefunctlon }:

l

Setup vanable bounds }::

Choose an optimization E;
algorithm <
v
—[ Obftain solution(s) }

(WWW.ChSSYT.sY) el 73 sai (S Ailee Jaladia 3(1-4)JSd)

—

uéhﬂ\uﬂda\)g:}gma\h\)h}i ‘M‘J)\ﬂ\uwzﬂmuﬂﬁmy\ &M@Q‘M\?ﬁ

el Azl
Decision Variables QAN &) pddia daas 2-2-4

(gl e Ala) wis ol ellaad) e Biall i lalls o Liall e ybe ars 530 a3 w53 ol 1) 23 gl

Ol A 2iSae AAS Juadly Aler) (e daladl ad JiaY1 Jal Lo 4S5l 13] 5 & g il bl iS5 A0l Alend) Ja

LS =3 gaill ) Sl yuiia

K 23 0 58 (5 siase  Adgal) e g 58 a5 | Agall (0 sSLay (Al Jleall 220 x5
0 Al agdals 68 il Jlaall 220 1y,

A& Ol O sSliay 5 agdls 58 aises () Jaall 220 27,

A32a A | Aba) aglias ¢ shonsus 5 1 & Ol ¢ sSTiay M) Jlaal) 232 21,
ol JOA A0 agligan ) slarans 5 (&) Ol O sSbiay () Jlanll 220y,

t el JMA O slarsas s | Aagall O 5Slay (pal) Jlasll 22e imy,
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Lal Sl & 5 el Bae (e Asna Bae A (pae Jue 23V & 5 piall Alae Gapads e aelud 3 ,aY) EOEN @l i)
ol ) JKAL £ g il Allee Ll 8 il 1) 3A3) e s jliiall o) jae aelad 5V AN ol il
Osbar Ol Gy O G pe I e L s e b sl g5 pial) il i Al Alee ol g8 o o
pellac il 3ol 31 Lmd ) ol e AT IS8 8 ) slaad penn )35 3n pellac a5 O (g ol 530 Lalepgaal Allanll a3
35as de dald age el Al dige Lo Jleall a3t 8 «Jla ) IS O8] (e la st 5 caglJlea 330 ) 2
o b ) el (gl s 1 A8 Alaad 2y o aay capxll O Bl e gl Glanad 3 aldl Aleally (i
2y Al e 5Ly Y Sy (e g g e al (e pgdida 5 oty 31 8 lall Alaall Gl caa i B2e A Jani s 4S50

. (Pappas, 2004) g 5 il dilgs
Objective Function aagd) ali 3-2-4

caagl) s lé A ((minimize) JUE & il e caagl) s (18 Alalal) Allaall A4S A8 ga 3 gaill (e Caagl) o

AUl & g phall Alleal) A4S Gl S g gana sp

O Sam Jalall G i (s K 20 5 jlen (5 sy | Aigall e Aigall () sShay () Jleal) Gy y (e dailil) 8K)) v/

L o yina (5 el igall A 2ol (5 she Lal G s 2Y

i=mn j=mn
i=1 j=1 k

traincost;jy
Cijk = ———
Aijk

K s | gl e Asgall elly o2l Jalal) oy )x3 43K traincost; j

7 gl Gl Jale cands ¢ e daslll Akl v

A& Oiteal) dllay Jale Canla 5 (e dailll &Kl V7
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i=mn j=mn
D NRTEYS
i=1 j=1

1 s osiall a8 s ania Jleadl il 5

j digall ¢ sShiay ol Jlaad) il g, 46 o

i=mn t=duration
S e x swage

B
mEL N
L

& st OO Jaal) el aamy Ty 5 e iga ey 3 Jalall e L) i) = swage;

1 520l 5 Aigally () shons 5 1&f el ¢ sSley il Jlaall 5, S o

i=mn j=mn t= duratlon

RUITEN

-

& ol DA Jol) el 232, Uys pums (& g llay o2 Jalall e L) 5 N =mwage;

i) DS Aigally o shens s 18 cxttigal) () sSLay ) Jlanll (85, 4ES

j=mn i=mn t=duration

el Al 20 gaill Cangll s (8 (Baus Lae
i=mn ] =mn l mn i= mn j=mn
W = min(};Z7 1 2kCijk X Xijk t yi X hi+ XiZ jo1 Zij X

lmnjmntdu lmnlmnt
hl] + Z Zt 1 m]lt X mwa-gel] Z Zt ll]t X

i= mn t=du
mwage;; + LiZT LiZ{n, X swage;)
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Constraints 35384 4-2-4

Uga OsSley Jlee aladiny t 43l 3,580 J3A | 4gal (0 needed;; Ueadl (e g 5 il Zlisl Hi g v
&) Citiga 5l 185
Xijk + yi + zij + e + lije + my;; = needed;,
Ga STl shae 050 O ana t Al 8l OV Agally (psbeny ) Jlaall g sene O o 28l 138 my
blhis (e lgle Jsanll (Sa needed;, s Agie 36 5l Luds JA | Agally Alleal) (0 g g piall zliial
Primavera P6 gl ahaaiul & 5 pdiall Jleall Jua s
1 Al o Jlead) Cayyail alieYl aall v
Xi Xk Xijp< traincapjy
e l€oae e Y K Alma duia )5 5 DA 83 gana il Al Lead ()55 a8 Cagyla e 2l 1 ey
Sisiare sl Jandl alse ol g ) Cpaa il OIS Jia & BB 5 leall 53 Jleall ca il o salall Jlesl)
Aol 45y Hlally Jaall o8 50 7 la il (IS 5l Lad 4, sllaall 4 311 5yl J3a 4 3U1 @l ) sl
rdlead) ol il oadae ) asll v
gl () sSliey Jee (il 4 s0as @
yi<hirecap;
&) Cnigal) (58l Jee Cla 400350 o
zij< hcap;
& oali iy S Jla 81 dllandl 3 ) sall 33 sane dilaie 8 ¢ 5 pdiall S Ol 8 5y 5 28 128
Lo 3 jalall dlasl)

Hagadlle pg Vv

Ny < Yi— szljk + availableworker;
ik
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Alead) oo i quailableworker; S ¢ i siall o SSTj gy Uland 23 saill aladind aae 281 138 ey
okl i Tlla s il gl s 3
&) oiem e s v
lije + mje < X + z;; + multiavailable;;
o= =3 multiavailable;; Sus A5l g ST & Oigay leal z3sall pladind pae 2l 128 (e

£l i e 5 il 5 18 Cige ollic ) Allenl
Full Formulation Zasaill Al gl 5-2-4

dle gaadll -]
jEmMnd € mn s Ll jo Cai Al gl Ao saae:mn
t € duration g s sl 43l 3240 :duration

K s st | gl e f Agall el (o3 Jalal) )31 43K traincost; j

10 O g S s & Ol O Bl Y dalra

J gl el Jale s 3 48K 0,

0 & oigal) elley Jdle Cala 5 4K oy

& sl JOA Jardl el any U g juime A el 53 Jalall oLl il ) = swage;

& stal IR Jaall el a3ay U juine (&) (rign ellay 53 Jalall oLl i) =mwage;
2ol J3A ) slarpun g | Agall (e g g piall agaling (pdl) Jleall 22e :needed;;

JReall e K (s sisa g 3 e s | Agall ¢ sShey ) Jlaall (30 el Y 232l st aincap i

gl e agiils 68wt ) Jleall (e oalie Y1 22a)) s hirecap;
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0 & J otigall 0 5SBiay 5 agiida 55 i Al Jlaal) (g (adae ) 22200 heap
& sl Loy 3 Gl 05 sia g Agall o Shey 3 Jleall 23 :qwailableworker;
ol gy W 5 8 sies T & gl 0 Sl Al Jlell 20 smudtiavailable; ;

Dbl Gl yrie -3

K 2ane )y (5 sy [ Agall (o g 53 a5 | gl () 5Shay Gl Jaall 230 1

J gl agiils 5 i (Al Jlaadl 220 1y,

A& Oiigall O sSliay 5 agdala 53 disas () Jlaall 22 27,

A2all YA | Alal) agligas ¢ shonsus 5 1&] Oftigall (0 sSTiay () Jlaal) 232 21,

ol JOA A0 agtigas ¢ slersas 5 1&] Osigal) O 5Sbay oall Jlasll 30y,

2ol A (¢ slans g Adgall () 5Shay (Al Jleal) 220 ipy,

(Cangll (5 4

W= mln(Zl " j TlnnZkCl]k X xl]k + iz mnyl X h + Zl - ; Tnzi]' X
hl} + Zl i ] ngf ?um]lt X mwagel] + Zl T ] mnzt dulljt X

i=mn yvt=d
mwage;j + Y21 =1 Ny X swage;)
2 gall -5
Xijk + y; + Zjj + n; + lijt + mjie = neededit

Xi Xk Xijp< traincapjy

y;<hirecap;
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ZijS hcapl-j
Ny < ¥ — XjXkXijx + availableworker;

lije + My < Xk + 2 + multiavailable;;

Vi € mn¢j € mnct € duration

Xijic¢ Vit Zij*Nig¢ Lijee mje =0
iI=12¢....... «mn
=12 «mn
t=12¢....... ¢ duration
Software Selection pdisal) gali ) 6-2-4

= Adidd sl jig JuS) g Sl kAl daendl zia dal aadiad I el ) eyl aag
O Gl pall e daed) edat LS oK1 Ao giall 93 praall Aadadd) dae yll Jilie da e 3 a8l Loal <"Excel Solver"
d\A‘gQU\:\J\dBJ;\BJLGEBJJ)'A@cﬁﬁ\&w\gyﬁjdﬁak&u@\d&ﬁ@mﬂj@m_)gs':al:xu)ho&

ﬁw\‘_;c):\u_).\:uﬂg\dﬁj

JJ\A @MY\ dﬁmwuﬁJW\ adalia | M:\.EAM\ M:\.E;J\ B &\J.I\@LAAJA‘_AQJJG GAMS GAL}_).’
o daall et 48 Lela g Vg Allcdll Aadai o L old el 13 (S chainall 5 3l (Jiladl) dndai e

a2 5 (CPLEX, ZOOM ....) Jie dall gl

Aoz slaf il G o sl s zasaill JSE | INGO MODELLING 14.0 bz plaiul i da 5 Y oda &

ALl o Jas gealial) 13 Liag iy LS Aullad iST 5 Jeudd Gl ) Abied) z3lai Jay S8 Adee Jaal Chatin Aap
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4 Baacmall a1 el s (ge A sanay i) Jant s QS ALS (m je B GBRY) e (o yuantll By 24 (para

(et At ) ali ) il jran o 58S (S AaBaY] Jiluse Calial alaee o e 5 )8 day jull

A zila e uell e 2ol A i dadaidzl e

uSY) Jglan 5 iy 308 (e 5 pdilae Ll shea 320 z3la ol o acliy rclilall Aadle <l L o
8 aia dend) e Jamas @lily 32cl8 ol JuSY) Jglaa ddalu sy UL 2 530 o) aokiy LS
gasall o il ol ja) ASa) 5 ja Lee ULl e zasaill JalS Juad oy i g) Suadaily
A g

S LINGO 14w e gigaill o ol 1S4 (5 rALOS il (318 48l i 3 gaill Blelis o
588 Bkl (e B yuilie oele i

s o sgde adle Jandl Jaad 4o 53U <l ga¥) JS5 i ) gy idlelisac b @

Al ddadl) Aae ) Jlisad Axg jury ALl Ja el 355 bl A8 o mal s il @
zosall 3 LINGO ) 0¥ s b dseail dala ¥ (gl Aapaally il dan 5l cday i)

(Sl sl (S adiall Jal) el Jliay

LINGO MODELLING 14.0 gl aladiuly 7 gail) 3,455 3-4

Case Study Al Al ja 1-3-4

e 9000 oladi 5yl M\uﬂ\bmuw&utjﬂﬁ caale CJ}A.\S\&*\MYJL;A“M\JA”&JJJA

Aac Ll 5 40dal) Sl W 5 pa s olaall a0 pud ) ol 520 (o Alasdl) Calli | Baiad iy y ol 3l 8 Lia sy CnSa
csloall ety (AT (g 68y IS0 5 (g g8 s il 5 Ay 5l () gl ez Sall 5 Jalall g Jlall 5 g 3l Jamd al sall

(SISl 5 Al e nall s oY) el capanill ial sal s Aallaall sliall a8 A0 ¢ SulSaal) Csinl) aud
:otbae allii 4 sllaall & 5 il (35

gl 2SN 5 Jaad) el e Jumia 6
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& s hall i3l Ll e

LY o sl (Jlasdl Joiii labde @
(Osale 390 = LIV 5 sall 5 Allead) bl A4S < a8 5 68l (0 sale 512 (M g 5 all 4y i) 241N
ALl A g sl el i e 520 Lo sausl (0 smans s el 20 e g 5 il ey
ISy edia ) g g pdall pafi e SV VI L S 5 cp g el 8 A ) gl o 23 sal) Gaada o

Labor Demand Requirements Alaall (e zlia¥) 2-3-4

AL 3 lal) IS Allaad) ayan a5 LS Lol (I

& 5ol 28 e ol () gmans s used VA Ulaal) o LY (1-4)Js2a]) el

digad) 1 2 3 4 5 6 7 8 9 10
LS Jule
alall) Jale
sl aidale| 8 38 26 35
<l A Jale 18 16 72 48 44
Joadl Jale 16 24 4 4 4 12 32 12 31
R AT
dauall Jals
i Jals 23 52 55 47 16 70 44 55 58 60

Alaall (o LY o(1-4)d g2

Agad) 11 12 13 14 15 16 17 18 19 20
£l esd Jale
alalll Jals
G5l Jlad Jale
<l A Jale 20 60 10
Jiad) dale 39 25 16 17 22 18 8 24 30 22
Y Jale
daal) Jale
A Jale 75 83 60 70 60 79 80 83 67 51

(Aeyidlanll o gV 1 (1-4)d 5
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Ligad) 21 22 23 24 25 26 27 28 29 30
sl sl Jals 6 6 14 8
alalll Jals 12
Ol el Jale 3 6
Gl AN Jale 18 75
Jadl Jals 2 2 2 4 16 18 12
) Jals 6 36 34 28 53 90 66
dLaall e 4 6 1
A Jale 64 20 5 3 4 16
(Aati)illaall (e zLia) 3 (1-4)d s
Lgall 31 32 33 34 35 36 37 38 39 40
£ L Sd s 3 20
aall) Jale 18 18 18 14 8 6 7 6 9 10
Ol Jale 17 5 4 8 20 7 3 3 10
U A Jale 60
Joad) Jale 27 1 9 13 17 22 38 42 27 17
¥ Jale 50 89 96 45 60 50 4 75 72 55
Ll Jals 5
s Jale 16 17 9 17 83 6 4 4 9
(Aai)illanll (1o LY 3 (1-4)d g
Ligal 41 42 43 44 45 46 47 48 49 50
s LSl Jale 4 5 2 4 10 7 9
alald Jale 12 12 6
Ol lad Jale 9 3 10 23 21 8 8 19 16
@l AN Jale
Jad) Jale 32 40 30 19 22 39 41 52 46 35
k¥ Jale 70 50 55 77 51 50 84 52 98 84
dsauall Jale
s Jale 11 8 1 16 15 12 16 28 25
(Aati)llandl e zlia¥) 1 (1-4)d s
digal) 51 52 53 54 55 56 57 58 59 60
£l gSd Jale 30 25 27 27 39 39 30
alall) Jale
sl Jlad Jale 6 3 2 4 11 4 21 17 14
U AN Jale
Jadl Jals 32 35 26 48 37
k¥ Jale 75 76 51 50 52 52 47
Laall Jule 6 6 2
A Jale 7 15 5 9 7 13 10 12 16 10

(Aeyidlanll o gV 1 (1-4)d 5
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Aigal) 61 62 63 64 65 66 67 68 69 70
sl gSd Jale 5 30 55 58 57 53 52 35 50
Aalll Jale
Ol jlad Jale 10 12 14 11 13 13 12 10 10 17
GUIAY Jale
Joadl Jale
¥ Sale 27 13 20 20 51 39 44 50
Laal) Jals 4
s Jale 6 8 12 11 15 13 11 4 4 12
(Act)Allanl) (e zLaa) o (1-4)J gad)
gl 71 72 73 74 75
L gSd) Jals 57 5 50 58 35
alall) Jals
Gl Jlad Jale 13 12 17 13 10
<l Al Jale
Joadl Jals
iy Jals 20 50 20 44
Laal Jale 4
A Jale 13 8 12 15 4

(Lillandl o glia¥) :(1-4)d 532

Aga S Aleal) e alae V) lia) (2-4)d sl ey

Lgadl aBe ) gliay)
£l 48 Jals 58
alalll Jals 18
Osidl U Jale 38
il A Jale 75
Jaad) ale 52
¥ Jale 98
daual) Jals 11
daa Jals 83

ebe Yl 2 LiaY) 1 (2-4)d sl

(0l 233 (2-4) 5 (1-4) odsaall (e

35 s A a5 eall S dle 273 = i1 550
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Available Labor £ s hal) Aylay 38 gial) dlant) 3-3-4

) Allael) i il 038 (5 sLEY) o 53m) 5 g ¢y sSliars ¢ 5 ptall Ay 3 5 il Allaall o (3-4) sand) el
Jomanll o Cun LS ity AS 3 ga 2l 5 g 5 i (258 Al Alaal) Glanalls 350 ol g £ 5 s o SISV AS N pa s
(4-4) 2l Aiga IS cabae V) a6 50 a (e Ay 8 il ill o2 G Jas gl & 5 el (35 (e il 02 e
Lo O aa gl g g g pdiall 35 (e Legle Jsmanll 2 g (i O sSliary ¢ 5 pdiall Al 3 558 gial) Allaal) 0 Cpy

Baa) 5 ga el Al Aleal) Gt (10 %20-%10 s ¥ (iliga ellad ) Allaal)

-

digal) )
+LeSll Jale 25
el Jale 10

sl s Jale 25
bl Al Jale 55

Joall dale 15
Y Jale 55
dnall dale 9

Aaall Jale 70

8aa 5 Aigas 88 giall Allaall 3(3-4)J gand)

A Agal)

Al gt | eLyeS Jale Aall Jale | sl Slas dale | il all Jale | Ul dale Y dele | daall Jule dlas e

+LeSl) ale 2 1

Aalll Jale 1 1 2

sl i dale 1

el 3al Jele 2

03 Jale 1

i) Jale 1 1

dnaall ddle 1 1

Alaa Jale 2

Crftigas 5 A siall Alleal) 1(4-4)J 92!
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Skill Affinity Coefficient Ol G Bl Y Jalaa 4-3-4

e g ospdall Cllliie i 6l @ld g G I aglige e Aiga o Jlaall pamy a8 g8 zigaill jualic sl o La

Ll sl s gl (ans (G Lot A8l aa 3 Y A8 L (el Chle gana (pm dals HY) aaad e Y IS Gl Al
Gy O3l sl O sl Cum M e e ST B0 35 Aiabe (eall Cile gana any " (Pappas,2004) ekl LS
oda b ai Cus Ll Jleall e g ogpdall e Lo Gl 520l 3 ged ) Alaiall gl Cile sana 13 g0ny o
) ) Blail LY Jalsi yY) Jidaty Ll 23 s A5l il jall 8 355 LS el Cle gana aladind pae Dl )

Ly wa leha 1 G guigall 5 Jleall (s

Ll Y Gl sty Jlaal dalee 58 O g dalae gl G Bl )Y daail () a0 Lol )V Jalrs alasiin) o

T3 e oanb g 555l Cladine (e 83 sake 3 i) g 33U bl ad O (i s ) sdie (aliieae (p aaie O
Oaanial) aad 35 WS 5 ane g sl (g puriiall Jay i daa e ek Ao (e yuai [ Awiil) 1= & 1 O Osmom Jalas o
il (5253 yrciall aad 80y 5 (s syl (y pariiall Jay 53 Adles dplad A83e (e jaad - Al A jpaiall daa 3 )

Ol (s day 53 Al AB0e a0 Y 6l Canlie e hadl) 23 sail) Gl e 0 dall el < AY) i)

Gilllaie oy Loy Lewmams ga (gall o) i )l) o pellpans g5 e ptay adige 20 <ld Lo dblie A Ga
Al ael Ty Laulia W 0 U AN Gel e dale 70 Gl Le Jlsad 28Vl (Jlenll slals g 5 )
G il Ja) Gaob ce ofiigs sl O Al AagY O smw BLEY) Jalae dlagl o5 i) aetigal ALl
O BlY) Jabas (5-4)dsaall seday (SPSS Statistic 21) adbas¥) sl daja gl p ) lale Joas

.0.05 48 5 90 Ax H gl

aaf @llia) 13 Jaladl o jedai Lol ;) Jaleal s g0 2 GSES Gl cptigall O 2o Jualadl ¢ gy Jalaa 4l
Jalal) ()1 edat (s Il ) Jaloe SIS (il (gl Lol Al digall @MY oS Jlaial) @lligh (pitas 5 jadl (itigal)

Al Ligall MY iz Jlaial @lligh (yiigall aaf elliag 531)
S WS Cum (] — 0 Oz s sE ) Aallaal) Al Al Lol )Y) bleles o Jysad ol dandl] L8 il 5 Sl

Leli s &5 0)¢(-0.2 ¢ il ¢(0.25) Aniill Lol 3n 3 (-0.2) s BN all Lgwmns o cpgeall Jaay Jlainl 31§ iadl

Jalacall (13 138 5 (1) daill Lol ga5 25 (0.2) o S il ¢(0.75) dasill Lelisa3 o5 0.2)¢(0 ¢ sl ¢(0.5) iasil
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&l Jeail

a3 e ) gl s sl Jelall B o a5l (530 o ainy il &S Lo gemall daladind 2y (s3)

el AL AR (el ey WY Jebe (6-4)sa)) el Lende

Correlations
mechanic_pip
electrician welder har_hender | concretor | isolation tank plumber e
electrician Pearson Correlation 1 74 115 163 - 135 - 118 319 010
Sig. (2-tailed) 014 104 021 0a7 0498 .00o 883
M 200 200 200 200 200 200 200 200
welder Pearson Correlation 174 1 107 | -374 | -2277 | -z270-7 -137- 184"
Sig. (2-tailed) 014 A3 .0oo 001 0on 053 0oa
N 200 200 200 200 200 200 200 200
bar_bender Fearson Correlation S115 107 1 -240- | -207 41 -.091- -162
Sig. (2-tailed) 104 131 .0oo 003 046 199 022
M 200 200 200 200 200 200 200 200
concretor Pearson Correlation -3 | -374 248 1 -.090- -.065- -129- -220"7
Sig. (2-tailed) 021 .0oo .ooo 203 361 069 0o
M 200 200 200 200 200 200 200 200
isolation Pearson Correlation -135- | 227 -207- -.080- 1 347 -107- -078-
Sig. (2-tailed) 087 001 .003 203 000 132 274
M 200 200 200 200 200 200 200 200
tank Pearson Correlation -8 | 270 141 -.DB5- 7 1 - 093 -042-
Sig. (2-tailed) .0&a .ooo 0486 361 0on 1480 A52
N 200 200 200 200 200 200 200 200
plumber Pearson Correlation 3197 -137- -.091- -128- -107- - 093 1 278
Sig. (2-tailed) .ooo 053 14949 089 132 140 .0oo
M 200 200 200 200 200 200 200 200
mechanic_pipe  Pearson Correlation 010 1847 162 | -2207 -.078- -.042- 275 1
Sig. (2-tailed) .BB3 009 022 oo 274 5562 .ooo
M 200 200 200 200 200 200 200 200
* Correlation is significant atthe 0.05 level (2-tailed).
** Correlation is significant atthe 0.01 level (2-tailed).
LY Jalae 1(5-4)J e
slgsh dale | aall) Jale [osiad Jad Jate] clal dae | diad dale | @ Jale | ol Jale | dlaali Jals
sl sl Jale na 1 0.5 0.5 0.5 0.25 1 0.5
alalll Jale 1 na 0.25 0.25 0.25 0.75 0.5 0.75
o) lad Jals 0.5 0.25 n/a 0.75 0.75 0.5 0.5 0.25
<l jAd) Jals 0.5 0.25 0.5 na 1 0.5 0.5 0.5
Joadl Jale 0.5 0.25 0.5 1 nfa 0.5 0.5 0.25
Gl Jals 0.5 0.75 0.5 0.5 0.5 na 1 0.5
Laall Jale 1 0.5 0.5 0.5 0.5 1 n/a 0.5
daad) Jals 0.5 0.75 0.25 0.5 0.25 0.5 0.5 n/a

) Bl Y Jalas 1(6-4)J g2
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Training Costs Gl GlS 5-3-4
O 33V ae cageal Aaliall Alleal] 2S00 Hlaiind Alee g Apulul) atigal Al) 20 e o Jalall (3 ()
sildll o o jedal Al ASLU Gl Al e il 2l 13 g das sas 5 dilia) dige Ao b Jaladl (3 o) LY
.(Gomar et al,2002, Burleson et al,1998) (ee SO Jalall AMia) 22y dplials ol
Gl a5 an e ) Alany () g sty (Al B el S Jleall (e 33 DA e Jaad) 18 g0 JOIA Aty 38 (il
ol o Sy ol cJalall o) il N e adiad A6lSy il 3D sl oda 8 i) Bae i G cagile
ead) U8 o o ang cuaills llall IS Aegally o5 Aanadio dalaa 3 dalall Jinatd JUR (ge Dl 43 ally
Lulaaill dls ja 8 (sl cp 5 el Dy
o il el 955 sall Bae Cus cagd Jleall (o )y Sy A Aeladl JUiN1 5 1 55 il gl Gy i) S 5 Ll
Calkll 55 palall g lall e Uaill 8 Jaall Al 525 28raa 3aled Algdll (8 Jalall 32h 5 el agoal o155 (g ks
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Appendices

LINGO MODELLING 14.0 gk aladialy Jall dpa ) sa A (galal)

model:

loptimization investment;

sets:

skilll/electrian« welder. concretor tank: proof:pipe: plumber: barbender/:y:
hirecost: wage: availableworker.: hirecap;

skill2/electrian. welder. concretor tank. proof:.pipe: plumber:.
barbender/:traincap;

periods/wkl..wk75/;

level/helper. skill/;

linksl (skilll.skill2) :z. wperweek: multiavailable. hcap;

links2 (skilll(periods) :n« needed;

links3(skilll.skill2:periods):1¢ m;

links4 (skilll: skill2: level) :costs. x;

links5(skilll. level);

links6(skill2. level);

endsets

!lobjective function;

min = @sum( links4 (i<j«k):costs(icjck) * x(i:j<k)) + @sum( skilll(i):y (i) * 24240)
+ @sum( linksl(ic¢j):z(ic3j) * 24240) + @sum( links2(i«t):n(i«t) * wage(i)) + @sum(
links3(i¢jet):1(icjct) * wperweek(i«j)) + @sum( links3(icjct):m(icjct) *
wperweek (i¢j));

'workflow constraintl;

@for (links2(i«t) :[work flowl]n(i.t)<=availableworker (i) + y (i) - @sum(
skill2(J) :x(i¢3)))s

'workflow constraint2;

@for (links3(i«j«t):[work flow2]l(icj«t) + m(i«j«t) <= x(i.J) + z(i.3j) +
multiavailable(i¢3j));

!demand constrain;

@for(links2(i«t) :[demand]@sum( skill2(j):1(i¢jct)) + @sum( skill2(j):m(i¢j.t)) +
n(i«t) >= needed(i«t));

'traincap constraint;

@for (links6(j«k):[train cap]@sum( links5(i«k):x(i«j«k)) <= traincap(j));
'hiringcapacity constraint;

@for (skilll (i) :[hiring capacity]y (i) <= hirecap(i));

'hcap constraint;

@for(linksl(i«j):[h caplz(i«j) <= hcap(i:Jj));

data:
!import data from excel;
availableworker= @Qole( 'F:\LINGOl4\Samples\availablei.xlsx':'availableworker');

wage= @ole( 'F:\LINGOl4\Samples\wageperweek.xlsx':'wage');

costs= @ole( 'F:\LINGOl4\Samples\traincost.xlsx':'costs');

traincap= Qole( 'F:\LINGOl4\Samples\traincapacity.xlsx':'traincap');

hirecap= @ole( 'F:\LINGOl4\Samples\hiringcapacity.xlsx':'hirecap');

wperweek= @ole( 'F:\LINGOl4\Samples\salary.xlsx':'wperweek');

multiavailable= @ole( 'F:\LINGOl4\Samples\skillavailable.xlsx':'multiavailable');
hcap= @ole( 'F:\LINGOl4\Samples\hirecap.xlsx':'hcap');

needed= Qole( 'F:\LINGOl4\Samples\neededworkers.xlsx':'needed');

enddata

end
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Variable Value Reduced Cost

N( ELECTRIAN. WK1) 0.000000 6000.000
N( WELDER.: WK5) 0.000000 4250.000

N ( TANK: WK3) 0.000000 4500.000

N ( PROOF: WK1) 0.000000 6500.000

N ( PROOF: WK2) 0.000000 6500.000

N( ELECTRIAN. WK51) 27.00000 0.000000
N( ELECTRIAN. WK52) 23.00000 0.000000
N( ELECTRIAN. WK53) 25.00000 0.000000
N( ELECTRIAN.: WK54) 25.00000 0.000000
N( ELECTRIAN: WK55) 36.00000 0.000000
N( WELDER. WK51) 0.000000 4250.000

N( WELDER. WK55) 0.000000 4250.000

N( TANK: WK51) 4.000000 0.000000

N( TANK. WK52) 1.000000 0.000000

N( TANK. WK53) 0.000000 0.000000

N( ELECTRIAN. WK31) 0.000000 0.000000
N( ELECTRIAN. WK35) 18.00000 0.000000
N( WELDER. WK31) 14.00000 0.000000

N( WELDER.: WK32) 14.00000 0.000000

N( WELDER. WK33) 14.00000 0.000000

N( WELDER. WK34) 14.00000 0.000000

N( WELDER. WK35) 8.000000 0.000000

N( TANK: WK31) 15.00000 0.000000

N( TANK. WK32) 3.000000 0.000000

N( TANK. WK33) 2.000000 0.000000

N( TANK: WK34) 6.000000 0.000000

N( TANK: WK35) 18.00000 0.000000

N ( PROOF.: WK31) 0.000000 6500.000

N ( PROOF.: WK32) 0.000000 6500.000

N ( PROOF.: WK33) 0.000000 6500.000

N ( PROOF.: WK34) 0.000000 6500.000

N ( PROOF: WK35) 55.00000 0.000000

N( PIPE: WK11) 20.00000 0.000000

N( PIPE:. WK12) 20.00000 0.000000

N( PIPE:. WK13) 16.00000 0.000000

N( PIPE: WK1l4) 16.00000 0.000000

N( PIPE: WK15) 20.00000 0.000000

N( PLUMBER.: WK11) 0.000000 6000.000
N ( PLUMBER. WK15) 0.000000 6000.000
N ( BARBENDER. WK11) 0.000000 5000.000
N ( BARBENDER: WK15) 0.000000 5000.000
N( CONCRETOR: WK11) 70.00000 0.000000
N( CONCRETOR: WK12) 70.00000 0.000000
N ( CONCRETOR: WK13) 60.00000 0.000000
N( CONCRETOR. WK14) 70.00000 0.000000
N ( CONCRETOR: WK15) 60.00000 0.000000
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PIPE
PROOF «
PROOF «
PROOF «
PROOF «

Variable

WELDER: WK1D5)
PLUMBER: WK10)
BARBENDER: WK6)
BARBENDER: WK25)
CONCRETOR: WK21)

ELECTRIAN: WELDER. WK27)
ELECTRIAN: WELDER. WK28)
ELECTRIAN: WELDER: WK29)
ELECTRIAN: WELDER: WK30)
ELECTRIAN: TANK. WK26)
ELECTRIAN: TANK. WK27)
ELECTRIAN: WELDER. WK35)
ELECTRIAN: TANK. WK31)

PROOF «
PROOF'«
TANK:«
TANK:«
TANK ¢

BARBENDER: WK40)

CONCRETOR: WK36)
WELDER: WK40)
WELDER: WK36)
BARBENDER: WK37)

TANK.: BARBENDER. WK38)

TANK: PROOF. WK39)
TANK: PROOF. WK40)
ELECTRIAN: WELDER:
ELECTRIAN. WELDER:

WK44)
WK45)

ELECTRIAN: TANK. WK41)
ELECTRIAN: TANK. WK42)
ELECTRIAN: TANK. WK43)

ELECTRIAN: WELDER:
ELECTRIAN. WELDER:.
ELECTRIAN. WELDER:
ELECTRIAN: WELDER:
ELECTRIAN: WELDER:

ELECTRIAN: TANK. WK46)
ELECTRIAN: TANK. WK47)

PIPE:. TANK: WK7)
PIPE: TANK: WKS8)
PIPE: TANK: WK9)
PIPE: TANK:. WK10)
PIPE: PROOF: WK6)
PIPE:. PROOF: WK7)
PIPE: PROOF: WKS8)
PIPE: PROOF: WK9)
PIPE: PROOF: WK10)
PIPE: PIPE: WK6)
PIPE: PIPE:. WK7)

OO NONOOFHFORFRPROOONDNMNNDNOOONNMNNNNONOOOONOOONNMNNORFERE OO

Value

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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Reduced Cost

0.000000
6500.000
0.000000
0.000000
6500.000
0.000000
0.000000
0.000000
6000.000
6000.000
65000.00
0.000000
65000.00
6500.000
6500.000
0.000000
0.000000
4500.000
0.000000
0.000000
0.000000
0.000000
0.000000
6000.000
6000.000
6000.000
0.000000
0.000000
0.000000
0.000000
0.000000
65000.00
0.000000
.000000
.000000
.000000
0.000000
1500.000
1500.000
0.000000
1500.000
0.000000
0.000000
0.000000
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Variable Value Reduced Cost
M( PLUMBER.: WELDER. WK24) 1.000000 0.000000
M( PLUMBER: WELDER.: WK25) 1.000000 0.000000
M( PLUMBER.: TANK. WK21) 0.000000 6000.000
M( PLUMBER.: TANK. WK22) 0.000000 6000.000
M( PLUMBER.: BARBENDER. WK24) 1.000000 0.000000
M( PLUMBER.: BARBENDER:. WK25) 0.000000 0.000000
M( PLUMBER: CONCRETOR. WK21) 0.000000 6000.000
M( PIPE: WELDER. WK55) 0.000000 0.000000
M( PIPE: TANK. WK51) 1.000000 0.000000
M( PIPE: TANK: WK52) 1.000000 0.000000
M( PIPE: TANK: WK53) 1.000000 0.000000
M( PIPE: TANK. WK54) 0.000000 5000.000
M( PIPE: TANK. WK55) 1.000000 0.000000
M( PIPE: PROOF. WK51) 2.000000 0.000000
M( PIPE: PROOF: WK52) 2.000000 0.000000
M( PIPE: PROOF: WK53) 2.000000 0.000000
M( PIPE: PROOF. WK54) 0.000000 6500.000
M( PIPE: PROOF.: WK55) 2.000000 0.000000
M( PIPE: PIPE. WK51) 0.000000 0.000000
M( ELECTRIAN: BARBENDER: WK5606) 1.000000 0.000000
M( ELECTRIAN: WELDER: WK56) 5.000000 0.000000
M( PIPE: PROOF.: WK29) 1.000000 0.000000
M( PIPE: PROOF.: WK30) 0.000000 1500.000
M( PLUMBER: WELDER. WK29) 3.000000 0.000000
M( PLUMBER: WELDER. WK30) 3.000000 0.000000
M( PLUMBER: TANK. WK26) 0.000000 0.000000
M( PLUMBER: BARBENDER:. WK29) 2.000000 0.000000
M( PLUMBER: BARBENDER: WK30) 2.000000 0.000000
M( PLUMBER: CONCRETOR: WK26) 0.000000 0.000000
M( PLUMBER: CONCRETOR: WK27) 0.000000 0.000000
M( PLUMBER: CONCRETOR: WK28) 0.000000 0.000000
M( PLUMBER: CONCRETOR. WK29) 1.000000 0.000000
M( PLUMBER: CONCRETOR. WK30) 1.000000 0.000000
M( WELDER: ELECTRIAN. WK30) 1.000000 0.000000
M( WELDER: PLUMBER: WK30) 1.000000 0.000000
M( PROOF: ELECTRIAN:. WK25) 3.000000 0.000000
M( PROOF: WELDER. WK21) 0.000000 6500.000
M( PROOF: TANK. WK25) 2.000000 0.000000
M( PROOF: PIPE. WK25) 3.000000 0.000000
M( PROOF: PLUMBER: WK21) 0.000000 6500.000
M( PROOF: PLUMBER: WK25) 2.000000 0.000000
M( PROOF: BARBENDER. WK21) 0.000000 6500.000
M( PIPE: TANK. WK37) 1.000000 0.000000
M( PIPE: TANK. WK38) 1.000000 0.000000
M( PIPE: PROOF: WK36) 1.000000 0.000000
M( PIPE: PROOF: WK37) 2.000000 0.000000
M( PIPE: PROOF. WK38) 2.000000 0.000000
M( PLUMBER: WELDER. WK38) 3.000000 0.000000
M( PLUMBER: WELDER. WK39) 3.000000 0.000000
M( PLUMBER: WELDER. WK40) 0.000000 0.000000
M( PLUMBER: PROOF: WK38) 2.000000 0.000000
M( PLUMBER: PROOF. WK39) 0.000000 0.000000

77



el all
References

Aykine T. 1996. “Optimal Shift Scheduling with Multiple Break Windows.” Management Science¢

42(4): 591-602.

Bertsimas¢< D. and Tsitsiklis¢ J.N. 1997. “Introduction to Linear Optimization.” Athena Scientific¢

Belmont« Massachusetts.

Borcherding< J. D.c Glover« R. W.c Haas¢ C. T.c and Tuckerc R. L. 2001. “Metric-Based
Implementation of Tier II Work Force Strategy.” Report No. 20« Center for Construction

Industry Studies« The University of Texas at Austin.

Brandenburg« S. 2004. “The Tier I Workforce Management Strategy: Concept and Application.”

Dissertation«< The University of Texas at Austin< Austine TX

Brusco« M. and Johns¢ T. Staffing a Multi-skilled workforce with varying levels of productivity: An
analysis of cross-training policies. Proc. 27th Annual Meeting of the Decision Sciences

Institute« Orlando« FL.< 1996.

Burleson< R. 1997. “Multiskilled Labor Utilization Strategies in Construction.” Dissertations The

University of Texas at Austine Austin¢ TX.

Burleson« R.« Haas« C.« Tucker¢ R. and Stanley« A. 1998. “Multiskilled Labor Utilization Strategies

in Construction.” Journal of Construction Engineering and Management« 124(6)« 480-489.

Byrom«K.« Brandenburg:S.G.« and Haas<C.T.<2006¢ "Strategic Management of Human Resources in
Construction™« Journal of Management in Engineering /ASCE« Vol.22¢ No.2¢ April 12006«

89-96.

78



Campbellc G.M. 1999. “Cross-Utilization of Workers Whose Capabilities Differ.” Management

Science« 45(5)« 722-732.

Carley<L.A. 1999. "Worker's Attitudes Towards and Experience with Multiskilling". M.S. Thesis¢

University of Texas at Austin¢ Austin¢< TX.

Castaneda« J. 2002. “Workers’ Skills and Receptiveness to Operate Under the Tier II Construction

Management Strategy.” Dissertation< The University of Texas at Austin< Austine TX

Chang« S.W. 2002. “Development and Assessment of the Tier 11 Workforce Strategy Implementation

Index.” Dissertation« The University of Texas at Austin¢< Austin« TX.

CURT. 2001. The Skilled Construction Work Force Shortage and the CURT 2001 Work Force

Development Survey Results. The Construction Users Round Table.

Dada¢ M.O.¢« Ekpe« J. 2006. "The Place of Multi-Skilling in Nigerian Construction Industry: A Pilot

Stusy". Dissertation« The University of Lagos< Akoka« Lagos« Nigeria.

Gomar« J.E.c Haas¢< C.T.< and Morton« D.P. 2002. “Assignment and Allocation Optimization of a
Partially Multiskilled Workforce.” Journal of Construction Engineering and Management:

March-April< 103-1009.

Haas<C.T.c Borcherding«J.D.c Glover<R.W.< Tucker<R.L.c Rodriguez¢A.« and Gomar«J. 1999.
"Planning and Scheduling A Multiskilled Workforce". Center for Construction Industry Studies.

Report No.5. The University of Texas At Austin« Austin.

Haas< C.T.c Rodriguez A.M.« Glover R.c and Goodrum P. 2003. “Implementing a multiskilled

workforce.” Construction Management and Economics¢ 19¢ 633-641

Hegazy« T. and Wassefc N. 2001. “Cost Optimization in Projects with Repetitive Non- Serial

Activities.” Journal of Construction Engineering and Management« ASCE« 127(3)¢« 183-191

79



Gann< D. and Senker< D. 1998. “Construction Skills Training for the Next Millenium.”

Construction Management and Economics« 16« 569-580.

LINGO The Modeling Language and Optimizer« Version 14.0¢ (2013)¢« “LINGO User's Manual”.

LINDO Systems INC < USA.

Lill<1.2009. "Sustainable Management of Construction Labour"< Technological and Economic

Development of Economy« 15(4):540-560.

Maloneyc W.F. 1997. “Strategic Planning for Human Resource Management in Construction.”

Journal of Management in Engineering« ASCE:« vol 13 (3).

Pappas<M.P.2004. "An Assessment of Implementation Requirments for The Tier 1l Construction

Workforce Strategy". Dissertation«< Doctor of Philosphy. The University of Texas at Austin.

Patchettc S. (1983) Construction Site Personnel Checkbook« Butterworth and Co Publishers

Ltd.« Scotland.

Phillips¢ J. J. 1991. Handbook of Training Evaluation and Measurement Methods< 2nd Edition.

Houston: Gulf Publishing.

Pike« R.W. 1986. “Optimization for Engineering Systems.” Van Nostrand Reinhold

Company: New York.

Saoud« E.A. 1996. "Expert Systems for Management Training in The Construction Industry"”. Doctor

of Philosphy. University of Edinburg.

Sharma«T.¢ Skitmore<R.M.« Thpmas:S. 2001. "Towards a Human Resource Information System for
Austrlian Construction Companies'. Engineering« Construction and Architectural Management

8(4):pp.238-249.

80



Stanley« A. (1997). “Benefits¢ impediments¢ and limitations associated with the use of
multiskilled labor strategies in construction.” Master’s Thesis¢. The University of Texas at

Austin.

Stewart<« B.D.« Webster« D.B.« Ahmad«< S.c and Matson« J.O. 1994. “Mathematical Models for

Developing a Flexible Workforce.” Journal of Production Economics« 36¢ 243-254.

Tam¢< C.M.c Tong¢ T.K.c Cheung¢ S.O. and Chan< A.P. 2001. “Genetic Algorithm Model in

Optimizing the Use of Labour.” Journal of Construction Management and Economics«

Vol 19« p207-215.

The World Bank(1984). The Construction Industry: Issues and Strategies in Developing Countries:

Washington D.C.< USA.

Tucker< R. L.c Srour¢ .M.« Saillard J.« Haas< C.T. 2003. “Skill Standards for the Construction
Industry.” Proceedings of the Specialty Conference on Management and Leadership in

Construction¢< Hilton Head« South Carolina< ASCE« March 25-26.

Villalobos¢ J.A. 1997. “Implementation of Multiskilling in the Construction Industry.” Masters Thesis¢ The

University of Texas at Austine Austine TX.,

Wang<Y. 2008. "A Quantitative Analysis of Training Outcomes and Straegies in The Construction Industry".

Doctoral Dissertation. The University of Kentucky. Lexington<Kintucky.

http://www.cbssyr.sy

http://www.un.org/ar/esa/hdr/2004/

81


http://www.cbssyr.sy/
http://www.un.org/ar/esa/hdr/2004/

_ISJAG!\ ;@Jﬂ\ Juill Ae gana "B pealzall clalady) :a,)ﬁ@-“ 3 gall MJ 314" 2007 e c.\auc_)..aﬂ\ j.a\

ddaal dwaigdl 4K ¢ jieale Ala c";\zuy.a gé &Jl.&.d\ £ ul& :\.:Uaﬁ:d\ 3 gall 300 )..,\5‘\.3" (2011) [AYRY- 2Vl

. “&L&A:. . :\.xAlA

Ao gl A pall Ay ) seanl) 8 4D dpatil) Calaaly SN el

dzala (daal) dwaidl AN ¢ riala Al " gaw\ﬂ ew\ EM\ g1l Ol @l&n‘ L.ubé" ¢ (2005) J g ¢ laall

-

(Ol
(2010 — 2006) 3 i) dpuseddl ddadl)
e el cginal) il A0 ptnle sy ¢ "y ) g (b Appckl) il g pn bl sa g 5 1) pS" ((2007) 525k ¢ 151

Lyl Ly Ll 8 (2004)eially baBY) cladl ojedl Goanally Ay saaiall ael) galiy

Al Jsall a8y oSl (A jpall palina dald) gai— (2004)alall

oAU sl la " y&dl 3 ) gall el 2007 el ¢ Jaelales y8 ¢ Ao a8

82



Abstract

Construction labor has the major effect on the cost of the project. Therefore« providing the
project with qualified and skilled labor has a great effect on the success and finishing of the
project according to the estimated cost and time.

Major problem in the construction industry is the shortage of skilled labor and the
consequences of that< the key reason for this problem is the absence of optimized labor
management. Therefore« in this study a mathematical model has been developed to optimize
investment of project labor. Linear programming has been used to formulate the model which
has been solved using LINGO MODELLING 14.0.

The developed model has been applied on the data taken from waste water treatment plant in
AL-Zabadani. The input data consists of available labor pool« cost configures for training
workers in additional trades« the cost of hiring workers: the cost of hourly labor wages« and the
affinity coefficients between different trades which have been calculated according to the
interviews with site engineers« project managers« and workers« then using Statistical Package
for the Social Sciences SPSS.

By using the developed model« project managers will be able to make the best descision:
number of workers to hire« number of workers to train« trades workers will be trained to and
the level of training« and assignment and allocation of workers to meet job-site demand over a

certain period of time in the most cost-effective way.
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