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Keyword Abstract
Construction, Waste in the construction industry is the loss produced by activities

Real Estate that generate direct or indirect costs but do not add any value. In
Companies,  recent years, waste in the construction industry has been the subject
Tripoli, of several research studies around the world; however, it still

Libya, Waste. continues to be a critical issue. thus, the objective of this study was
to develop an analytical hierarchical model for the implementation
of lean techniques for the reduction of construction waste in real
estate companies in Tripoli, Libya. The study was conducted on
seven private residential real estate companies that were actively
involved in the construction sector at the time, by targeting decision-
makers as respondents. Analytical hierarchical process-based
questionnaires and face-to-face Interviews were conducted for the
collection of primary data. thus, comparison-based surveys and data
analyses were used to quantify the relative priorities for a given set
of alternatives on a ratio scale based on the judgment of the
construction professionals. According to the data analyses, poor
material handling, poor site management, and frequent changes in
the design were identified to be the three most dominant sources of
construction waste. It was found that the real estate companies do not
have any waste reduction strategies or practices. Furthermore, the
concerned professionals have limited awareness of the lean
techniques and their implementation. Based on the findings, the
construction companies are recommended to give proper attention to
construction waste minimization and a huge task is ahead of the

policymakers for lean techniques implementation.
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lS il 4 clalial)l ae Jaladll il jlas andl o3 ¢ QAL e 2all med e Jaal) J8
Clasill gl e (Jadl eldl Jsa Cnigall o 55 g o) ¢ Slalaall (e aall Ll
53 63 0K ol e DRI (e 3l aa o Tea s LA aladiul JYA (e el (e IR
el 5 bl Aeliva A Leiliidai 5 Jil saal) (e AR LG o 5 (51 Cigal) (10 (%80.3)
Lo U5 il agual (S5 Al S0 g il ) (pe AAT) Ll 1 50 gane 4y Al sl S
Al Ll Gl S ) aas of Allaall citsS (el e 3 Dle | (Laedl) i eall i Ly 2yl
[5] Yibeltal W)l 4l jo @ jedal cagill oda pa GEVL 5 3MLY) e cldlaall (e aall
310y Laal i) Lol (S &l (L) Gl sl A 8 L JladV) i 3l S8l aen ¢
e oLl lilig (pe aall Caiall alaia ¥l elac ) oty W 4l i 138 5 LS 50 b oLl clila
Acbiall b S il g gl (e IS U8

sl il jaluas il ol gl wand g Al yal) dsar) 4

il (4 Jsaall) Lol daal je A (e a3 ll g el clilie jalias aaad o
& Al st &5 Al jdbaell cuilSy el panadio J8 (e garall Leary ga g lia
Aol sl s oy e JSD 6 59 30 A lEa g 36 (e 0588 Ol ) a3 5 sl

S Apeal s2e ) s a8V (e (e ) 6 all zling ol 8l 6] aY ¢[32] Saaty &
A8 ghaaall (1 5 3 43 g e Cad (2] Jlmally Sl e AT jaie o Lo juaic bl
e el ST Caall (o ) (5 seail) An ) i G cdianadis 9 ) T (e e LA
&0 335 gall Al 65 Baae V) ) plaillyy ] Aa )a A8 sieadl) (5 laE (anadd 2l 3 sasl)
A eJially s el Caall 35 s gall Cila al) e Wil B pdlae Lkl Jiud Jiaall 5 gasll
g il e al&SY1 laa) aay Al Jaa ) ) J sea sl Ll 5 32ae V) gaes s
A Jlie A8 hime L) o3 i) Aag andll (JSS e edl dualudill iy o1 5Y1 Ol 5 jualiall
B el (g Apeal ST A Lanall cul€ 13 a5l sa laa J sinall o815 ¢ sl (al Y1 8 x 8
O A ghiadll oL a3 9/1 = Lol wg A (o el BBl B 0585 O an €9 s gl 3

5 dsaal) (B Jlaa IS (s 2 ladaall Gl Ll Baae] 5 Casba oL (33 5k

ULt dlaia) Jaza 13 Jgaad)

P Distributed Successfully | Incomplete | Incorrect Not
responded response | response | returned

Construction 7 4 1 2
manager
Project manager 16 12 2 2
Office engineer 22 19 1
Site engineer 16 15 1
Consultant 16 16
Total 77 66 2 5 4
Return rate (%) 100 85.71 2.59 6.49 5.19
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LA jabaa 14 Jgaadl

Criteria Code
Poor material handling and storage Cl
Excess inventory C2
Poor site management C3
Frequent changes in design C4
Poor planning C5
Rework Co
Overproduction C7
Delay (waiting) C8
A ) 4 ghiaa 15 gl
Criteria| C1 C2 C3 C4 C5 C6 C7 C8
Cl 1 7 3 3 3 5 5 3
C2 1/7 1 1/5 1/5 1/5 1/3 1/3 1/5
C3 1/3 5 1 1 3 3 5 1
C4 1/3 5 1 1 3 3 3 1
C5 1/3 5 1/3 1/3 1 1 3 1
Co6 1/5 3 1/3 1/3 1/3 1/3 1 1
C7 1/5 3 1/5 1/3 1/3 1/3 1 1/3
C8 1/3 3 | 1 1 1 3 1
Sum |2.876 | 34.0 | 7.067 | 7.200 | 11.867 | 17.333 | 21.333 | 8.533

il sl Y Anie Ciloa oo 4D 5 shadll S (5 Jsaall) dan g3l ASaY) e J peaal) aay
0¥ Anie s (e 138 (558 (il ghmall yung (3lahy e A8 shamall (3 juslill s i Sl
dS gkl Jlaa) o siall 0 gae JS jualic Ali) 3k o 48 shaaall (1A 4aidll)
Agila) Caaig 3 genll Jlea) o dsenll jualic aadi o3 096100 5l 1.0 g sene ) 2500
48 shaall Guiial) 3 sand) ¢ sane pandi ad (6 Jsaall) Yl e all audad 25 ey o $Y1 il
Oo Y 3 ganll) Bygl sVl anie ol das e A8 ghias sLEY (n) Aedtieall uledl 2 e

(6 Jsxll

Aaa jall 48 gl g duglall a9 30 48 ghaal) 16 Jgaal
Criteria| C1 | C2 | €3 | c4 | c5 | c6 | c7 | cg |Citena
weight

Cl 0.35 10.21 1042 1042 |0.25 10.29 |10.23 |10.35 |0.318

C2 10.05 {0.03 {0.03 {0.03 {0.02 [0.02 [0.02 [0.02 |0.0257
C3 10.12 {0.15 |0.14 |0.14 |0.25 |0.17 |0.23 | 0.12 | 0.1679
C4 |0.12 |{0.15 |0.14 | 0.14 |0.25 [0.17 |0.14 [ 0.12 | 0.1564
C5 10.12 {0.15 |0.05 [0.05 [0.08 |0.17 |0.14 | 0.12 |0.1057
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Criteria| C1 | C2 | C3 | C4 | €5 | c6 | €7 | cg |Sntema
weight

C6 0.07 10.09 10.05 [0.05 |0.03 {0.06 |0.05 |0.12 |0.0604
C7 0.07 10.09 10.03 |0.05 |0.03 |0.06 |0.05 |0.04 |0.0485
C8 0.12 10.15 |0.14 ]0.14 |10.08 | 0.06 |0.14 | 0.12 |0.1170
Sum 1 1 1 1 1 1 1 1
Gl clulally Sl dag y s bl GBlad) e @33 Cang coanadl uleall (555 sl
il dpaal Y Gl 43) Aoa g 31 a8 ghiae & aSall & il die )l daial
Byl dise dand Bih oo AEall GladY) A Qlea & AHP, (8 daa 3l 45 aal)
AL A piiall 48 ghinall piige o alSall de gand

ise Clual 4y 55 i a5 A shiaall (5 padll 40131 4adll & Amax Lambda Max
dand 5ok Ge(max) 4 sall damill (7 Jsaall) G Al dsee Jiy (CI) .3
e IS S5V anie e ea jall £ sanall 8 shas jualic guen

Table 7: Calculation for Amax

Weighte
Criteri Cl I 3 Ca Cs c6 C7 cs d sum |Ratio
a value
Cl |0.318 0'1979 0.503710.4692 | 0.3171 | 0.302 0’2542 0.351 | 2.6834 8'§3
0.445 1 0.02510.0335|0.0312 {0.0211 | 0.019 0.023 7.27
C2 5 7 2 2 4 9 0.016 4 0.6162 )
0.104 | 0.128 0.181]0.242 ] 0.117 8.43
C3 9 5 0.1679 | 0.1564 | 0.3171 ) 5 0 1.4155 0
0.104 | 0.128 0.181]0.145 ] 0.117 8.43
C4 9 5 0.167910.1564 | 0.3171 ) s 0 1.3185 0
0.104 | 0.128 0.181]0.145|0.117 8.41
C5 9 5 0.0554 1 0.0516 | 0.1057 ) 5 0 0.8898 3
6 0'%63 0'?77 0.0554 | 0.0516 | 0.0348 0'360 0'%48 0'1)17 0.5600 9'127
0.063 | 0.077 | 0.0335 0.060 | 0.048 | 0.038 8.41
C7 6 1 2 0.0516 1 0.0348 4 5 6 0.4082 5
0.104 | 0.128 0.060 | 0.145 1 0.117 9.76
C8 9 5 0.1679 | 0.1564 | 0.1057 4 5 0 1.1427 5
Criteri
N 0318 0.025 0.1679 | 0.1564 | 0.1057 0.060 | 0.048 | 0.117 Sumpf 68.4
) 7 4 5 0 ratio 4
weight
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Table 8: Criteria weight.

Criteria Code | Weight (%) Rank

Poor material handling and Cl 31.8 1
storage

Poor site management C3 16.8 2
Frequent changes in design C4 15.6 3
Delay (waiting) C8 11.7 4
Poor planning C5 10.6 5
Rework Cé6 6.0 6
Overproduction C7 4.9 7
Excess inventory C2 2.6 8

obaddl G e il (8 Sl il 5 cad gall 3 510) 6 g g 6l sall pe Jalaill ¢ g yuing
Ao o Al 5 shadll il ey o oY) o Al ol dpaad dey y cldlaall 1Y) A3
i guall 5 5 52y AN LBl imny dand o clld (gl a8 JET ) Lol il
dal e Galla (s aladin) 23 ¢ agll dalse (e dale JS st o) daal je PR (e
ALl o gall (& Jilgaal) 5 0y gl e AGIAT) L G g Cim g 3y g, il il o1 apans

Ga aall Jaas Jilgead) 5 Gl (e LAY il 491 6Y) slae) g Al pal) Apagia S
LATEWN|

Jamey Al o o FSYI nadl pa 138 of 0 385 L 3335 3 sal) e ol ¢ pus 1.5
& cOsline (pfialy U e el AL pawt ) jiae 4 Ll 25 LS 94318 a4
AL 5el) @l slae) &5 (S5 dilee pay lalad uliall i 85 [33 28] oAl 8L
r %58.3 Jmd Leh Ay ol gall ae Jaladll g o il Jil JoaS 4 jlaall
2 ) S5 dibaws &5 e Batll LLlE ST ondiall 81 3 3401 ¢S5 (f Cpemnatital
die Jadd ailad) 2D VS (e ki) (e palill clid) 8 MCliall < I Ao o5
Pl g (el 5 (i yo 5 Chalai e (S ) (525345 o S5 L) e (3 Ll Aalal
ey 0o palll Hagl) e JI8y () (S adld ( Ml s AaliY) Cppaady agll S8 A saclisall
sl e Jalil
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Ji e AN A8 all B 1 Ul Jlee pung o5 apeadll (8 Sidl sl (3.5
Nagapans [28] .0s,als Fadiya «éd ans 9%15.6 &l Lyl 4y Guacadiadl
slid) Clilad B s JSY) amall 0 5S4 mpansill 835 jSie < i e @l [34] AT
ISy iy 3 il g liiall 8 aanaill 8 0l (8 cp DUain) A Gy 5 agilal 50
e a2t s ) Adapl) L 2pan peaty W 8 apaaill Jpand lllall bl Gy ot
D)) Calla o513 i3y aanaill gladf Caiad Cpaaly 45Y avenaill & Sl i) Jaf
LY e o S Cpibaneny (i (at (S caaanall A Uad 2 ga s s pranall
Y043.3 Ay Jreall Clillaia] msiall agdlls 9656.66 dusiy el Bacluse) aranaill
e 2l JB e Gl SISV ageaill 301 8 CAD o S3 [12] 050305 Sarhan
OSar ( BIM) sl e sles dandai aladiid (8 el e 350 oLl Jlae 3 Gaanadiall
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o Just-in time 31.21

© Construction Engineering 68.79
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