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Abstract

Appropriate construction planning methods are available using several methods. Each of these approaches has the
goal of addressing the different needs of planners. Planning a master resource at a particular partner neglects the
impact on other resources that were not considered at that time; the plan was not reasonable. The overall cost of a
construction project consists of several factors; labour cost, rental costs of mechanism, interest on loans, fines and
opportunity costs. This article develops a planning approach that takes into account factors that will affect project costs.
Using the critical part segment (CPS) helps to plan the scheduling of overall resource utilization of the project and
other conditions; such as the contract period, number of available resources, work in normal time and overtime,
credit limits and restrictions on the relationship between construction activities. Then the developed model was
adopted on a basic office program, Microsoft Excel, which can be used to easily find the best answer which can be
achieved using a simulation process with genetic algorithms. The result of this study provides models for most effective

project planning of resources management and other conditions.
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Figure 1 Factors affecting construction business®
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C - G 7 l P | Regular Pay Rate R2 40 Bath/Day
i ’7 . . / . Regular Pay Rate R3 o Bath/Day
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D - R { Hiring/Firing Unit Cost R2 90 Bath/Day |
Hiring/Firing Unit Cost R3 o Bath/Day |
Figure 5 Example of project data
Table 1 Determining the data in a table for calculation
Total Pred Relation Lag/Lead Susc Relation Lag/Lead R R2 2] | ar
At | Des | Man- Split
Hour| 1 (2|3 4| 1| 2(3 |41 (2|3 |4(1(2|3|4|1(2(3|4|1(2](23] 4|Mn|Mo|MH| Mn Mo MH Min Mo MH| Mn|Max
1 A 100 8|5 5 [ 55 0|2 113|124 |06
2 | B | = 6 5 0 2607|381 0| 4
3 C 200 7 &) 0 2|5|1]|4]|7 |08 0] 4] 1
4 1] 150 9 5 1] 2408241
5 E X0 |1 55 2 8| 6 5| F 0|2 4|5|1|5]| 6|08 0] 41
6 F o | 2|5 5| F 0]2 7 =] o 2|5|05]1 )13 |1
7|6 | = |z|6]|s8 B E|F o|lo| 2| |w|s ES o1 4|8|o6[3 |61 1
3 H 20 |1|5 BB 0|0 7 is 2 2|6|1]|3]| 6|06 0] 4] 1
9 R =0 1417 F5 | 55 o1 10 5 1] S|6|1]|3|4]|05 D) 4|1
10 P X 1719 BB ojo 1] 4|8|1[|5]|8]|a5
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Table 2 Show the time selection to start some sub-activities

J Sci Technol MSU

- p Day
Activity | Spilt M-H R1 R2 R3 OT | Dur Cost 1 > 3 2 5 s 7 3 3 o = =
A 4] 100 3 3 o o 3 675 1 1 1
B 4] 250 [s) 6 o 2 3 1856 1 1 1
C 1 200 £l [+ o 1 3 1353 1 1
D o] 150 4 3 o o 3 780 1 1 1
E 1 250 el 5 o 1 4 1615 1 1 1 1
F o] 100 el 3 o o 3 780 1 1
G 1 250 £l 3 0 o 6 1560
H 1 200 3 = o 1 4 1258 1
R 1 350 6 3 o o 6 1980
P 4] 250 7 8 o o 3 1695
1] (4] o 0 o o o (4] o
0 0 o] 0 0 o o 4] o
Proj.Dur.= | 23 23
R1 Limit 15 15 15 15 15 15 15 15 15 15 15 15
RIGCs; = 1.173945 R1 MAX 13 4 3 3 3 4 4 10 10 10 4 8 11
R2Z2 Limit 15 15 15 15 15 15 15 15 15 15 15 15
RICg, = 1.183616 R2 MAX 13 B 3 3 3 3 3 El 11 11 5 8 13
R3 Limit
RICg; = 0 R3 MAX o
Cost Limit 6,000 [ 6,000 [ 6000 | 6,000 [ 6,000 | 6,000 [ 6000 | 6,000 | 6000 6,000 [ 6000 6,000
Total Cost= 88,019 Cost MAX 5,618 3,073 2,725 2,725 2,725 2,770 2,770 3,726 4,381 4,381 3,425 3,695 4,061
DC = 54,149 1,353 675 B75 675 780 780 2,636 3,471 3471 1,615 2,395 3,391
IDC = 5,750 250 250 250 250 250 250 250 250 250 250 250 250
PC = 1,000
IC = o
H/F R1 = 10,380 660 720 720 720 660 660 300 300 300 660 420 240
H/F R2Z = 16,740 810 1,080 1,080 1,080 1,080 1,080 o 360 360 S00 630 180
H/F R3 = 0
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Figure 6 Finding the suitable plan
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ugadlu Table 5 §INTINITIIUNUGIE CPM UanIN
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Table 3 Comparison of the project's cost

Item CPM RA&RL CPS  |CPS with GA

TC (11) 57,865 62,087 54,633 49,983
Dur (%) 17 17 17 15
R1 (A1) 19 12 14 15
RIC R1 1.35 1.08 1.22 1.09
R2 (A1) 18 12 15 15
RIC R2 1.33 1.09 1.18 1.18
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Table 4 CPM Plan

Construction Planning Optimization under Limited Resources with Critical Part Segment

Activity| Spilt| M-H | Rl | R2 | R3 | OT |Dur.| cost Day
1 2 3 2 5 6 7 8 9 [ 10 | u | 12 [ 13 14 ] 15 [ 16 | 7 | 18
A | o0 [m0 =400 =250 | 1 1
B | 0 | 250 [ 2|7 [0 [ 435|187 1 1 1
C | 1 [ 200 |47 [0 1]2] 97 1 1
5 o | 150 [ 2| 3|0 ] 0| 3| 780 1 1 1
E 1 250 5 6 0 3 3 1945 1 1 1
F | o [ 100 |52 005|765 1 i 1
G T [ 25 [ 8 [ 4 [0[0]a]170 i 1 1 1
H 1 200 5 5 0 1 3 1335 1 1
R | t | 35 [ 63 [0/ 0]6]1980 1 1 1 1
P 0 250 8 8 0 0 3 1800 1 1 1
o o] o |o]o]ololo] o
o ol o [ololololol o
PoiDur= ] T T
RL Limit s | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15
RIG; = 1.353878 R1 MAX 19 3 3 2 2 11 13 18 5 5 13 19 14 14 6 8 8 8
R2 Limit 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
RIG, = 1.337219 R2 MAX 18 4 4 7 7 16 16 18 2 2 9 12 7 7 3 8 8 8
0 RIMAX 0
5,000 | 6,000 | 6,000 | 6,000 | 6,000 | 6,000 | 6,000 | 5000 | 6000 | 6,000 | 6,000 | 6000 | 6000 | 6,000 | 5,000 | 6000 | 6000
57,865 Cost MAX 6142 [ 2,00 | 2490 | 2996 | 209 | 4,084 | 3,715 | 4,720 | 2,785 | 2785 | 3962 [[6,143]] 5,100 | 5,100 | 4,180 | 3,100 | 3,100 | 3,100
20,165 530 | 530 | 1,246 | 1,246 | 3504 | 3,255 | 4,020 | 765 | 765 | 3,072 | 5382 | 4,070 | 4070 | 2,310 | 1,800 | 1,800 | 1,800
4,250 250 | 250 | 250 | 250 | 250 | 250 | 250 | 350 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250
0
5,000
7,020 720 | 720 | 780 | 780 | 240 | 120 | 180 | 600 | 600 | 120 | 240 | 60 | 60 | 540 | 40 | 4% | 4%
11,430 990 990 720 720 90 920 270 1,170 1,170 540 270 720 720 1,080 630 630 630
0
Table 5 RA & RL Plan
Actvity | Spit] MH | Rl | R2 | R3 ) OT Dur) Cost p— 2 3 2 5 6 7 8 B 0] 11 [ 5 | @ | 15 [ 16 | 7 [ B
A 0 100 3 2 0 0 3 555 1 1 1
B 0 250 5 5 0 1 3 1335 1 1 1
C | 1 [ 200 [2 5[0 [ 1|41 1 T T
D 0 150 3 3 0 0 4 900 1 1 1 1
E 1 250 5 5 0 3 3 1757 1 1 1
F [0 [ 100 |4 [ 2] o0]0] 3| 60 1 i 1
G T [ 250 |6 [ 5] 0] 0] 41640 1 1 1 I
H 1 200 3 4 0 2 4 1457 1 1 1
R_| 1 [ 350 |6 |3 [0 15|19 1 1 1 1
P [ 0 [ 20 [7 [5]0][0] 5 [1385 1 1 1
0 0 0 0 0 0 0 0 0
o [0 o0 (o o]lolo]lol o
POLOAT. 7 v
R1 Limit 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
RIGy = 1.089592 R1 MAX 12 8 8 10 2 7 8 12 10 10 9 12 12 12 6 7 7 7
R2 Limit 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
RICg = 1.089478 R2 MAX 12 7 7 12 5 10 8 10 9 9 9 8 8 8 3 5 5 5
R3 Limit
RIGq = 0 REMAX 0
Cost Limit 5,000 | 6,000 | 6,000 | 5000 | 6,000 | 6,000 | 6,000 | 6000 | 6000 | 6000 | 6000 | 5000 | 6,000 | 6000 | 6000 | 6000 | 5000
Tow Cost=_62,067 Cost MAX 5010 | 3,280 | 3,280 | 3.575 | 3,195 | 4413 | 4,168 | 4,408 | 4,041 | 4,041 | 4181 | 5010 | 5010 | 5010 | 4180 | 2,965 | 2965 | 2,965
-~ woy 1,590 | 1,59 | 3,155 | 1,265 | 3,233 | 2,868 | 5,528 | 2951 | 2,951 | 5,031 | 3,550 | 3550 | 3950 | 2,310 | 1,335 | 1,335 | 1,335
IDC = 4,250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250
= 0
5,000
) 220 | 420 | 300 | 780 | 480 | 420 | 180 | 300 | 300 | 360 | 180 | 180 | 180 | 540 | 480 | 480 | 480
11,430 720 720 270 900 450 630 450 540 540 540 630 630 630 1,080 900 900 900
0
Table 6 CPS Plan
Activity| Spit | M-H | Rl | R2 | R3 | OT |Du.| Cost £57
1 2 3 2 5 6 7 9 | 10 [ 11 [ 1 [ 13| 1| 15 [ 16 [ 17 | 18
A 0 100 3 3 0 0 3 675 1 1 1
B 0 250 2 8 0 3 3 1828 1 1 1
C [ 1 | 200 |3 |6 o0&z 127 | 1 1 1
D | o0 | 150 |2 |40 [0]3 | 6o 1 1 1
E 1 250 5 6 0 4 2 1452 1 1
F 0 100 3 3 0 0 3 675 1 1 1
G | 1 | 250 [ 8 [ 6|0 [0 |3 | 150 1 1 1
H | 1 | 200 [ 64 ]o0|a]|z]|1i5 1 1
R | 1 | 35 | 6401|5219 1 1 1 1
P | 0 | 250 | 6|7 ]0|0]|3]|140 1 1 1
o (0| 0 |o|lo]o|o|o] o
5 | 0| 0 |olo]lololo] o
PoLOuL= ] 17 7
R1 Limit 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
RICy = 1.225804 R1 MAX 14 3 5 7 7 7 5 3 6 12 14 14 14 6 6 6 6 6
R2 Limit 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
RIGy = 1183957 RMAX 15 3 7 [ 15 | 15 | 14 | s 3 9 3 | 10 | 10 | 10 7 7 7 7 7
|R3 Limit
RICq 0 R3 MAX 0
Cost Linit 5,000 | 6,000 | 6,000 | 5000 | 6000 | 6,000 | 5,000 | 6,000 | 5000 | 5000 | 65,000 | 6000 | 6,00 | 6,000 | 6000 | 6000 | 5000
Totd Cost= 54,633 | Cost MAX 4910 3,009 | 2,935 | 3,265 | 3,265 | 3442 | 3,112 | 2,725 | 3234 | 3,670 | 3476 | 4,910 | 4,910 | 4,370 | 4,370 | 2,980 | 2,980 | 2,980
DC= 37,983 1,225 | 1,365 | 2535 | 2,535 | 2,622 | 1452 | 675 | 1508 | 3,060 | 2,716 | 4,150 | 4,150 | 2.550 | 2,590 | 1470 | 1,470 | 1,70
IDC= 4250 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250
= 0
1= 5000
WFRIZ 7680 720 | 600 | 480 | 480 | 4p0 | 600 | 720 | 540 | 180 | 60 | 60 | 0 | Sa0 | 50 | 540 | S8 | 540
HFRZ= 9720 510 | 720 90 | 810 | L0so | 540 | 180 | 450 | 450 | 450 | 990 | 990 | 720 | 720 | 720
HF G = 0
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Table 7 CPS with GA Plan

J Sci Technol MSU

Activity| Spilt| M-H | Rl | R2 | R3 | OT |Dur.| Cost 57
1 2 3 4 5 3 7 8 9 10 1 12 13 14 15 16 17 18
A 0 [ 100 [ 3|30 0] 3] 675 L i L
B 0 | 250 [ 67 |0 a4]2]1zs L i
C T | 200 [ 4 [ 7|0 2] 2]1155 1 1
D 0 | 150 | 4 [ 4]0 | 0] 3| 900 1 1 1
E T [ 250 | 5 [ 6|0 031245 1 1 1
F 0 | 100 [5]2]0]0]3] 765 1 1 1
G 1 | 250 [ 7 [ 4|0 o0[4]z1620 1 1 1 1
H 1 | 200 [ 6 | 4|0 2|3 15% 1 1
R T | 350 | 6| 3| 0] 25 |28 L 1 L 1
[ 0 | 250 [ 7 | 70| 0] 31575 1 i 1
0 0 0 [0o[o0|o0o[0 0] o
0 0 0 | o0lo0lolo ol o
[PoDur—] 15 15
RI Limit 15 15 5 s 15 15 is s 15 15 15 15 15 15 s
RIGy = L09%714 R1 MAX 15 B 13 12 9 14 5 15 13 13 13 13 3 7 7 7
R2 Limit i5 15 i5 i5 i5 15 i5 i5 i5 i5 i5 i5 i5 15 i5
RIG, = 1180473 R2 MAX 15 10 14 13 10 15 2 13 8 7 7 7 3 7 7 7
R3 Limit
RIGy = 0 R3 MAX 0
[ Cost Limit 5,000 | 6,000 | 6,000 | 6,000 | 6,000 | 6,000 | 6,000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6,000
Tolal Cost=__ 49,983 Cost MAX 5,020 3450 | 3,750 | 3,663 | 3,438 | 3,865 | 2,785 | 3,800 | 3915 | 5020 | 5020 | 5020 | 4,180 | 3025 | 3,005 | 3,025
DC= 40583 2290 | 3,290 | 3,053 | 2,378 | 3,555 | 765 | 3,372 | 2,915 | 3930 | 3930 | 3,930 | 2,310 | 1575 | 1,575 | 1575
IC= 3,750 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250
PC= 0
C= 7,000
HFRL= 4,140 360 | 120 | 180 | 360 | 60 | 600 120 | 120 | 120 | 120 | 540 | 480 | 480 | 480
HFR2= 8550 450 | 90 | 180 | 450 1,170 | 180 | 630 | 720 | 720 | 720 | L,080 | 720 | 720 | 720
H/F A3 = 0
)
o = v
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