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0.06 13512 | 15 ] 10 0.06 [ 25900 | 2 1
0.05 10000 [ 11 [ 10 0.04 [ 23403 | 3 1
0.05 10000 [ 10 [ 11 0.06 | 25900 | 1 2
0.04 | 487651 [ 14 [ 11 0.05 | 4958 6 2
0.06 | 4908.83 [ 12 [ 11 0.04 | 23403 | 1 3
0.06 | 4908.83 [ 4 11 0.04 | 17111 [ 4 3
0.03 | 259002 [ 13 [ 12 0.04 | 23403 | 12 3
0.04 | 2340347 [ 3 12 0.04 | 17111 | 3 4
0.06 | 4908.83 [ 11 [ 12 0.02 | 17783 | 5 4
0.04 | 509126 [ 24 | 13 0.06 | 4909 | 11 4
0.03 | 259002 [ 12 | 13 0.02 | 17783 [ 4 5
0.05 | 512753 | 15 | 14 0.04 | 4948 6 5
0.04 | 492479 [ 23 [ 14 0.05 | 10000 | 9 5
0.04 | 487651 [ 11 [ 14 0.04 | 4948 5 6
0.04 | 15650.8 [ 19 | 15 0.02 | 4899 8 6
0.05 | 512753 [ 14 | 15 0.05 | 4958 2 6
0.04 10315 | 22 | 15 0.03 | 7842 8 7
0.06 13512 | 10 | 15 0.02 [ 23403 | 18 7
0.05 | 504582 [ 8 16 0.02 | 4899 6 8
0.02 | 522991 [ 17 [ 16 0.05 | 5046 | 16 | 8
0.03 | 19679.9 [ 18 [ 16 0.1 [ 5050 9 8
0.05 5133.5 [ 10 [ 16 0.03 | 7842 7 8
0.02 [ 522991 | 16 | 17 0.05 | 10000 | 5 9
0.02 | 482395 [ 19 [ 17 0.1 [ 5050 8 9
0.08 | 499351 [ 10 [ 17 0.03 | 13916 | 10 [ 9
0.02 | 2340347 [ 7 18 0.08 | 4994 | 17 [ 10
0.03 | 196799 [ 16 [ 18 0.05 | 5133 | 16 [ 10
0.04 | 2340347 | 20 | 18 0.03 | 13916 | 9 10
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0.013 5944 (6,8),(8,6) 650,000 1
0.016 15959 (9,10),(10,9) 625,000 2
0.022 5925 (13,24),(24,13) | 850,000 3
0.027 5946 (10,16),(16,10) | 1,200,000 4
0.015 8923 (7,8),(8,7) 1,000,000 5
daio—lds Loy b N J g
Demand (1000 vehicles per day)
1 2 (3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1 0 1 1 5 2 3 5 8 5 13 5 2 5 3 5 5 4 1 3 3 1 4 3 1
2 1 0] 1 2 1 4 2 4 2 6 2 1 3 1 1 4 2 0 1 1 0 1 0 0
3 1 110 2 1 3 1 2 1 3 3 2 1 1 1 2 1 0 0 0 0 1 1 0
4 5 2 ]2 0 5 4 4 7 7 12 14 6 6 5 5 8 5 1 2 3 2 4 5 2
5 2 111 5 0 2 2 5 8 10 5 2 2 1 2 5 2 0 1 1 1 2 1 0
6 3 413 4 2 0 4 8 4 8 4 2 2 1 2 9 5 1 2 3 1 2 1 1
7 5 2 1 4 2 4 0 10 6 19 5 7 4 2 5 14 10 2 4 5 2 5 2 1
8 8 412 7 5 8 10 0 8 16 8 6 6 4 6 22 14 3 7 9 4 5 3 2
9 5 2 1 7 8 4 6 8 0 28 14 6 6 6 9 14 9 2 4 6 3 7 5 2
10 13 6|3 12 10 8 19 16 28 0 40 20 19 21 40 44 39 7 18 25 12 26 18 8
11 5 213 15 5 4 5 8 14 39 0 14 10 16 14 14 10 1 4 6 4 11 13 6
12 2 1 (2 6 2 2 7 6 6 20 14 0 13 7 7 7 6 2 3 4 3 7 7 5
13 5 3 1 6 2 2 4 6 6 19 10 13 0 6 7 6 5 1 3 6 6 13 8 8
14 3 1 1 5 1 1 2 4 6 21 16 7 6 0 13 7 7 1 3 5 4 12 11 4
15 5 1 1 5 2 2 5 6 10 40 14 7 7 13 0 12 15 2 8 11 8 26 10 4
16 5 412 8 5 9 14 22 14 44 14 7 6 7 12 0 28 5 13 16 6 12 5 3
17 4 2 1 5 2 5 10 14 9 39 10 6 5 7 15 28 0 6 17 17 6 17 6 3
18 1 0[O0 1 0 1 2 3 2 7 2 2 1 1 2 5 6 0 3 4 1 3 1 0
19 3 1[0 2 1 2 4 7 4 18 4 3 3 3 8 13 17 3 0 12 4 12 3 1
20 3 1[0 3 1 3 5 9 6 25 6 5 6 5 11 16 17 4 12 0 12 24 7 4
21 1 0[O0 2 1 1 2 4 3 12 4 3 6 4 8 6 6 1 4 12 0 18 7 5
22 4 1 1 4 2 2 5 5 7 26 11 7 13 12 26 12 17 3 12 24 18 0 21 11
23 3 01 5 1 1 2 3 5 18 13 7 8 11 10 5 6 1 3 7 7 21 0 7
24 1 0[O0 2 0 1 1 2 2 8 6 5 7 4 4 3 3 0 1 4 5 11 7 0
o G 5o Obej au g 5 Slalas ay5a ¥ Jpur
. oloj & 3o asly 4y 5 . .
Slslay 4y Vo) FSloy iyl Sbslai Jlgl
Egoemo o cbolai a5 Jlo o 5o | Vo @ clbolas 239) Py i b alos 20 wbdla (Slgly® 92l
Aoy 099 Jlw S s (el p Jlw o
(o) (K/A/B/C/O)
371.5 132.9 238.6 31200 0.33 82527.66 4,261 00000
365.0 132.0 232.9 31200 0.33 80568.14 4,232 00001
356.8 129.5 227.3 31200 0.33 78640.28 4,150 00010
350.6 128.4 222.2 31200 0.33 76853.01 4,115 00011
359.2 130.7 228.5 31200 0.33 79043.81 4,188 00100
354.7 129.6 225.1 31200 0.33 77879.42 4,153 00101
344.6 127.5 217.1 31200 0.33 75100.28 4,085 00110
340.5 126.2 214.3 31200 0.33 74129.59 4,046 00111
362.5 130.4 232.1 31200 0.33 80291.88 4,179 01000
356.5 129.1 227.4 31200 0.33 78659.96 4,137 01001
344.8 126.9 217.9 31200 0.33 75361.33 4,067 01010
343.2 126.0 217.2 31200 0.33 75142.44 4,038 01011
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350.7 128.2 222.6 31200 0.33 76996.23 4,107 01100
344.8 127.1 217.7 31200 0.33 75313.6 4,075 01101
337.0 125.4 211.6 31200 0.33 73185.88 4,020 01110
331.4 124.2 207.2 31200 0.33 71670.73 3,981 01111
358.0 132.3 225.7 31200 0.33 78061.96 4,242 10000
349.3 130.9 218.4 31200 0.33 75541.62 4,196 10001
344.3 128.7 215.6 31200 0.33 74591.16 4,125 10010
338.6 127.7 210.8 31200 0.33 72932.79 4,094 10011
346.5 130.4 216.1 31200 0.33 74746.57 4,180 10100
340.6 129.0 211.6 31200 0.33 73202.08 4,135 10101
332.6 127.1 205.5 31200 0.33 71088.42 4,075 10110
327.7 126.0 201.7 31200 0.33 69771.28 4,040 10111
350.6 130.2 220.3 31200 0.33 76219.61 4,174 11000
341.1 128.7 212.3 31200 0.33 73451.43 4,126 11001
336.2 126.4 209.8 31200 0.33 72585.37 4,051 11010
329.1 125.1 204.0 31200 0.33 70581.12 4,010 11011
339.5 128.5 211.0 31200 0.33 72988.73 4,119 11100
330.5 127.0 203.5 31200 0.33 70379.05 4,071 11101
325.8 124.7 201.2 31200 0.33 69593.08 3,995 11110
320.0 123.5 196.5 31200 0.33 67974.91 3,957 11111
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Total cost = a * (Travel time cost) + (1 — a) = (Crash cost)

M)
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A*T + (1-A)*C

1 0.9 0.8 0.7 0.6 0.5

(kN
04 0.3 0.2 0.1 0 0

238.6 228.0 217.4 206.9 196.3 185.8

175.2 164.6 154.1 143.5 132.9 00000

232.9 222.8 212.7 202.6 192.6 182.5

172.4 162.3 152.2 142.1 132.0 00001

227.3 217.5 207.8 198.0 188.2 178.4

168.6 158.8 149.0 139.3 129.5 00010

222.2 212.8 203.4 194.0 184.7 175.3

165.9 156.5 147.1 137.8 128.4 00011

228.5 218.7 208.9 199.1 189.4 179.6

169.8 160.0 150.2 140.4 130.7 00100

225.1 215.6 206.0 196.5 186.9 177.4

167.8 158.2 148.7 139.1 129.6 00101

217.1 208.1 199.2 190.2 181.2 172.3

163.3 154.3 145.4 136.4 127.5 00110

214.3 205.5 196.7 187.9 179.1 170.3

161.5 152.7 143.8 135.0 126.2 00111

232.1 221.9 211.8 201.6 191.4 181.2

171.1 160.9 150.7 140.6 130.4 01000

227.4 217.6 207.7 197.9 188.1 178.2

168.4 158.6 148.7 138.9 129.1 01001

217.9 208.8 199.7 190.6 181.5 172.4

163.3 154.2 145.1 136.0 126.9 01010

217.2 208.1 199.0 189.8 180.7 171.6

162.5 153.3 144.2 135.1 126.0 01011

222.6 213.1 203.7 194.3 184.8 175.4

165.9 156.5 147.0 137.6 128.2 01100

217.7 208.7 199.6 190.5 181.5 172.4

163.4 154.3 145.2 136.2 127.1 01101

211.6 203.0 194.3 185.7 177.1 168.5

159.9 151.3 142.7 134.0 125.4 01110

207.2 198.9 190.6 182.3 174.0 165.7 157.4 149.1 140.8 132.5 124.2 01111
225.7 216.3 207.0 197.7 188.3 179.0 169.7 160.3 151.0 141.7 132.3 10000
218.4 209.6 200.9 192.1 183.4 174.6 165.9 157.1 148.4 139.7 130.9 10001
215.6 206.9 198.2 189.5 180.9 172.2 163.5 154.8 146.1 1374 128.7 10010
210.8 202.5 194.2 185.9 177.6 169.3 161.0 152.7 144.3 136.0 127.7 10011
216.1 207.5 198.9 190.4 181.8 173.3 164.7 156.1 147.6 139.0 1304 10100

211.6 203.4 195.1 186.8 178.6 170.3

162.0 153.8 145.5 137.3 129.0 10101

205.5 197.7 189.8 182.0 174.2 166.3

158.5 150.6 142.8 135.0 127.1 10110

201.7 194.1 186.6 179.0 171.4 163.9

156.3 148.7 141.2 133.6 126.0 10111

220.3 211.3 202.3 193.3 184.3 1753

166.3 157.3 148.2 139.2 130.2 11000

2123 204.0 195.6 187.3 178.9 170.5

162.2 153.8 145.5 137.1 128.7 11001

209.8 201.5 193.1 184.8 176.4 168.1

159.8 1514 143.1 134.7 126.4 11010

204.0 196.1 188.2 180.4 172.5 164.6

156.7 148.8 140.9 133.0 125.1 11011

211.0 202.7 194.5 186.2 178.0 169.7

161.5 153.2 145.0 136.7 128.5 11100

203.5 195.8 188.2 180.5 172.9 165.2

157.6 150.0 142.3 134.7 127.0 11101

201.2 193.5 185.9 178.2 170.6 162.9

1553 147.6 140.0 132.3 124.7 11110

196.5 189.2 181.9 174.6 167.3 160.0

152.7 145.4 138.1 130.8 123.5 11111
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ABSTRACT

The network design problem, functioning as a decision-making framework, embodies a policy-
based orientation. This problem finds its conceptual footing in the realm of cost optimization,
with akey emphasis on the travel time-related expenditures. However, the scope of costs in the
network design problem extends beyond travel time. This study undertakes a meticulous
exploration of the ancillary costs stemming from safety shortcomings and accidents and
introduces the novel concept of the Safe Network Design Problem (SNDP). The investigation
of thisissue was carried out using the Sioux Falls network as a case study in LeBlanc's model,
shedding light on the optimal network improvement strategy. The LeBlanc problem,
comprising a selection among five projects within a budget constraint, resulted in the optimal
scenario of 10110, indicating the execution of the first, third, and fourth projects. The
introduction of safety as a key factor in the problem, particularly in the context of LeBlanc's
example, yields intriguing results. In this scenario, the solution shifts to 01110. The combined
approach that encompasses travel time costs and accidents, coupled with a comprehensive
sensitivity analysis that accounts for accident severity and weighting, engenders a paradigm
shift in the solution to the problem.
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