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Solve Time-Cost-Quality trade-off problem by using MinMax Fuzzy goal
programming Method
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Abstract: :
Time-cost-quality trade-off in project planning is among the most important issues that :
i interest the decision-maker, because the three elements of this trade-off are very important in the i
project and are located in an environment dominated by ambiguity and uncertainty in the future due :
i to the circumstances surrounding the project. From it, the decision-maker can't set specific and :
i accurate values for these three goals, so we used Fuzzy Goal Programming (FGP) using the :
i (MinMax) method to solve a new proposed model of multi-objective linear programming (MOLP) of :
three goals different from the previously proposed models, which depends on activity instead of event
i and on paths instead of precedence relationships. this study contributes to formulating fuzzy goals
: of the decision-maker and giving an indication of the decision-maker's degree of satisfaction.
Keywords: Fuzzy Goal programming ; multi-objective linear programming, time-cost-quality :
i trade-off :
i Jel Classification Codes: C61; M19
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Variable Observations Minimum Maximum Moyenne Ecart-type
T 2000 898,000 1345,000 1123,131 66,877
C 2000 7223900,000 | 8386170,000 | 7799374,266 306078,369
Q 2000 0,908 0,915 0,911 0,001
«XLSTAT2023 » gesli o Blazw Vb iUl 3148 o - ybaall
Sy o)

s ool bals Bgdas g gl AU GISE 5 paiall IS el Bl 1l e s ) 205, IS s
G ) geSain (ol Lowgze v Lol Olasl e BAISE) Oong pal) a0 Wl W ey 8 03 Jodl (3 5353 5 28
2 Sy el sy e Jag Vg 0.05 e rol Ld 2l Povalue aus 5 —0,451 (soley Ligyy23e 01 55

ROUR s,
(Pearson (n)) Lyt £8size: ((6) Joid!
Variables T Cc Q
T 1 -0,451 0,318
c -0,451 1 0,048
Q 0,318 0,048 1
Les valeurs en gras sont différentes de 0 a un niveau de signification alpha=0,05
«XLSTAT2023 » gsli o BlazwVb iUl 318 o - ybaall
p-values (Pearson) d¥.i e : (7) Joid!
Variables T C Q
T 0 <0,0001 <0,0001
<0,0001 0 0,034
Q <0,0001 0,034 0
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Y39 0 0 3 0 3 0
Y28 0 29 29 0 29 0
E18 1345 1181 1181 1345 1306 1210
T19 120 120 120 120 120 120
T21 145 100 100 145 145 100
T14 20 20 20 20 20 10
T15 400 390 400 400 400 400
T18 30 30 30 30 30 30
T27 450 370 370 450 450 370
T37 60 60 60 60 60 60
T38 30 30 23 30 23 30
T39 30 30 27 30 27 30
T28 60 31 31 60 31 60
*7223900 *8279548 8277132 7223900 7226633 8274899
1345 1181 *1181 *1345 1306 1210
0,9142105 0,9136189 0,9106134 0,9142105 *0,9098266 *0,9152605
P1 1220 1111 1111 1220 1191 1140
P2 1220 1111 1111 1220 1191 1140
P3 1202 1093 1093 1202 1173 1122
P4 1335 1181 1181 1335 1306 1210
P5 1335 1181 1181 1335 1306 1210
P6 1225 1061 1071 1225 1196 1090
P7 1225 1061 1071 1225 1196 1090
P8 1050 896 896 1050 1021 915
P9 1050 896 896 1050 1021 915
P11 1345 1181 1181 1345 1306 1210
P12 1170 1016 1006 1170 1131 1035
P13 1170 1016 1006 1170 1131 1035
P14 600 571 561 600 561 600
P15 600 571 561 600 561 600
oWl s e ydaal ol 2 U i * aala) ik
a5l B gt 2(9) Jgud
o) a2 ) Llall ClaalL az )
Z S Z, S e Zs Y] Laslld
ol padd el o) ezl o) el el el
Y19 0 0 0 0 0 0 0
Y21 0 45 45 0 0 45 45
Y14 0 0 0 0 0 10 10
Y15 0 10 0 0 0
Y18 0 0 0 0 0
Y27 0 80 80 0 0 80 26
Y37 0 0 0 0
Y38 0 0 7
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Y39 0 0 3 0 3 0 0
Y28 0 29 29 0 29 0 29
E18 1345 1181 1181 1345 1306 1210 1235
T19 120 120 120 120 120 120 120
T21 145 100 100 145 145 100 100
T14 20 20 20 20 20 10 10
T15 400 390 400 400 400 400 400
T18 30 30 30 30 30 30 30
T27 450 370 370 450 450 370 424
T37 60 60 60 60 60 60 60
T38 30 30 23 30 23 30 30
T39 30 30 27 30 27 30 30
T28 60 31 31 60 31 60 31
P1 1220 1111 1111 1220 1191 1140 1165
P2 1220 1111 1111 1220 1191 1140 1165
P3 1202 1093 1093 1202 1173 1122 1147
P4 1335 1181 1181 1335 1306 1210 1235
P5 1335 1181 1181 1335 1306 1210 1235
Po6 1225 1061 1071 1225 1196 1090 1115
p7 1225 1061 1071 1225 1196 1090 1115
P8 1050 896 896 1050 1021 915 940
P9 1050 896 896 1050 1021 915 940
P11 1345 1181 1181 1345 1306 1210 1235
P12 1170 1016 1006 1170 1131 1035 1060
P13 1170 1016 1006 1170 1131 1035 1060
P14 600 571 561 600 561 600 571
P15 600 571 561 600 561 600 571
C *7223900 *8279548 8277132 7223900 7226633 8274899 7567048
T 1345 1181 *1181 *1345 1306 1210 1235
Q 0,9142105 0,9136189 0,9106134 0,9142105 *0,9098266 | *0,9152605 *0,9135926
L sl e 1yl
Earsht & bl IS dwl-l Sl (2) Jaus!
ID Task Name é é _é : é é 5 *qé é ;;_;*
T |EFEFEC 5T | EEE
SBERERE §E |5 18¢
1 Start - - - 100% |  100%
2 Geotechnical operation of TBM input shaft 1 60 40 10 000 20 000 | 90% 91%
3 Geophysical operation of TBM input shaft 1 60 40 10 000 20000 | 90% 91%
4 | Contractor selection of designing and building the TBM | 2;3 75 30 500 1 000 90% 91%
input shaft

2025 gaske . 01 daadl .10 adabl . yladl . Salodl dneola ~ dup il | ot it gl | ki *




Baladl § Sagally WhiSilly g0l Gmi alalil) alide Jo

(MinMax il oefbsiall il 4ne lf i ol

5 Detailed design of TBM input shaft - phase one 4 30 20 2500 5000 95% 96%
6 Detailed design of TBM input shaft - phase two 5 90 60 7 500 15000 95% 96%
7 Locating of TBM input shaft inlet 3 60 30 500 1 000 96% 98%
8 Acquisition of land required for the TBM input shaft 7 60 30 1000 000 | 1100000 | 95% 97%
9 | Relocation of municipal facilities at the TBM inlet shaft 8 57 40 10 000 11000 | 90% 91%
10 TBM inlet shaft excavation 69 180 | 120 25 300 26 700 85% 86%
11 TBM input shaft wall reinforcement 10 90 59 12500 14 100 90% 80%
12 Execution of TBM input shaft floor 11 60 21 13 500 14200 | 90% 85%
13 Construction of TBM input shaft gateway 12 35 22 10 350 11150 | 90% 91%
14 | Selection and concluding a contract with the contractor | 21 20 10 500 1 000 90% 91%
of the segment production factory
15 Construction of a segment production factory 14 | 400 | 200 200 000 285000 | 90% 85%
16 Making segment molds 14 | 180 | 110 7 000 9500 90% 88%
17 Shipping of segment molds to the factory 16 45 30 500 970 90% 100%
18 Installation of segment molds 15;17| 30 19 5650 7 320 90% 85%
19 Geotechnical operations of tunnel construction 1 120 | 80 20 000 40 000 90% 91%
20 Geophysical operations of tunnel construction 1 120 | 80 20 000 40 000 | 90% 91%
21 Selection of tunnel contractor and TBM supplier 19;20| 145 | 100 500 1 000 90% 91%
22 Detailed design of tunnel - phase one 21 30 20 2600 5200 95% 96%
23 Detailed design of tunnel - phase two 22 90 60 8500 17000 | 95% 96%
24 TBM manufacturing 23 | 260 | 260 200 000 200000 [100% | 100%
25 Transportation and clearance of TBM 24 90 50 50 000 100 000 | 87% 100%
26 TBM assembling 25;13| 90 48 7 500 9300 90% 85%
27 Tunnel construction by TBM 26;18 | 450 | 370 | 4500000 | 5550000 | 95% 97%
28 Disassembling the TBM 27;39 | 60 31 6200 7 100 90% 85%
29 Geotechnical operation of TBM output shaft 1 60 36 10 000 20 000 | 90% 91%
30 Geophysical operation of TBM output shaft 1 60 36 10 000 20 000 90% 91%
31 | Contractor selection of designing and building the TBM | 29;30 | 75 40 500 1 000 90% 91%
output shaft
32 Detailed design of TBM output shaft - phase one 31 30 18 2500 5000 95% 96%
33 Detailed design of TBM output shaft - phase two 32 90 57 7 500 15000 | 95% 96%
34 Location of TBM output shaft exit 33 60 28 500 1 000 96% 98%
35 | Acquisition of land required for the TBM output shaft 34 60 31 1000 000 | 1100 000 | 95% 97%
36 | Relocation of municipal facilities at the TBM exit shaft | 35 45 35 10 000 11000 | 90% 91%
37 TBM exit shaft excavation 27;36 | 60 44 25 300 26 700 85% 86%
38 TBM output shaft wall reinforcement 37 30 23 12 500 14100 | 90% 80%
39 Execution of TBM output shaft floor 38 30 21 13 500 14200 | 90% 85%
40 Finish 28 - - - - 100% |  100%
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