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ABSTRACT

The purpose of this study is to review that the VE techniques can be used as a selection tool of borrow pit locations.
The analysis of the soil investigation report is performed for the selection of proposed borrow pit site on a large-scale residential
development area. Possible earthwork volume of mining is estimated and the weighting matrix evaluation is applied to the
VE techniques. After determining the evaluation items for VE assessment, important degree was calculated. The Rating and
evaluation of performance is carried out on a proposed borrow pit site. And, development priority has to be decided for
a proposed borrow pit sites. As a result, the relative construction cost is closely related to the haulage distance. As the
haulage distance increases, the relative construction cost will be increased. Therefore, it was confirmed quantitatively that
haulage distance has a significant impact on the select of borrow pits. Also, it was found that the condition of borrow pits
itself is important, but it cannot be ignored the impact of the life cycle cost for the selection of optimal borrow pit sites.
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Matrix of evaluation

items score

Measure standard of weight
4—Most important

3—Very important
2—Important

1—Slightly important

Matrix of counterplan

evaluation

Evaluation standard of counterplan
5—Excellent

4—Very good

3—Good

2—Common

1—Poor

A. Aesthetic function
B. Functionality
C. Serviceability
D.
E.
Multiply by evaluation
3 score of counterplan
G. F and weight
Combined score 3 8
Importance(0-10)( 1| 2| 4| 5| 8| 5| 10 Score
1. Original plan 2| 2o 214 76 2ol oCad 104
2. Counterplan A 4 4 2 4 5 2( 3 15 L 8 315 220 86
3. Counterplan B 2 9 510 312 525 324 525 330 128(Final counterplan)
4. Counterplan C 3 3 3 6 415 525 ! 8 210 330 98
5.
6.
7.

Fig. 1. Example of optimized solution selecting matrix evaluation table (Alphonse, 1999)
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Table 1, Physical properties of soil sample

U1 3.0 Residual soil 71 NP GM 9,7mm 13.3 19.0 28.0 330 17
U-2 50 Residual sail 10.3 NP SM 5.3mm 13.3 255 53.0 63.0 1.2
U-3 3.0 Residual sail 10.9 NP SM 7.4mm 18.6 454 90.0 97.0 12.3
U4 2.0 Residual soil 19.3 NP SM 9.4mm 236 56.5 92.0 96.0 1.2
uU-5 10.0 Residual sail 20.9 NP SM 9.9mm 248 68.7 93.0 97.0 1.4
U-6 7.0 Residual sail 26.1 NP SM 7.5mm 18.8 VAR 87.0 91.0 12.1
u-7 6.0 Residual sail 15.2 NP SM 9.4mm 236 64.0 98.0 99.0 1n7
u-8 4.0 Residual soil 9.2 NP SM 5.5mm 13.8 436 89.0 92.0 1.3
u-9 8.0 Residual soil 19.9 NP SM 5.6mm 141 338 64.0 70.0 12.1
u-10 4.0 Residual soil 85 NP SM 7.0mm 175 498 90.0 93.0 12.0
u-11 2.0 Residual soil 14.0 NP SM 6.5mm 16.3 36.6 75.0 79.0 1.4
u-12 2.0 Residual soil 16.2 NP SM 6.6mm 16.5 39.4 84.0 89.0 1.6
U-13 2.0 Residual soil 9.5 NP SM 7.0mm 12.3 26.8 72.0 79.0 1.3
u-14 2.0 Residual soil 88 NP SM 5.1mm 12.8 27.1 67.0 74.0 12.2
uU-15 2.0 Residual soil 15.7 NP SM 6.2mm 15.5 359 83.0 88.0 1.8
U-16 2.0 Residual soil 12.3 NP SM 6.4mm 15.8 421 81.0 89.0 1.4
u-17 2.0 Residual soil n7 NP SM 5,7mm 14.9 384 84.0 90.0 17
N .
L 3

thickness(m) thickness(m)

332035

332020

[T

[ SCALE ‘500m | 332020
: P —
(a) Soil stratum (b) Ripping stratum

Fig. 3. Thickness of soil and ripping stratum (U-1)
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Table 2. Calculation results of contingent recovery

o Thickness (m) Area Contingent recovery of nature (m°) Contingent recovery of
Classification 2 ' 3
Soil Ripping (m") Soil Ripping Total compaction (m’)
U1 43 32 283,246 1,052,257 783,075 1,835,332 2,346,534
U-2 57 1.9 138,137 787,381 262,460 1,049,841 1,295,078
U-3 1.3 32 499,229 5,641,288 1,597,533 7,238,821 8,875,792
U—4 54 2.2 138,276 737,532 300,476 1,038,008 1,290,903
U-5 58 49 67,699 392,654 331,725 724,379 931,906
U-6 53 5.1 132,530 702,409 675,903 1378312 1784558
u-7 14.0 5.0 173,837 2,433,718 869,185 3,302,903 4,085,495
U-8 98 5.0 125,753 1,232,379 628,765 1,861,144 2.337.481
u-9 1.8 3.0 466,807 5,508,323 1,400,421 6,908,744 8,439,462
U-10 95 55 312,967 2973187 1721319 4,694,505 5,930,431
U-11 47 8.0 142,495 669,727 1,139,960 1,809,687 2,407 311
U-12 52 46 162,452 829,618 733,893 1,563,512 2,015,993
U-13 45 43 192,623 667,143 637,492 1,304,635 1,688,585
U-14 28 33 434,426 1,216,393 1,433,606 2,649,999 3,465,172
U-15 2.9 31 185,724 538,600 575,744 1,114,344 1,480,237
U-16 1.8 2.1 387,786 698,015 814,351 1,512,365 1,976,618
u-17 42 33 93,494 357,013 280,510 637,523 817,256

Table 3. Evaluation criteria

Classification Evaluation items Detail evaluation standard

A Limiting condition + Enforcement ordinance of forest land management, Development restriction area

B Haulage distance + Borrow pits selected first within 15km

C Contingent recovery + Potential supply requirements of soil and ripping

D Quality standard + Compatibility of various design criteria

E Haul road + Number of lane, Pavement condition, Ease of transport

F Confirmation + Affirmation of exporting abandoned soil, Collection agreement of soil and ripping

G Civil complaint - Damage of by noise, dust, blasting vibration, scattering

H Accessorial charge + establishment or pavement of haul road, etc,
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Table 4. Results of importance estimation on evaluation items
Evaluation items A B C D E F G H Total Weight Definite weight
A Limiting condition A A A A A/G 75 20.8 21
B Haulage distance B D B B/F B B 55 15.3 15
C Contingent recovery D C/E C/F C/G C/H 3.0 8.3 8
D Quality standard D D D D 7.0 19.4 19
E Haul road F G E 25 6.9 7
F Confirmation F/G F 45 12.5 13
G Civil complaint G 45 12.5 13
H Accessorial charge 1.5 42 4
Total 36.0 100.0 100
Table 5. Quantitative evaluation indicator
Evaluation items Rating Rating properties Evaluation items Rating Rating properties
10 Below 15 10 More than 5,500,000
9 15~16 9 5,000,000~5,500,000
8 16~17 8 4,500,000~5,000,000
7 17~18 7 4,000,000~4,500,000
Haulage 6 18~19 Contingent 6 3,500,000~4,000,000
distance 5 19~20 recovery 5 3,000,000~3,500,000
3
(km) 4 20~21 (m°) 4 2,500,000~3,000,000
3 21~22 3 2,000,000~2,500,000
2 22~23 2 1,500,000~2,000,000
1 23~24 1 1,000,000 ~1,500,000
0 24~25 0 Below 1,000,000
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Table 6. Qualitative evaluation indicator

Rating Contents of evaluation Note
10 - Counterplan (U-2~17) is absolutely advantage. Counterplan : U-2~17
9 - Counterplan (U-2~17) is excellent compared to original plan (U-1).
8 - Counterplan (U-2~17) is very good compared to original plan (U-1).
7 - Counterplan (U-2~17) is good compared to original plan (U-1).
6 - Counterplan (U-2~17) is slightly better than original plan (U-1).
5 - Original plan (U-1) is equivalent to the counterplan (U-2~17).
4 - Original plan (U—1) is slightly better than counterplan (U-2~17).
3 - Original plan (U-1) is good compared to counterplan (U—2~17).
2 - Original plan (U-1) is very good compared to counterplan (U-2~17).
1 - Original plan (U-1) is excellent compared to counterplan (U-2~17).
0 - Original plan (U-1) is absolutely advantage. Original plan : U-1
Limiting condition Limiting condition
Accessorial charge Distance Accessorial charge Distance

Civil complaint

Confirmation

Haul road

(a) performance rating

Civil complaint { Contingent Recovery

Confirmation Quality standard

Haul road

(b) performance evaluation

Fig. 4. Results of performance rating and evaluation (U-1)
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Table 7. Performance rating of proposed borrow pit sites

Definit
Classification|  Evaluation items vvee‘lg‘hte Ut | U2 | U3 | U4 | U5 | U-6 | U7 | U-8 | U-9 | U—10| U1t | U2 | U—13 | u-14 | u-15 | U-16 | U-17
A Limiting condition 21 5 5 3 6 6 7 6 1 6 1 7 3 7 3
B Haulage distance 15 w|j10|]0|10] 9|8 |8 |9 |8|9]|7|6]|6|4|4]|2]|0
C Contingent recovery 8 2 1 10 1 0 1 5 2 10 8 2 2 1 4 1 2 0
D Quality standard 19 5|6 | 6|6 | 6| 6|6 |6|6|6 |6 |6|6|6/|6]|6]|6
E Haul road 7 5 5 5 5 5 5 5 4 5 5 5 5 4 5 5 5 5
F Confirmation 13 5 5 4 4 6 5 8 7 8 8 5 10| 9 7 5 8 8
G Civil complaint 13 5 4 4 4 6 6 7 4 4 4 5 6 9 4 6 5 4
H Accessorial charge 4 5 5 5 4 5 5 5 4 5 5 5 4 3 5 5 5 5
Table 8. Performance evaluation of proposed borrow pit sites
Classification Evaluation items [\)Ne;g;te U | U2 |U8|U4|Ub5|U6| U7 |U-8|U9|UA0|U-1T | U2|U-3 | U4 |U-15|U-16| U-17
A Limiting condition 21 1056|105 | 63 | 126 | 126 | 105 | 147 | 126 | 63 | 21 | 126 | 21 | 147 | 63 | 105 | 147 63
B Haulage distance 15 150 [ 150 | 150 | 150 | 135 | 120 [ 120 | 135 | 120 | 185 | 105 | 90 | 90 | 60 | 60 | 30 0
C Contingent recovery 8 6| 8 |8 | 8 0 8 |40 |16 |8 |64]|16|16|8|3R] 8] 16
D Quelity standard 19 B | M4 |14 |4 | 14 | 14 | 4 | 14 | 14 | 114 | 14 | 114 | 114 | 14 | 114 | 114 14
E Heul road 7 B|3FB|H|3H|3FH|[3H|3H[|28|3H[3H|3H|3H|28|3F|3FH|3BH 35
F Confirmation 13 65 | 65 | B2 | 52| 78 |65 [104] 9 [104 (104 | 65 [ 130 | 117 | 91 | 65 | 104 104
G Civil complaint 13 65 | 52 |52 | B2 |78 |78 | 9 |52 |52 |82 |65 |78 |17|52]| 78|65 52
H Accessorial charge 4 2020|2016 |20 |20 |20 | 16| 20|20 |20 | 16 | 12 |20 | 20 | 20 20
Total 100 551 | 549 | 566 | 553 | 586 | 545 | 671 | 578 | 588 | 545 | 546 | 500 | 633 | 467 | 485 | 531 338
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Table 9. Life cycle cost of proposed borrow pit sites

Classification | D'StEnce Contingent recovery Sum(Won) LCC .
(m) of compaction(m”) Labor cost Material cost Public expenditures Total (Won/m”)

U-1 13.44 2,346,534 4,701,360,118 4,435,571,301 4,319,904,189 13,456,835,608 6,874
U-2 14.42 1295.078 2768,686,218 2 927 308,332 2 503 765,927 8199760477 |  7.328
U-3 14.84 8,875,792 18.396,615,190 20,042105171 | 16,639,493996 | 55078214357 |  7.355
U-4 13.00 1290,903 2 512 577796 2 508,072,690 2 281,539,280 7392189766 | 6,682
U-5 15.38 931,906 2 035,654,032 1872136137 1878322714 5,786,112.883 7,631
U-6 16.44 1784558 4.152,039,182 3,718,248,236 3838775035 | 11709062453 8,106
U-7 16.28 4,085,495 0,089,585,317 9,629,687 821 8254990779 | 26974263917 7,957
U-8 15.34 2 337 481 4984193403 | 5005570548 4557420514 | 14.547 184,465 7,561
U-9 16.41 8,439,462 10189210565 | 21129700050 | 17312906982 | 57631826595 | 8069
U-10 1518 5,030,431 12.500,445.621 | 12.314.866,556 11470317138 | 36294620315 |  7.482
U1t 17.28 2 407 311 5,769,468, 429 4635685100 | 5398035002 | 15803188621 | 8402
U-12 18.26 2015.993 5,195,144,322 4701800087 | 4789304380 | 14686257789 | 8937
U-13 1844 1688585 4430773848 | 3,949.009,380 4088507296 | 12468200523 | 9,043
u-14 20.39 3,465,172 10,354,697,185 8,816,295,398 9,567,612,401 28,738,605,484 10,023
U-15 2052 480,237 4,370,689,886 3,786,182.592 4,030,369,152 12187241630 | 10,095
U-16 22.30 1,976,618 6,842,004,768 5,783,895,809 6,298,118,788 18,924,019,365 11,091
U-17 2474 817,256 2 865,489,349 2 613,795,817 2 627 738,915 8107.024.081 | 11922
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Table 10. Relative construction cost of proposed borrow pit sites

Classification Distance (m) LCC (W/md) RCC Classification Distance (m) LCC (W/m’) RCC
NU-1 13.4 6,874 1.00 NU-10 15,2 7,482 1.09
NU-2 14.4 7,328 1.07 NU-11 17.3 8,402 1.22
NU-3 14.8 7,355 1.07 NU-12 18.3 8,937 1.30
NU-4 13.0 6,682 0.97 NU-13 18.4 9,043 1.32
NU-5 15,4 7,631 1.1 NU-14 20.4 10,023 1.46
NU-6 16.4 8,106 1.18 NU-15 20.5 10,095 1.47
NU-7 16.3 7,957 1.16 NU-16 22.3 11,091 1.61
NU-8 15.3 7,561 1.10 NU-17 24.7 11,922 1.73
NU-9 16.4 8,069 117 Average 172 8,503 124
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Fig. 5. Relationship of relative construction cost and haulage distance

Table 11, Results of value evaluation of proposed borrow pit sites

Classification Evaluation items U-1ju-2|U-3|U-4|U-5|U-6|U-7|U8|U-9 |U-10U-11|U-12|U-13|U-14|U-15|U-16|U-17
A Limiting condition [105,0] 98,5 589|129.6| 113.5| 89.0|127.0| 114.6| 537| 19.3| 1031| 162 111.7| 432| 71.5] 911 36.3
B Haulage distance [150.0|140.7|140,2| 154.3| 121.6| 101.8| 103,7| 1227/ 102,2| 124,0| 859| 69.2| 68.4| 411 409| 186/ 0.0
C Contingent recovery | 16,0 75| 748| 82| 00| 68| 346| 145/ 682| 588 131 123| 61 219| 54| 99 00
D Quality standard 95,0/106,9/106,5| 117.3/102,7| 96.7| 985(103.6| 97.1|104,7| 933| 87.7| 86.7| 782 77.6| 70.7| 657
E Haul road 35.0] 328 32.7| 36,0 315/ 29.7| 30.2| 255 29.8| 32.2| 286| 269| 21.3| 240| 238| 21.7| 202
F Confirmation 65.0| 61,0 486| 535| 70.3| 551| 89.8| 827| 88.6| 955 5321000 889| 624| 443| 64.5| 60.0
G Civil complaint 65.0| 488| 486| 535| 70.3| 66,1 786| 47.3| 44.3| 47.8| 532 60,0 889| 35.7| 531 40.3| 30.0
H Accessorial charge | 20.0| 188| 187| 165 180 17.0| 17.3| 145| 17.0| 184| 16.4| 123| 91| 137 136| 124/ 15
Score of value evaluation 551,0( 515,0(529,0(568.9|527.9|462.2|579,7|525,5|500,9|500,7| 446,7|384.6| 481,2|320,3|330.3| 329,1| 2237
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