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Sample depth

Sample depth

Depth AV

Elevation

Yt

Area BHNo. | Sample No. () (Bottom) (m) m) Wn Gs (KN/m?) Dry density e Sr LL PL PI Gravel Sand Silt Clay&colloid

HP-1 4.00 5.00 4.50 -2.20 55.75 2.74 16.3 1.07 1.561 97.86 50.27 33.26 17.01 0 1.76 72.47 25.77

HP-2 15.00 16.00 15.50 -13.20 37.59 2.69 17.8 1.32 1.038 97.42 38.48 25.03 13.45 0 342 80.78 15.80
BHNT-01 HP-3 23.00 24.00 23.50 -21.20 51.55 2.73 16.9 113 1.416 99.39 56 34.38 21.62 0 3.14 69.12 27.74

SPT-10 11.00 11.45 11.23 -8.93 27.45 271 - - - - 32.78 21.15 11.63 0 11.36 67.84 20.80

SPT-35 38.00 38.45 38.23 -35.93 - 2.65 - - - - 14.25 10.37 3.88 0 91.26 8.74 0.00

HP-1 4.00 5.00 4.50 -1.77 45.28 271 17.2 121 1.24 98.96 50.31 33.21 17.1 0 1.16 71.41 27.43

BHNT-02 HP-2 19.00 20.00 19.50 -16.77 42.09 2.75 17.2 1.23 1.236 93.65 41.26 31.28 9.98 0 3.80 85.18 11.02

SPT-30 32.00 32.45 32.23 -29.50 18.65 2.65 - - - - - - - 1.39 88.75 4.86 5.00

SPT-36 38.00 38.45 38.23 -35.50 11.47 2.65 - - - - 13.98 10.25 3.73 11.00 53.30 13.70 22.00

HP-1 16.00 17.00 16.50 -14.23 47.49 272 17.1 1.18 1.305 98.98 50.01 32.55 17.46 0 194 72.29 25.77

1T] BHNT-03 SPT-22 23.00 23.45 23.23 -20.96 51.28 2.67 - - - - 59.24 32.07 27.17 0 241 77.79 19.80
o SPT-33 34.00 34.45 34.23 -31.96 22.89 2.65 - - - - 14.01 10.36 3.65 0 83.91 16.09 0.00
s HP-1 4.00 5.00 4.50 -8.83 51.76 2.74 16.9 113 1.425 99.52 36.88 27.25 9.63 0 63.80 33.68 2.52
o BHNT-04 HP-2 15.00 16.00 15.50 -19.83 47.39 2.78 17.2 1.19 1.336 98.61 55.48 3244 23.04 0 2.90 71.33 25.77
- SPT-4 6.00 6.45 6.23 -10.56 - 2.65 - - - - 13.21 10.06 3.15 0 92.00 8.00 0.00
é SPT-24 27.00 27.45 27.23 -31.56 27.09 2.68 - - - - 32.87 2155 11.32 0 242 73.48 24.10
= HP-1 4.00 5.00 4.50 -4.30 44.55 2.75 17.3 122 1.254 97.7 51.55 33.97 17.58 0 3.62 69.31 27.07
E BHNT-05 HP-2 19.00 20.00 19.50 -19.30 36.96 271 18.0 1.34 1.022 98.01 41.69 29.34 12.35 0 42.36 51.82 5.82
> SPT-10 11.00 11.45 11.23 -11.03 29.93 2.74 - - - - 29.12 19.18 9.94 0 32.04 60.60 7.36
2 SPT-25 27.00 27.45 27.23 -27.03 35.60 2.75 - - - - 38.05 23.38 14.67 0 3.52 70.71 25.77
g HP-1 2.00 3.00 2.50 0.38 52.72 271 16.7 111 1441 99.15 50.21 35.56 14.65 0 4.08 78.42 17.50
BHNT-06 HP-2 6.00 7.00 6.50 -3.62 54.74 2.68 16.4 1.08 1.481 99.06 54.99 36.76 18.23 0 11.98 68.75 19.27

SPT-11 13.00 13.45 13.23 -10.35 54.14 2.67 - - - - 34.13 27.48 6.65 0 31.96 60.65 7.39

SPT-34 36.00 36.45 36.23 -33.35 28.27 2.79 - - - - 50.71 28.57 22.14 0 3.04 67.50 29.46

HP-1 3.00 4.00 3.50 -1.40 40.73 2.74 175 1.27 1.157 96.46 48.26 29.79 18.47 0 1.80 69.14 29.06

BHNT-07 HP-2 10.00 11.00 10.50 -8.40 51.56 2.69 16.5 111 1.423 97.47 54.82 33.99 20.83 0 9.60 64.13 26.27

SPT-25 27.00 27.45 27.23 -25.13 39.02 2.77 - - - - 43.41 25.93 17.48 0 6.04 67.83 26.13

SPT-34 36.00 36.45 36.23 -34.13 24.94 2.65 - - - - 13.57 10.42 3.15 0 81.50 18.50 0.00

HP-1 8.00 9.00 8.50 -6.77 59.85 2.7 16.1 1.03 1.621 99.69 58.73 35.62 2311 0 1.68 72.29 26.03

BHNT-08 HP-2 13.00 14.00 13.50 -11.77 46.48 271 17.2 119 1.277 98.64 41.33 27.94 13.39 0 1.50 79.35 19.15

SPT-28 30.00 30.45 30.23 -28.50 27.62 2.78 - - - - 36.7 21.3 15.4 0 3.02 67.53 29.45

SPT-39 41.00 41.45 41.23 -39.50 20.1 2.68 - - - - 19.77 16.77 3 0 35.22 57.35 743
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; - Unconfined .
Soil description ASTM Pc ; qu/2 Strain at CBR
(e SN By 2l by Laboratory of TEC classification |  (kPa) <& & e przzsgsg;trength (kPa) failure (%) (%) Repaic
Darkish grey Elastic silt MH 80 0.538 0.079 37.79 18.89 15.00
Brownish grey Silt ML 135 0.37 0.05 35.62 17.81 15.00
BHNT-01 Brownish grey Elastic silt MH 152 0.563 0.071 41.39 20.69 6.09
Yellowish grey Lean clay CL
0.2099 0.0769 Yellowish grey Poorly - graded sand with silt SP-SM
Brownish grey Elastic silt MH 101 0.45 0.05 46.06 23.03 15.00
BHNT-02 Brownish grey Silt ML 188 0.62 0.083 81.01 40.51 4.27
0.463 0.089 Grey Poorly - graded sand SP
1.307 0.060 Grey Silty sand SM
Brownish grey Elastic silt MH 148 0.42 0.063 23.85 11.92 14.43
w BHNT-03 Grey Elastic silt MH
9 0.186 0.066 Grey Silty sand SM
a Brown Silty sand SM 53 0.477 0.055 28.29 14.14 6.50
% BHNT-04 Bluish grey Elastic sjilt i MH 233 0.829 0.109 119.10 59.55 3.27
- 0.201 0.078 Poorly - graded sand with silt SP-SM
é Lean clay CL
ol Brownish grey Elastic silt MH 89 0.30 0.025 18.29 9.15 11.05
=z Darkish grey Sandy silt ML 162 0.269 0.019 21.76 10.88 1041
W | BHNT-05 -
> Darkish grey Sandy lean clay CL
oo | Grey Lean clay CL
o Brownish grey Elastic silt MH 54 0.391 0.045 21.83 10.92 15.00
z BHNT-06 Brownish grey Elastic silt MH 67 0.479 0.054 19.69 9.84 12.96
Darkish grey Sandy silt ML
Yellowish grey Elastic silt MH
Brownish grey Silt ML 74 0.386 0.045 3211 16.06 12.56
Brownish grey Elastic silt MH 85 0.565 0.084 42.73 21.36 9.05
BHNT-07
Grey Lean clay CL
0.181 0.063 Grey Silty sand SM
Brownish grey Elastic silt MH 49 0.49 0.076 21.52 10.76 11.26
BHNT-08 Brownish grey Silt ML 95 0.49 0.076 61.09 30.54 12.80
Grey Lean clay CL
Darkish grey Sandy silt ML
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Sample depth | Sample depth Depth AV Elevation vyt a q q

Area BH No. Sample No. (Top) (Bottom) (m) (™) wn Gs (KN/m?) Dry density e Sr LL PL Pl Gravel Sand Silt Clay&colloid
HP-1 6.00 7.00 6.50 -4.12 54.46 2.7 15.6 1.03 1.621 90.71 50.04 31.91 18.13 0] 10.02 76.07 13.91
BHVY-01 HP-2 8.00 9.00 8.50 -6.12 49.09 271 16.4 1.12 1.42 93.69 49.35 28.17 21.18 0] 6.40 81.31 12.29
SPT-15 18.00 18.45 18.23 -15.85 28.68 272 - - - - 39.93 22.52 17.41 o] 2.84 68.08 29.08
SPT-26 29.00 29.45 29.23 -26.85 31.54 2.7 - - - - 31.44 20.25 11.19 o] 49.22 48.20 2.58
HP-1 4.00 5.00 4.50 -2.48 42.73 2.72 17.3 1.24 1.194 97.34 38.74 23.07 15.67 (0] 4.62 76.21 19.17
HP-2 7.00 8.00 7.50 -5.48 46.77 2.7 16.1 1.12 1.411 89.5 39.86 24.97 14.89 (] 11.60 77.54 10.86
BHVY-02 HP-3 12.00 13.00 12.50 -10.48 55.82 2.67 16.0 1.05 1.543 96.59 51.82 28.2 23.62 0 21.52 67.74 10.74
SPT-12 15.00 15.45 15.23 -13.21 34.07 2.65 - - - - 30.28 23.38 6.90 0 69.24 28.19 2.57
SPT-31 34.00 34.45 34.23 -32.21 18.88 2.65 - - - - 20.15 14.25 5.90 0 62.56 34.87 2.57
HP-1 4.00 5.00 4.50 -2.10 44.16 2.74 16.8 1.19 1.303 92.86 45.2 27.00 18.20 0 5.22 69.01 25.77
BHVY-05 HP-2 8.00 9.00 8.50 -6.10 32.39 2.75 17.4 1.34 1.052 84.67 33.55 25.56 7.99 0 28.82 68.51 2.67
SPT-13 15.00 15.45 15.23 -12.83 26.27 2.75 - - - - 35.06 20.84 14.22 o] 0.90 69.67 29.43
SPT-38 40.00 40.45 40.23 -37.83 23.87 2.61 - - - - 23.32 18.80 4.52 o] 39.50 58.14 2.36
HP-1 3.00 4.00 3.50 -4.95 48.1 2.74 16.2 1.11 1.468 89.78 43.18 25.86 17.32 o] 4.04 80.26 15.70
BHVY-06 HP-2 5.00 6.00 5.50 -6.95 47.53 277 17.0 1.17 1.368 96.24 45.73 27.47 18.26 o] 4.00 77.04 18.96
SPT-22 24.00 24.45 24.23 -25.68 44.50 2.75 - - - - 49.86 28.73 21.13 o] 1.00 79.79 19.21
SPT-32 34.00 34.45 34.23 -35.68 20.38 2.62 - - - - 25.93 15.33 10.6 o] 32.22 62.10 5.68
HP-1 6.00 7.00 6.50 -6.12 62.67 2.68 15.8 0.99 1.707 98.39 63.91 35.37 28.54 o] 2.96 74.41 22.63
BHVY-07 SPT-17 18.00 18.45 18.23 -17.85 40.78 2.7 - - - - 46.25 30.81 15.44 o] 6.38 72.62 21.00
SPT-30 31.00 31.45 31.23 -30.85 23.34 2.69 - - - - 36.43 20.95 15.48 0 5.80 70.09 24.11
HP-1 3.00 4.00 3.50 -2.27 29.18 2.69 18.8 1.49 0.805 97.51 26.42 21.59 4.83 0 58.78 38.67 2.55
BHVY-08 HP-2 9.00 10.00 9.50 -8.27 27.86 2.79 19.2 1.53 0.824 94.33 35.61 23.73 11.88 0 6.02 73.41 20.57
SPT-19 21.00 21.45 21.23 -20.00 42.47 2.73 - - - - 48.02 28.14 19.88 0 7.82 81.37 10.81
SPT-33 35.00 35.45 35.23 -34.00 20.38 2.68 - - - - 19.75 14.83 4.92 0 52.92 44.59 2.49
HP-1 5.00 6.00 5.50 -4.57 46.05 2.68 17.1 1.19 1.252 98.57 49.51 31.09 18.42 0 9.78 67.78 22.44
BHVY-09 SPT-16 17.00 17.45 17.23 -16.30 48.69 2.72 - - - - 55.92 33.00 22.92 0 1.70 72.81 25.49
SPT-33 34.00 34.45 34.23 -33.30 - 2.65 - - - - 14.25 10.63 3.62 o] 85.87 14.13 0.00
g HP-1 6.00 7.00 6.50 -5.49 55.4 2.78 16.4 1.07 1.598 96.38 48.17 33.63 14.54 o] 7.64 64.95 27.41
f=1 BHVY-10 HP-2 16.00 17.00 16.50 -15.49 47.46 2.79 17.3 1.2 1.325 99.93 51.75 31.99 19.76 o] 252 68.45 29.03
o SPT-12 13.00 13.45 13.23 -12.22 27.21 2.75 - - - - 42.40 25.45 16.95 o] 7.86 63.08 29.06
m SPT-26 28.00 28.45 28.23 -27.22 15.75 2.67 - - - - 21.33 13.78 7.55 o] 42.62 49.99 7.39
= HP-1 5.00 6.00 5.50 -5.03 39.00 271 17.4 1.28 1.117 94.62 43.04 28.84 14.2 0] 18.36 67.45 14.19
E BHVY-11 HP-2 10.00 11.00 10.50 -10.03 36.18 2.82 17.9 1.34 1.104 92.42 31.72 19.3 12.42 o] 11.50 67.94 20.56
o> SPT-30 32.00 32.45 32.23 -31.76 - 2.65 - - - - 13.76 10.52 3.24 0 90.80 9.20 0.00
> SPT-33 35.00 35.45 35.23 -34.76 21.59 2.7 - - - - 28.04 19.63 8.41 0 8.70 83.75 7.55
HP-1 3.00 4.00 3.50 -2.97 30.25 272 18.0 1.41 0.929 88.57 26.49 20.02 6.47 0 37.06 55.49 7.45
HP-2 8.00 9.00 8.50 -7.97 38.49 2.74 17.2 1.26 1.175 89.76 35.44 21.04 14.4 0 51.08 39.71 9.21
BHVY-12 HP-3 12.00 13.00 12.50 -11.97 43.83 272 16.6 1.17 1.325 89.98 43.32 27.71 15.61 0 1.70 75.58 22.72
SPT-21 24.00 24.45 24.23 -23.70 31.99 2.7 - - - - 34.19 22.34 11.85 0 2.40 69.89 27.71
SPT-31 34.00 34.45 34.23 -33.70 17.23 2.67 - - - - 18.08 12.17 5.91 0 60.04 37.40 2.56
HP-1 4.00 5.00 4.50 -2.62 44.72 2.73 17.1 1.2 1.275 95.75 37.62 24.47 13.15 0 37.28 48.48 14.24
BHVY-13 HP-2 12.00 13.00 12.50 -10.62 42.33 2.74 17.2 1.24 1.21 95.85 41.17 26.15 15.02 o] 2.42 71.49 26.09
SPT-19 21.00 21.45 21.23 -19.35 28.66 2.7 - - - - 40.92 24.21 16.71 o] 2.10 73.55 24.35
SPT-26 28.00 28.45 28.23 -26.35 - 2.65 - - - - 13.96 10.45 3.51 o] 88.05 11.95 0.00
HP-1 5.00 6.00 5.50 -5.17 27.41 2.74 18.8 151 0.815 92.15 24.48 19.55 4.93 0] 58.14 36.00 5.86
BHVY-14 HP-2 11.00 12.00 11.50 -11.17 54.87 273 16.0 1.05 1.6 93.62 50.15 31.63 18.52 o] 222 61.68 36.10
SPT-6 7.00 7.45 7.23 -6.90 25.7 273 - - - 36.5 21.79 14.71 o] 4.40 72.86 22.74
SPT-22 24.00 24.45 24.23 -23.90 38.79 2.74 - - - 39.35 23.17 16.18 o] 2.12 78.44 19.44
HP-1 4.00 5.00 4.50 -5.056 39.34 2.68 17.7 1.3 1.062 99.28 37.81 24.71 13.1 0 25.58 58.76 15.66
BHVWY-15 HP-2 10.00 11.00 10.50 -11.05 45.34 2.77 16.9 1.18 1.347 93.24 44.00 26.66 17.34 0 2.30 69.91 27.79
SPT-16 18.00 18.45 18.23 -18.78 50.44 2.66 - - - - 53.17 28.92 24.25 0 1.50 86.05 12.45
SPT-23 25.00 25.45 25.23 -25.78 - 2.6 - - - - 14.25 10.75 3.5 0 82.92 17.08 0.00
HP-1 3.00 4.00 3.50 -2.38 60.62 2.68 15.6 0.99 1.707 95.17 52.14 34.09 18.05 0 7.88 69.49 22.63
BHVY-16 SPT-19 20.00 20.45 20.23 -19.11 51.21 2.76 - - - - 57.91 33.05 24.86 0 6.51 73.04 20.45
SPT-31 32.00 32.45 32.23 -31.11 20.15 2.63 - - - - 13.25 10.17 3.08 6.76 85.95 7.29 0.00
HP-1 3.00 4.00 3.50 -2.59 51.34 2.67 16.7 1.12 1.384 99.04 40.92 27.3 13.62 o] 27.20 62.04 10.76
BHVY-17 HP-2 6.00 7.00 6.50 -5.59 50.51 2.73 16.6 1.12 1.438 95.89 48.49 33.52 14.97 o] 1.96 72.27 25.77
SPT-10 12.00 12.45 12.23 -11.32 48.49 272 - - - - 51.33 30.09 21.24 o] 3.70 78.59 17.71
SPT-19 21.00 21.45 21.23 -20.32 18.06 2.68 - - - - 17.20 13.26 3.94 o] 31.30 66.20 2.50
HP-1 4.00 5.00 4.50 -1.61 33.03 272 18.2 1.4 0.943 95.27 35.36 28.61 6.75 o] 41.12 56.27 2.61
BHVY-18 SPT-25 26.00 26.45 26.23 -23.34 44.92 2.7 - - - - 48.4 27.73 20.67 [o] 1.02 78.19 20.79
SPT-38 39.00 39.45 39.23 -36.34 25.78 2.7 - - - - 21.78 16.42 5.36 o] 39.98 54.22 5.80
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Unconfined

Soil description ASTM Pc 3 qu/i2 Strain at CBR
Area BH No. D60 b10 by Laboratory of TEC classification (kPa) Ce cr Compr(;is(lsgas)trenglh (kPa) failure (%) (%) Bemarks
Brownhish grey Elastic silt MH 60 0.501 0.069 28.86 14.43 7.53
BHVY-01 Brownhish grey Silt ML 89 0.542 0.09 37.89 18.95 9.81
Brown Lean cla CcL
Yellowwish grey Sandy lean clay CL
Bluish grey Lean clay CL 81 0.388 0.043 43.77 21.89 9.16
Bluish grey Lean clay CL 97 0.53 0.064 42.56 21.28 8.86
BHVY-02 Brownish grey Fat clay with sand CH 108 0.629 0.088 38.22 19.11 9.91
Grey Silty sand SM
Yellowish grey Silty clayey sand SC-SM
Brownhish grey Silt ML 93 0.474 0.068 40.74 20.37 7.6
Bubble grey Silt with sand ML 137 0.39 0.047
BHVY-05 Yellowwish brown Lean clay CL
Grey Sandy silty clay CL-ML
Grey Lean clay CL 44 0.475 0.067 22.12 11.06 9.29
BHVY-06 Brownhish g.rex Silt ML 58 0.479 0.051 28.13 14.06 8.81
Grey Silt ML
Grey Sandy lean clay CL
Bluish grey Elastic silt MH 77 0.818 0.132 51.91 25.95 4.36
BHVY-07 Grey Silt ML
Brownish yellow Lean clay CL
Grey Silty clayey sand SC-SM 138 0.193 0.011 58.24 29.12 5.51
BHVY-08 Reddish brown Lean cla CcL 127 0.253 0.032 41.36 20.68 7.00
Bluish grey Silt ML
Bluish grey Silty clayey sand Sc-s™Mm
Brownish grey Silt ML 125 0.544 0.066 61.84 30.92 5.76
BHVY-09 Brown Elastic silt MH
0.227 0.068 Light grey Silty sand SM
g Bluish grey Silt ML 75 0.661 0.078 37.76 18.88 6.49
a BHVY-10 Bluish grey Elastic silt MH 265 0.785 0.100 139.98 69.99 6.56
o Brownish yellow Lean clay CL
o Bluish grey Sandy lean clay CL
=z Bluish grey Silt with sand ML 151 0.403 0.045 45.86 22.93 6.5
E BHVY-11 Bluish grey Lean cla CL 111 0.372 0.038 69.81 34.90 4.94
=) 0.224 0.076 Yellow Poorly - graded sand with silt SP-SM
> Grey Lean clay CcL
Brownish grey, bluish grey Sandy silty clay CL-ML 137 0.252 0.02 36.33 18.16 6.99
Bluish grey Clayey sand sc 101 0.487 0.075 54.39 27.20 5.78
BHVY-12 Brownish grey Silt ML 225 0.634 0.085 129.26 64.63 6.73
Bluish grey Lean clay CL
Grey Silty clayey sand SC-SM
Brownish grey Sandy lean clay CL 104 0.407 0.048 34.95 17.48 6.29
BHVY-13 Bl.uish grey Silt ML 245 0.581 0.072 133.54 66.77 7.00
Yellowish grey Lean cla CL
0.201 0.072 Grey Poorly - graded sand with silt SP-SM
Brownish grey Silty clayey sand SC-SM 165 0.203 0.012 36.91 18.46 3.97
Brownish grey Elastic silt MH 174 0.753 0.099 93.72 46.86 6.43
BHVY-14
Yellowwish grey Lean clay CL
Grey Lean clay CL
Brownish grey, bluish grey Lean clay with sand CL 136 0.3 0.028 28.16 14.08 7.81
BHVY-15 Bluish grey Silt ML 186 0.621 0.079 102.41 51.21 571
Grey Fat clay CH
0.203 0.064 Yellowwish grey Silty sand SM
Darkish grey Elastic silt MH 63 0.549 0.071 13.07 6.53 10.98
BHVY-16 Grey Elastic silt MH
0.976 0.094 Yellowish grey Well - graded sand with silt SW-SM
Darkish grey Silt with sand ML 54 0.396 0.06 26.07 13.03 10.51
BHVY-17 Yellowish grey Silt ML 109 0.523 0.088 38.57 19.28 15.00
Grey Elastic silt MH
Yellowish grey Sandy silt ML
Grey Sandy silt ML 142 0.258 0.013 42.76 21.38 6.1
BHVY-18 Grey Silt ML
Darkish grey Sandy silty clay CL-ML
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Area | BHNo. | Sample No. SAAN | SEize | eiat! | B Wn Gs i Dry density| e Sr LL PL Pl Gravel | Sand St [Clayé&colloid
(Top) (Bottom) (m) (m) (kN/m?)

HP-1 3.00 4,00 350 -2.04 41,65 267 16.6 114 1342 | 948 | 4878 | 3228 | 165 0 1168 | 7756 | 10.76
BHRR-01| SPT-9 10.00 1045 1023 -8.77 4488 267 - - 4569 | 2127 | 1842 0 665 | 7395 | 1940
SPT-16 17.00 1745 1723 -15.77 231 267 2127 | 1669 | 1058 0 3391 | 5447 | 1162
SPT-1 1.00 145 123 -041 455 27 4357 | 2697 | 166 0 716 | 6873 | 2411
BHRR-02 SPT-6 6.00 6.45 6.23 -541 5118 267 4637 | 2905 | 1732 0 524 | 6877 | 2599
SPT-12 12.00 1245 1223 -1141 - 2.62 1398 | 1052 | 346 0 9445 | 555 0.00
SPT-15 15.00 1545 1523 -1441 - 2.63 - - - - - - - 2127 | 5364 | 454 1455
HP-1 6.00 7.00 6.50 -3.85 4329 212 172 1.2 123 | 9573 | 4785 | 3047 | 17.38 0 204 | 7023 | 21.73
BHRR-03|  SPT-7 8.00 845 823 -5.58 55.51 267 5399 | 2808 | 2591 0 478 | 8101 | 142
SPT-11 12.00 1245 1223 -0.58 2194 267 - - - - 3049 | 2061 | 988 0 2017 | 6565 | 14.18
“ HP-1 5.00 6.00 550 -2.89 4146 267 174 1.26 1119 | 9893 | 4625 | 2936 | 16.89 0 684 | 7916 | 14.00
2 BHRR-04| SPT-2 2.00 245 2.23 039 1911 267 - - 2538 | 1635 | 903 0 3498 | 57.32 7.70
0 SPT-12 13.00 1345 1323 1062 | 1977 268 - - - - 2474 | 1554 | 92 0 1522 | 6551 | 1927
14 HP-1 6.00 7.00 6.50 -3.98 51.34 211 168 113 1308 | 9952 | 4462 | 2862 16 0 2164 | 5921 | 19.15
(® |[BHRR-05| SPT-7 8.00 845 8.23 -5.71 21.83 267 - - 2353 | 1647 | 7.6 0 6177 | 3560 2.63
P SPT-10 11.00 1145 1123 -8.71 25.25 2.1 - - - - 3268 | 2154 | 1114 0 1008 | 6376 | 26.16
14 HP-1 1.00 2,00 1.50 035 4328 211 169 12 1258 | 9323 | 4331 | 2797 | 1534 0 466 | 7431 | 2103
BHRR-06 HP-2 6.00 7.00 6.50 -4.65 3115 2.12 189 147 085 | 9968 | 3295 | 2179 | 1116 0 1130 | 77.78 | 1092
SPT-8 9.00 945 9.23 -1.38 Lol 267 - - - - 36.18 | 2078 | 154 0 1567 | 67.66 | 16.67
SPT-12 13.00 1345 1323 -11.38 - 265 - - - - - - - 0 9535 | 465 0.00
HP-1 5.00 6.00 550 -4.29 50.37 268 168 114 1351 | 9992 | 4896 | 37.02 | 11.94 0 992 | 7154 | 1254
BHRR-07| SPT-9 11.00 1145 1123 1002 | 26.02 219 - - 313 | 2362 | 1368 0 520 | 6087 | 3393
SPT-13 15.00 1545 1523 1402 | 2644 2.1 - - - - 394 | 2508 | 143 0 391 | 6779 | 2830
HP-1 7.00 8.00 7.50 -5.46 31 211 165 L 1316 | 889 | 4529 | 3071 | 1458 0 1356 | 70.76 | 1568
BHRR-08 HP-2 9.00 10.00 950 -146 51.97 212 167 112 1429 | 9892 | 4915 | 3425 | 149 0 25 684 2.10
SPT-12 14.00 1445 1423 -12.19 - 265 - - - 1458 | 1103 | 355 0 9466 | 534 0.00
SPT-19 21.00 2145 21.23 1919 | 3629 219 4062 | 2478 | 1584 0 654 | 6400 | 2946

Borrow Pit
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Unconfined
Soil description ASTM Pc . qui2 Stranat | CBR
hea | Bt D60 D10 by Laboratory of TEC classification |  (kPa) e “ Compr:zs(llt()sstrength (kPa) | falure (%) | (%) Remaris
Yellowish grey Silt ML 50 0364 | 0.046 1545 773 15.00
BHRR-01 Grey Silt ML
Yellowish grey Sandy lean clay CL
Brownish grey Silt ML
Grey Silt ML
BHRR-02 0222 | 0082 | Yellowish grey Poorly - graded sand with silt |  SP-SM
2229 | 0.101 | Whitish grey Poorly - graded sand with gravel SP
Brownish grey, darkish grey Silt ML 114 0445 | 0.056 35.05 17.52 10.96
BHRR-03 Grey Fat clay CH
Yellowish grey Lean clay with sand CL
“ Brownish grey, darkish grey Silt ML 111 0388 | 0.058 49.80 24.90 1322
Q |BHRR-M Yellowish grey Sandy lean clay CL
q :
0 Grey Lean clay with sand CL
14 Brownish grey Silt with sand ML 91 0525 | 0.084 24.48 12.24 10.13
(O |BHRR-05 Yellowish grey Clayey sand SC
r4 Grey Lean clay cL
14 Grey Silt ML 109 | 0449 | 0.069 28.26 14.13 1457
Grey, yellowish grey Lean clay CL 143 0.267 | 0.033 90.78 4539 13.65
BHRR-06 ,
Grey Lean clay with sand CL
0203 | 0.077 Grey Poorly - graded sand SP
Darkish grey Silt ML 105 | 0475 | 0.062 56.65 2833 1337
BHRR-07 Yellowish grey Lean clay CL
Grey Lean clay CL
Brownish grey Silt ML 85 049 | 0.078 3340 16.70 1242
BHRR-08 Brownish grey Silt ML 113 | 0511 | 0.088 38.22 9.1 15.00
0256 | 0.083 | Yellowish grey Poorly - graded sand with silt |  SP-SM
Brownish grey Lean clay CL
Borrow Pit - 2.08
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3.3 Soil Profile

Figure 3.3-1 Soil Profile for Nguyen Trai Bridge Site
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Figure 3.3-2 Soil Profile for Vu Yen Bridge Site (from VY-01 to VY-12)
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Figure 3.3-3  Soil Profile for Vu Yen Bridge Site (from VY-12 to VY-17)
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Figure 3.3-4 Soil Profile for Ring Road 3 Route (from RR-01 to RR-03)

Figure 3.3-5 Soil Profile for Ring Road 3 Route (from RR-03 to RR-08)
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3.4 Properties of Each Soil Layer

This section describes properties of soil layer based on the results of Standard Penetration Test
(SPT) and laboratory soil tests.

<Standard Penetration Test Results, N-Value >
Figure 3.4-1 shows N-value versus depth and el evation. Ranges of the N-value for each layer at
each site were summarized in Table 3.4-1.
Most of the N value of Ac layer ranges from O to 8 in overall. Some different trends are observed
depend on the elevation ranges. The value ranges from 0 to 4 (very soft to soft) from MSL +2.0m
to about MSL-13m. It is 4 to 8 (medium stiff) with a trend of increasing with depth from about
MSL-13m to MSL-30m. The value in the layer deeper than M SL-30m ranges from 8 to 30 (stiff
to very dtiff). The ranges of the value in Ac layer are not much different among the sites.
Thevalue in Al layer ranges from 2 to 20. It has wider range than Ac layer and As layer at same
elevation. The range of the value in Al layer at VY dite is lower than that of RR site. Thisis
because the Al layer at VY site is consisted of mostly cohesive soil, besides sandy soil layer is
dominant a RR site.
Aslayersarefound at NT site only. Most of the value of Aslayer rangesfrom O to 10 (very loose
to loose) at upper layer and ranges from 10 to 30 (medium dense to dense) at lower layer.
The value of Ds layer ranges mostly over 30 (dense to very dense) at al the sites. The value at
VY dte has wider range than that of NT site, of which variety may be resulted from wider
digribution of the layer at VY site than that of NT site.
The value of Sandstone and Mudstone ranges mostly over 50 (medium strong) at all the sites.
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N-Value

N-Value
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Figure 3.4-1 N Value versus depth and elevation
Table 3.4-1 Range of N-value for each layer
Range Average
Layer
NT VY RR NT VY RR
-13m*<MSL<+2m Oto4 Oto4 Oto4 2 3 3
Ac -30m<M SL<-13m* 4t08 4t08 6 8 8 6
<MSL-30m 81030 81030 - 14 12 -
Al - 10to 15 2t020 - 12 9
As Upper layer 0to10 - - 7 - -
Lower layer 10to 30 - - 18 - -
Ds >20 >20 - 41 35 -
Sandstone >50 >50 - >50 >50 -
Mudstone >50 >50 >50 >50 >50 >50

*Thereis difference of elevation range for each site

**Excluded some exceptional pointsin the evaluation.
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<Natural Water Content, Wn>

Figure 3.4-2 shows natural water content versus depth and elevation. Ranges of the content are

summarized in Table 3.4-2.

Water content of Ac layer tends to be lower with depth from 60% to 20%. Water content of Al

layer ranges from 20% to 30%. These ranges are not much different among the sites.

Some data were obtained on samples from As and Ds layers also. The content of As layer ranges

from 10% to 25% and those of Ds layer ranges from 15% to 25%.
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Figure 3.4-2 Water Content versus Depth and Elevation
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Table 3.4-2 Range of Water Content
Layer NT R\a/ane RR NT Av\(/arjge RR
Ac 27to 60 15t0 63 19to 56 44 41 43
Al - *18 19to 37 - *18 26
As 11to 25 - - 19 - -
Ds - 17to21 - - 19 -

*one sample only

<Atterberg Limits, LL, PL, PI>

Figure 3.4-3 shows a Plasticity Chart, Liquid Limit versus Plasticity Index for samples from Ac
layer. The results were plotted in zones of MH, ML or CL. Liquid limit ranges from 20% to 60%
and the Plagticity index ranges from 5 to 30. The ranges of Atterberg limits are summarized in
Table 3.4-3. These ranges are not much different among the sites.

Figure 3.4-3 Liquid Limit versus Plasticity Index
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Table 3.4-3 Range of Atterberg Limit Test Results

Ac Layer
Item
NT VY RR
Liquid Limit, LL 32to 60 21to 64 25t0 54
Plastic Limit, PL 21to 37 13to 36 16t0 38
Plagticity Index, Pl 6t0 28 4t029 9t0 26

<Unit Weight, v

Figure 3.4-4 shows unit weight versus depth and elevation for samples from Ac layer. Ranges of

the unit weight are summarized in Table 3.4-4.

The unit weight of NT site ranges from 16kN/m2 to 18kN/m3, of V'Y site ranges from 15kN/m? to
19kN/m? and of RR site ranges from 16kN/m?3 to 19kN/m3. Average for al sites is 17kN/ms.

Compering the range of each site, there are not much difference among the sites.

Figure 3.4-4 Unit Weight versus Depth and Elevation

Table 3.4-4 Range of Unit Weight

L aver Range (kN/m3) Average (KN/m?)
¥ NT VY RR NT VY RR
Ac 16to 18 15t0 19 16to 19 17 17 17
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<Half of Unconfined Compression Strength, qu/2>

Asanindication of undrained shear strength of saturated soft cohesive soil, half of the unconfined
compression strength (qu/2) is generally accepted.

Figure 3.4-5 shows the qu/2 versus depth and elevation for samples from Ac layer. The ranges of
qu/2 are summarized in Table 3.4-5.

The strength of Ac layer tends to be higher with depth. The strength of NT site ranges from 9kPa
to 60kPa, of VY dgite ranges from 6kPa to 70kPa and of RR site ranges from 7kPa to 46kPa.
Comparing the range of the strength for each site, there are not much difference among the sites
up to 10m deep. Those of NT site deeper than10m tend to be lower than those of VY site.

Figure 3.4-5 qu/2 versus Depth and Elevation

Table 3.4-5 Range of Half Unconfined Compression Strength

Laver Range (kPa) Average (kPa)
Y NT VY RR NT VY RR
Ac 9to 60 6to 70 71046 21 27 21

< Preconsolidation Pressure, Pc >

Figure 3.4-6 showsthe Preconsolidation Pressure, Pc versus depth and el evation for samples from
Ac layer. The ranges of preconsolidation pressure are summarized in Table 3.4-6.

The pressure tends to be higher with depth. The pressure of NT site ranges from 49kPato 234kPa,
of VY siteranges from 44kPato 265kPaand of RR site ranges from 49kPato 143kPa. Comparing
the ranges among the sites, that of NT site tends to be lower than the other sites.
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Figure 3.4-6 Pc versus Depth and Elevation

Table 3.4-6 Range of Preconsolidation Pressure

L aver Range (kPa) Average (kPa)
Y NT VY RR NT VY RR
Ac 49t0234 | 4410265 | 49to0 143 114 121 102

<Compression Index, Cc >

Figure 3.4-7 shows compression Index versus depth and elevation for samples from Ac layer.
Ranges of the index were summarized in Table 3.4-7.

The index ranges from 0.2 to 0.8, most index falls between 0.4 and 0.6. Compering the ranges
among the sites, there are not much difference.
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Figure 3.4-7 Cc versus Depth and Elevation

Table 3.4-7 Range of Compression Index

Laver Range (kPa) Average (kPa)
Y NT VY RR NT VY RR
Ac 02t008 | 0.2t00.8 | 0.2t00.6 05 0.5 04

<Void Ratio, e>

Figure 3.4-8 shows e-log P curves for samples from Ac layer. The curves were shown separately
by sampling elevation of shallower than MSL-13m and deeper than M SL-13m. Comparing the
shallower samples and deeper samples, preconsolidation pressure of shallower samplesis lower
than deeper samples and the void ratio of the samples is reduced greatly by applied pressure.
There weren’t much different among the sites.
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Note: Some curves of samples containing sand more than 35% were omitted.

Figure 3.4-8 e-log P Curve for Each Area

< Summary, Properties of Each Layer >

Table 3.4-8 summarized properties of each layer.
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Grained Size
Relative Density Thickness . . Clay
Area Layer or Material | Nvalue | of Layer Color g;; Ur;:(t:}l:n:ht Gs |Gravel| Sand | Sit | and LL PL PI (::’:) e (k':;) Cc
Consistency (m) (%) (%) (%) | Colloid
(%)
Fill - Sandy Sol, | o 250 [ 1.0010 1150 Brownish Grey - - . . . . . . . . . . - .
Rock Fragments
Very Soft Light Grey, Blackish Grey,
Ac Layer to Cohesive Soil 0to4 |20.00 to 38.20] Brownish Grey, 27t060 | 16t018 [26102.8 0 1t043 (511086 |19t028 | 321060 | 211037 | 6t028 |9t060|1.0t01.7 | 4910234 | 0.2t0 0.8
e Soft Yellowish Grey
2 Very Loose )
) Grey, Light Grey,
E As Layer to Sandy Soil 01030 |2.00to12.80 Blackish Grey 11t025 - 2.7 0to11|53t092| 4t019 | 0t022 | 13t015 | 10to 11 3to4 - - - -
o Medium Dense
'; Medium Dense Grey, Whiish G
; rey, Whitish Grey,
g Ds Layer to Sandy Soil >20 1.60 to 6.25 Light Grey, Blackish Grey - - - - - - - - - - - - - -
ES Very Dense
z
Sandstone Medium Strong Sandstone >50 3.08 Reddsh Brown, - - - - - - - - - - - - - -
Bluish Grey
Mudstone Medium Strong Mudstone >50 3.20t04.93 Reddish Brown - - - - - - - - - - - - - -
Cohesive Soil, Blackish Grey. Dark G
Fill - SandySoi, | 01021 | 0.8010260 |~ e R - - - - - - - - - - - - -
‘ellowish Grey
Rock Fragments
Very Soft Grey, Light Grey, Dark G
Ac Layer to Cohesive Soil | 0to4 [21.00t039.90| > cF "IN SV DXEIN 451563 | 151019 [261029| 0 | 0to42 [481086| 21037 | 211064 | 131036 | 41029 |61070|081t01.7 | 4410265 |0.2t0 0.8
Bluish Grey, Yellowish Grey
Soft
)
.'g Al Layer Stiff Cohesive Soil | 10to 15 4.10 Yellowish Grey 18 - 2.7 0 31 66 3 17 13 5 - - - -
[
c .
) Medium Dense Grey, Light G
> Ds Layer to Sandy Soil 520 | 1.00t016.45 oy, Lot Brey. 171021 - 261027 0to7 [521091| 7to45 | 0to3 | 13t021 | 10015 | 3106 - - - -
=] Dark Grey, Brownish Grey
> Very Dense
Sandstone Medium Strong Sandstone >50 3.52105.97 Reddish Brown - - - - - - - - - - - - - -
Mudstone Medium Strong Mudstone >50 2.00t05.97 Reddish Brown - - - - - - - - - - - - - -
Cohesive Soil,
Fill - Sandy Soil, 2t03 2.30 Grey - - - - - - - - - - - - - -
Rock Fragments
o Very Soft Grey, Whitish Grey,
° Ac Layer to Cohesive Soil Oto4 [8.70t013.20 Blackish Grey, 19t056 | 16t019 |2.6t028 0 2t035 |57t081| 7t030 | 25t054 | 161038 | 91026 |7t046|08t01.5| 49t0143 | 0.2t0 0.6
§ Soft Brownish Grey
o " , Blackish Grey,
£ AlLayer Saftto Very St Cohesive Soil, | 210201, 051047 10| velowshGrey, | 191037 - |261028|0t028| 31096 | 41068 | 01034 | 131041 | 101025 | 31016 | - - - -
['4 Loose to Medium Dense Sandy Soil 41020 Reddish Brown
Mudstone Medium Strong Mudstone >50 3.02103.83 Reddish Brown - - - - - - - - - - - - - -
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3.5 Estimation of High Water Level

3.5.1 Datum of the Cam River

Table 3.3-1 shows a record of the monthly highest and lowest high water level (H.W.L.) at Cua

Cam station on the Cam River from 2000 to 2014. Water level is based on average seatide level
in Vietnam.
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Table 3.5-1 Record of Monthly Highest and Lowest H.W.L. (2000-2014)

Tram : Cita CAm

Thanh Phé: Hzi Phing ) Don vj: cm
STT | Nam | véud I Il Jil} v v \i! v | VI X X X1 X1
Hmax (cm) | 180 | 152 | 152 | 147 | 173 | 170 | 194 | 182 | 176 | 17 177 | 187
U | a0 Netyxe | 22 | 18 | 18 14 g 6 4 1| 10 20 18 15
Homir (em) | <140 | 143 | 133 | a27 | <126 | 137 | <117 | 140 | -134 | 108 | -137 | -137
NeayXH | 24 7 29 27 8 5 2 29 10 23 17 14
Hmax (em) | 180 | 171 | 147 | use | 173 | 190 F o203 194 | 174 | 178 | 201 | 176
2 | 200 Meryxb_| 12 | 8 8 30 | 2 | 25 | a2 v | 15 P 6 |
Hmin (om) | -148 | -143 | -134 | <123 | -127 | 05 | -3 | 96 | 102 | -115 | 117 | -142 |
Ngiy XH 1l 7 7 4 2% | 2 [ 2 31 15 9 18 31
max (em) | 168 | 160 | 146 | 140 | 181 | 189 [ iso | 186 | 169 | 169 | 187 | 183
3 | 2q0p [Neavzh 30 | 27 | 26 30 | 29 13 12 | 20 6 20 10 8
Homir (em) | -145 | <143 | -138 | <132 | <130 | <103 | 95 | ;1 | 137 | -nig | w125 | -142
Negay XH 1 24 6 20 2 1 2 31 16 1 9 7
Hmax (em) | 173 | 170 [ 147 | 148 | 166 | 185 | 190 | 136 | 169 | 184 | 197 [ 1w
o | 2003 [Nedvzh 4 1 2 21 | 20 16 4 | 7 g | 3 28 25
Hmin (em) | -147 | <130 0 -4 | 2135 | -39 | 120 | -111 ] <100 | 99 | -128 | -126 | a4
Ngdy XH 3 28 | 27 21 8 16 2 w | 2 29 27 25
Hmax em) [ 171 | 144 | 145 | 144 [ 174 | 208 | 200 | 234 | 183 | 188 [ 186 | 191
s | 2a0e [Neavxh 23 | 20 16 | 1 s | 7 | | 1 24 21 | 18 | is
Hmir (o) | -150 | -160 | -134 | -138 | -118 | -105 | -110 | 93 | -107 | -102 | -133 | -137
Neay XH 21 3 13 i3 8 3 3 | 26 2 19 15 23
Hmax (om) | 189 | 159 | 145 | 149 | 178 | 189 | 237.0 152 | 234 | 192 | 182 | 199
s | 2005 |Neayzh 11 9 8 30 | 27 | 25 [ 3l 18 | 27 12 18 5
Huir. (ou) | -149 | =147 | <141 | -145 | 134 | -119 [ -110 | 90 ¢ -119 | -108 | -123 | -138
Neay XII 13 9 10 13 1 2 |l 2 | 21 9 31
Hmex (em) | 191 | 159 | 144 | 157 | 192 | 176 | 191 | 205 | 175 | 187 | 190 | 200
7 | 2006 Meivxn |3 27 16 Jas iz ] 4 [ 2 | 9 | 6 1 9 7
Hein (o) | -144 | <142 | <138 | <140 | <145 | 120 | <13 | -86 | -03 | 103 | -9 | 23
Negiy XH 1 28 7 3 2 11 1 5 16 1 2 | 2
Hmax (cm) | 175 | 159 | 151 | 154 | 153 | 189 |- 191 | 189 | 178 | 207 | 194 | 196
5 | s Neayxh | 3 | 17 1 | 1 | 20 | 6 14 9 8 31 28 2%
Huin (em) | -141 | <142 | -132 | 134 | <137 | -126 | <102 [ -10s [ -o7 | -112 | -141 | 143 |
NgayXH | 31 1 21 11 6 4 1 3 | 35 29 27 24
Hmex(om) | 183 | 144 | 156 | 163 | 170 | 197 | 205 | 204 | 205 | w0 | 231 | 198
Negay xh 2 17 16 12 P 6 31 1 25 20 16 16
9| 209 \hmin(em) | 136 | 140 | 131 | 127 | 135 | 116 | 85 | - | 97 | 96 | <90 | 123
Ngay XH 8 18 14 1 10 4 4 25 | 24 20 29 14
Hmax (cm) | 188 | 170 | 153 | 186 | 203 | 188 | 212 | 183 | 194 | 185 | 179 | 1%/
w | 204 Ngayxh | 12 | 8 8 [ 29 | 27 |20 | 2| 19| 12 1w | 6 | &
Hmin(em) | 134 | 125 | 120 | -5 | 97 | 110 | 89 { 97 [ 87 | 92 | 122 | 126
Ngiy XH 9 9 7 14 1 24 4 16 1 21 17 31
Hmax(em) | 182 | 153 | 130 | 141 | 161 | 177 | 187 | 186 | 159 | 174 | 167 | 168
11 | 2010 [Medyxh 2 27 | 2 4 17 | 14 17 9 6 2 10 6
Hmin(em) | -140 | -120 | 127 | 31 | 100 | -6 | 09 | 60 | 54 | 87 | 75 | w03 |
Ngay XH 3 27 | 23 2 27 1 I 9 25 g 4
Hmex{cm) | 189 | 170 | 148 | 155 | 165 | 167 | 209 | 156 | 161 | 183 | 180 | 170
1 | sor [NeayER 31 18 2i 19 17 [ 30 | 12 |2 | 3l i %
Fmin (om) | 90 | =05 | -100 | -100 | -16Z | <105 | 03 | -100 | 98 | 9§ | -105 | -II8
NgayxH | 21 | 27 16 i0 3 3 14 10 3 79 78 7
Hmax (om) | 168 | 165 | 131 | 133 | 159 | 197 | 182 | 188 | 150 | 211 | 171 | 186
12 | sopp [Ngiysh 2 | 28 17 28 | 2 7 31 1 77 20, 13 4
Tmin (cm) | -116 | -83 | -110 | -117 | -107 | -112 | -100 | -76 | -8 | -79 | -117 | -122
Ngay XH 7 16 15 12 5 2 6 3| 2 31 17 30
Timax {om) | 162 | 163 | 118 | 155 | 177 | 232 | 183 | 175 | 152 | 185 | 172 | 162
14 | 201y [Neyma 15 [Ti0 [T 7 (30 |28 |33 | 2 3 15 14 3 5
Hmin ey | =119 | <107 | -120 | -117 | 59 -114 -76 -85 71 -93 -97 -123
Neay XH 12 3 5 I8 1 2 3 % | 15 24 21 5
Hmax (om) | 165 | 135 | 129 | 129 | 121 | 172 | 164 | 152 | 191 | 166 | 153 | 153
(5 | 2op4 [NERYD 2 iz | 2% 9 | 18 5 iz | o | 17 30 1 74
Eimin (em) | -127 | 115 | -102 | 96 | -106 | -106 | 98 | 94 | 88 | %5 | -108 | -112
Nady XH 4 1 1 2 | 28 | 28 12 9 16 2 25 21

Source: The Northeast Meteorologic Hydrologic Centre
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3.5.2 Probability Analysis of the Cam River Water Level

The Study Team cal culated a probability distribution of the water level at Cua Cam station based
on records of the highest water level each year (see Table 3.5-2).

Among the wide variety of probability distribution models, the following turned out to be a good

fit:

1
2.
3

4.

Gumbel distribution

Generalized Extreme Value distribution (GEV 1)

Log Pearson type |11 distribution (LOGP3)
SQRT-exponentia type maximum distribution (SQRT-ET)

In this distribution, the value of SLSC to evaluate fitness lessthan 0.04 isonly 2 (GEV 1).

Table 3.5-3 shows the results of the water level probability analysis, and Figure 3.5-1 shows that
2 (GEV 1) best matches the probabilities for the water level at Cua Cam in the distribution graph.

Table 3.5-2 Highest Water Level per year at Cua Cam

Year Highest Water Day/Month
Level (cm)
2000 194 4/July
2001 203 22/ July
2002 190 12/ July
2003 190 14/ July
2004 214 1/August
2005 237 31/July
2006 205 9/August
2007 191 14/ July
2008 221 16/November
2009 212 22/ July
2010 187 17/Jduly
2011 209 30/ July
2012 211 29/0ctober
2013 232 23/ July
2014 191 17/0ctober
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Table 3.5-3 Results of Water Level Probability Analysis at Cua Cam

Cam River—Cua Cam
Conformity degree evaluation calculation list
Exceedence probability ; Water Level (em)
Method
Ttem GUMBEL GEVT LOGP3 SQRT-ET
R 2-Year 203. 62 202. 84 203. 42 202.81
e 5-year 220. 52 217. 66 217.75 216.49
T | 10-year 231.70 227.68 226. 88 225.78
E 20—-year 242. 42 237. 44 235. 42 234. 87
n | 25-vear 245, 82 240. 57 238.09 237.79
* | 30-year 248. 61 243.12 240. 26 240. 18
P | 50-year 256. 33 250. 30 246. 26 246. 90
i 100-year] 266. 73 260. 10 254. 28 256. 10
i |200-Year 277. 11 270.02 262. 25 265. 44
o |300-Year] 283. 16 275. 88 266. 91 270.97
d  |500-Year] 290. 79 283. 33 272.79 278.00
SLSC 0.0412 0. 0385 0. 0422 0.0445
corre ation 0. 9803 0. 9800 0. 9811 0.9799
Estimate value 259. 03 258. 49 252. 40 257.63
Estimate error 13.1 19. 3 12.3 13.6
Candidat_e for O
adoption
Number of sample N=15 Maximum value=237cm
Notel :SLSC is Standard least—squares criterion regarding 100—Year Probability.
Note? :Estimate value and error is a value by Jackknife Method regarding 100—year.
= Method for evaluating the stability of probability model.
Note3 : O- Shall meet the SLSC=0.04.
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Figure 3.5-1 Cua Cam Water Level Probabilities Plotted on Distribution Graph
3.6 Scour Depth Calculation Methods
3.6.1 Method 1:Farraday and Charlton Equations
Basic Equations:
y2=0.38(V1*y;)%®"xDgo %"’ (Sand Bed Channels)
y2=0.47(V Y1) 8xDgy 012 (Gravel Bed Channels)
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y>=51.4n%8%x (Vy,) %801, 74  (Cohesive Bed Channels)

y2> : Average Depth of General Scour (m)

y; : Average Flow Depth(m)

V; : Average Flow Velocity (m/s)

Dso: Size of the bed material Dso (mm)

Doo: Size of the bed material Dgo (Mmm)

n : Manning's roughness coefficient

1c: Critical Tractive Stress— Refer to Table 3.2-1
Table 3.6-1 Critical Tractive Stress for Cohesive Bed Materials

Void Ratio 20-1.2 1.2-0.6 0.6-0.3 0.3-0.2
Dry Bulk Density(kg/ms) 880-1,220 | 1,200-1,650] 1,650-2,030 | 2,030-2,211
Saturated Bulk Density (kg/m®) 1,550-1,740 | 1,740-2,030 | 2,030-2,270 | 2,270-2,370

mﬂ\ Critical Tractive Stress, N/m?

Sandy Clay 1.9 1.5 15.7 30.2
Heavy Clay 1.5 6.7 14.6 27.0
Clay 1.2 5.9 13.5 254
Loam Clay 1.0 4.6 10.2 16.8

Table 3.6-2 Multipliers for Estimating Total Scour Depth

Nature of Location Multiplier
Nose of groynes or abutments 20to 2.75
Flow imping at right angles on bank 2.25
Flow parallel to bank 1.5to 20

Source: Farraday, R.V. and F.G. Charlton ; HYDRAULICFACTORSIN BRIDGEDESIGN ; HydraulicsResearch
Station Limited, Wallingford, England ; 1983

3.6.2 Method 2:Blench Equations
Basic Equations:
y2=(q®/Fp)°*°
y2 : Average Depth of General Scour (m)
a : Average Design Unit Discharge=V1-y; (m°/s)
Fo : “ZeroBed Factor” (m/s®) - Find from graph below

A3-90



Appendix A3 Investigation of Natural Conditions

Median diameter of bed material (mm)
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Figure 3.6-1 Relation of Blench’s “Zero Bed Factor” to Size of Bed Material
Source: Blench, T. ; MOBILE-BED FLVIOLOGY ; University of AlbertaPress ; Edmonton, Canada ; 1969.
3.7 Estimation of Design Wind Speed

3.7.1 Observation Data and Analysis of Wind Velocity

For wind direction and velocity, data from 1995 to 2014 at Phu Lien/Kien An is used as seen in
Table 3.7-1.
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Table 3.7-1 Wind Direction and Velocity Datum (1995-2014)

TOC PO GLO
CAO NHAT THANG HUGNG VA NGAY XUAT HIEN
MAXIMUM WIND SPEED MONTIILY IN DIRECTION AND DATE

Tram Phi Lién , Kién An, Hai Phong / Station: Phu Lien, Kien An district, Hai Phong
Donvitinh:m/s  Unit m/s

Month i 1 v v VI VI vIn X X X1 XI | Maimum
Year ™
1995dd | NW N SE 3 NE S SSE NW ENE N NNW | NNE NW
| R 7 7 3 9 3 3 8 25 12 05 12 3 25
Date| 4 3 i 20 4 7 7 i 25 3 7 38 4T
Ao L NE Sk Sk iDL BE L SSE kSt | N s L BE | ONW f  SSE
Exbx| 7 7 1 10 10 10 38 35 12 3 10 7 38
Date| 1 15 16 19 4 5 24 23 21 7 4 7 34V
1997 | NNE N NE NW NW NW SE NW N NE NE NE NW
ExFx| 7 [ 3 3 g I8 9 i3 io 7 10 10 33
Date| 23 i 3 3 3 32 3 3 23 37 15 7 23T
[ 1o9s E SE B WNW | SW N SSE NE N N N E N
Fxlx| & 9 g 36 I8 3i i io 0 [ g i 305
Date] 5 i6 % [ 3 g i 5 10 3 31 1 101X
1999 NI CSL SE 3 NNE SE NW W NL SL NNE | NNC NW
Exkx| & 7 g g o 73 i7 4 i7 B i3 73

Source: The Northeast Meteorologic Hydrologic Centre
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(1) Characteristics of Wind Direction

Figure 3.7-1 shows asummary of the wind direction ratio when maximum wind vel ocity occurred
during the 20-year record period, and Figure 3.7-2 shows a summary of the maximum wind

velocity in each direction.

Figure 3.7-1 Wind Direction Ratio
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Figure 3.7-2 Maximum Wind Velocity in Each Direction

(2) Characteristics of Wind Velocity

Table 3.7-2 shows records of the monthly wind velocity from 1995 to 2014 and Figure 3.7-3
presents a summary for each year.

Table 3.7-2 List of Maximum Wind Velocity Phu Lien/Kien An (1995-2014)

Phu Lien/Kien An—Hai Phong

Maximum wind velocity (m/s)

o Yonth| 4 2 3 4 5 6 7 8 9 | 10| 11| 12
1995 | 7 7 | 8 | 9 [ 8 [ 8 [ 8 [25 |12 |15 12 ] 8
1996 | 7 7 |11 |10 |10 |10 |38 [3 |12 | 8 |10 | 7
1997 | 7 6 | 8 |24 | 9 |18 |9 [33 |10 ]| 7 |10 ] 10
1998 | 8 | 9 | 8 | 20 |18 |21 |10 |10 |3 | 8 | 8 | 10
1999 | 7 6 | 7 | 8 | 9 |10 |23 [ 17 [ 14 |17 |15 | 13
2000 | 12 |10 |10 | 14 |13 [ 15 | 19 |24 |14 |18 | 13 | 11
2001 | 13 | 10 | 12 | 23 | 28 | 18 | 20 | 17 | 15 | 18 | 15 | 11
2002 | 10 | 11 | 12 | 14 | 19 | 16 | 16 | 14 | 16 | 13 | 10 | 16
2003 | 14 | 11 |14 | 15 | 18 | 22 | 22 |22 | 13 | 11 | 11 | 12
20046 |12 | 7 | 7 |10 [ 10 |14 |14 [11 |10 [12 | 8 | 16
2006 | 8 | 8 | 8 | 8 |12 | 14 | 28 | 18 | 18 | 7 7 | 12
2006 |10 | 8 | 8 |16 | 11 | 13 |16 |10 |10 | 9 |13 ] 6
2007 | 7 7 | 7 |10 [13 [10 [12 [13 |11 |12 [ 8 | 8
2008 | 6 6 | 6 7 |11 |16 | 12 | 18 | 14 | 9 7 7
2000 | 6 7 |12 {108 [10|8 [13]9 [10]s8 |8
200 | 5 | 8 |12 | 8 |16 | 10 | 22 | 14 |14 | 7 7 7
2011 5 | 5 |10 | 5 | 6 |10 |16 |14 |17] 38 |6 6
2012 | 5 | 5 | 7 |13 10 |10 12128 [20] 38 |7
2003 | 6 |10 |11 | 9 |12 |10 |10 [15 |10 | 7 |18 | 7
2014 | 7 7 | 8 | 9 9 9 | 8 |10 |18 | 9 7 | 17
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()1995-2004

(b) 2005-2014

Figure 3.7-3 Monthly Maximum Wind Velocity in Phu Lien/Kien An

(3) Probability Analysis for Wind Velocity

Table 3.7-3 summarizes the maximum wind velocity for each year at Phu Lien/ Kien An, Hai
Phong, and probabilities have been cal culated using these values.

Among the different probability distribution models, the following turned out to be a good fit:

1

2
3.
4

Gumbel distribution(Gumbel)

Generalized Extreme Value distribution (GEV 1)

Log Pearson type 111 distribution (LOGP3)
SQRT-exponentia type maximum distribution (SQRT-ET)
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In thisdistribution, the value of SLSC to evaluate fitness |essthan 0.04 are all models. Table 3.7-4
shows the results of the wind velocity probability analysis, and Figure 3.7-4 shows that 1
(Gumbel) best matches the probabilities for the wind velocity and is therefore selected.

Table 3.7-3 Maximum Wind Velocity Each Year at Phu Lien/ Kien An

Phu Lien/Kien An—Hai Phong

Maximum Wind
Year | day/Month Velocity (m/s) | direction
1995 4/August 25 NW
1996 24/ July 38 SSE
1997 23/August 33 NW
1998 [10/September 30 N
1999 25/ July 23 NW
2000 22/August 24 E
2001 9/May 28 WSW
2002 19/May 19 NW
2003 14/June 22 NW
2004 | 18/December 16 NE
2005 28/ July 28 ESE
2006 14/ July 16 SW
2007 12/August 13 SE
2008 27/June 16 SW
2009 16/August 13 SSN
2010 17/July 22 NE
2011 |30/September 17 NNW
2012 | 29/October 20 W
2013 | 11/November 18 NW
2014 |17/September, 18 NW

Table 3.7-4 Results of Wind Velocity Probability Analysis
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Figure 3.7-4 Probability Distribution Graph for Wind Velocity

Based on the observed data, the maximum design speed at the bridge site with a 100-year return
period is 47.2m/s (2min average wind speed, H=12m from land, land height 115m), and thisis
thus al so used as the design wind speed in Chapter 6.

3.7.2 Wind Load

(1) Design Wind Speed

The maximum wind speed obtained from the observed data and discussed in Chapter 3is47.2m/s
(2min average wind speed, H=12m from land, land height is 115m). The observation point is
located on atree-covered hill, and the elevation and ground roughness are very different from the
bridge sites. Here, the roughness category is set according to the Handbook on Wind Resistance
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Design for Road Bridges as shown in Table 3.7-5, and the wind speed is estimated at the bridge
locations. Although it is difficult to convert the wind speed because of the difference in atitude,
the observation site is an independent peak and the conversion rate for flat ground was used for
the correction.

Table 3.7-5 Wind Speed Conversion

Location Roughness | Modification Height Land Wind speed
category factor E1 from land height
Observation Il 0.83 12m 115m 47.2m/s (2min)
Site
Bridge site I 1.00 10m Om 37.9m/s (5min)

The average duration of wind speed is different from the 2min observation value and the 5min
design value. Since past studies show this difference to be about 1.05 and it seems varied, this
difference was ignored here.

L8

L7
1.6

1.5

14
1.3

1.2

11

1.0

Figure 3.7-5 Example of Relation Gust Factor Gs and Evaluation Time S
Refer to KOUKY OIII

The design wind speed is estimated as follows.

Vio =V, X (Zi)“ — 31.4[m/s]

m
Vy = Vi X (E1)=37.9[m/s]

V. = observation data= 47.2[m/s] (2min average wind speed)

Z, = observation elevation (height from land) = 127[m]

z = design eevation (height from land) = 10[m|

a = roughness factor = 0.16 (at bridge site, roughness category 11)

I 1.0(bridge site
E, = modification factor = ( I )/ 0.83(observation site)

In addition to the above estimation, according to TCVN 2737-1995, the 3sec wind speed in Hai
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Phong is 59m/sec, and the estimated 5min wind speed is about 39.3nmV/s - 34.7m/s with a gust
factor of 1.5-1.7. This value is ailmost the same as the design wind speed of 37.9m/s.

Table 3.7-6 Values of Vg for Wind Zone in Vietnam

Wind zone according to TCVN 2737-1995 Vg (m/s)
I 38
I 45
" 53
v 59

Vg : Basic 3-second gust wind speed with 100-year return period appropriate to the Wind Zone
in which the bridge islocated, as specified in Table 3.7-6:

Thefollowing equation is used for the design wind load for Nguyen Trai and VVu Yen Bridge.

p=05p(¥,)*C,G

Where:

P = wind pressure

Yol = mass density of air = 0.125 [kg s¥m4]
Cy = drag coefficient

G = gust factor

Va = design wind velocity 37.9 [m/s]
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Appendix A4 TRAFFIC SURVEYS AND TRAFFIC DEMAND
FORECAST

4.1 Results from the Traffic Count Survey

4.1.1 Daily Traffic Variation Calculations

For survey stations 1 to 4, traffic data was collected for 7 days while for survey stations 5 to 11,
traffic data was only collected for 4 days in total, 3 weekdays and 1 weekend. In order to
compare the daily traffic variation using the same baseline, the 4 day traffic data needed to be
extrapolated.

For survey stations 5 to 11, traffic data was only collected for 4 days in total, 3 weekdays and 1
weekend. To get the daily traffic variation for 7 days for the 4 day survey stations, by traffic
mode, first, the following equation was used to calculate the total traffic for 7 days for the 4
days survey station.

Total 7 Days Traffic (4 Days Survey Station) =

| A |

. 1 J 4Average Traffic 7 Days (; pays survey Statzon)l
ITotal 4 Days Trafflc (4 Days Survey Station) X7 Days

4Dayd lAVETage Traffic 4 Days (7 pays survey Statmn)l

Average 1 Day Traffic (4 Days Survey Station) Scaling Factor

Once the total 7 days traffic for the 4 days survey station was calculated, the daily traffic for the

missing days was calculated by mode by the following equation.

Avera‘ge Day x Traffic (7 Days Survey Station) l
| o4 2 X Total 7 Days Traffic
lTotal Average TTaffic (7 pays survey Station) l y ff (4 Days Survey Station)

Proportion of the Average Daily
Traffic by Day and by Mode (7
Day Survey Stations)
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The proportion of the average daily traffic by day and by mode for the 7 day survey stations
(Stations 1-4) are shown as follows.

Table 4.1-1 Proportion of the Average Daily Traffic by Day and by Mode

(7 Day Survey Stations)

Unit: vehicles

Average Daily Traffic the 7 Day Survey Stations (Stations 1-4)

Average for

Traffic Mode Monday Tuesday Wednesday Thursday Friday Saturday Sunday 7 Days
Bicycle 1,647 1,640 1,807 1,870 1,805 1,632 1,557 1,708
Cyclo 62 56 51 54 54 69 46 56
Motor-cycle 31,999 30,606 30,487 30,927 30,724 30,368 28,311 30,489
Car/Light Vehicles 4,577 4,520 4,674 4,688 4,518 4,785 4,408 4,595
Taxi 561 593 602 572 502 658 614 586
Minibus <=25 pax (Public/Private) 431 485 525 477 429 591 510 492
?ﬁ)‘lfjpﬂld at'gge bus>25 pax 758 650 668 653 716 750 745 706
Truck 8,443 8,939 9,009 9,435 9,214 8,035 5,515 8,370
Others 53 65 65 73 47 53 69 61
Total Vehicles 48,530 47,553 47,886 48,748 48,008 46,939 41,774 47,062
Proportion of the Average Daily Traffic by Day and by Mode for the 7 Day Survey Stations (Stations 1-4)
Traffic Mode Monday Tuesday Wednesday Thursday Friday Saturday Sunday Total

Bicycle 13.77% 13.71% 15.11% 15.64% 15.10% 13.65% 13.02% 100.00%
Cyclo 15.88% 14.34% 12.93% 13.70% 13.70% 17.61% 11.84% 100.00%
Motor-cycle 14.99% 14.34% 14.28% 14.49% 14.40% 14.23% 13.27% 100.00%
Car/Light Vehicles 14.23% 14.05% 14.53% 14.57% 14.04% 14.87% 13.70% 100.00%
Taxi 13.68% 14.45% 14.68% 13.96% 12.23% 16.05% 14.96% 100.00%
Minibus <=25 pax (Public/Private) 12.51% 14.07% 15.23% 13.83% 12.43% 17.14% 14.79% 100.00%
?{megilfcnl“;ﬂld at'gge bus>25 pax 15.34% 13.15% 1353% 13.23% 14.49% 15.19% 15.07% 100.00%
Truck 14.41% 15.26% 15.38% 16.10% 15.73% 13.71% 9.41% 100.00%
Others 12.54% 15.30% 15.19% 17.25% 11.12% 12.36% 16.24% 100.00%
Total Vehicles 14.73% 14.43% 14.54% 14.80% 14.57% 14.25% 12.68% 100.00%

An example for the calculation of the traffic volume for the days that were not surveyed for the
4 days survey station is shown below. In this example, at Survey Station 5 for the Truck vehicle

type, Thursdays, Fridays and Saturdays were not surveyed.
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Example of Estimating the Traffic Volume on the Non-Surveyed Days
Survey Station 5 (4 Days Survey Station)
Vehicle Type: Truck

Calculate the Total 4 Days Traffic (4 Days Survey Station)

Total Traffic
Volume for
thed
Surveyed
Vehicle Type Monday T uesday Wednesday T hursday Friday Saturday Sunday Days
Truck [ 1083] + [ 1048] + | 836] + | ] + | + [ | + [ 982] = [ 3929]
Calculate the Average 1 Day Traffic (4 Days Survey Station)
Day Traffic
(4 Days
Survey
Vehicle Type 4 Day Tota Station)
Truck 3929 / 4 = 982
Calculate the Average Traffic for the Surveyed Days for the 4 Day Survey Station using the 7 Day Survey Station Data
Average
Tratfic for 4
Days (7 Days
Survey
VehicleType Monday T uesday Wednesday T hursday Friday Saturday Snday Station)
Truck [ 8443] + [ e651] + [ 9009] + | ] + | | + [ | + [ 5274] = [ 29377] / 4 = 7344
Calculate the Scaling Factor for Estimating the 7 Day Traffic for the 4 Day Survey Station
Average Average
Traffic 7 Tralfic 4
Days (7 Day Days (7 Days )
Survey Survey Sealing
Vehicle Type  Station) Station) Factor
Truck [ 7972] 1+ [ 7344] = [1.085512]
Calculate the Total 7 Days Traffic for the 4 Days Survey Station
Average 1
Day Trafffic Total 7 Days
(4 Days Traffic (4
Survey Days Survey
Vehicle Type __station) aling Factor 7 Days Station)
Truck * [1.085512] * 7 0= 7464
Calculate the Traffic Volume for the Non-Surveyed Days
Proportion
of the Estimated
Average N
Daily Traffic Traffic
by Day and for the
for the Truck Total 7 Days Non-
Mode (7 Traffic (4
Days Survey Days Survey Surveyed
Station) Station) Days
Thusdy [ 1610%| * [ 7464] = [ 1202]
Friday [[1573%| * [ 7464] = [ 1174]
Sturday [[1371%| = [ 7464] = [ 1024
Final Results
VehicleType Monday T uesday Wednesday T hursday Friday Saturday Sunday
Truck [ 1063] [ 1048] [ 836] [ 1202 [ 1174] [ 1024] [ 982]

Figure 4.1-1 Example of Estimating the Traffic Volume on Non-Surveyed Days
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4.1.2 Details for the Ratio of Daily Traffic to Daytime Traffic

Theratio of daily traffic to daytime traffic is the proportion between the 24 hour traffic volume
and the 12 hour traffic volume and was calculated by the following equation by traffic mode.
From the traffic survey, the car/light vehicle and taxi modes were aggregated to the car mode
while minibuses and medium and large buses were aggregated to the bus mode for a more
simplified analysis.

24 Hour Traffic Volume by Mode

Ratio of Daily Traffic to Daytime Traffic = 12 Hour Traf fic Volume by Mode

After examining the hourly traffic volume for the survey stations to see the traffic profile and
morning and evening peak hours, it was determined to calcul ate the 12 hour traffic volume from
7:00 to 19:00.

The values for the ratio of daily traffic to daytime traffic for the 7 day and 4 day survey stations
for al survey days aswell asthe 7 day and 4 day averages are shown in the following tables.
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Table 4.1-2 Ratio of Daily Traffic to Daytime Traffic for the 7 Day Survey Stations

7 Day Survey Stations — Ratio of Daily Traffic to Daytime Traffic

(1) QLS, Nomura q 7 Day
Industrial Park Monday Tuesday Wednesday Thursday Friday Saturday Sunday T
Motorcycles 137 141 1.40 141 1.39 135 131 1.38
Cars 137 134 131 134 141 1.38 1.39 137
Buses 127 1.28 132 133 1.29 131 142 1.32
Trucks 1.63 1.67 1.66 1.69 170 172 174 1.69
(2) QL10, Kien q 7 Day
Bridge Monday Tuesday Wednesday Thursday Friday Saturday Sunday T
Motorcycles 1.36 1.39 131 131 1.30 1.28 1.25 131
Cars 134 1.33 1.34 134 1.45 1.36 134 1.36
Buses 133 141 1.34 1.29 1.33 137 145 1.36
Trucks 1.49 1.47 151 1.49 1.55 1.64 1.65 154
(3) TL359, Binh q 7 Day
Bridge Monday Tuesday Wednesday Thursday Friday Saturday Sunday Average
Motorcycles 131 131 133 131 134 1.30 1.29 131
Cars 133 1.33 132 1.28 134 133 132 1.32
Buses 133 1.29 142 131 1.36 143 157 1.39
Trucks 1.26 1.32 1.29 127 1.32 1.30 1.36 1.30
(4) AH14, Dong Hai . 7 Day
Bridge Monday Tuesday Wednesday Thursday Friday Saturday Sunday Average
Motorcycles 127 127 1.29 1.29 1.28 127 134 129
Cars 1.26 1.29 1.29 1.29 131 1.29 1.39 1.30
Buses 1.23 134 135 1.25 1.32 1.30 161 1.35
Trucks 1.67 1.76 173 1.82 177 175 175 1.75

Note: Arithmetic mean used to calculate the average

Source: Study Team
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Table 4.1-3 Ratio of Daily Traffic to Daytime Traffic for the 4 Day Survey Stations

4 Day Survey Stations — Ratio of Daily Traffic to Daytime Traffic

Szigg[; B Monday Tuesday Wednesday Thursday Friday Saturday Sunday A‘:/(];:{;e

Motorcycles 1.46 1.44 1.40 131 1.40
Cars 1.32 127 135 122 1.29
Buses 1.47 137 111 171 141
Trucks 115 115 116 118 116
g:i(?g]:elo’ Cia Monday Tuesday Wednesday Thursday Friday Saturday Sunday A‘:/g':)ée

Motorcycles 1.37 1.22 1.44 1.37 1.35
Cars 135 1.30 144 1.32 135
Buses 143 1.25 137 137 135
Trucks 1.56 152 1.55 1.56 1.55
,(1‘,7313‘:7;5;‘; E:::y Monday Tuesday Wednesday Thursday Friday Saturday Sunday Aig':)g]e

Motorcycles 1.33 131 1.35 1.33 1.33
Cars 1.28 1.25 1.28 1.35 1.29
Buses 137 1.42 148 1.43 142
Trucks 135 1.39 137 1.38 137
gzing];m’ [Rramiiac Monday Tuesday Wednesday Thursday Friday Saturday Sunday Aig':)g]e

Motorcycles 134 1.40 133 1.26 133
Cars 127 1.36 137 1.29 132
Buses 1.36 1.43 133 147 1.40
Trucks 153 152 1.49 161 1.54
(ng’l;?iael:l 21“5[;;1;6 Monday Tuesday Wednesday Thursday Friday Saturday Sunday Aig':)g]e

Motorcycles 1.32 132 1.32 1.30 1.32
Cars 131 132 137 129 1.32
Buses 1.38 1.43 137 1.62 145
Trucks 1.28 1.26 1.24 1.25 1.26
(Sltgze gt’r;(::gl %l:_igge Monday Tuesday Wednesday Thursday Friday Saturday Sunday Aig':)g]e

Motorcycles 1.28 1.30 131 138 1.32
Cars 1.36 1.36 1.39 1.40 1.38
Buses 138 134 1.36 143 1.38
Trucks 135 1.38 148 1.62 1.46
]()1(11)1 :gzm vem Monday Tuesday Wednesday Thursday Friday Saturday Sunday Aig':)g]e

Motorcycles 127 125 127 1.28 127
Cars 1.40 137 143 1.36 1.39
Buses 1.26 125 134 1.25 127
Trucks 116 116 1.20 123 119

Note: Arithmetic mean used to calculate the average

Source: Study Team
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4.1.3 Details for the Peak Ratio
Peak ratio values for all days of the week as well as average values for weekdays and weekends

for al survey stations are shown as follows.

Table 4.1-4 Peak Ratio for Survey Stations 1 and 2

(1) QLS, Nomura Industrial Park

Inbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday 17\/[]2:3; Wl\(j[eel::lay W;[eel;e:d
Motorcycles 0.32 0.33 0.28 0.26 0.29 0.22 0.13 0.26 0.29 0.17
Cars 0.10 0.11 0.12 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Buses 0.11 0.14 0.13 0.14 0.13 0.12 0.15 0.13 0.13 0.13
Trucks 0.12 0.12 0.11 0.12 0.13 0.13 0.12 0.12 0.12 0.12
Outbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday 17\/[]2:3; Wl\(j[eel::lay W;[eel;e:d
Motorcycles 0.22 0.21 0.22 0.20 0.22 0.18 0.14 0.20 0.21 0.16
Cars 0.10 0.10 0.11 0.10 0.10 0.10 0.12 0.11 0.10 0.11
Buses 0.14 0.13 0.15 0.12 0.13 0.15 0.14 0.14 0.13 0.15
Trucks 0.10 0.11 0.11 0.12 0.12 0.12 0.11 0.11 0.11 0.11
(2) QL10, Kien Bridge
Inbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday K/l]z:r): W;;;Ty W;;elf:d
Motorcycles 0.20 0.20 0.17 0.16 0.17 0.16 0.11 0.17 0.18 0.14
Cars 0.12 0.12 0.11 0.11 0.12 0.20 0.12 0.13 0.12 0.16
Buses 0.15 0.16 0.13 0.12 0.15 0.12 0.15 0.14 0.14 0.14
Trucks 0.12 0.12 0.12 0.12 0.11 0.12 0.11 0.12 0.12 0.12
Outbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday K/l]z:r): W;;;Ty W;;elf:d
Motorcycles 0.16 0.17 0.18 0.16 0.18 0.15 0.13 0.16 0.17 0.14
Cars 0.11 0.11 0.10 0.11 0.12 0.11 0.13 0.11 0.11 0.12
Buses 0.14 0.13 0.14 0.14 0.14 0.14 0.25 0.15 0.14 0.19
Trucks 0.11 0.12 0.11 0.11 0.11 0.10 0.11 0.11 0.11 0.11

Note: Arithmetic mean used to calculate the average

Source: Study Team
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Table 4.1-5 Peak Ratio for Survey Stations 3 and 4
(3) TL359, Binh Bridge
Inbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday K/l]z:r): W;:el:ilay W;:elf:d
Motorcycles 0.18 0.16 0.15 0.18 0.17 0.15 0.12 0.16 0.17 0.14
Cars 0.13 0.12 0.12 0.11 0.13 0.11 0.13 0.12 0.12 0.12
Buses 0.16 0.18 0.21 0.18 0.15 0.13 0.16 0.17 0.17 0.14
Trucks 0.12 0.12 0.13 0.12 0.12 0.13 0.12 0.12 0.12 0.12
Outbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday K/l]z:r): W;:el:ilay W;:elf:d
Motorcycles 0.14 0.14 0.14 0.14 0.15 0.13 0.12 0.14 0.14 0.13
Cars 0.11 0.11 0.11 0.12 0.11 0.12 0.12 0.11 0.11 0.12
Buses 0.16 0.17 0.16 0.15 0.16 0.16 0.24 0.17 0.16 0.20
Trucks 0.12 0.12 0.12 0.13 0.14 0.12 0.12 0.13 0.13 0.12
(4) AH14, Dong Hai Bridge
Inbound
. 7 Day Weekday Weekend
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday Mean Mean Mean
Motorcycles 0.18 0.18 0.16 0.18 0.17 0.14 0.11 0.16 0.17 0.13
Cars 0.14 0.11 0.11 0.16 0.12 0.11 0.10 0.12 0.13 0.11
Buses 0.20 0.20 0.21 0.23 0.13 0.17 0.18 0.19 0.19 0.17
Trucks 0.11 0.11 0.12 0.14 0.13 0.12 0.10 0.12 0.12 0.11
Outbound
q 7 Day Weekday Weekend
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday Mean Mean Mean
Motorcycles 0.26 0.24 0.23 0.23 0.23 0.24 0.13 0.22 0.24 0.18
Cars 0.16 0.18 0.14 0.15 0.15 0.14 0.12 0.15 0.15 0.13
Buses 0.21 0.26 0.24 0.18 0.25 0.29 0.18 0.23 0.23 0.23
Trucks 0.11 0.11 0.12 0.11 0.11 0.11 0.10 0.11 0.11 0.11

Note: Arithmetic mean used to calculate the average

Source: Study Team
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Table 4.1-6 Peak Ratio for Survey Stations 5 and 6

(5) TL 352, Si Bridge
Inbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;’l]z:r): W;:el:ilay Weekend
Motorcycles 0.44 0.43 0.38 0.15 0.35 0.42 0.15
Cars 0.11 0.15 0.12 0.13 0.13 0.13 0.13
Buses 0.15 0.22 0.25 0.25 0.22 0.21 0.25
Trucks 0.14 0.12 0.14 0.13 0.13 0.13 0.13
Outbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;’l]z:r): W;:el:ilay Weekend
Motorcycles 0.21 0.22 0.19 0.12 0.18 0.21 0.12
Cars 0.12 0.14 0.11 0.18 0.14 0.12 0.18
Buses 0.23 0.20 0.14 0.18 0.19 0.19 0.18
Trucks 0.13 0.13 0.13 0.14 0.13 0.13 0.14
(6) QL10, Gia Bridge
Inbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ?V[le)e:l); W;[e;c:lay Weekend
Motorcycles 0.21 0.21 0.20 0.16 0.19 0.21 0.16
Cars 0.13 0.13 0.12 0.14 0.13 0.13 0.14
Buses 0.15 0.15 0.12 0.14 0.14 0.14 0.14
Trucks 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Outbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ?V[le)e:l); W;[e;c:lay Weekend
Motorcycles 0.17 0.17 0.17 0.14 0.16 0.17 0.14
Cars 0.13 0.13 0.10 0.12 0.12 0.12 0.12
Buses 0.14 0.14 0.11 0.17 0.14 0.13 0.17
Trucks 0.14 0.14 0.12 0.10 0.13 0.14 0.10

Note: Arithmetic mean used to calculate the average

Source: Study Team

A4-9




Socialist Republic of Vietnam

Preparatory Survey on Hai Phong Arterial Road Construction Project

FINAL REPORT
Table 4.1-7 Peak Ratio for Survey Stations 7 and 8

(7) TL359, Thuy Trieu/Ngu Lao
Inbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;’l]z:r): W;:el:ilay Weekend
Motorcycles 0.16 0.15 0.16 0.13 0.15 0.16 0.13
Cars 0.15 0.13 0.14 0.13 0.14 0.14 0.13
Buses 0.16 0.16 0.14 0.20 0.17 0.15 0.20
Trucks 0.11 0.13 0.11 0.13 0.12 0.12 0.13
Outbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;’l]z:r): W;:el:ilay Weekend
Motorcycles 0.15 0.14 0.16 0.13 0.14 0.15 0.13
Cars 0.12 0.11 0.13 0.12 0.12 0.12 0.12
Buses 0.23 0.24 0.28 0.13 0.22 0.25 0.13
Trucks 0.11 0.12 0.12 0.13 0.12 0.11 0.13
(8) QL10, Tram Bac Bridge
Inbound

Monday Tuesday | Wednesday | Thursday Friday Saturday lsil;; ;/[]::z W;;[eel;tilay Weekend
Motorcycles 0.38 0.43 0.40 0.14 0.34 0.40 0.14
Cars 0.14 0.15 0.11 0.15 0.14 0.13 0.15
Buses 0.13 0.15 0.12 0.18 0.15 0.13 0.18
Trucks 0.13 0.13 0.12 0.11 0.12 0.13 0.11
Outbound

Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ?V[le)e:l); W;[e;c:lay Weekend
Motorcycles 0.27 0.26 0.26 0.14 0.24 0.27 0.14
Cars 0.11 0.14 0.12 0.15 0.13 0.12 0.15
Buses 0.13 0.15 0.12 0.18 0.15 0.13 0.18
Trucks 0.10 0.11 0.11 0.11 0.11 0.11 0.11

Note: Arithmetic mean used to calculate the average

Source: Study Team
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Table 4.1-8 Peak Ratio for Survey Stations 9 and 10

(9) Phan Dang Luu St., Kien An Bridge

Inbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;’l]z:r): W;:el:ilay Weekend
Motorcycles 0.19 0.19 0.20 0.18 0.19 0.19 0.18
Cars 0.10 0.11 0.11 0.12 0.11 0.11 0.12
Buses 0.28 0.13 0.18 0.13 0.18 0.20 0.13
Trucks 0.11 0.11 0.10 0.11 0.11 0.11 0.11
Outbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;’l]z:r): W;:el:ilay Weekend
Motorcycles 0.21 0.21 0.22 0.20 0.21 021 0.20
Cars 0.11 0.12 0.11 0.11 0.11 0.11 0.11
Buses 0.16 0.18 0.19 0.23 0.19 0.18 0.23
Trucks 0.12 0.12 0.10 0.11 0.11 0.11 0.11
(10) Truong Chinh Street, Niem Bridge
Inbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;/[2:3; W;[eel::lay Weekend
Motorcycles 0.18 0.17 0.19 0.13 0.17 0.18 0.13
Cars 0.10 0.12 0.11 0.11 0.11 0.11 0.11
Buses 0.11 0.12 0.13 0.14 0.13 0.12 0.14
Trucks 0.12 0.13 0.13 0.13 0.13 0.13 0.13
Outbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;/[2:3; W;[eel::lay Weekend
Motorcycles 0.16 0.16 0.16 0.13 0.15 0.16 0.13
Cars 0.10 0.10 0.10 0.11 0.10 0.10 0.11
Buses 0.11 0.11 0.10 0.11 0.11 0.11 0.11
Trucks 0.13 0.15 0.13 0.11 0.13 0.14 0.11
Note: Arithmetic mean used to calculate the average
Source: Study Team
Table 4.1-9 Peak Ratio for Survey Station 11
(11) Pham Van Dong St.
Inbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;/II(::r}: W;/:;Ty Weekend
Motorcycles 0.19 0.18 0.19 0.11 0.17 0.19 0.11
Cars 0.14 0.13 0.12 0.12 0.13 0.13 0.12
Buses 0.17 0.13 0.20 0.11 0.15 0.17 0.11
Trucks 0.12 0.13 0.11 0.11 0.12 0.12 0.11
Outbound
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday ;/[I::z W;/[e:::lay Weekend
Motorcycles 0.15 0.18 0.14 0.10 0.14 0.16 0.10
Cars 0.11 0.11 0.10 0.11 0.11 0.11 0.11
Buses 0.12 0.11 0.11 0.12 0.11 0.11 0.12
Trucks 0.13 0.11 0.12 0.12 0.12 0.12 0.12

Note: Arithmetic mean used to calculate the average

Source: Study Team
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4.2 Calculations for the Analysis of the Vehicle Occupancy Survey

For the bicycle, cyclo, motorcycle, car/light vehicles and taxi modes, because the occupancies
for these vehicle types generally do not vary by much, the arithmetic mean was used. For the
minibus and medium and large bus modes, because the occupancies can vary, the weighted
arithmetic mean was used to cal culate the average for all survey stations based on the number of

vehicles surveyed at each station.

The distribution and cumulative distribution of the vehicle occupancies for minibuses and

medium and large buses are shown as follows.
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Source: Study Team
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4.3 Results from the Roadside Origin Destination Survey

The roadside OD interview survey was carried out at the roadside at approximately the same
locations as the traffic count and vehicle occupancy surveys by the local contractor with the
support of the Traffic Police.

The roadside OD interview survey was conducted at 4 locations for 2 weekdays and 1 weekend
day and at 7 locations for 1 weekday and 1 weekend day.

Thisinformation is summarized as follows.

Table 4.3-1 Summary of the Roadside OD Interview Survey

Total
Survey Survey Days | Survey Days Survey

Survey Station Hours (weekday) (weekend) Days
(1) QL5, Nomura Industrial Park 12 2 1 3
(2) QL10, Kien Bridge 12 2 1 3
(3) TL359, Binh Bridge 12 2 1 3
(4) AH14, Dong Hai Bridge 12 2 1 3
(5) TL352, Si Bridge 12 1 1 2
(6) QL10, GiaBridge 12 1 1 2
(7) TL359, Thuy Trieu/Ngu Lao 12 1 1 2
(8) QL10, Tram Bac Bridge 12 1 1 2
(9) Phan Dang Luu St., Kien An Bridge 12 1 1 2
(10) Truong Chinh Street (at Niem Bridge) 12 1 1 2
(11) Pham Van Dong St. 12 1 1 2

Source: Study Team

(1) Private Mode Drivers

The total number of persons interviewed for drivers of private modes for al 11 survey stations
were 12,195. The breakdown by travel mode by numbersis shown in the following table and the
proportion is shown in the figure below. A large majority of those interviewed were motorcycle
driversat 78.5%.

The sampling rate for all vehicles by survey station as well as by vehicle type by survey station
is aso shown asfollows.
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Table 4.3-2 Number of Private Mode Drivers Interviewed by Survey Station

Private Drivers Interviewed
Total Total
Bicycle - Motorcycle Car - Respondents/Survey Traffic Sampling
Survey Station driver - driver driver Others Station Count* Rate
(1) QL5, Nomura Industrial Park 29 801 225 17 1,072 66,672 1.61%
(2) QL10, Kien Bridge 0 637 133 0 770 29,693 2.59%
(3) TL359, Binh Bridge 0 922 339 2 1,263 80,086 1.58%
(4) AH14, Dong Hai Bridge 51 877 268 0 1,196 45,015 2.66%
(5) TL352, Si Bridge 22 793 154 5 974 23,612 4.12%
(6) QL10, Gia Bridge 9 705 225 0 939 31,430 2.99%
(7) TL359, Thuy Trieu/Ngu Lao 82 639 293 0 1,014 27,499 3.69%
(8) QL10, Tram Bac Bridge 2 793 193 0 988 23,021 4.29%
(9) Phan Dang Luu St., Kien An Bridge 114 841 159 0 1114 30,584 3.64%
(10) Truong Chinh Street (at Niem Bridge) 0 1,113 280 0 1,393 142,702 0.98%
(11) Pham Van Dong St. 1 1,447 24 0 1,472 37,128 3.96%
Total 310 9,568 2,293 24 12,195 537,441 2.271%

Note: *Total Traffic Count for each survey station was re-proportioned based on the number of days and hours of the OD roadside interview survey because the
traffic count survey was conducted for 24 hours/7 days for survey stations 1-4 and 24 hours/4 days for survey stations 5-11 while the OD roadside interview
survey was conducted for 12 hours/3 days for survey stations 1-4 and 12 hours/2 days for survey stations 5-11.

Table 4.3-3 Sampling Rate by Private Mode

Source: Study Team

Sampling Rate by Vehicle Type

Survey Station Bicycle - driver Motorcycle - driver Car - driver Others
(1) QL5, Nomura Industrial Park 1.03% 1.51% 2.08% 13.03%
(2) QL10, Kien Bridge 0.00% 2.55% 3.39% 0.00%
(3) TL359, Binh Bridge 0.00% 1.36% 4.47% 1.90%
(4) AH14, Dong Hai Bridge 2.54% 2.34% 4.98% 0.00%
(5) TL352, Si Bridge 0.70% 4.04% 19.43% 6.87%
(6) QL10, Gia Bridge 0.34% 2.82% 6.06% 0.00%
(7) TL359, Thuy Trieu/Ngu Lao 2.58% 2.82% 18.86% 0.00%
(8) QL10, Tram Bac Bridge 0.45% 3.96% 7.71% 0.00%
(9) Phan Dang Luu St., Kien An Bridge 4.11% 3.27% 7.91% 0.00%
(20) Truong Chinh Street (at Niem Bridge) 0.00% 0.90% 4.05% 0.00%
(11) Pham Van Dong St. 0.03% 4.97% 0.47% 0.00%
Total: 0.84% 2.13% 4.56% 3.02%

Source: Study Team
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Proportion of Persons Interviewed for the Private
Mode

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

2|5% 0.2%

Interviewed

Proportion of Persons

W Bicycle - driver @ Motorcycle - driver @ Car - driver @ Others

Source: Study Team

Figure 4.3-1 Proportion of Persons Interviewed for the Private Mode for
All Survey Stations

1) Average Travel Time by Mode for Private Drivers

The travel mode with the longest average travel time was car drivers with an average travel time
of 31.78 minutes. The average travel time for both cars and motorcycles was observed to be
roughly the same. On the other hand, the mode with the shortest average travel time was bicycle
riders with an average travel time of 13.48 minutes.

Table 4.3-4 Summary of the Average Travel Time by Private Mode

Bicycle Motorcycle Car Others
Average Travel Time 13.48 3155 31.78 15.60
Sample Size 310 9,568 2,293 24

Note: Average travel time was calculated using the geometric mean

Source: Study Team
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2) Descriptive Statistics for the Average Travel Time by Mode for Private Drivers

The descriptive statistics for average travel time by private mode is shown in the table as

follows.
Table 4.3-5 Summary of the Descriptive Statistics of Travel Time by Private Mode
Descriptive Statistic of Travel Time Bicycle Motorcycle Car Others
Mean (mins) 13.64 31.83 32.10 15.87
Lower Confidence Interval (95%) 12.76 3138 31.07 11.62
Upper Confidence Interval (95%) 14.57 32.28 33.15 2154
Sample Size 310 9,568 2,293 24

Note: Data was transformed by using the following formula:
Original Data = x, Transformed Data = y=In(x+1), Reconverted Data = z=exp(y)-1

Histograms for the travel time of each mode are shown as follows and it can be seen that the
digtribution for the travel time for each mode are log-normal and therefore the original data was
transformed by a natural logarithm function to obtain a normal distribution in the natural
logarithm domain in order to calculate the arithmetic mean and confidence intervals and the data

Source: Study Team

was then transformed back into the original units by taking an exponential function.
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Original Data: x
Travel Time of Bicycles (Private Drivers)

Transformed Data: y=In(x+1)
Travel Time of Bicycles (Private Drivers)
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Original Data: x Transformed Data: y=In(x+1)
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Figure 4.3-2 Histogram of the Travel Time by Private Modes

3) Trip Purpose by Travel Mode

For motorized transport, motorcycle and car, and bicycle the main trip purposes are to home and
to work and the proportion is roughly the same.

Trip Purpose for Bicycle Drivers

= To home
= To work
= To school (study)
m To work/business
= To send/pick up other family members or friends
= To go shopping/the market
= To eat (not at home)
= To exercise
Joyriding
= Social/recreation/religious

Other private purposes
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Trip Purpose for Motorcycle Drivers

= To home

= To work

0.6%

0.2% _4
o.s%/\

= To school (study)

m To work/business

= To send/pick up other family members or friends
= To go shopping/the market

= To eat (not at home)

5.3%
= To exercise
Joyriding
w Social/recreation/religious
7.4% 9
= Other private purposes
2.4% private puip

Trip Purpose for Car Drivers

= To home
= To work

= To school (study)

0.6%

0.2% _#:
0.8%

5.9%'

9.9%

m To work/business

= To send/pick up other family members or friends

y

= To go shopping/the market
= To eat (not at home)
= To exercise
Joyriding
= Social/recreation/religious

= Other private purposes

0.7%

Trip Purpose for Others

®To home
= To work
= To school (study)
® To work/business
= To send/pick up other family members or friends
= To go shopping/the market
= To eat (not at home)
= To exercise
Joyriding

= Social/recreation/religious

= Other private purposes

Note: *Only 24 samples were observed for the Others mode and among those 24 samples, 50% of the trip purposes were for
exercising.

Source: Study Team

Figure 4.3-3 Trip Purpose by Private Drivers Travel Mode
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4) Willingness to Pay for Private Drivers

The following is an analysis of Willingness to Pay for Private Drivers. Willingness to Pay
questions were added to the roadside OD interview survey in order to get the data needed to
determine the toll fee for both the Nguyen Trai and Vu Yen Bridges if the Vietnamese authorities
decide to implement atoll for using the bridges.

In the roadside OD interview survey for private drivers, respondents were also asked about their
willingness to pay to reduce their travel time. One of the questions asked were if survey
respondents were willing to pay 6,000 VND to reduce 10 minutes of travel time. The
willingness to pay an amount of 6,000 VND was determined based on past experience of
working on the "Preparatory Survey on Transit Oriented Development in Binh Duong Province
and BRT Development Project in the Socialist Republic of Vietnam" conducted by JICA in
February 2014.

Over 60% of drivers of motorized transport such as motorcycle and car were willing to pay
while for non-motorized transport, bicycle and others, more than 90% of respondents were not

willing to pay.
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Table 4.3-6 Willingness to Pay for 6,000 VND to Reduce 10 Minutes of Travel Time by

Mode (Number of Respondents)

Travel Mode - Private Drivers

Bicycle - driver Motorcycle - driver Car - driver Others
Yes 31 5,822 1,488 2
No 279 3,746 805 22
Total Number of Respondents: 310 9,568 2,293 24

Source: Study Team

Willingness to Pay 6000 VND to Reduce 10 Min. Travel Time by
Private Drivers

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

100%

Bicycle - driver

Motorcycle - driver

Car - driver

Others

BYes ONo

Source: Study Team

Figure 4.3-4 Willingness to Pay to 6,000 VND to Reduce 10 Minutes of Travel Time by

Mode (Proportion)

Respondents were also asked about the maximum amount they were willing to pay if they
answered "Yes' to the question if they were willing to pay 6000 VND to reduce 10 minutes of
travel time. Among al modes, the average maximum amount varied from between around 9,500
VND to 14,000 VND. For the Others mode, only 2 samples were collected and so the average
maximum willingness to pay was not calculated for this mode as there were too few samples to

make a meaningful calculation.
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Table 4.3-7 Summary of the Average Maximum Willingness to Pay to Reduce 10 Minutes

of Travel Time

Bicycle Motorcycle Car Others*
Average Max. WTP (VND) 9,903 10,128 13,591
Sample Size 31 5,817 1,488 2

Note: *Too few samples to calculate an average value

The average was calculated by transforming the original data into natural log units and then the arithmetic mean was
calculated and the calculated values were then reconverted back into the original units using an exponential function

Source: Study Team

Last, if they answered "No" to the question if they were willing to pay 6,000 VND to reduce 10
minutes of travel time, respondents were asked if they were willing to pay 1/2 of that amount,
that is, 3,000 VND. It was found that if respondents were not willing to pay 6,000 VND to
reduce 10 minutes, a mgjority for each mode were also not willing to pay 3,000 VND to reduce

10 minutes.

6000 VND by Private Drivers

0% 10% 20%

30%

40% 50% 60%

70% 80%

Willingness to Pay 3000 VND to Reduce 10 Min. Travel Time if Unwilling to Pay

90%

100%

Bicycle - driver

Motorcycle - driver

Car - driver

Others

@Yes @No

10 Minutes of Travel Time

Source: Study Team
Figure 4.3-5 Willingness to Pay 3,000 VND if Unwilling to Pay 6,000 VND to Reduce

The statistics and distribution of data for the collected willingness to pay data are shown as

follows.

The descriptive statistics for the average maximum willingness to pay to reduce 10 minutes of

travel time are shown in the following table.
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Table 4.3-8 Summary of the Average Maximum Willingness to Pay to Reduce 10 Minutes

of Travel Time

Descriptive Statistic of the Max.
WTP Bicycle Motorcycle Car Others*
Mean (mins) 9,903 10,128 13,591
Lower Confidence Interval (95%) 8,818 10,008 13,246
Upper Confidence Interval (95%) 10,989 10,250 13,945
Sample Size 31 5,817 1,488

Note: * Too few samples to calculate an average value

The bicycle mode' s data distribution was found to be approximately normal and was not transformed. Data was
transformed using the following formula:

Original Data = x, Transformed Data = y=In(x+1), Reconverted Data = z=exp(y)-1

Source: Study Team
Histograms for the average maximum willingness to pay for each mode are shown as follows
and it can be seen that the distribution for the average maximum willingness to pay for the
motorcycle and car modes are log-normal and therefore the origina data was transformed by a
natural logarithm function to obtain a normal distribution in the natura logarithm domain in
order to calculate the arithmetic mean and confidence intervals and the data was then
transformed back into the original units by taking an exponentia function.
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Figure 4.3-6 Histogram of the Maximum Willingness to Pay by Private Mode
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5) Individual Income per Month by Travel Mode

For the walking and bicycle travel modes, a significant number of respondents said that they
had no income per month which means that these are probably students. For both motorized
modes of motorcycles and cars, the income range with the largest number of respondents is
between 3-4 million VND per month.

Income per Month by Travel Mode - Private Drivers
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Source: Study Team
Figure 4.3-7 Individual Income per Month by Travel Mode - Private Drivers

The average individual income per month by private travel mode is shown in the following table
and it can be seen that for bicycles, motorcycles and cars, the average individual income per
month ranges between 3 million VND to 5.3 million VND.

Table 4.3-9 Summary of the Average Individual Income per Month by Private Travel

Bicycle Motorcycle Car Others*
Average Individual Income per Month 4,003,433 4,646,322 6,092,420 -
(VND)
Sample Size 233 8,266 2,256 5

Note: *Not enough samplesto calculate a meaningful average value

Source: Study Team
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6) Descriptive Statistics for the Individual Income per Month by Travel Mode for
Private Drivers

The descriptive statistics for the average individual income per month by private travel mode is
shown in the following table.

Table 4.3-10 Descriptive Statistics of the Individual Income per Month by Private Travel

Descriptive Statistic of Individual
Income per Month Bicycle Motorcycle Car Others*
Mean (VND) 4,003,433 4,646,322 6,092,420
Lower Confidence Interval (95%) 3,734,141 4,591,954 5,951,296
Higher Confidence Interval (95%) 4,272,726 4,700,691 6,233,545
Sample Size 233 8,266 2,256

Note: *Not enough samples to calculate a meaningful average value
Arithmetic mean was used to calculate the mean.

Source: Study Team

The histograms for the individua income per month for drivers of each mode are shown as
follows. There is a large frequency of respondents who answered “None” with regards to
individual income. This is because in Vietnam, there is alarge informal economy and many of
the respondents were not comfortable in disclosing their individual income per month and hence
alarge number of respondents answered “None”.

Excluding the responses for “None” for each mode, it seems that the distributions are
approximately normal. Therefore, mean individual income per month for each private mode was
calculated using the arithmetic mean.
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Figure 4.3-8 Histogram of Individual Income per Month — Private Drivers
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(2) Public Mode Drivers

The total number of persons interviewed for drivers of public modes for all 11 survey stations
were 246. The breakdown by travel mode including walking are shown in the following table by
omitting modes such as cyclo, school bus and ferry of which there were no respondents. The
sampling rate is also given for taxis and buses. For other modes, the sampling rate is omitted
because not enough samples were collected during the interview survey.

Table 4.3-11 Number of Public Mode Drivers Interviewed by Survey Station

Public Drivers Interviewed by f’:hmis:in’lgype
Total N
Survey Station Total Traffic Sa;;l;)[l;ng Taxi Bus
XeOm | Taxi | Minibus | Stpdard | TOurist | Company | per | Respondents/ | Count® Sampling | Sampling
us élalioi Rate Rate

(1) QL5, Nomura 0 7 1 6 3 1 0 18 3,736 0.48% 0.75% 0.39%
Industrial Park
(2) QL10, Kien Bridge 0 0 0 20 0 0 0 20 2,196 0.91% 0.00% 1.14%
(3) TL359, Binh Bridge 1 27 1 3 0 0 1 33 3,062 1.08% 2.13% 0.22%
(4) AH14, Dong Hai 0 1 0 1 4 5 0 11 1,766 0.62% 0.12% 1.11%
Bridge
(5) TL352, Si Bridge 0 7 1 9 0 2 0 19 272 6.99% 7.82% 6.58%
(6) QL10, GiaBridge 0 2 1 11 13 0 0 27 2,019 1.34% 0.54% 1.52%
(7) TL359, Thuy 0 15 1 3 0 11 2 32 673 4.75% 7.08% 3.25%
Trieu/Ngu Lao
(8) QL10, Tram Bac 0 2 0 2 4 2 0 10 1,518 0.66% 0.70% 0.65%
Bridge
(9) Phan Dang Luu St., 0 8 0 6 2 10 0 26 749 3.47% 2.23% 4.62%
Kien An Bridge
(10) Truong Chinh 1 11 0 0 0 1 0 13 3,686 0.35% 0.49% 0.07%
Street (at Niem Bridge)
(11) Pham Van Dong St. 0 20 1 11 1 4 0 37 1,815 2.04% 1.99% 2.11%
All Survey Stations 2 100 6 72 27 36 3 246 21,491 1.14%

Note: Cyclo, School Bus and Ferry modes omitted as there were O respondents
*Total Traffic Count for each survey station was re-proportioned based on the number of days and hours of the OD roadside interview survey because the traffic
count survey was conducted for 24 hours/7 days for survey stations 1-4 and 24 hours/4 days for survey stations 5-11 while the OD roadside interview survey
was conducted for 12 hours/3 days for survey stations 1-4 and 12 hours/2 days for survey stations 5-11.

Source: Study Team
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Figure 4.3-9 Proportion of Persons Interviewed for Public Mode Drivers for

All Survey Stations

1) Origin-Destination by Mode

The origin and destination for city to city, city to out of city and out of city to out of city by
mode were counted. Of the standard bus drivers surveyed, 53% of trips started and ended in the
city while 35% of trips started and ended out of the city. A similar percentage of trips for tourist
bus drivers were also observed. On the other hand for minibuses and company buses, a large
majority of the trips started and ended within the city.

Xe Om

Taxi

Minibus

Standard Bus

Tourist Bus

Company Bus

Others

Origin-Destination by Public Mode

20% 30% 40% 50% 60% 70% 80% 90% 100%

100%

@City to City  @City to Out of City ~ @Out of City to Out of City

Source: Study Team

Figure 4.3-10 Origin-Destination by Public Modes
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2) Average Travel Time by Origin-Destination and by Mode

Among the xe om and taxi modes, average travel time within the city were between 19.9 and
22.5 minutes while average travel time on buses, excluding tourist buses and company buses

ranged from between 52.5 minutes to 56.7 minutes.

Table 4.3-12 Travel Time by Origin-Destination and by Mode

Origin-Destination

Average Travel Time (mins)

Xe Om Taxi Minibus Standard Tourist Bus Company Others
Bus Bus
City to City 2259 19.9Y 56.79 52.5% 55.79 51.29 32.070
City to Out of City - 118.6% 120.07 141.19 209.39 216.39 -
Out of City to Out of City - - 240.0° 304.19 247.89 270.09 -

Note:

a) Arithmetic mean used, no histogram due to insufficient samples

b) 1 sample only

1) Geometric mean used, refer to the histogram for the distribution
2) Arithmetic mean used, refer to the histogram for the distribution
3) Arithmetic mean used, refer to the histogram for the distribution
4) Arithmetic mean used, refer to the histogram for the distribution

Source: Study Team
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Figure 4.3-11 Histograms for Travel Time by Origin-Destination and by Mode

3) Average Seating Capacity by Origin-Destination and by Mode

The average seating capacity of public modes by origin-destination is tabul ated as follows.

Table 4.3-13 Average Seating Capacity by Origin-Destination and by Mode

Origin-Destination

Average Seating Capacity

Xe Om Taxi Minibus Standard Tourist Company Others
Bus Bus Bus
City to City 1.0 42 21.7 36.2 28.7 31.9 10.0
City to Out of City - 3.6 25.0 36.7 34.1 314 -
Out of City to Out of City - - 25.0 341 32.0 315 -

Note: Arithmetic mean used

Source: Study Team
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4) Average Number of Passengers on Board by Origin-Destination and by Mode

Comparing the average number of passengers on board with the average seating capacity, it can
be seen that buses in general, especialy within the city, are not widely used. On average, buses
areonly 1/3 or /2 full.

Table 4.3-14 Average Number of Passengers on Board by Origin-Destination and by
Mode

Origin-Destination Average Number of Passengers on Board (including the Driver)
Xe Om Taxi Minibus Standard Tourist Company Others
Bus Bus Bus
City to City 10 24 9.0 115 3.7 10.5 20
City to Out of City - 2.3 8.0 131 13.6 10.8 -
Out of City to Out of City - - 25.0 20.8 14.8 175 -

Note: Arithmetic mean used
Source: Study Team

5)
Looking at the individual income per month for public mode drivers by mode, income for xe om

drivers were lower than drivers of 4-wheeled vehicles. Of al the 4-wheeled vehicle drivers, a
large proportion earned between 4 million and 5 million VND.

Individual Income per Month for Public Mode Drivers by Mode

Income per Month by Travel Mode - Public Mode Drivers
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Figure 4.3-12 Income per Month by Travel Mode - Public Mode Drivers

It was calculated that the average individual income per month by public mode drivers ranged
between 4.5 million VND for taxi drivers to 6.1 million VND for charter bus drivers which
includes tourist and company bus drivers. Public bus drivers included standard bus and minibus
drivers.
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Table 4.3-15 Average Individual Income per Month by Public Mode Drivers

Taxi Drivers

Public Bus Drivers

Charter Bus Drivers

Average Individua Income per Month 4,549,000° 5,265,025° 5,516,982°
(VND)
Sample Size 100 78 63

Notes: a) Average for taxi drivers calculated using the arithmetic mean, b) Average for public bus drivers and charter bus drivers
was calculated by transforming the original data using a natural logarithmic function, calculating the arithmetic mean in the
natural log domain and then reconverting back to the original data units using an exponential function

Source: Study Team

6) Descriptive Statistics for the Individual Income per Month for Public Drivers

by Mode

The descriptive statistics for individual income per month by public mode drivers is shown in

the following table.

Table 4.3-16 Descriptive Statistics of Individual Income per Month by Public Mode

Drivers

Descriptive Statistic of Individual
Income per Month

Taxi Drivers

Public Bus Drivers

Charter Bus Drivers

Mean (VND) 4,549,000 5,265,025 5,516,982
Lower Confidence Interval (95%) 4,194,329 4,905,526 4,951,150
Upper Confidence Interval (95%) 4,903,670 5,650,869 6,147,479

Sample Size 100 78 63

For the public bus drivers and charter bus drivers data, the data was transformed and reconverted using the following formula:
Original Data = x, Transformed Data = y=In(x+1), Reconverted Data = z=exp(y)-1

Source: Study Team

The samples for the standard bus, tourist bus and company bus were aggregated to the
Chartered Bus category because there were not enough samples for each type of bus.

The histograms showing the distributions for taxi, public bus and chartered bus public drivers
are shown asfollows.

It can be seen that for individual income per month for taxi public drivers, the distribution is
approximately normal. However, the distributions of public bus drivers and charter bus drivers
are seen to be log-normal. As a result, the origina data was transformed using a natural
logarithmic function and the arithmetic mean was calculated in the natural log domain and the
calculated average values were then reconverted back to the original data units using an
exponential function.
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Figure 4.3-14 Histogram of Individual Income per Month for Charter Bus Drivers
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(3) Freight Mode Drivers
Freight mode drivers were surveyed based on the 4 different truck types as shown below.
Table 4.3-17 Types of Trucks Surveyed

Truck Type Truck Diagram Example of Surveyed Vehicle
Pickup Truck '
(o] o]
Rigid-Chassis Truck (2 axles)
Rigid-Chassis Truck (>=3 i
axles) ‘
Truck/Tractor-Trailer
(separated type) ‘
o o - 000

Source: Study Team
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The total number of persons interviewed for drivers of freight modes for all 11 survey stations
were 1,335. The breakdown by vehicle type is shown in the following table and the proportion
isin the table after. A majority of the freight vehicles surveyed were trucks with 2 axles (56% of
al trucks surveyed, see Figure 4.3-15).

Table 4.3-18 Number of Freight Mode Drivers Interviewed by Survey Station

Freight Drivers Interviewed
Freight
Rigid-Chassis Rigid-Chassis Total Freight Freight Drivers
Pickup Truck (2 Truck Truck/Tractor-Trail Drivers Drivers Total Sampling
Survey Station Truck axles) (>= 3 axles) er (separated type) /Survey Station Traffic Count* Rate
(1) QL5, Nomura Industrial 46 57 15 15 133 20,793 0.64%
Park
(2) QL10, Kien Bridge 44 35 20 3 102 6,761 1.51%
(3) TL359, Binh Bridge 18 76 4 4 102 2,712 3.76%
(4) AH14, Dong Hai Bridge 8l 205 46 30 362 19,779 1.83%
(5) TL352, Si Bridge 34 32 0 0 66 982 6.72%
(6) QL10, Gia Bridge 20 45 12 16 93 3,907 2.38%
(7) TL359, Thuy Trieu/Ngu 11 58 14 3 86 1837 4.68%
Lao
(8) QL10, Tram Bac Bridge 12 52 0 0 64 3,853 1.66%
(9) Phan Dang Luu St., Kien 20 66 7 1 94 2,495 3.77%
An Bridge
(10) Truong Chinh Street (at 27 60 7 2 96 3,047 3.15%
Niem Bridge)
(11) Pham Van Dong St. 54 62 6 15 137 1947 7.04%
Total 367 748 131 89 1,335 68,115 1.96%

Note: *Total Traffic Count for each survey station was re-proportioned based on the number of days and hours of the OD roadside interview survey because
the traffic count survey was conducted for 24 hours/7 days for survey stations 1-4 and 24 hours/4 days for survey stations 5-11 while the OD roadside
interview survey was conducted for 12 hours/3days for survey stations 1-4 and 12 hours/2 days for survey stations 5-11.

Source: Study Team

Table 4.3-19 Sampling Rate by Freight Vehicle Type

Sampling Rate by Freight Vehicle Type
Rigid-Chassis
Rigid-Chassis Truck (>=3 Truck/Tractor-Trail
Survey Station Pickup Truck Truck (2 axles) axles) er (separated type)

(1) QL5, Nomura Industrial Park 1.7% 1.8% 1.5% 0.1%
(2) QL10, Kien Bridge 20.8% 11% 2.4% 0.1%
(3) TL359, Binh Bridge 2.8% 5.0% 1.6% 1.3%
(4) AH14, Dong Hai Bridge 9.7% 8.9% 4.1% 0.2%
Total 4 Stations: 4.3% 3.7% 2.7% 0.1%

Source: Study Team
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Proportion of Persons Interviewed for Freight Mode
Drivers

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Persons Interviewed

@ Pickup Truck @ Rigid-Chassis Truck (2 axles)

B Rigid-Chassis Truck (>= 3 axles) D Truck/Tractor-Trailer (separated type)

Source: Study Team

Figure 4.3-15 Proportion of the Number of Freight Mode Drivers Interviewed

1) Loading Conditions by Vehicle Type

The breakdown of the loading condition by vehicle type is shown in the following table. From
the survey results, the vehicle type that is most fully loaded is the rigid-chassis truck with more
than 3 axles (loading condition Full and More: 27.8%, Figure 4.3-16) while among truck-tractor
trailer vehicles, only 6.5% were fully loaded. On the other hand, 40.2% of truck-tractor trailer
vehicles were hauling empty containers.
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Loading Condition by Vehicle Type
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Figure 4.3-16 Loading Condition by Vehicle Type

2) Container Size by Vehicle Type

The breakdown of container sizes hauled by truck vehicles is shown in the following table.
Among truck/tractor-trailers, standard 40 feet containers made up 67.4% of the containers being
transported while standard 20 feet containers made up 20.7%. Containers excluding 20, 40 feet

generally refer to 45 feet containers.

Container Size by Vehicle Type

0% 10% 20% 30% 40% 50% 60% 70%

80% 90%

100%

Pickup Truck 100.0%

Rigid-Chassis Truck (2 axles) 100.0%

Rigid-Chassis Truck (>= 3 axles) 100.0%

Truck/Tractor-Trailer (separated type) 20.7% 67.4%

4.3%

7.6%

@20 feet O40feet MContainer (excluding 20, 40 feet) @ Non-container

Figure 4.3-17 Container Size by Vehicle Type

Source: Study Team
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3) Average Maximum Loading Weight by Vehicle Type

The breakdown of the average maximum loading weight by vehicle type is shown in the
following table. The highest average maximum loading weight came from truck/tractor trailers

(separated type) with an average of 23.78 metric tons.

Table 4.3-20 Average Maximum Loading Weight by Vehicle Type
Truck/Tractor
Rigid-Chassis Rigid-Chassis Trailers
Pickup Trucks Trucks (2 axles) | Trucks (3 axles) | (separated type)
Average Maximum Loading Weight
(metric tons) 174 253 6.71 23.78
Sample Size 367 748 131 89

Note: For pickup trucks, rigid-chassis trucks (2 axles), rigid-chassis trucks (3 axles), the average was calculated by
transforming the original data using a natural logarithm function and then the arithmetic mean was used in the natural log
domain and then the data was reconverted back to the original units using aexponential function.

The average for truck/tractor trailers was calculated using the arithmetic mean.

Source: Study Team

4) Descriptive Statistics for the Average Maximum Loading Weight by Vehicle
Type for Freight Drivers

A summary of the descriptive statistics for the maximum loading weight by vehicle type is
shown in the following table.

Table 4.3-21 Summary of Descriptive Statistics for the Maximum Loading Weight

by Vehicle Type
Truck/Tractor
Descriptive Statistics of the Max Rigid-Chassis Rigid-Chassis Trailers
Loading Weight Pickup Trucks Trucks (2 axles) | Trucks (3 axles) | (separated type)
Mean (metric tons) 1.74 2.53 6.71 23.78
Lower Confidence Interval (95%) 157 2.37 5.56 21.61
Upper Confidence Interval (95%) 1.92 2.70 8.05 25.96
Sample Size 367 748 131 89

reconverted using the following formula:

For the pickup trucks, rigid-chassis trucks (2 axles) and rigid-chassis trucks (3 axles) the data was transformed and

Original Data= x, Transformed Data = y=In(x+1), Reconverted Data = z=exp(y)-1

Source: Study Team

The distributions for the maximum loading weight by vehicle type are shown in the following
histograms. It can be seen that except the truck/trailer vehicle type, the distributions are
log-normal distributed and therefore the average weight was calculated by transforming the
original data using the natural logarithm function and then the arithmetic mean was calculated in
the natural log domain and the calculated data was then reconverted back to the origina units
using an exponential function.
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Figure 4.3-18 Histogram of Max. Loading Weight by Vehicle Type
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5) Trip Frequency by Vehicle Type

The breakdown of the trip frequency by vehicle type is shown in the following table. For each
vehicle type, the mgjority of trips occur every day and if the trips do not occur every day then

trips occur at least 1-2 times per week (see Figure 4.3-19).

Trip Frequency by Vehicle Type

0% 10% 20% 30% 40% 50% 60% 70% 80%

90% 100%

Pickup Truck 55.6% 16.9% 6.8%

3.3%

Rigid-Chassis Truck (2 axles) 52.9% 26.9%

4.6%

Rigid-Chassis Truck (>= 3 axles) 58.0% 237%

Truck/Tractor-Trailer (separated type) 66.3% 6.7% 16.9%

0.0%

10.2%

13.9%

0.0%

6.7%

0.0%

84% 53%

0.09

9.0%

1.1%

BEveryday @Every weekend @1-2times/week @1-2 times/month  @1-2 times/year

@ Other

Source: Study Team

Figure 4.3-19 Trip Frequency by Vehicle Type
6) Average Travel Time by Vehicle Type

The breakdown of the average travel time, in minutes, by vehicle type is shown in the following
table. The truck/tractor trailer followed by the rigid-chassis trucks had the highest average travel

times at 114.05 minutes and 94.11 minutes respectively.

Table 4.3-22 Average Travel Time by Vehicle Type

Truck/Tractor
Rigid-Chassis Rigid-Chassis Trailers
Pickup Trucks Trucks (2 axles) | Trucks (3 axles) | (separated type)
Average Travel Time (mins) 48.49 56.51 94.11 114.05
Sample Size 367 748 131 89

Note: The average was calculated by transforming the original datainto natural log units and then the arithmetic mean was
calculated and the calculated values were then reconverted back into the original units using an exponential function

Source: Study Team
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7) Descriptive Statistics for the Average Travel Time by Vehicle Type for Freight

Drivers

A summary of the descriptive statigtics for the travel time by vehicle type for freight driversis

shown in the following table.

Table 4.3-23 Summary of the Descriptive Statistics of Travel Time by Vehicle Type

Truck/Tractor
Descriptive Statistics of the Travel Rigid-Chassis Rigid-Chassis Trailers

Time Pickup Trucks Trucks (2 axles) | Trucks (3 axles) | (separated type)
Mean (mins) 48.49 56.51 94.11 114.05
Lower Confidence Interval (95%) 43.97 52.76 77.08 92.92
Upper Confidence Interval (95%) 53.45 60.53 114.86 139.92
Sample Size 367 748 131 89
The data was transformed and reconverted using the following formula:
Original Data = x, Transformed Data = y=In(x+1), Reconverted Data = z=exp(y)-1

Source: Study Team

Histograms for the travel time of each mode are shown as follows and it can be seen that the
digtribution for the travel time for each mode are log-normal and therefore the average value
was calculated by transforming the original data using a natural logarithmic function and the
arithmetic mean was calculated in the natural 1og domain and the calculated values were then
reconverted into the original data units using an exponential function.
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Figure 4.3-20 Histogram of Travel Time by Vehicle Type
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8) Wiillingness to Pay for Freight Drivers

The following is an analysis of Willingness to Pay for Private Drivers. Willingness to Pay
questions were added to the roadside OD interview survey in order to get the data needed to
determine the toll fee for both the Nguyen Trai and Vu Yen Bridges if the Vietnamese authorities
decide to implement atoll for using the bridges.

In the roadside OD interview for freight drivers, respondents were also asked about their
willingness to pay to reduce their travel time. One of the questions asked were if survey
respondents were willing to pay 7,000 VND to reduce 10 minutes of travel time. The
willingness to pay an amount of 7,000 VND was determined based on past experience of
working on the "Preparatory Survey on Transit Oriented Development in Binh Duong Province
and BRT Development Project in the Socialist Republic of Vietnam" conducted by JICA in
February 2014. Over 67% of freight drivers for all vehicle types were willing to pay to reduce
travel time (see Figure 4.3-21).

Table 4.3-24 Willingness to Pay 7,000 VND to Reduce 10 Minutes of Travel Time by
Vehicle Type (Respondents)

Vehicle Type
Truck (more Trailer
Pick up for cargo | Truck (2 axles) than 3 axles) (separated type)
Yes 247 543 101 69
No 120 205 30 20
Total Number of Respondents 367 748 131 89

Source: Study Team
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Willingness to Pay 7,000 VND to Reduce 10 Min. of Travel Time by
Vehicle Type

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Pickup Truck

Rigid-Chassis Truck (2 axles)

Rigid-Chassis Truck (>= 3 axles)

Truck/Tractor-Trailer (separated type)

BYes ONo

Source: Study Team

Figure 4.3-21 Willingness to Pay 7,000 VND to Reduce 10 Minutes of Travel Time by
Vehicle Type (Proportion)

Respondents were also asked about the maximum amount they were willing to pay if they
answered "Yes' to the question if they were willing to pay 7,000 VND to reduce 10 minutes of
travel time. Among all modes, the average maximum amount varied from between around
11,000 VND to lessthan 14,000 VND (see Table 4.3-25).

Table 4.3-25 Average Maximum Willingness to Pay for Freight Drivers

Truck/Tractor
Rigid-Chassis Rigid-Chassis Trailers
Pickup Trucks Trucks (2 axles) | Trucks (3 axles) | (separated type)
Average Maximum WTP (VND) 13,461 12,482 11,262 13,461
Sample Size 245 543 101 69
Note: The average was calculated by transforming the original datainto natural log units and then the arithmetic mean
was calculated and the calculated values were then reconverted back into the original units using an exponential function

Source: Study Team

A4-47




Socialist Republic of Vietnam

Preparatory Survey on Hai Phong Arterial Road Construction Project

FINAL REPORT

Lastly, respondents that answered "No" to the question if they were willing to pay 7,000 VND

to reduce 10 minutes of travel time were asked if they were willing to pay 1,500 VND.

A magjority of respondents that answered "No" to the question of whether they were willing to
pay 7,000 VND to reduce 10 minutes of travel time also answered that they would not be
willing to pay 1,500 VND. For each vehicle type, the proportion of "No" responses ranged from

63% to 80% (see Figure 4.3-22).

Table 4.3-26 Willingness to Pay 1,500 VND to Reduce 10 Minutes of Travel Time

(Respondents)
Vehicle Type
Rigid-Chassis Truck/Tractor
Rigid-Chassis Trucks >=3 Trailer
Pickup Trucks Trucks (2 axles) axles) (separated type)
Yes 44 58 11 4
No 76 147 19 16
Total Number of Respondents 120 205 30 20

Source: Study Team

Pickup Truck

Rigid-Chassis Truck (2 axles)

Rigid-Chassis Truck (>= 3 axles)

Truck/Tractor-Trailer (separated type)

40%

50%

Willingness to Pay 1,500 VND to Reduce 10 Min. of Travel Time if
Unwilling to pay 7000 VND by Vehicle Type

60% 70% 80%

90%

100%

BYes ONo

Source: Study Team

Figure 4.3-22 Willingness to Pay 1,500 VND to Reduce 10 Minutes of Travel Time

(Proportion)
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The gatistics and distribution of data for the collected willingness to pay data are shown as

follows.

A summary of the descriptive statistics for the willingness to pay for freight driversis shown in

the following table.

Table 4.3-27 Summary of the Descriptive Statistics for the Maximum Willingness to Pay

to Reduce 10 Minutes of Travel Time by Vehicle Type

Truck/Tractor
Descriptive Statistics of the Max. Rigid-Chassis Rigid-Chassis Trailers

WTP Pickup Trucks Trucks (2 axles) | Trucks (3 axles) | (separated type)
Mean (VND) 13,461 12,482 11,262 13,461
Lower Confidence Interval (95%) 12,592 11,923 10,185 11,935
Upper Confidence Interval (95%) 14,389 13,067 12,452 15,183
Sample Size 245 543 101 69
The data was transformed and reconverted using the following formula:
Original Data= x, Transformed Data = y=In(x+1), Reconverted Data = z=exp(y)-1

Source: Study Team

Histograms for the maximum willingness to pay for each mode are shown as follows and it can
be seen that the distribution for the maximum willingness to pay for each mode are log-normal
and therefore the origina data was transformed using a natural logarithm function and the
arithmetic mean was calculated in the natural log domain and the calculated mean was then
reconverted back in the original data units using an exponential function.
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Figure 4.3-23 Histogram of Max. Willing to Pay by Vehicle Type
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9)
For pickup truck and rigid-chassis truck (2 axles) drivers, most drivers earned an individual
income per month of between 4-5 million VND while for rigid-chassis truck (3 axles or more)
drivers, most drivers earned an individual income per month of 6-8 million per month. For
drivers of truck/tractor trailers, a large proportion of drivers for this vehicle type earned
between 8-10 million VND per month (see Table 4.3-28 and Figure 4.3-24).

Individual Income per Month for Freight Mode Drivers by Mode

Table 4.3-28 Average Individual Income per Month by Vehicle Type

Rigid-Chassis Truck/Tractor
Rigid-Chassis Trucks (>=3 Trailers
Pickup Trucks Trucks (2 axles) axles) (separated type)
Average Individua Income per Month
by Vehicle Type (VND) 5,181,233 5,213,900 6,445,038 6,725,281
Sample Size 365 741 131 89
Note: The average was calculated using the arithmetic mean
Source; Study Team
Income per Month by Freight Drivers
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Figure 4.3-24 Income per Month by Freight Drivers
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10) Descriptive Statistics for the Individual Income per Month for Freight Mode
Drivers by Mode

A summary of the descriptive statistics for the individual income per month for freight mode
drivers by mode is shown in the following table.

Table 4.3-29 Summary of Descriptive Statistics for the Individual Income per Month

by Vehicle Type
Rigid-Chassis Truck/Tractor
Descriptive Statistics of the Rigid-Chassis Trucks (>=3 Trailers
Individual Income per Month Pickup Trucks Trucks (2 axles) axles) (separated type)
Arithmetic Mean (VND) 5,181,233 5,213,900 6,445,038 6,725,281
Standard Deviation 2,524,489 2,145,319 3,328,616 2,594,762
Kurtosis 5.19 5.36 1.00 1.42
Skewness 214 1.74 0.89 0.76
Sample Size 365 741 131 89
5,181,233 +/- 5,213,900 +/- 6,445,038 +/- 6,725,281 +/-
259,849 = 145,718 = 575,357 = 546,593 =
95% Confidence Level of the (4,921,384, (5,059,182, (5,869,681, (6,178,688,
Population Mean 5,441,082) 5,368,618) 7,020,396) 7,271,874)

Source: Study Team

The distributions for individual income per month for truck types are shown in the following
histograms and it can be seen that the distributions are approximately normally distributed
even though the skewness for pickup trucks and rigid-chassis trucks (2 axles) exceeds the
genera rules of thumb of lessthan 1 (greater than -1) for normal distributions.
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Figure 4.3-25 Histogram for the Individual Income per Month for Freight Mode
Drivers
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4.4 Axle Load Survey for Civil Works Design
4.41 Analysis Methodology for the Axle Load Survey Data

In order to assess the damage heavy commercial vehicles put on pavement, the raw measured
data in metric tons for each axle needed to be processed into an average equivalency factor
(EF) for each type of vehicle. The average EF for each type of vehicle represents the average
damaging effect of avehiclein each class, not the damaging effect for the average vehicle.

The EF is expressed as the number of standard (80 kN) axles that would cause the same
amount of damage. The relationship between the axle load and damage is a power relationship.
For example, a standard axle load of 8.16 metric tons will have an EF = 1, while doubling the
axle load to 16.32 metric tons will have an EF = 22.6, in other words, a damaging effect will
be 22 times bigger than that of standard 8.16 metric tons trucks, instead of just a double (2
times) damaging effect.

For each axle the EF was cal culated based on the following equation® :

P (axle load (metric tons))4'5
a 8.16

The calculated EF for each axle that was surveyed was then summed to get the total EF for
each vehicle surveyed.

The overall purpose of thisanalysisis to calculate the average EF value for each vehicle group
type.

For certain types of vehicle configurations, there were too few samples to caculate a
meaningful average value for the EF so the average EF was calculated based on the 4 mgor
commercial vehicletypes: rigid-chassis, truck-trailer, tractor-trailer and bus.

1 Overseas Road Note 40, A guide to axle load surveys and traffic counts for determining traffic loading on pavements, TRL
Limited/Department for International Devel opment of the United Kingdom (2004)
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Table 4.4-1 Commercial Vehicle Types for the Average EF Analysis

Commercial Vehicle Type Axles Axle Configuration
2 axles 11
2 axles 12
3axles 111
Rigid-Chassis
3 axles 122
4 axles 11.22
4 axles 12.22
Truck-Trailer 5 axles 1.2+222
5 axles 1.22-22
Tractor-Trailer
6 axles 1.22-222
Bus

Source: Study Team

The standard way to calculate the average EF value for each commercial vehicle type would
be to use the arithmetic mean, however, the arithmetic mean can only be used if the
distribution of the sampled data was normally distributed.

Before any calculation of the average or mean value, histograms were constructed for each
commercia vehicle type by survey station and for all of the survey stations.

After the histograms where constructed, it was found that most of the sampled data reflected a
log-normal distribution. Therefore the arithmetic mean could not be used to calculate the
average value. With a log-normal distribution, the geometric mean must be used to calculate
the mean value. However, with alog-normal distribution, it is not a simple task to calculate the
95% confidence intervals using conventional means like in the case of anormal distribution.

One way to overcome this is to transform the data with the log-normal distribution so that it
becomes a normal distribution. Taking a natura log (base €) of the sampled data will
normalize the data. When the transformed datais normally distributed, the usual conventional
methods could be used to calculate the mean (arithmetic mean) and the 95% confidence
intervals. In the figure below, the top histogram is log-normal distributed and by using a
natural log transformation of the original data, the data becomes normally distributed as shown
in the histogram on the bottom.
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Figure 4.4-1 Transforming Log-Normal Distributed Data to Normal Distributions

Once the mean and 95% confidence intervals are calculated, it is necessary to reconvert the
data back to the original units using an inverse function.

For the axle load data, in cases where the surveyed data was found to have a log-normal
digribution, the data was transformed by the following equations (for the equation to
transform the data, a constant value of 1 was added to the original data before taking the
natural log to ensure that the data remained positive):

Original Data (EF = Equivalency Factor): x = EF

Transformed Data Equation: y = In(x + 1)

Equation to Reconvert the Data: z = exp(y) — 1
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(1) Descriptive Statistics for Survey Station 1 Axle Load Data

Histograms and descriptive statistics for rigid-chassis trucks, tractor-trailers and buses for
survey station (1) are shown as follows.

1) Rigid-Chassis Trucks

The digtribution of the original data and the transformed data for rigid-chassis trucks for
survey station (1) are shown in the following figure. After taking a natural log transformation
of the original data, the data became normally distributed.

Original Data - Survey Station 1, Rigid-Chassis Trucks In(x+1) Transformed Data
Survey Station 1, Rigid-Chassis Trucks
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Source: Study Team

Figure 4.4-2 Original Data (Left), Transformed Data (Right) for Rigid-Chassis Trucks,
Survey Station 1

The descriptive statistics for the rigid-chassis trucks data for survey station (1) are shown in
the following table. After the data transformation, the skewness value reduced from 6.37 to
1.03 which fits the generd rules of thumb (between around -1 and 1) for anormal distribution.
The average EF value calculated for rigid-chassis trucks for survey station (1) is 2.77 (95%
confident that the mean lies between 2.25 and 3.38).

A4-58



Appendix A4 Traffic Surveys and Traffic Demand Forecast

Table 4.4-2 Descriptive Statistics for Rigid-Chassis Trucks, Survey Station 1

Station 1
Rigid-Chassis

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 591 133 277
Skewness 6.37 1.03 -
Lower Confidence Level
(95%) 3.37 118 2.25
Upper Confidence Level
(95%) 8.46 148 3.38
Sample Size 146 146 146

Note: EF = Equivalency Factor
Source: Study Team

2) Truck-Trailers

The digtribution of the original data and the transformed data for truck-trailers for survey
station (1) is shown in the following figure. After taking a natural log transformation of the
original data, the data became normally distributed.

Original Data - Survey Station 1, Truck-Trailer In(x+1) Transformed Data
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Figure 4.4-3 Original Data (Left), Transformed Data (Right) for Truck-Trailers,
Survey Station 1
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The descriptive statistics for the truck-trailer data for survey station (1) are shown in the
following table. After the data transformation, the skewness value reduced from 1.81 to 0.71
(between around -1 and 1) which fits the general rule of thumb for a normal distribution. The
average EF value calculated for truck-trailers for survey station (1) is 5.20 (95% confident that
the mean lies between 3.71 and 7.15).

Table 4.4-3 Descriptive Statistics for Truck-Trailers, Survey Station 1

Station 1
Truck-Trailer

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 6.43 1.82 5.20
Skewness 181 0.71
Lower Confidence Level
(95%) 3.97 1.55 371
Upper Confidence Level
(95%) 8.88 2.10 7.15
Sample Size 20 20 20

Note: EF = Equivalency Factor
Source: Study Team

3) Tractor-Trailers

The distribution of the original data and the transformed data for tractor-trailers for survey
station (1) are shown in the following figure. After taking a natural log transformation of the
original data, the data became normally distributed.
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Original Data - Survey Station 1, Tractor-Trailer In(x+1) Transformed Data
Survey Station 1, Tractor-Trailer
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Figure 4.4-4 Original Data (Left), Transformed Data (Right) for Tractor-Trailers,
Survey Station 1

The descriptive statistics for the tractor-trailer data for survey station (1) are shown in the
following table. After the data transformation, the skewness value reduced from 9.50 to -1.10
which fits the general rule of thumb (between around -1 and 1) for a normal distribution. The
average EF value calculated for tractor-trailers for survey station (1) is 5.92 (95% confident
that the mean lies between 5.58 and 6.27).

Table 4.4-4  Descriptive Statistics for Tractor-Trailers, Survey Station 1

Station 1
Tractor-Trailer

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y) -1
Mean 6.92 193 5.92
Skewness 9.50 -1.10
Lower Confidence Level
(95%) 6.46 1.88 5.58
Upper Confidence Level
(95%) 7.37 198 6.27
Sample Size 484 484 484

Note: EF = Equivalency Factor
Source: Study Team
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4) Buses

The distribution of the original data and the transformed data for buses for survey station (1)
are shown in the following figure. After taking a natural log transformation of the original data,
the data became normally distributed.

Original Data - Survey Station 1, Bus In(x+1) Transformed Data
Survey Station 1, Bus
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Figure 4.4-5 Original Data (Left), Transformed Data (Right) for Buses,
Survey Station 1
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The descriptive statistics for the bus data for survey station (1) are shown in the following
table. After the data transformation, the skewness value reduced from an aready low value of
0.55 to 0.08 which fits the general rule of thumb (between around -1 and 1) for a normal
distribution. The average EF value calculated for buses for survey station (1) is 0.71 (95%
confident that the mean lies between 0.53 and 0.91).

Table 4.4-5 Descriptive Statistics for Buses, Survey Station 1

Station 1
Bus

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 0.90 0.54 0.71
Skewness 0.55 0.08
Lower Confidence Level
(95%) 0.69 0.42 0.53
Upper Confidence Level
(95%) 111 0.65 0.91
Sample Size 68 68 68

Note: EF = Equivalency Factor
Source: Study Team
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(2) Descriptive Statistics for Survey Station 2 Axle Load Data

Histograms and descriptive statistics for rigid-chassis trucks, tractor-trailers and buses for
survey station (2) are shown as follows. In survey station (2), only 1 sample for truck-trailer
vehicles was surveyed and as aresult it was not possible to calculate an average EF value for
this vehicle type at this survey station.

1) Rigid-Chassis Trucks

The digtribution of the original data and the transformed data for rigid-chassis trucks for
survey station (2) are shown in the following figure. After taking a natural log transformation
of the original data, the data became normally distributed.

Original Data - Survey Station 2, Rigid-Chassis Trucks In(x+1) Transformed Data
Survey Station 2, Rigid-Chassis Trucks
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Figure 4.4-6 Original Data (Left), Transformed Data (Right) for Rigid-Chassis Trucks,
Survey Station 2

The descriptive statistics for the rigid-chassis trucks data for survey station (2) are shown in
the following table. After the data transformation, the skewness value reduced from 7.20 to
0.40 which fits the general rule of thumb (between around -1 and 1) for a normal distribution.
The average EF value calculated for rigid-chassis trucks for survey station (2) is 1.78 (95%
confident that the mean lies between 1.42 and 2.20).
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Table 4.4-6 Descriptive Statistics for Rigid-Chassis Trucks, Survey Station 2

Station 2
Rigid-Chassis

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 2.63 1.02 178
Skewness 7.20 0.40 -
Lower Confidence Level
(95%) 173 0.88 142
Upper Confidence Level
(95%) 3.54 116 2.20
Sample Size 93 93 93

Note: EF = Equivalency Factor
Source: Study Team

2) Tractor-Trailers

Next, the ditribution of the original datafor tractor-trailers for survey station 2 is shown in the
following figure. As shown, it can be seen that the origina data aready fits a normal
distribution and therefore no transformation of the data was necessary.

Original Data - Survey Station 2, Tractor-Trailer
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Figure 4.4-7 Original Data for Tractor-Trailers, Survey Station 2
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The descriptive statistics for the tractor-trailers data for survey station (2) are shown in the
following table. The skewness value of the original datais 0.62 which aready fits the general
rule of thumb (between around -1 and 1) for a normal distribution. The average EF value
calculated for rigid-chassis trucks for survey station (2) is 5.94 (95% confident that the mean
lies between 5.53 and 6.36).

Table 4.4-7 Descriptive Statistics for Tractor-Trailers, Survey Station 2

Station 2
Tractor-Trailer
Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 5.94
Skewness 0.62
Lower Confidence Level
(95%) 553
Upper Confidence Level
(95%) 6.36
Sample Size 205

Note: EF = Equivalency Factor
Source: Study Team

3) Buses

The distribution of the origina data and the transformed data for buses for survey station (2)
are shown in the following figure. After taking a natural |og transformation of the original data,
the data became approximately normally distributed.
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Original Data - Survey Station 2, Bus In(x+1) Transformed Data
Survey Station 2, Bus
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Figure 4.4-8 Original Data (Left), Transformed Data (Right) for Buses, Survey Station
2

The descriptive statistics for the bus data for survey station (2) are shown in the following
table. After the data transformation, the skewness value reduced from an aready low value of
1.28 to 0.92 which fits the genera rule of thumb (between around -1 and 1) for a normal
distribution. The average EF value calculated for buses for survey station (2) is 0.48 (95%
confident that the mean lies between 0.29 and 0.69).

Table 4.4-8 Descriptive Statistics for Buses, Survey Station 2

Station 2
Bus

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 0.67 0.39 0.48
Skewness 1.28 0.92 -
Lower Confidence Level
(95%) 0.40 0.25 0.29
Upper Confidence Level
(95%) 0.93 0.53 0.69
Sample Size 48 48 48

Note: EF = Equivalency Factor
Source: Study Team
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(3) Descriptive Statistics for Survey Station 3 Axle Load Data

Histograms and descriptive statistics for rigid-chassis trucks, tractor-trailers and buses for
survey station (3) are as follows. No truck-trailers were surveyed at this survey station.

1) Rigid-Chassis Trucks

The digtribution of the original data and the transformed data for rigid-chassis trucks for
survey station (3) are shown in the following figure. After taking a natural log transformation
of the original data, the data became normally distributed.

Original Data - Survey Station 3, Rigid-Chassis Trucks In(x+1) Transformed Data
Survey Station 3, Rigid-Chassis Trucks
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Figure 4.4-9 Original Data (Left), Transformed Data (Right) for Rigid-Chassis Trucks,
Survey Station 3

The descriptive statistics for the rigid-chassis trucks data for survey station (3) are shown in
the following table. After the data transformation, the skewness vaue reduced from 1.59 to
0.23 which fits the general rule of thumb (between around -1 and 1) for a normal distribution.
The average EF value calculated for rigid-chassis trucks for survey station (3) is 1.62 (95%
confident that the mean lies between 1.21 and 2.10).
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Table 4.4-9 Descriptive Statistics for Rigid-Chassis Trucks, Survey Station 3

Station 3
Rigid-Chassis

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 2.30 0.96 1.62
Skewness 159 0.23 -
Lower Confidence Level
(95%) 171 0.80 121
Upper Confidence Level
(95%) 2.89 113 210
Sample Size 65 65 65

Note: EF = Equivalency Factor
Source: Study Team

2) Tractor-Trailers

The distribution of the original data and the transformed data for tractor-trailers for survey
station (3) are shown in the following figure. After taking a natura log transformation of the
original data, the data became normally distributed.

Original Data - Survey Station 3, Tractor-Trailer In(x+1) Transformed Data
Survey Station 3, Tractor-Trailer
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Figure 4.4-10 Original Data (Left), Transformed Data (Right) for Tractor-Trailers,
Survey Station 3
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The descriptive statistics for the tractor-trailer data for survey station (3) are shown in the
following table. After the data transformation, the skewness value reduced from 3.62 to -0.92
which fits the general rule of thumb (between around -1 and 1) for a normal distribution. The
average EF value calculated for truck-trailers for survey station (3) is 5.43 (95% confident that
the mean lies between 4.41 and 6.63).

Table 4.4-10  Descriptive Statistics for Tractor-Trailers, Survey Station 3

Station 3
Tractor-Trailer

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 6.63 1.86 543
Skewness 3.62 -0.92
Lower Confidence Level
(95%) 5.26 1.69 441
Upper Confidence Level
(95%) 8.00 2.03 6.63
Sample Size 54 54 54

Note: EF = Equivalency Factor
Source: Study Team

3) Buses

The distribution of the origina data and the transformed data for buses for survey station (3)
are shown in the following figure. A number of transformations were tested but only the
natural log transformation caused the data to approximately resemble anormal distribution.
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Original Data - Survey Station 3, Bus In(x+1) Transformed Data
Survey Station 3, Bus
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Figure 4.4-11 Original Data (Left), Transformed Data (Right) for Buses,
Survey Station 3

The descriptive statistics for the bus data for survey station (3) are shown in the following
table. After the data transformation, the skewness value reduced from 1.50 to 1.27 which is
dlightly above the genera rule of thumb (between around -1 and 1) for a normal distribution.
The average EF value calculated for truck-trailers for survey station (3) is 0.31 (95% confident
that the mean lies between 0.16 and 0.48).

Table 4.4-11 Descriptive Statistics for Buses, Survey Station 3

Station 3
Bus

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y) -1
Mean 041 0.27 0.31
Skewness 1.50 1.27
Lower Confidence Level
(95%) 0.20 0.15 0.16
Upper Confidence Level
(95%) 0.62 0.39 0.48
Sample Size 35 35 35

Note: EF = Equivalency Factor
Source: Study Team
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(4) Descriptive Statistics for Survey Station 4 Axle Load Data

Histograms and descriptive statistics for rigid-chassis trucks and tractor-trailers for survey
station (4) are as follows. For truck-trailer vehicles only 4 were surveyed and this was not
enough to calculate a meaningful average EF value. Also, no buses were surveyed at this
survey station.

1) Rigid-Chassis Trucks

The distribution of the original data and the transformed data for rigid-chassis trucks for
survey station (4) are shown in the following figure. After taking a natural log transformation
of the original data, the data became normally distributed.

Original Data - Survey Station 4, Rigid-Chassis Trucks In(x+1) Transformed Data
Survey Station 4, Rigid-Chassis Trucks
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Figure 4.4-12 Original Data (Left), Transformed Data (Right) for Rigid-Chassis Trucks,
Survey Station 4

The descriptive statistics for the rigid-chassis trucks data for survey station (4) are shown in
the following table. After the data transformation, the skewness value reduced from 2.39 to
0.02 which fits the genera rule of thumb (between around -1 and 1) for a normal distribution.
The average EF value calculated for rigid-chassis trucks for survey station (4) is 3.00 (95%
confident that the mean lies between 2.45 and 3.63).
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Table 4.4-12 Descriptive Statistics for Rigid-Chassis Trucks, Survey Station 4

Station 4
Rigid-Chassis

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 401 1.39 3.00
Skewness 2.39 0.02 -
Lower Confidence Level
(95%) 3.18 124 245
Upper Confidence Level
(95%) 4.83 153 3.63
Sample Size 84 84 84

Note: EF = Equivalency Factor
Source: Study Team

2) Tractor-Trailers

The distribution of the original data and the transformed data for tractor-trailers for survey
station (4) are shown in the following figure. After taking a natura log transformation of the
original data, the data became normally distributed.

Original Data - Survey Station 4, Tractor-Trailer In(x+1) Transformed Data
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Figure 4.4-13 Original Data (Left), Transformed Data (Right) for Tractor-Trailers,
Survey Station 4
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The descriptive statistics for the tractor-trailer data for survey station (4) are shown in the
following table. After the data transformation, the skewness value reduced from 2.34 to -0.29
which fits the general rule of thumb (between around -1 and 1) for a normal distribution. The
average EF value calculated for tractor-trailers for survey station (4) is 4.67 (95% confident
that the mean lies between 4.20 and 5.19).

Table 4.4-13 Descriptive Statistics for Tractor-Trailers, Survey Station 4

Station 4
Tractor-Trailer

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 6.40 1.74 4.67
Skewness 2.34 -0.29
Lower Confidence Level
(95%) 5.72 1.65 4.20
Upper Confidence Level
(95%) 7.08 1.82 5.19
Sample Size 289 289 289

Note: EF = Equivalency Factor
Source: Study Team

(5) Descriptive Statistics for Axle Load Data for All Survey Stations

Lastly for the axle load survey data analysis, histograms and descriptive statistics for
rigid-chassis trucks, truck-trailers, tractor-trailers and buses for al 4 survey stations are shown
asfollows.

1) Rigid-Chassis Trucks

The distribution of the original data and the transformed data for rigid-chassis trucks for al
survey stations are shown in the following figure. After taking a natural log transformation of
the original data, the data became normally distributed.
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Original Data - All Survey Stations, Rigid-Chassis In(x+1) Transformed Data
Trucks All Survey Stations, Rigid-Chassis Trucks
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Figure 4.4-14 Original Data (Left), Transformed Data (Right) for Rigid-Chassis Trucks,
All Survey Stations

The descriptive statistics for the rigid-chassis truck data for all survey stations are shown in
the following table. After the data transformation, the skewness value reduced from 9.33 to
0.76 which fits the genera rule of thumb (between around -1 and 1) for a normal distribution.
The average EF value calculated for rigid-chassis trucks for all survey stations is 2.34 (95%
confident that the mean lies between 2.09 and 2.62).
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Table 4.4-14 Descriptive Statistics for Rigid-Chassis Trucks, All Survey Stations

All Survey Stations

Rigid-Chassis

Original Data Transformed Data Reconverted Data

Unit: x=EF y =In(x+1) z=exp(y)-1

Mean 411 121 2.34
Skewness 9.33 0.76 -
Lower Confidence Level

(95%) 3.10 113 2.09
Upper Confidence Level

(95%) 5.12 129 2.62
Sample Size 388 388 388

Note: EF = Equivalency Factor

2) Truck-Trailers

Source: Study Team

The distribution of the original data and the transformed data for truck-trailers for al survey
stations are shown in the following figure. After taking a natural log transformation of the
original data, the data became normally distributed.
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Figure 4.4-15 Original Data (Left), Transformed Data (Right) for Truck-Trailers, All

Survey Stations
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The descriptive statistics for the truck-trailer data for al survey stations are shown in the
following table. After the data transformation, the skewness value reduced from 1.98 to 0.58
which fits the general rule of thumb (between around -1 and 1) for a normal distribution. The
average EF value calculated for truck-trailers for all survey stations is 4.50 (95% confident
that the mean lies between 3.27 and 6.09).

Table 4.4-15 Descriptive Statistics for Truck-Trailers, All Survey Stations

All Survey Stations
Truck-Trailer

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 571 171 4.50
Skewness 1.98 0.58
Lower Confidence Level
(95%) 3.66 145 3.27
Upper Confidence Level
(95%) 7.76 1.96 6.09
Sample Size 25 25 25

Note: EF = Equivalency Factor
Source: Study Team

3) Tractor-Trailers

The distribution of the origina data and the transformed data for tractor-trailers for al survey
stations are shown in the following figure. After taking a natural log transformation of the
original data, the data became normally distributed.
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Original Data - All Survey Stations, Tractor-Trailer In(x+1) Transformed Data
All Stations, Tractor-Trailer
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Figure 4.4-16 Original Data (Left), Transformed Data (Right) for Tractor-Trailers, All
Survey Stations

The descriptive statistics for the tractor-trailer data for all survey stations are shown in the
following table. After the data transformation, the skewness value reduced from 5.97 to -0.80
which fits the general rule of thumb (between around -1 and 1) for a normal distribution. The
average EF value calculated for tractor-trailers for all survey stations is 5.37 (95% confident
that the mean lies between 5.14 and 5.62).

Table 4.4-16 Descriptive Statistics for Tractor-Trailers, All Survey Stations

All Survey Stations
Tractor-Trailer

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y) -1
Mean 6.56 1.85 5.37
Skewness 597 -0.80 -
Lower Confidence Level
(95%) 6.26 181 514
Upper Confidence Level
(95%) 6.87 1.89 5.62
Sample Size 1032 1032 1032

Note: EF = Equivalency Factor
Source: Study Team
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4) Buses

The distribution of the original data and the transformed data for buses for all survey stations
are shown in the following figure. After taking a natural log transformation of the original data,
the data became normally distributed.

Original Data - All Survey Stations, Bus In(x+1) Transformed Data
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Figure 4.4-17 Original Data (Left), Transformed Data (Right) for Buses, All Survey
Stations

The descriptive statistics for the bus data for all survey stations are shown in the following
table. After the data transformation, the skewness value reduced from 0.99 to 0.58 which fits
the general rule of thumb (between around -1 and 1) for anormal distribution. The average EF
value calculated for buses for al survey stations is 0.53 (95% confident that the mean lies
between 0.43 and 0.65).
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Table 4.4-17  Descriptive Statistics for Buses, All Survey Stations

All Survey Stations
Bus

Original Data Transformed Data Reconverted Data
Unit: x=EF y =In(x+1) z=exp(y)-1
Mean 0.71 0.43 0.53
Skewness 0.99 0.58 -
Lower Confidence Level
(95%) 0.57 0.35 0.43
Upper Confidence Level
(95%) 0.85 0.50 0.65
Sample Size 151 151 151

Note: EF = Equivalency Factor
Source: Study Team
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4.5 Survey Forms

4.5.1 Traffic Count Survey Form

0:30  0:35)

Source: Study Team

Figure 4.5-1 Sample Traffic Count Survey Form
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4.5.2 Vehicle Occupancy Survey Form

0:55

0:30)

0:35)

0:40)

0:45)

0:50}

0:55|

1:00|

Figure 4.5-2 Sample Vehicle Occupancy Survey Form

Source: Study Team
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4.5.3 OD Interview Survey Form for Private Drivers

‘ OD Interview Survey (Private Mode Drivers) ‘

BASIC INFORMATION

Q1. Survey Number [Q2. Supervisor Q3. Interviewer
Q4. Survey Location as. Survey Direction Q6. Date
L]k e 2 oo Ll
Q7. Day @8. Survey Time (hh:mm, 24h)
1 Monday 2 Tuesday 3 Wednesday 4  Thursday §  Friday 6  Saturday 7 Sunday ‘ | | | ‘ ) | |

INTERVIEW DATA

Q9. Traffic Mode

1 Walking 2 Bicyole - driver 3 Motorcycle - driver
4 Car- driver 5  Others
Q10 Origin (No., Street, (PhuongiXa), District, City/Province) Q11. Destination (No., Street (Phang/Xa), District, City/Province)
Ifitis a special zone (Port, Industrial park}, Pls write the name In specific) Ifitis a special zone (Port, Indusirial park), Pls write the name in specific)

Q12 Trip Purpose

1 ToHome 2 Towork 3 ToScnool (study) 4 AtworkiBusiness
5 To send/To pick up other famity mei6 T go shappingimarket 7 Toeat(not at home) 8 Tohave an exercise
9 oy riding 10 SocialRecreation/Relgious 11 Other private purposes | |
Q13 Travel Time (minutes) Q14 Are you willing to pay an additional 6000 VND if your trip in Q13
is reduced by 10 minutes?
L om [ ]

Q15 1f "Yes" was answered for Q14, what is the maximum amount Q16 If "No™ was answered for Q14 are you willing to pay 3000 VND?

— L] b e 2o [
Q17 What is your occupation? Q18 What is your individual income per month?
1 Leader of branches, administration levels and units 1 None 2 <200,000 VND 3 200000-400,000 VNG
2 Professional 3 Technical and associate professional 4 400,000-800000VND 5 800,000-1.5 milion VND 6  1.5-2 million VND.
4 Clerical worker 5 Service workers and shopimarkel sales workd7 2-3 million VND 8 34 milion VND 8 45 million VND
6 Skilled agriculture. forestry and fishery worker 10 56 million YND 11 68 million VND 12 810 million VND
7 Craft and related rades worker 8 Plant and machine operator and assembler |13 10-15 million VND 14 =15 million YND
el Elementary occupation 10 Student (slementary)
11 Student (high school & university) 12 Housewife
13 Jobless/RetirediToo young 14 Small vendors
15 Miliary people/police 16 Businessperson
17 Others ‘ | | |

Source: Study Team

Figure 4.5-3 Sample OD Interview Survey Form for Private Drivers - English
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cia ban & cau Q13 giam di 10 phat?

| | 1Cé 2 Khéng | |

Q15. Néu tra |61 "Co™ & cau 14, ban sin sang tra thém t6i da bao nhiéu tién d& Q16. Néu tra 16 "Khong” & cau 14, ban c6 sin sang tra 3000 VND?

giam thei glan di lal? | | | | | 1 co 2 Kheng | |
Q17. Nghé nghiep Q18. Thu nhap c4 nhan hang thang
1 Lanh dao co quan/ don vi 1 Khang co 2 <200,000 VND 3 200,000-400,000 VND
2 Chuyén gia 3 Kythuat vién |4 400,000-800,000WND 5§  800,000-1.5tri¢u VND 6  1.5-2 trigu VND
4 Nhan vién van phong s Nhan vién phuc vy bén hang & clra hang/ ch7 2-3 tridu VND 8  3-4trigu VND 9 45 tigu VND
6 Nong, lam, ngu nghigp 10 5-6 trigu VND 11 6-8 trigu VND 12 8-10 trigu VND
7 Nghé thi cong & thwong nghiép 8 Lap rap, van hanh may méc thiét bi 13 10-15 trigu VND 14 >15trigu VND
9 Lao dong so cap 10 Hog sinh tiéu hoc

11 Hec sinh trung hoc! Sinh vién 12 Njitror
13 Thét nghiép! Nghi huu/ Qua nhé 14 Budn ban nho
15 BO ddi/ Cong an 16 Thueng nhan

e owo || ||

Source: Study Team

Figure 4.5-4 Sample OD Interview Survey Form for Private Drivers - Vietnamese
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4.5.4 OD Interview Survey Form for Public Drivers

OD Interview Survey (Public Mode Drivers)

BASIC INFORMATION

[Q1. Survey Number Q2. Supervisor Q3. Interviewer
jQ4. Survey Location 5. Survey Direction jQ6. Date
[ ] ]| | moms 2 owsowns | | [«]v]v]u]u]o]
la7. Day las. survey Time (hh:mm, 2an)
1 Monday 2 Tuesday 3 Wednesday 4  Thursday 5 Friday 6 Saturday 7  Sunday | | ‘ ‘ | | |

INTERVIEW DATA

Q9. Plate Number Q10. If bus, route?

11, Traffic Mode

1 XeOm 2 Cydo 3 Taxi 4 Minibus (<=25 pax)

5 Standard Bus (25 pax) 6  TouristBus 7 Company Bus 8 School Bus

9 Femy 10 Others
ka12 Origin (No., Street (Phong/Xa), District, City/Province) lats ination (No., Street ( \a/Xa), District, City )

Ifit is a special zone (Port, Industrial park), Pls write the name in specific) it is a special zone (Port, Industrial park), Pls write the name in specific)
Q14 Number of Passengers on Board (Including Driver) Q15 Seating Capacity

Q16 Travel Time (minutes)

Ja17. What is your individual income per month?
1 None 2 <200,000 VND 3 200,000-400,000 VND

+  400,000-800,000VND 5 800,000-1.5 milion VND 6  1.5-2 millian VND

7 2-3 million VND & 34 milion VND 9 4-5 million VND
10 5-6 million VND 11 68 million VND 12 810 million VND
13 10-15 million VND 14 > 15 million VND

Source: Study Team

Figure 4.5-5 Sample OD Interview Survey Form for Public Mode Drivers - English
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Phéng van OD (ngwi la

i phwong tién céng céng)

THONG TIN CO BAN

Q1. Ma s khio sét

| | ]|

Q2. Nguisi gidm sét

03, Nhan vién phéng vén

ja4. Bia diém phong vén

5. Huong khao sit jos. Ngay

1 Vaongithanh 2  Ra ngoai thanh

7. Thir

1 Thir hai 2 Thirba 3 Thirtr 4 Thirnam §  Thirsau

jas. Thesi gian (hhzmm, 24h)

6 Thir bay 7 Chi nnml

THONG TIN PHONG VAN

Q9. Bién 56 xe

Q10 Néu 4 xe bujt thi Ia tuyén sb méy?

a1, Loai phurong tign

1 XeOm 2 Xichlo
5 Xebujt tiéu chuln (>25 chd) 6  Xe khach du lich
9 Pha 10 Knac

3 Tax 4 Xebujt nhd (<=25 chd)

7 Xe khach dua don nhan vién céng ty 8 Xe dua dén hoc sinh

| |

212 Noi xudt phit (S4 nha, Buéng, Phuéng! x&, Quén/ huyén, Tink! thanh phé)
Néu day 1a mdt khu vire dc bigt (cang , khu cang nghigp), hy viét tén cy thé

a13. Bidm aén (S& nha, Budng, Phudng! x4, Quin/ huyén, Tinhi thanh phé)
Néu ddy |a mdt khu vire déc bigt (cang , khu cong nghigp), hay viét tén cy thé

Q14,56 Iurgng hanh khach trén phuong tign (ké ca 14i xe)

JQ15 6 Iuwgng ghé ngdi trén phurong tien

Q16 Thi gian di lai (phat)

Q17 Thu nhip cé nhin hing thing

1 Khong eo 2 <200,000 VND 3 200,000-400,000 VND
[+ 400,000-800,000VND 5  B0D,000-1.5tiEU VND 6  1.5-2tridu VND

7 2-3wiéu wND 8 34iguVND 9 4-5trigu YND

10 56 tigu WND 11 68 trigu VND 12 810 tiigu YND

13 10-15 trigu VND 14 > 15 trigu VND

Source: Study Team

Figure 4.5-6 Sample OD Interview Survey Form for Public Mode Drivers - Vietnamese
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4.5.5 OD Interview Survey Form for Freight Drivers

OD Interview Survey (Freight Drivers)

BASIC INFORMATION

[Q1. Survey Number Q2. Supervisor Q3. Interviewer
|Q4. Survey Location |Q5. Survey Direction Q6. Date
[ L] b wome 2 owome | ] []+]¢]u]u]o]
la7. Day Q8. Survey Time (hh:mm, 24h)
1 Monday 2 Tuesday 3 Wednesday 4  Thursday 5  Friday 6 Saturday 7  Sunday | | ‘ ‘ | | |

INTERVIEW DATA

[210. Loading Condition
1 Emply Container 2 Container 3 Emply

1 Pick up for carga 2 Truck (2 axles) 3 Trugk (more than 3 axles) s 14 Fun 5 4zFul 6 34 Full

4 Trailer (separated type) | | 7 Full and more I |
Q11. Container Size Q12 What is the maximum loading weight (ton)?
1 20feet 2 4Dfeet 3 Container (exclude 20, 40 feet)
;T [ ] L]
Q13 Whatis the trip frequency?
1 Everyday 2 Everyweekencd  1-2 timesiweek 4 12tmesimonth & 1-2timesiyear 6 Other I |
[Q14. Origin (No., Street (Phong/Xa), District, City/Province) Q15 Destination (No., Street (Phong/Xa), District, City/Province)

Ifitis a special zone (Port, Industrial park), Pls write the name in specific) Ifit is a special zone (Port, Industrial park), Pls write the name in specific)

|| [ 11

Q16 Travel Time (minutes) Q17. Are you willing to pay an additional 6000 VND if your trip in Q16

is reduced by 10 minutes?
| | 1 Yes 2 No I |

Q18.1f “Yes" was answered for Q17, what is the maximum amount @19 1f “No™ was answered for Q18, are you willing to pay 3000 VND?

[ L] | ] ] e 2o | |

1 None 2 <200,000 VND 3 200,000-400,000 VND

you are willing to pay?

Q20 What is your individual income per month?

4 400,000-800,000VND 5 B00,000-1.5 milion VND 6  1.5-2 million VND

7 2-3milion VND & 34 milion VND 9 4-5million VND
10 5-6 million VND 11 6-8 million YND 12 810 milion VND
13 10-15 million VND 14 > 15 million VND

Source: Study Team

Figure 4.5-7 Sample OD Interview Survey Form for Freight Drivers - English
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Phéng van OD (ngwei lai phwong tién van tai hang héa)

THONG TIN CO BAN

Q1. Masskhiosit  |Q2. Ngusi giam sat |03, Nhan vién phéng vin
[ L] [ 1] |11
Q4. Bia diem phong vin Q5. Huong khao sat Q6. Ngay
[ L] b veomsvam 2 morgemmn | ] 1] L 1] ] ]
Q7. Thir Q8. Thoi gian (hh:mm, 24h)
1 Thir hai 2 Thiba 3 Thirtr 4 Thinam 5§  Thirsau 6 Thir bay 7 Chi mmw| | ‘ ‘ | | |
[@9. Loal phirong tién @10, Tinh trang chét tai
| Contaneridng 2 Containercéhang 3  Khong oo container
1 Xegomhinghoa 2  Xeldi (2 1) 3 Xetai (nhigu hon 3 truc) 4 1/ aiong 5 1124itong 6 34 tditrong
4 Xe moog (loai tach rai) | | 7 Déy tiva nhiéu hon I |
11, Kich thuéc Container @12, Xe che 16i da dugc bao nhiéu tin?
1 20feet 2 40 feet 3 Container khac (khong phai loai 20, 40 feet)
4 Khong phai container | | ‘ | | |
Q13. Tén sudt chuyén di
1 Hang ngay 2 Mol cudi tudn 3 120 win 4 121An thang 5 1210/ ndm 6 Khic I |
|Q14. Noi xuét phat (S4 nha, Buéng, Phudmgl xa, Qun/ huyén, Tinhf thanh phé) |a15. 8iém aén (56 nha, Budng, Phudmg! xa, Quan/ huyén, Tinhi thanh phé)
Néu day la mét khu vire dc bigt (cang , khu céng nghigp), hy viét tén cy thé Néu aay la mat khu virc dic biét (cang , khu céng nghigp), hay viét tén cy thé
[ ][] [ ||
1Q16 Thei gian di lai (phat) |Q17. Ban c6 san sang tra thém mt khoan 6000 VND néu thei gian chuyén di

«cUa ban & cau Q16 giam di 10 phut?
L] ] v o ||

jQ18. Néu tra 164 "Ca™ & céu Q17, ban san sang tra thém téi da bao nhigu tién dé Q19 Néu tré I "Khéng” & cau Q17, ban cé sn sang tra thém 3000 VND?

gidm thii gian di lgi?

[ L] ] ree 2 Knong | |

020, Thu nhip c4 nhin hang hing cia anhichj I3 bao nhisu?
1 Khéng co 2 <200,000 VND 3 200,000-400,000 VND

[+ 400,000-800,000VND 5  BOD00O-1.5WiEUUND 6  1.5-2 trigu VND

7 2-31éu VND B 3-41iduVND 9 45 gy VND
10 56 trigu VND 11 6-8 trigu VND 12 810 gy VND
13 10-15 trigu VND 14 > 15 trigu VND

Source: Study Team

Figure 4.5-8 Sample OD Interview Survey Form for Freight Drivers - Vietnamese
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4.5.6 Axle Load Survey Form

Source: Study Team
Figure 4.5-9 Axle Load Survey Form
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4.6 Details from the Traffic Demand Forecast

4.6.1 Summary of the Traffic Demand Forecasts

Table 4.6-1 Comparisons in the Traffic Volume Crossing the Cam River for the
Different Cases for 2020
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1 ] 1 I LI S B A | 1 1 1 I 1 1 R 2z o=

L | | | | | 1l | | _ | | | I |

Table 4.6-2 Comparisons in the Traffic Volume Crossing the Cam River for the
Different Cases for 2030
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4.6.2 Methodology for Determining the Traffic Capacity

The traffic capacity was calculated changing the Viethamese urban road design specifications
(TCXDVN104-2007) using the following formula.

C =nxl-Z-Ptt

hour

Ch24 = Chour * 5000/(D - K) - DN

Where:

Ptt: possible traffic volume per hour (PCU/hour/lane)

Z: weighting coefficient (affected by the dope)

n,;: humber of lanes

Chowr- Capacity per hour

D : peak hour directional factor (%)

K: 30" largest traffic volume in a year/average annual daily traffic volume (%) (this time, the
daytime 12 hour peak ratio was used instead)

DN: ratio of daily traffic to daytime traffic

Cho4: daily traffic volume (PCU/day)

Using the formula as shown above, the capacity of Nguyen Trai Bridge and Vu Yen Bridge
were calculated and are shown on the next page.
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Table 4.6-3 Determination of the Traffic Capacity of Vu Yen Bridge and

Nguyen Trai Bridge
Nguyen Trai Bridge
Vu Yen Bridge Nguyen Trai Bridge | access road to Le Thanh
Tong St.

Traffic survey station data that was used as a base . . . . . .
for calculations Kien Bridge Binh Bridge Binh Bridge
Ptt possibletraffic volume per hour 1800 1800 1800
(pcu/hour/lane)
Z: weighting coefficient (affected by the slope) 0.9322 1.000 1.000
n,;: number of lanes 4 4 1
Chowr: Capacity per hour 6,710 7,200 1,800
D: peak hour directional factor (%) 52.6 54.2 54.2
K daytime 12 hour peak ratio (peak h/12h) 132 145 145
DN: ratio of daily traffic to daytime traffic
(24n/12h) 1.442 1.321 1321
Cpz4: daily traffic volume (pcu/day) 70,000 61,000 16,000

Source: Study Team

2 According to the Highway Capacity Manual, the traffic volume is different based on the slope and proportion of large sized
vehicles.If the proportion of large sized vehiclesis 15%, the large sized vehicle pcu should be set as 2.75. At 0%, the pcu for large
sized vehicles should be set at 1.5. As a result, the traffic capacity is set at 70,000 pcu as this is 93.2% of the normal traffic
capacity: (1 pcu/2.75 peu)/(1 pcu/1.5 pcu) * 15% + 1 pcu * 85%.
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4.6.3 Analysis on the Necessity of a Grade-Separated Roundabout

For the examination of the effect on the roundabout located at the south end of Nguyen Trai
Bridge, the results of the congestion at the roundabout was shown, but whether or not an
improved roundabout would require grade separation or a signalized at-grade intersection, it is
necessary to make a judgement in advance. Therefore, a simplified analysis was done to
determine if the traffic volume would be manageable if the roundabout was changed to a
signalized intersection in 2020 when Nguyen Trai Bridge is built.

For the analysis methodology, the number of signal phases was defined and at the various
inputs to the intersection, the congestion rate was used to calculate the intersection demand
rate. Furthermore, the effect from oncoming traffic traveling straight at the intersection was
ignored, as it was estimated that this value wastrivial.

The formulafor the simplified traffic intersection demand rate is given by:

— Zn:l.N(Qn/Cn)
N/o

p
Where:

p: Simplified traffic intersection demand rate

Q,,: Traffic volume at various inputs to the intersection

C,: Traffic capacity at various inputs to the intersection (= 1,100 pcu/hour X number of lanes)
N: Number of input points to the intersection

¢: Number of signal phases (assumed as 2)

As aresult, for al cases, the simplified traffic intersection demand rate exceeded 1.0 and as a
result it was confirmed that a signalized intersection would not be able to manage the traffic
volume and a drastic measure such as grade separation need to be considered.

Furthermore, because thisis asimplified analysis, there is room for a more detailed anaysis.
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Simpified Traffic Intersection Demand Rate in 2020

2.00

150 |

135 1.29 135
117 117 116
1.00 093
- J
0.00 1 1 1 1 1 1

Current  Nguyen Trai Nguyen Trai Nguyen Trai Nguyen Trai Nguyen Trai Nguyen Trai
Situation  Bridge to Bridge with Bridge with Bridge to  Bridge with Bridge with
the the access the access the the access the access
roundabout roadtole roadtole roundabout roadtole roadtole
only + Vu Thanh Tong Thanh Tong only Thanh Tong Thanh Tong

Simpified Traffic Intersetion Demand Rate

Yen Bridge St.only + Vu St. and the St.only St .and the
Yen Bridge roundabout roundabout
+ Vu Yen
Bridge

Source: Study Team

Figure 4.6-1 Simplified Traffic Intersection Demand Rate for the Various Cases
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4.7 Impact of Existing Development Plans on the Bridges in this Study

This section describes the impacts of existing development plans in Hai Phong on the two
bridges in this study (Nguyen Trai Bridge and Vu Yen Bridge). There are two main existing
development plans that the study team judged to have a significant impact on the bridges in
this study. They are the construction of the Hoang Van Thu Bridge and the devel opment of the
new administrative centre north of the Cam River.

4.7.1 Impact of the Hoang Van Thu Bridge on the Bridges in this Study

(1) Background and Current Situation of Hoang Van Thu Bridge

Hoang Van Thu Bridge was origindlly listed as one of the bridges to be constructed by 2030 in
the Hai Phong Road Transportation Master Plan up to 2020 and Vision to 2030.

However, on 10 November 2015, the Hai Phong People’'s Committee announced in a press
conference that construction of the Integrated Political Administration Centre to be located on
the northern bank of the Cam River in Thuy Nguyen District was approved. The project will
contain two major components, the development of the new urban area and the construction of
Hoang Van Thu Bridge over the Cam River to connect the new urban area with the existing
city centre of Hai Phong.

The project will require atotal investment of around 10 trillion VND, of which 7 trillion VND
is needed for the construction of Hoang Van Thu Bridge and embankment for the Cam River.
The Hai Phong People’'s Committee suggested that the Vietnamese central government in
Hanoi should earmark 7 trillion VND for the construction of the bridge.

Duong Ngoc Tran, Head of the Municipa Department of Planning and Investment of Hai
Phong said that the plan to request the earmarked 7 trillion VND from the central government
was appropriate because of Hai Phong's position as one of leading contributors of revenue to
the central government, ranking third behind Hanoi and Ho Chi Minh City in the first six
months of 2015.

For the remaining 3 trillion VND of the project, the Hai Phong People’'s Committee said that
the funds would be mobilized from different sources, such as selling project land and
organizing auctions of theland lots.

Previoudly, plans for the construction of Hoang Van Thu Bridge had been mentioned in the
following decisions.

1 Decision No. 1841/QD-UBND dated 15th November 2011 by Ha Phong People's
Committee on approving the Detailed Plan (scale 1/5000) on Bac Song Cam new
urban areain District of Thuy Nguyen

2. Decision No. 2666/QD-UBND dated 1st December 2014 by Hai Phong People's
Committee on approving the Detailed Plan (scale 1/2000) on the new administrative
center in Bac Song Cam new urban area.

Currently, the detailed design for Hoang Van Thu Bridge has not yet been conducted and
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hence there is no information regarding the length of the bridge, width, type of structure and
etc.

The Vietnamese central government’s Ministry of Planning and Investment has not issued any
official documents although it said it approved the plan that the Hai Phong People's
Committee had submitted. The Ministry of Planning and Investment’s Deputy Minister Dao
Quang Thu said that the central government had not reached any decision on the matter as the
central government is facing a budget deficit and an increase in public debt.

However, by mid-November 2015, the Vietnamese central government ordered a suspension®
to the construction of new administrative centres due to the large cost and this presumably also
halts the Hai Phong People’'s Committee's plans to construct Hoang Van Thu Bridge in
advance of the Nguyen Trai and Vu Yen Bridges.

(2) Impact of Hoang Van Thu Bridge on Traffic Estimates

The results from the future traffic demand for 2020 and 2030 for 2 cases: with the construction
of Hoang Van Thu Bridge and without the construction of Hoang Van Thu Bridge is shown
below. Overal, if Hoang Van Thu Bridge is built, the forecasted traffic demand on Bien
Bridge, Nguyen Trai Bridge and Vu Yen Bridge will decrease compared to the situation if
Hoang Van Thu Bridge is not built.

3 Gov't asks provinces to halt construction of costly administrative centres. Vietnamnet.
http://english.vietnamnet.vn/fms/soci ety/146544/gov-t-asks-provinces-to-halt-constructi on-of -costly-admi ni strati ve-centers.html

A4-97



Socialist Republic of Vietnam
Preparatory Survey on Hai Phong Arterial Road Construction Project

Nguyen Trai
Bridge

Kien Bridge

Bien Bridge

@ Without the Hoang Van Thu Bridge @ With the Hoang Van Thu Bridge
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Figure 4.7-1 Traffic Demand Forecasts for 2020. With and Without the Hoang Van Thu

Bridge

Traffic Demand Forecasts for 2030
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Source; Study Team

Traffic Demand Forecast for 2030, With and Without the Hoang Van Thu
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1) Impact on Traffic Demand Estimates for Kien Bridge

The impact on traffic demand estimates from the construction of Hoang Van Thu Bridge will
be minimal as shown in the above figure.

2) Impact on the Traffic Demand Estimates for Bien Bridge

If Hoang Van Thu Bridge is built, the traffic demand estimates for Bien Bridge for 2020 will
decrease by 4,600 PCU/day and for 2030 will decrease by 6,000 PCU/day compared to the
case where Hoang Van Thu Bridge is not built. This represents an 11.5% and 9.1% decreasein
the estimated traffic demand for Bien Bridge in 2020 and 2030, respectively.

3) Impact on the Traffic Demand Estimates for Nguyen Trai Bridge

If Hoang Van Thu Bridge is built, the traffic demand estimates for Nguyen Trai Bridge for
2020 will decrease by 10,300 PCU/day and for 2030 will decrease by 15,800 PCU/day.
Building Hoang Van Thu Bridge will have a large impact on the traffic demand estimates for
Nguyen Trai Bridge because the decrease of 10,300 PCU/day in 2020 represents a 38.4%
decrease in the estimated traffic demand.

In 2030, the estimated traffic demand of Nguyen Trai Bridge without the construction of
Hoang Van Thu Bridge is 87,500 PCU/day and the bridge will be congested as it exceeds the
capacity of 70,000 PCU/day. With the construction of Hoang Van Thu Bridge, the estimated
traffic demand on Nguyen Trai Bridge in 2030 will decrease to 71,700 PCU/day and the
forecasted congestion on Nguyen Tral Bridge can be distributed to other bridges.

4) Impact on the Traffic Demand Estimates for Vu Yen Bridge

If Hoang Van Thu Bridge is built, the traffic demand estimates for Vu Yen Bridge for 2020 and
2030 will decrease by 800 PCU/day and 5,000 PCU/day respectively and this represents a
decrease of 2.8% and 8.4%, respectively. Therefore the construction of Hoang Van Thu Bridge
will have alarge impact on the estimated traffic demand for Vu Yen Bridge.

By 2030, due to the progress of urban development of the Vietnam-Singapore Industrial Park
Haiphong (V SIP Haiphong), it is estimated that there will be alarge increase in the number of
trips generated on the north bank of the Cam River. Asaresult, in case Hoang Van Thu Bridge
is not built, the trips across the Cam River will be distributed to Vu Yen Bridge due to
congestion at Bien Bridge and Nguyen Trai Bridge.

On the other hand, in case Hoang Van Thu Bridge is built, congestion on Bien Bridge and
Nguyen Trai Bridge will be mitigated and the necessity of crossing the Cam River viaVu Yen
Bridge will be decreased. As a result, the estimated traffic demand for Vu Yen Bridge is
decreased in case Hoang Van Thu Bridgeis built.

5) The Need for Hoang Van Thu Bridge in the Future

From the viewpoint of transport planning, it can be said that Hoang Van Thu Bridge is
necessary to meet the future increase in traffic demand across the Cam River. Especialy in
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2030, due to urban development on the north bank of the Cam River, the traffic demand will
increase and it is expected that the 4 bridges (Bien, Kien, Nguyen Trai, Vu Yen) will not be
able to meet the traffic demand. From the construction of Hoang Van Thu Bridge, the traffic
demand for crossing the Cam River will be distributed among the various bridges and it is
expected that Hoang Van Thu Bridge could be completed by 2030.

6) Estimated Year at Which Hoang Van Thu Bridge will be Necessary

In case Hoang Van Thu Bridge is constructed first before Nguyen Trai Bridge, based on the
traffic demand forecast from this study, the impact on the two bridges that are the focus of this
study (Nguyen Trai Bridge and VVu Yen Bridge) are summarized as follows.

Looking at Table 4.4-8 — Forecast of When the Traffic Volume will Exceed Capacity in
Chapter 4 of this study, if Nguyen Trai Bridge isfirst constructed, then by 2024, it is estimated
that the traffic volume will exceed the capacity of Nguyen Trai Bridge so by 2024, it would be
necessary for Nguyen Trai Bridge and Hoang Van Thu Bridge to be constructed. It can also be
said that the same situation would arise if Hoang Van Thu Bridge is constructed first instead of
Nguyen Trai Bridge. By 2024, at the very least, if the two new bridges are not built, then the
existing bridges will not be able to handle the traffic demand caused by the planned new
development on the north side of the Cam River.

In the case where both Nguyen Trai and Vu Yen Bridges are built first, then it was estimated
that Nguyen Trai Bridge reaches maximum capacity in 2027 and at this time, construction of
Hoang Van Thu Bridge will be necessary.

(3) Influence of Hoang Van Thu Bridge on the Economic Evaluation of
the Projects in this Study

The schedule for the construction of Hoang Van Thu Bridge is a critical factor for the
proposed projects, particularly for the Nguyen Tra Bridge construction project, because
Nguyen Trai Bridge and Hoang Van Thu Bridge both cross the Cam River in parallel and have
competing characteristics with each other.

Although the base case assumes that Hoang Van Thu Bridge is constructed by 2030 (i.e., after
2020), this schedule may be advanced to a considerable extent according to Viethamese
officials. Therefore, traffic assignment was conducted assuming that both Nguyen Trai Bridge
and Hoang Van Thu Bridge exist in 2020, and the difference of economic benefit was
estimated.

The results have reveaed that the construction of Hoang Van Thu Bridge will not affect the
Nguyen Trai Bridge project adversely. Actually the calculated EIRR showed only a negligible
difference. This is due to the fact that the stream of economic benefits differs dightly only in
several years between 2023 and 2029,
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4.7.2 Impact of the Construction of the New Administrative Area on the
Bridges in this Study

The construction of the new administrative area is not expected to have a large impact on the
traffic demand across the Cam River. This is due to the fact that compared to the planned
employment population of the industrial park, the planned employment population of the new
administrative area is quite small (by 2020 the employment population of the new
administrative area is forecasted to be 5,000 persons while by 2040, at the maximum build-out
of the new administrative area, the employment population is forecasted to increase by 3,000
to 8,000 persons. Refer to the table below.

Table 4.7-1 Assumptions about the VSIP Hai Phong Development

Thuy Nguyen District 2011 2015 2020 2040
District Population (persons) 308,000 401,000 456,000 533,000
New Urban Area Population (persons) 16,000 109,000 150,000 175,000
Industrial Park Employment Population 0 33,000 50,000 50,000
New Administrative Area, Employment 0 2,000 5,000 8,000

Population (persons)

Source: Pre-Feasibility Study for the Nguyen Trai Bridge Project at Thuy Nguyen District in Hai Phong, Vietnam,
Final Report, AECOM

As aresult, the new administrative area is not expected to be alarge trip attractor and will not

have much of an impact on the traffic demand of Nguyen Trai Bridge or Hoang Van Thu
Bridge.

A4-101



Appendix A5 Examination of Suitable Crossing Alternatives for The Cam River

Appendix A5 EXAMINATION OF SUITABLE CROSSING
ALTERNATIVES FOR THE CAM RIVER

5.1 Preliminary Design for Tunnel Crossing

The following two types of tunnels are examined as alternatives for a tunnel crossing under
the Cam River:

Case 1: Immersed tube tunnel
Case 2: Shield tunnel

The advantages and disadvantages of both tunnel types are examined and a priority tunnel plan
for crossing the Cam River is selected.

A preliminary design for the selected tunnel type will be carried out to compare the cost,
construction period, advantages and disadvantages with bridge structures.

5.1.1 Outline of Tunnel Types

Either an immersed tube tunnel or a shield tunndl is considered to be utilized for crossing the
Cam River. Cut and cover tunnels can be utilized in areas where construction is possible by
directly excavating the ground surface and can be therefore be applied as approach tunnels. An
outline of these three tunnel construction methodsis included bel ow.

(1) Immersed Tube Tunnels

Immersed tube tunnels are utilized principally for underwater crossings. They have a more
than 100-year history and the method is commonly used for road and railway tunnels for the
crossing of rivers, estuaries and sea channels especially in harbors.

There are many examples of immersed tube tunnels in the world. In Vietnam, the Saigon River
Tunnel at Saigon Port in Ho Chi Minh City was constructed using the immersed tube tunnel
method and was the first such road tunnel in Southeast Asia when it opened in November
2011.

Immersed tube tunnels consist of several segments with hollow box sections. The segments
are designed so that they can float with their own buoyancy by closing both ends of the
segment with bulkheads.

The segments are prefabricated in a dry dock near the construction site which is equipped with
necessary facilities for towing and sinking of the segments. Once segment fabrication is
complete, the dry dock is sank and the tunnel elements will float with their own buoyancy. Tug
boats are then used to tow the segments one by one to the site where they are immersed into a
trench which has been dredged in the riverbed or harbor bed in advance to ensure enough
depth for the tunnel. Each segment is then connected with the previously immersed segment
and water pressure is used to fix the segments one after another.

The trench is then backfilled with suitable material and a protection layer for the immersed
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tunnel structure is installed on top of the segment. Once the segment has been immersed and
the surrounding backfill completed, the riverbed is then restored to its origina or designed
level.

The immersed tube tunnel method will only be applied in areas directly under the river. Both
ends of the immersed tube tunnel are connected with the approach tunnels (cut and cover
tunnels) constructed from the ground surface level. The tunnel can then be connected to the
ground surface and the road network in the city.

(2) Shield Tunnels

The shield tunnel method uses one or two shield machines that consist of large metal
mechanical cylinders which are used to bore through soft ground. A rotating wheel equipped
with cutting teeth is located at the front end of the shield machine, and a chamber with a set of
hydraulic jacks is installed behind the cutting wheel. The hydraulic jacks are supported by the
finished part of the tunnd lining and are used to push the shield machine forward.

There are two major shield machine types as described bel ow.
a) Earth pressure balanced shield machine

The excavated soil is mixed with durry in the chamber. This turns the excavated soil
into mud pressure and holds it under soil pressure to stabilize the cutting face.

b) Surry type shield machine

The excavated soil is left in the chamber and external pressurized slurry is used to
stabilize the cutting face, which is similar to the construction method used for bored
piles or diaphragm walls where the trench wall isfilled with bentonite Slurry. The slurry
is circulated to transport the excavated soil by fluid conveyance. Surry type shield
machines are aways equipped with durry feeders and discharge equipment to circulate
and pressurize the slurry, aswell as slurry processing equipment on the ground to adjust
the slurry properties.

Selection of the shield machine type depends on ground conditions, surface conditions,
dimensions of the tunnel section, boring distance, tunnel alignment, construction period, etc.
Both above types are closed-face shield machines as the head part of the machine is "closed”
and separated from the rear part of the machine.

Systems for the removal of soil (or soil mixed with slurry) are also equipped.

The head has a working chamber filled with soil or slurry between the cutting face and the
bulkhead to stahilize the cutting face under soil pressure.

Once a certain distance has been excavated (about 1.0-2.0m), a new tunnel lining is built
between the end of the shield machine and the previoudly installed lining using an erector
installed behind the shield machine. The erector is a rotating mechanical system that picks up
precast concrete segments and places them in the desired position to form the tunnel lining.

The tunnd lining forms the continuous wall of the tunnel and usually consists of severa
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precast concrete segments which form one section of the tunnel lining.

Behind the shield, inside the finished part of the tunnel, several support mechanisms can be
installed that are part of the shield machine. These include systems for dirt removal, slurry
pipelinesif applicable, control rooms, railsfor transport of precast segments, etc.

(3) Cut and Cover Tunnels

Cut and cover tunnels are the most common and economical way to construct tunnels and
aways been applied for the approach tunnels of immersed tube tunnels or shield tunnels.
Thetunnel is excavated or cut in accordance with the design alignment employing a cofferdam
and strong supporting beam system to prevent any risk of the tunnel collapsing.

Thetunnel structure will then be formed by constructing the foundation, walls, and roof etc.
inside the excavated area, and then backfilling or covering the completed tunnel.

There are two main construction methods as shown below.

1) Bottom-up Method:

First, cofferdam walls such as steel pipe piles, sheet piles or diaphragm walls, will be installed
down to the existing supporting layer. Once the walls are in place, the soil between thewallsis
excavated to a depth below the tunnel floor. The tunnel structure is then constructed from the
bottom up, starting with the floor dab, continuing with the sidewalls, and ending with the roof
slab. After the tunnel structure is complete, the excavated trench is backfilled and the roadway
or ground on top of the tunnel is restored.

2) Top-down Method:

Thetunnel structure is constructed in reverse order compared to the bottom-up method.

A diaphragm wall isfirst constructed and the soil within the diaphragm wall is then excavated

up to the bottom of the roof slab. The roof dab is then constructed between the diaphragm walls.
Once the roof slab concrete has cured and reached the required concrete strength, the soil under
the roof slab is excavated from the tunnel entrance or temporarily opening the roof slab up to

the bottom of the floor slab. The tunnel floor dab isthe last part of construction to be compl eted.
The diaphragm walls are used as the external tunnel walls and form part of the permanent
structure.

5.1.2 Criteria for the Preliminary Design of Tunnel Planning

In order to select the tunnel type, the conditions at the construction site, such as the geological
and hydrological conditions and the navigational conditions of the channel, are first
summarized in this section.

(1) Geological and Hydrological Conditions

1) River Width and Depth

The width and depth of the river at the planned tunnel crossing are estimated based on the
results of the sounding of the Cam River carried by Vietnam Maritime Safety North in 2011.
The depth of Hai Phong Port is EL-8.4m according to hearings conducted with Hai Phong Port.
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The cross sections for both Nguyen Trai and VVu Yen are shown in Figure 5.1-1.

a) Nguyen Trai Tunnel

b) Vu Yen Tunnel

Figure 5.1-1 Cross Section of the Cam River at the Tunnel Crossing

2) Water Level of the Cam River

Since the Cam River isatidal river and the project areais located close to the river mouth, the
water level of the Cam River in the project area is amost the same as the sea water level.
Based on our studies, the water level is estimated as follows.

HWL: EL+2.300m
LWL: EL -1.900m

3) Geological Conditions

According to the soil investigation results, the subsoil consists of soft adluvial layers and
marine clay deposit layers with a thickness of about 30m in both the Nguyen Trai and Vu Yen
area. Some of the upper layers where the proposed tunnel is planned to be located consist of
softer ground with an SPT value of less than 5 and the total thickness of the softer clay layer is
about 20m. The SPT value of the clay layer below the upper softer layers increases gradually
up to about EL-30m. Medium dense to dense sand layers exits below EL-30m.
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(2) Navigational Conditions

According to information from Maritime Safety North, the conditions of the navigation
channel are asfollows.

- Navigation channel: One way navigation for vessdls accessing the port of Hai Phong and
Vat Cach. The navigation channel of the Cam River has a design width of 80m.

- Tonnage alowed on channel: Song Cam channel is designed for vessels up to 20,000GWT
entering Chua Ve Port and 10,000GWT entering Hai Phong Port. However, 50,000GWT
vessels of suitable draft, in other words 50,000GWT vessels which are not fully loaded,
can enter Hai Phong Port.

The number of vessels that have entered Hoang Dieu Harbor in Hai Phong Port is summarized
in Table 5.1-1 for each weight category. The table shows that the total number of vessels
navigating in the project area of the Cam River is 1,000 to 1,300 vessels per year and averages
80 to 100 vessels a month (around 3 vessels a day). Among these, vessels less than
15,000GWT account for more than 90% of the total. Larger than 15,000GWT vessels have
accessed the harbor 4 to 6 times per month and the number has not changed although the total
number of vessels navigating the Cam River tendsto be decreasing.

Table 5.1-1 Number of Vessels Entering Hoang Dieu Harbor in Hai Phong Port

e | Lessttan 5,000GWT | 7.000GWT | 18000GWT | _ | Average
! 7,000 GWT | 15,000 GWT | 40,000 GWT per month
2010 544 232 459 48 1,283 107
2011 467 205 465 64 1,201 100
2012 370 149 415 58 992 83
2013V | 267 109 351 62 789 79

Note 1): As of October 2013.

Source: Final Report of “Study on the Highway Bridge in the New Urban Area of Hai Phong, the Socialist Republic of Vietham
(February 2014)”

(3) Ground Level

The present ground level is around EL+3.0m on the old city side (south side) of Nguyen Trai
Tunnel and the VSIP area (north side) will be filled up to EL+4.2m to prevent flooding
according to development plans.

The embankment height on Vu Yen Island on the north side of Vu Yen Tunnel is expected to
be EL+3.1m. The height of the connecting roads of both Nguyen Trai Tunnel and Vu Yen
Tunnel are therefore set asfollows.

Nguyen Trai Tunnel: South side EL+3.0m, North side EL+4.2m
Vu Yen Tunn€ : South side EL+3.1m, North side EL +3.1m
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(4) Limit Conditions of Ground Surface Disturbance

Although there is a port facility, railway yard and houses on the old city side of Nguyen Trai
Tunnel, these will be relocated in the near future according to HPPC. In other areas such asin
the VSIP area where Nguyen Trai Tunnel will be connected and around both approaches of the
Vu Yen Tunnel, no ground surface disturbance is anticipated.

5.1.3 Selection of Tunnel Type for Cam River Crossing
The selection of the tunnel type is dictated by the length, width (cross section), construction
period, cost, and construction experience in Vietnam related to the tunndl.

(1) Alignment, Profile and Traffic Lanes

1) Alignment
Although both immersed tube tunnels and shield tunnels can used for curved alignments, the

alignment of the planned road has not yet been fixed and both tunnel alignments are therefore
assumed to be straight.

2) Profile
The maximum gradient of the tunnel profile is 4% in consideration of the ventilation of the

tunnel, and a R=3,000m vertical transition curve is applied in consideration of the sight
distance in both convex and trough vertical curve.

3) Clearance and Traffic Lane Width

The vertical clearance of the tunnel is 4.75m according to TCV N4054:2005 (see Figure 5.1-2)
and the traffic lane width is 2x3.75m=7.5m, with another 3.0m reserved for walkways and
bikeways. The cross section for both Nguyen Trai Tunnel and Vu Yen Tunnel is shown in
Figure5.1-3.

Lo 1.0

—

1) The left part is used when the walkway and bikeway are located close to the traffic lanes,
and the right part is used when they are separated.
2) F - Width for bikeway and wa kway; B - Width reserved for highway facilities

Notes:

Figure 5.1-2 Tunnel Clearances
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(2) Cross Section

The tunnel should have evacuation passages which are separated from the driveway.
Inspection passages (w=750mm) should also be provided for tunnel maintenance beside the
traffic lanes. The evacuation passages are usualy set in corridors provided on both sides of the
driveway in the immersed tube tunnel, while they are set under the driveway in the case of
shield tunnels. The minimum requirement of the evacuation passage is to have a 2.0m width
and a height of more than 2.1m. The remaining space of the corridor is used for common ducts
and the installation/arrangement of cables and electrical boards for the tunnel E&M system.

Although the width of the space between the traffic lanes and the middle wall is specified as
0.25m in TCVN4054, it should be kept as 0.5m in consideration of the space required for
cladding panels and emergency facilities. The cross section of both the immersed tube tunnel
and the shield tunnél is shown in Figure 5.1-3.

a) Immersed Tube Tunnel

b) Shield Tunnel

Figure 5.1-3 Tunnel Cross Sections
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(3) Tunnel Earth Cover

The tunneél requires an earth cover for the protection of the tunnel structure in case of
immersed tube tunnd's, and for safe construction in the case of shield tunnels.

1) Immersed Tube Tunnel

The earth cover is usually determined from the thickness of the protection layer of the
immersed tube tunnel. The protection layer is designed according to the estimated sinking
depth of a ship anchor based on the protection layer thickness of immersed tube tunnels in
Japan (see Figure 5.1-4).

(m)

6.01 Digging depth of anchor into

riverbed due to dragging anchor.

nking depth of anchor

———————————— Sinking depth of anchor
; into silty soil riverbed

""""""""""""""""""""""""" T Digging depth of anchor into
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1
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(Source: Design and Construction Manual for Immersed Tunnels’ published the Coastal Development Institute of Technology)

Figure 5.1-4 Thickness of Protection Layer in Japan

In case of silty sail riverbeds, the anchor sinking depth of a 50,000DWT vessdl is around 3.0m
and the anchor digging depth is around 1.0m more, making the total depth 4.0m as shown in
Figure 5.5-4.

a) Nguyen Trai Tunnel

Large vessels such as 50,000GWT ships will not sail upstream of Hoan Dieu Harbor in Hai
Phong Port because Binh Bridge which is located upstream of the port only has a 25m
clearance. However, 50,000GWT vessels are expected to enter Hoan Dieu Harbor in Hai
Phong Port to be moored. The thickness of the earth cover over the proposed tunnel should
therefore be kept at 3.0m for the Nguyen Trai Tunnel.
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b) Vu Yen Tunnel

Since Vu Yen Tunnel is planned to be located near the river mouth of the Cam River,
50,000GWT vessels are expected to enter the port which is upstream of the Vu Yen Tunnd.
The earth cover over the proposed tunnel should therefore be kept 4.0m thick in consideration
of the anchor digging depth.

2) Shield Tunnel

A minimum earth cover thicker than the externa tunnel diameter is usualy used for shield
tunnels. The earth cover of the shield tunnel shall therefore be 1.5 times the external tunnel
diameter under the Cam River, while the earth cover shall be kept the same as the external
tunnel diameter on land aress.

3) Cutand Cover Tunnels

The earth cover of cut and cover tunnel sections shall be kept a more than 2.5m in
consideration of public utilities installed underground. Cut and cover tunnels shall therefore be
constructed 2.5m below the ground surface. U-shaped walls, T-shaped retaining walls and
gravity walls shall be used where it is difficult to secure a 2.5m thick earth cover.

The top 2.5m part of the diaphragm wall should aso be removed once the backfill has been
completed.

(4) Selection of Tunneling Method

Table 5.1-2 and Figure 5.1-5 show a comparison between the immersed tube tunneling method
and the shield tunneling method.

Table 5.1-2 Comparison of Immersed Tube Tunneling and Shield Tunneling Methods

Item Immersed Tube Tunneling | Comparison Shield Tunneling
Under river 31.3m 42.3m
Width =1
Onland 31.7m 42.3m
Nguyen Trai 1,262m >2 2,224m
Length
VuYen 1,256m > 2,176m
Some  works  impact
o navigation but can be ) e
Impact on Navigation controlled < No impact
Large
. (Because the length of
Socia impact small > ————
tunnelis lomger)
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No large-scale
Impact on natura

i Necessary countermeasure < excavation inside the
environment .
river

) ) Shorter

Construction Period > 60 to 65 months
(50 to 55 month)

] I Around 1.5 times of

Construction Cost Cheaper >

immersed tube tunnel

) o Saigon River Tunnel ) o
Experiencein Vietnam > No experiencein Vietnam
(opened in Nov. 2011)

Dry dock for fabrication of
Construction Yard tunnel elements is required < Not required
as an additional yard.

Maintenance Cheaper > Tunnel length islonger

Notes: 1) = Both methods equal or equivalent.
2) > Immersed tube tunneling method is superior to shield tunneling method.

3) < Immersed tube tunneling method isinferior to shield tunneling method.

Shield Tunnel L=2 224m

577,000 1,089,000 | 558,000

a) Nguyen Trai Tunnel

b) Vu Yen Tunnel

Figure 5.1-5 Comparison of Immersed Tube Tunnel and Shield Tunnel
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Based on Table 5.7-2, the immersed tube tunneling method is in this case considered inferior
to the shield tunneling method because of the impact on navigation and the requirement of a
construction yard.

However, the number of the vessdls arriving at Hoang Dieu Harbor in Hai Phong Port
averages 80 to 100 a month (around 3 vessels a day), and these include only 2 or 3 a month
which are larger than 15,000DWT. This is a considerably smaller number compared with
Saigon Port (20,000DWT vessels 16 times/month, including 40,000-75,000DWT vessels 2
times/month) during the construction of the Saigon River Tunnel. It can therefore be
considered that navigational control is not difficult and the impact of construction of both
Nguyen Trai Tunnel and Vu Yen Tunnel will be very small.

Asfor the additional yard for the immersed tube tunnel construction, it is necessary to alocate
an 8,400m? dry dock for Nguyen Trai Tunnel and a 12,000 m? dry dock for Vu Yen Tunnel
separated from but as close as possible to the tunnel construction site for the fabrication of the
tunnel elements. The dry dock yards are temporary facilities and their required period of useis
estimated to be around 3 years. Based on our site investigations, there is space for a dry dock
yard on Vu Yen Island where there are currently many fish ponds and the VIN Group plansto
develop a new urban area in the future. The alocation of the dry dock can therefore be
considered not to affect the project.

According to our analysis, the immersed tube tunneling method is superior to the shield
tunneling method in regard to construction cost and construction period. It is also
advantageous as there is past experience in Vietnam of using the method for the Saigon River
Tunnel in Ho Chi Minh City which was opened to traffic in 2011.

In contrast, Vietnam has no experience of applying the shield tunneling method for road tunnel
construction. A 14.1m diameter shield tunnel is one of the largest tunnel sizes available and
very few have so far been constructed anywhere in the world.

Moreover, since an immersed tunnel would be much shorter than a shield tunnel (around half
the shield tunnel length), the maintenance cost of an immersed tube tunnel would be cheaper
than that of a shield tunnel. Land acquisition for the tunnel construction yard would also be
much simpler in case of an immersed tunnel.

Based on the reasons mentioned above, the immersed tube tunneling method should be
selected for further comprehensive evaluation as the tunnel plan for crossing the Cam River.

5.1.4 Preliminary Design for Inmersed Tunnel

(1) Structure Planning

The structural type, material and dimensions of the elements including the length shall be
evaluated in consideration of structural safety, water tightness, construction cost, construction
method, and other restrictions.
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1) Immersed Tube Tunnel

The 3 structural types shown below can be applied for both Nguyen Trai Tunnel and Vu Yen
Tunndl.

a) Reinforced concrete structure

b) Open sandwich structure (steel-concrete composite structure)

¢) Full sandwich structure (steel-concrete composite structure)
However, the construction cost of steel-concrete composite structuresis 10 to 20% higher than
that of reinforced concrete structures. As Vietham has experience of constructing an immersed
tube tunnel from reinforced concrete in the form of the Saigon River Tunnel, a reinforced

concrete structure will be applied for the tunnel structure type of both Nguyen Trai Tunnel and
Vu Yen Tunnel.

2) Approach Tunnel

An immersed tube tunnel will be used only for the part under the Cam River. Other parts
where the tunnel can be constructed from the ground surface level will apply the cut and cover
tunneling method for which there are two methods, the top-down method and the bottom-up
method (refer to Section 5.1.1). The top-down method is usually superior to the bottom-up
method in regard to construction cost and schedule, and is also an effective construction
method for soft soil ground conditions.

However, the structural characteristics of tunnels constructed with the top-down method are
dissimilar to immersed tube tunnels, while tunnels constructed with the bottom-up method can
be smilar to immersed tube tunnels as the cross section of the tunnel in such cases can be
made similar in shape as for immersed tube tunnels.

The bottom-up method is usually applied to the interface tunnel between the immersed tube
tunnel and the cut and cover tunnel constructed by the top-down method (the end section). The
tunnels connected with both ends of the immersed tunnel shall therefore be constructed by the
bottom-up method for sections between 20m and 30m in length.

In case the earth cover is less than 2.5m thick, the approach road connected with the cut and
cover tunnel will be an open section in the form of a U-shape wall and gravity wall.

(2) Tunnel Structure
The overall tunnel structure therefore consists of the following parts:
a) Immersed tube tunnel

b) End section constructed with the bottom-up method which connects the immersed
tunnel and the cut and cover tunnel constructed with the top-down method

¢) Cut and cover tunnel constructed with the top-down method
d) U-shaped structure with diagphragm wall
€) U-shaped retaining wall
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In the case of the Nguyen Trai Tunnel, Le Thanh Tong Street is running along the port at a
distance of around 330m on the old city side. If the tunnel is to be connected with Le Thanh
Tong Street, the gradient of the tunnel is more than 6%. Therefore the approach road of the
tunnel shall pass Le Thanh Tong Street in an underpass tunnel and be connected with Nguyen
Trai Street.

Figure 5.1-6 to Figure 5.1-9 and Table 5.1-3 show a summary of the preliminary design of the
tunnel structure for both Nguyen Trai Tunnel and Vu Yen Tunnel.

1) Nguyen Trai Tunnel
Table 5.1-3 Outline of Preliminary Design for Nguyen Trai Tunnel

Item Structure Type, Dimensions and Length

- To pass under the Cam River and Port

- RC structure

- Cross section: 8.8m(H)x31.3m(W)

- Length L=87+89+89=265m (3 elements)

Immersed tunnel

- Between theimmersed tube tunnel and the cut and cover tunnel
End Section - Constructed with the bottom-up method with steel pipe pile cofferdams
- Eachlength L=20mx2=40m

- Oldcity side L=262m, VSIP side L=177m (total L=460m)
- RCdiaphragm wall: t=1.2m, L=40m
- Top-down method

Cut and Cover
Tunnel

U-shaped Structure | -  Old city side L=41m, VSIP side L=105m (total L=125m)
with Diaphragm - RCdiaphragm wall: t=1.0m, L=40m
Wwall - Top-down method

- Topassunder Le Thanh Tong Street

Box Culvert

- RCbox culvert (L=40m)
U-shaped - Oldcity side L=162m, VSIP side L=100m (total L=282m)
Retaining Wall - Nguyen Trai Street in VSIP area
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Figure 5.1-6 Profile of Nguyen Trai Tunnel
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Figure 5.1-7 Cross Section of Nguyen Trai Tunnel
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2) Vu Yen Tunnel
Table 5.1-4 Outline of Preliminary Design for Vu Yen Tunnel

Item Structure Type, Dimensions and Length

- To pass under the Cam River

- RCdtructure

- Cross section: 8.9m(H)x31.3m(W)

- Length L=110+105x3=425m (4 elements)

Immersed tunnel

- Between theimmersed tube tunnel and the cut and cover tunnel.
End Section - Constructed with the bottom-up method with steel pipe pile cofferdams
- Eachlength L=30mx2=60m

- Hai Phong side L=123m, VY Idand side L=140m (total L=263m)
- RCdiaphragm wall: t=1.2m, L=40m
- Top-down method

Cut and Cover
Tunnel

U-shaped Structure | -  Hai Phong side L=91m, VY Island side L=118m (total L=209m)

with Diaphragm - RCdiaphragm wall: t=1.0m, L=40m
wall - Top-down method
U-shaped - Hai Phong side L=149m, VY Idand side L=110m (total L=220m)
Retaining Wall - Nguyen Trai Street in VSIP area
U-Ghape Wall _Cut&Cover, . Immersed Tube Tunnel_ _ Cut8 Cover_ _U-shape Wall_
+60 _Uishape with End Section Enq Section RLJ-g.hapg wit
‘jﬂJ 30,000 3 .o! 0
__149.000 | 91,000 | 123000 | | - 110,000 _| 105,000 _ __105_1:-00___]-:15.000_r _T_ 140,000 | 118,000 | 150,000 _
393,000 L 425,000 _|_ 438,000
1,256,000

Figure 5.1-8 Profile of Vu Yen Tunnel
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Figure 5.1-9 Cross Section of Vu Yen Tunnel
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(3) Electrical & Mechanical (E&M) System for Tunnel

The electrical & mechanical (E&M) system required for the tunnel is as shown below. The

image of the tunnel E& M facilitiesis shown in Figure 5.1-10.
a) Ventilation system
b) Lighting system
¢) Drainage system
d) Emergency system
€) Tunnel control system and power supply system, etc.

RADIO GABLE FIRE DETECTING CABLE

TUNNEL LIGHTING

WIRELESS TELEPHONE

Vi CO, AV SENSOR

TUNNEL CABLE

CABLE RACK

——

CCTY CAMERA

ESCAPE PATHWAY

LIGHTING
EMERGENCY
TELEPHONE : =l | ~
WATER SUPPLY TUBE J
= = EMERGENCY EMERGENGY EXIT SIGN
EMERGENCY TELERHONE
DRAIN TUBE EXIT

FOAM FIRE PLUG &
FIRE EXTINGLISHER

Figure 5.1-10 Example Layout of Tunnel E&M Facilities

1) Ventilation System

Road tunnels create a confined space where emissions from vehicles can sometime build up to
unacceptable levels without dilution by the provision of fresh air or removal of exhaust air
from the tunnel by natural or forced ventilation. The basic concept of the ventilation systemis
to ensure safe and smooth driving conditions, and to offer environmental protection for both

tunnel users and the areas around the tunnel entrances.

The ventilation system is generally determined in consideration of tunnel length, traffic
volume through the tunnel, potentia traffic jams caused by accidents and fires inside the

tunnel, and the environment around the tunnel entrances.
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Both Nguyen Trai Tunnel and Vu Yen Tunnel are relatively short as the length of each tunnel
is less than 800m. However, the traffic volume in 2020 is expected to be more than 4,000
PCUs/hour according to the final report of “Study on the Highway Bridge in the New Urban
Areaof Hai Phong, the Socialist Republic of Vietnam (February 2014)”.

A 3m wide bikeway or walkway is aso planned and it is expected that many motorbike users
will use the tunnels.

A forced ventilation system is therefore applied for both tunnels due to the reasons shown
bel ow.

- Expected busy traffic with more than 4,000PCUs/h

- Necessity of environmental protection for motorbike users

- Necessity of ventilation during traffic jams caused by accidents
- Necessity of ventilation in case of fires

There are severa types of forced ventilation systems such as longitudinal ventilation systems,
semi-transverse ventilation systems, transverse ventilation systems and a combination of these
types. Among them, since both tunnels have two separate tunnel sections with one-directiona
traffic on each driveway, the longitudinal ventilation system will be the most economica and
widespread system. In particular, the use of jet fansis effective in terms of low running cost, to
provide ventilation even if vehicles are lined up in the tunnd due to accidents etc., and to
remove smoke in the event of fires.

In addition to the above, since the north side entrance of Nguyen Trai Tunnel will be planned
in old city and the surrounding condition in future around the south side entrance of Nguyen
Trai Tunnel and the both side entrance of Vu Yen Tunnel will be urban area, zero fume
emissions at the tunnel entrance should be considered. All emissions from the vehicles must be
expelled by the concentrated exhaust from an elevated ventilation outlet in a ventilation tower
with the execution of natural air from the entrance of the tunnd to meet the
zero-entrance-emissions condition. The ventilation tower with concentrated ventilation system
therefore, shall be employed to secure the acceptable environmental conditions at the tunnel
entrances (see Figure 5.1-7 and Figure 5.1-9).

2) Lighting system

It isimportant that the lighting system in the tunnel can recreate the same conditions of safety,
confidence and comfort that motorists experience on the road connected to the tunnel
whatever the time of day or night in order to ensure safe passage inside the tunnel for
motorists. The tunnel lighting should illuminate the presence and movement of other tunnel
users or objects, as well as the tunnel geometry to guide drivers quickly through the tunnel
without any disturbances or problems.

The significant contrast in lighting between daylight and tunnel luminance causes a slowdown
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of vehicles when motorists approach the tunnel entrance. This phenomenon, known as the
“black hole” effect, can be minimized by providing an entrance lighting system at the
threshold zone to alow time for eye adaptation. Since the opposite phenomenon occurs at
night, some lights are required at the open section on the approach road outside the tunnel.

The types of lighting installed inside the tunnel and on the open sections of the approach roads
leading to the tunnel are asfollows.

a) Baseillumination lights

b) Entrance lighting

c) Lightsat tunnel exits

d) Outside lights on approach roads leading to tunnel entrances

[llumination control devices which control the outside lights on the approach roads leading to
the tunnel entrances, the lights at the tunnel exits, and the entrance lighting of the tunnels shall
be provided so that motorists can visually recognize the inside of the tunnel and approach road
and drive safely.

Entrance lighting Lights at tunnel exit

Base illumination lights

Base illumination lights

Entrance lighting

Lights at tunnel exit

Outside lights on approach road leading to tunnel entrance

Figure 5.1-11 Lighting Layout

3) Drainage system

Road surface drainage systems are composed of drain tanks, drain pumps, pipes and an

operation system to remove rainwater, fire fighting water, washing water or condensation

water, and permissible water intake from the tunnel structures. It is difficult to install the main

drainage system entirely at the lowest point of the tunnel because it is very difficult to make

the drain tank deep enough due to restrictions in the tunnel structure. Therefore, minimum

drainage and drain pumps are installed at the lowest point of the tunnel to remove rainwater

brought by vehicles from outside the tunnel, fire fighting water and washing water.

On the other hand, rainwater falling on the open sections on both sides of the tunnel approaches
shall be collected at the tunnel entrances using drainage sumps and drain pumps in order for the
rainwater not to flow into the tunnel (see Figure 5.1-7 and Figure 5.1-9).
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4) Tunnel Control and Emergency System

The scale of the emergency system is determined by the tunnel class, and the tunnel classisin
turn determined by the relationship between the tunnel length and the traffic volume through the
tunnel according to the “ Standard for Installation of Emergency Systems for Road Tunnels”
published the Japan Road Association (see Figure 5.1-11).

Figure 5.1-12 Tunnel Classes Used to Determine Scale of Emergency

Thelength Nguyen Trai Tunnel is 744m and that of Vu Yen Tunne is 748m. The traffic volume
in 2020 is expected to be 32,100 PCUs/day in Nguyen Trai Tunnel and 33,600 PCUs/day in Vu
Yen Tunndl.

Based on Figure 5.5-12, both tunnels are classified as Class A, and the emergency facilities
shown in Table 5.5-5 shall therefore be installed.
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Table 5.1-5 Emergencies Facilities

Safety System Contents Remarks
Provided in case of fires, accidents or
vehicle breakdowns in the tunnel.
Emergency telephone

Information and

The telephone units are installed on the
side walls and in the evacuation passages.

Push-button alarm system

To send an alarm signal to the control
center in case of fires or accidentsin the

Warning
tunnel.
Apparatus — ;
Automatic fire detection )
] ] ) To detect the outbreak of fires based on
system with optical fire .
the presence of heat, smoke, or light.
detector
Tunnel information boardsas | Installed on approach roads leading to the
warning system tunnel entrances.
Fire Fighting Fire extinguishers ) S
For primary fire-fighting by tunnel users.
Apparatus Foam hydrants

Evacuation Guide

[lluminated exit guide boards

To show evacuation doors and distance to
tunnél exits.

Smoke exhaust systems

Jet fansinstalled over the driveway.

Fecility Emergency pathway with ventilation equipment that maintains a slight
positive pressure in the emergency pathway to reduce smoke ingressin the
event of afire.

Hydrant at portal For fire fighting by the fire services.
] i To enable radio communication between
Wirdlessradio / telephone ] ] o
the fire services and people inside the
system
tunnel.
Other Emergency i To enable users to catch radio waves
o Radio rebroadcast system o
Fecilities inside the tunnels.
To enable users to receive notices or
Loud speaker system

instructions during emergencies.

Monitoring system

Closed-Circuit Television Systems
(CCTV).
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(4) Countermeasure for social and natural environment

1) Social Impact

Areas around the tunnel openings require land acquisition including some aquaculture
facilities and agricultura land.

However, in case of Nguyen Trai Tunnel, the function of port can be kept as same as present
condition. And also Vu yen Tunnel will not affect the oil storage base near construction site.

2) Impact on natural environment

The U-shape section, about250m will obstruct the surface currents and groundwater flow,
which negatively affects the wetlands and mangrove forests on Vu Yen Island.

3) Impact on living environment

Since the ventilation tower with concentrated ventilation system will be employed, therefore it
will be unlikely happen the high concentrations of emissions in the areas near the tunnel
openings.

Regarding noise around the tunnel opening, it should be kept to satisfy the regulation on noise
in Vietnam by a noise absorption system.
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5.1.5 Construction of the Immersed Tube Tunnel

(1) Construction Sequence
The sequence of the immersed tube tunnel construction and the cut and cover tunne
construction is shown in Figure 5.1-13 and Figure 5.1-14, respectively.

At dry dock At tunnel construction site

Construction dry dock | Trench dredging |

--------------- E E—— }

1 1
E Fabrication of i Placing and connection of tunnel elements
] immersed tube tunnel elements ' p—— (Place 1 element/month)
1 1
: v : ¥ ¥
1
! Install bulkheads i Casting Remove
! at both ends of element ! ballast temporary facilities
' * ! concrete for placing inside
' ! element
i | Install outfittings for towing and sinking | ! ‘ Backfill
E * : Install shear *
1
! : : keys Works for
: Flooding at dry dock : ‘ element joints
1
________________ - -----————--
* Construct
Tow tunnel element from dry dock to closing
sinking site - section
(Tow 1 element/month) ‘
‘ - Finishing work inside tunnel
Dry dock restoration (drainage, pavement, cladding panels,etc)

Figure 5.1-13 Sequence of Immersed Tube Tunnel Construction
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| Preparation Work for Construction of Diaphragm Wall |

v

| Construction of Diaphragm Wall & Barrettes |

v I v

Driving Steel Pipe Pilg at Driving Steel sheet pile for
Bottom Up Construction the construction of U-shape

Structure Work
(Top Down Method)

1 1
1 1
1 1
1 1 . .
v ! ! retaining wall
| Excavation | : | Excavation | : v
! | v | | Excavation |
[mmm e e e e e e e e - == 1 1
! Structure Work -E i | Top slab construction | | v
1 1
E (Bottom Up Method) E , I | | Structure work |
i| Base slab construction | E E | Excavation | E
| Y o 7 i
1 H 1
:| Wall construction | ! i | Base slab construction | i
! v L i
i| Top slab construction | | ! v !
1 1 .
' * ! ! Wall construction !
! ! 1 1
i Installation of Steel shell | 1 e - T e '
i and Rulkhead .
1 1
Connecting Immersed Tunnel l
| Backfilling Work
\ 4 l
Backfilling Work Finishing work
(Drainage, pavement, cladding panel etc.)

Figure 5.1-14 Sequence of Cut and Cover Tunnel Construction
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(2) Navigation Control Plan

Table 5.1-6 shows the plan for the navigation control during the immersed tube tunnel
construction.

Table 5.1-6 Navigation Control during Construction

Work item Assumed navigation control Period

Dredging of reverbed Navigation channel may be diverted or | 6month
reduced to till half of present wide temporally.

Preparation  works for | Navigation shall be controlled partially. About 2 weeks 2
towing and immersion month before towing
Tunnel elements towing Navigation shall be closed 0.5 day per towing
Placing the element into | Navigation shall be closed One (1) day per
the riverbed immersion works

Backfilling works carried | Navigation channel may be diverted or | 6month
out in succession of the reduced to till half of present wide.
tunnel element immersion

(3) Countermeasure for natural environment
Since large-scale excavation inside the river is required during the construction period, the
countermeasure for the Water pollution of the river, such as silt-curtain etc. to minimize the
negative impact on the natural environment.
(4) Construction Schedule
Total construction period will be as follow.
Nguyen Trai Tunnel : 53 month
Vu Yen Tunnd : 51 month
Construction schedule for both Nguyen Trai Tunnel and Vu yen Tunnel is shown Figure
5.1-16.
(5) Construction Cost
The Construction cost is estimated as shown Table 5.5-7 and 8.
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Table 5.1-7 Cost for Construction of Nguyen Trai Tunnel (1 JPY=202.84VND)

. . . Equivalent VND
Item Description/Quantity Equivalent JPY .
(Million VND)
Genera 7% of Total 1,030,000,000 208,925
Immersed tunnel 8.8m(H)x31.3(W)x3 units
5,468,000,000 1,109,129

(RC structure) L=87+89+89=265m

Old city side L=567m
Approach Tunnel . 6,459,000,000 1,310,144

VSIP side L=432m
Finishing work L=1,234m 236,000,000 47,870
E&M L=744m 2,552,000,000 517,648
Total 15,745,000,000 3,193,716

Table 5.1-8 Cost for Construction of Vu Yen Tunnel (1 JPY=202.84VND)
. . . Equivaent VND
Item Description/Quantity Equivalent JPY .
(Million VND)
Genera 7% of Tota 1,182,000,000 239,757
Immersed tunnel 8.9m(H)x31.3(W)x4units
7,933,000,000 1,609,130

(RC structure) L=110+105x3=425m

HP side L=393m
Approach Tunnel ) . 6,171,000,000 1,251,726

VY island side L=438m
Finishing work L=1,256m 244,000,000 49,493
E&M L=748m (Tunnel Section) 2,536,000,000 514,402
Highway W=35.5m, L=924m 492,000,000 99,797
Total Total length L=2,180m 18,558,000,000 3,764,305
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5.1.6 Operation and Maintenance of the Tunnel

The tunnel must be designed and operated as an integral part of the city network and not asa
potential bottleneck within the network. Also akey role of the tunnel management isthe
efficient and safe operation of the tunnel.

The tunnel management can be divided into 2 parts, the first part is the tunnel operation and the
second part is the cleaning and the maintenance of the tunnel structure and E& M facility.

An example of organization of tunnel management team is shown Figure 5.1-15.

| Tunnel Manager

l

Deputy Turmel M T
. Maintenance Section_ __ ____ | Do T-=--- | _control Center

J LI | | LTULE NG L ! J TCUIINCIE L | l TN NI L |

Figure 5.1-15 Example of Organization of Tunnel Management

1) Tunnel Operation

There will be 2 tunnel operations, one is normal conditions (Free flow traffic) and other is
Emergency Condition as shown below

® |ncidents such as avehicle breakdown or accident happen inside the Tunnel.

® Fireand explosion inside the Tunnel asthe result of the Incident.

® Sedimentation in river bed and scouring of riverbed

® Ship sinking on the Tunnel

® Earthquake

In normal condition, the ventilation fans and the lighting system are automatically controlled
by a sensor and operated by the tunnel control system and monitored by the control center.

On the other hand, when an emergency event mentioned above happen inside the tunnel and
can be detected by the CCTV monitors or the emergency roadside telephones, the control
center will be responsible for:

The immediate information to the necessary emergency services about event occurring

inside the Tunnel and the tunnel users to prevent the risk of further incidents ;

Alerting the E& M operating team to provide necessary control of lighting, ventilation and
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pumping as required, and the traffic clearance measures inside the Tunnel.
The immediate provision of the traffic information to minimize the effects of approach road
congestion, in particular for dealing with the emergency.

2) Maintenance of the Tunnel

The purpose of the maintenance of the tunnel is asfollow
® Sustaining the Tunnel in a safe and useabl e condition;
® Ensuring safety to the Tunnel users and staff;
® Minimizing disruption to the traffic of the Tunnel and environmental impacts on
the Tunnel through the operation and maintenance carefully planned;

(a) Cleaning

Table 5.1-8 shows the example of items and frequency of tunnel cleaning.

Table 5.1-8 Frequency of the Cleaning Tunnel

Part of Tunnel Frequency of cleaning
Tunnel Wall include | Motorbike lane side; 4time/year
cladding Panel Centre side : 2time/year
. Basically every 5 years
Soffit of the Tunnel i . . .
Or when an excessive accumulation or build-up of deposit is observed.
Drive Way Ever).l day F)y dry cl@i ng.
Washing using awater jet and brushes should be done on 2times/year.
Drainage On annual basis. It should be carried out before rainy season.
Collect rubbish floating on drain tanks on daily basis.
Drain Tanks Remove accumulated soil, deposited debris in the inside of drain tanks
and debris attached to the pump on monthly basis.
Signs 4times/year
Emergency Path Once a year
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(b) Maintenance of Tunnel

Genera procedure of the maintenance work for the Tunnel structure is shown in Figure 5.1-16.

Initial Inspection |¢

| Setinitial condition of the Tunnel (basis ofthe Maintenance |

| Determination of the Maintenance Category |

>
>

v
Superficial Inspection
Routine Inspection
Detailed Inspection
Inspection for Emergency

No need
remedial

measure
Assessment/Judgment

Need remedial measure

[ ]

Remedial Measure |€—» Record |

Large scale remedial

Figure 5.1-16 General maintenance Process

The items of inspection and its frequency is shown in Table 5.5-9.

Table 5.1-9 Inspection Item and Frequency

Inspection Purpose Frequency
Initial To record the initial condition that will bethe basis | Just before open the Tunnel
Inspection of the evaluation of the tunnel maintenance in future. | or after executed large scale
repairing.
Daily Patrol | -To find obvious event Once aday
(damage/deterioration/changes)
-To monitor the temperature/humidity
Y early -To understand/confirm the condition of event Basicaly once a year.
Inspection (damage/deterioration/changes).
Periodic - To understand the progress/situation/ characteristic | Lessthan 6 years.
Inspection of event (damage/deterioration/changes)
Emergency This inspection should be carried out in the After occur emergency
Inspection Emergency
Detailed - Close visua inspection with specia access Any time when required
Inspection - Detail examination using some special testing

- Structural analysis
This may be necessary to employ specialist firms.
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3) Cost for Operation and Maintenance of Tunnel

The cost for the operation and maintenance of tunndl is estimated in Table 5.5-10.

Table 5.1-10  Cost for Tunnel Operation and Maintenance

ltem Cost Equivaent JPY
(million VND) (1 JPY=202.84VND)
Operation include electricity cost 10,750 53,000,000
Cost for replacement of E&M facility or its parts 11,562 57,000,000 *V
Maintenance of Tunnel include cleaning 8,114 40,000,000
Tota 30,426 150,000,000

Note 1): Cost for replacement of E& M facility or its parts depending on the condition of the tunnel,
such as traffic volume, temperature, humidity, operation of facility etc. and the total annual
cost is different every year. Therefore the cost indicated in thistable is the annual average of
expenditure for the replacement of E& M facility or its parts.
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Alternative-1 Alternative-2 Alternative-3
Foundation Type Steel Pipe Pile (9=0.8m) Steel Pipe Pile (¢=0.9m) Steel Pipe Pile (¢=1.0m)
Plan of Pile Cap
Pile Length=37.5m Pile Length=37.5m Pile Length=38m
Pile number = 27 nos. Pile number = 21 nos. Pile number = 18 nos.
pile Reaction Pn(max) = 2,715 kN < Ra= 2,986 kN ( 0.909 ) Pn(max) = 3,412 kN < Ra=3518kN (0.970) Pn(max) = 3,934 kN < Ra=4,139 kN ( 0.951)
(Load Combinations Type : Strengh |1 Limit Sate) (Load Combinations Type : Strengh || Limit Sate) (Load Combinations Type : Strengh || Limit Sate)
. Unit Cost Total . Unit Cost Total . Unit Cost Total
Item Quantity (VND) (1,000 VND) Item Quantity (VND) (1,000 VND) Item Quantity (VND) (1,000 VND)
Pile Cap Concrete m3 288 4,216,398; 1,215,672|Pile Cap Concrete m3 285, 4,216,398 1,201,252|Pile Cap Concrete m3 298| 4,216,398 1,254,378
Reinforcing steel ton 29, 0 O|Reinforcing steel ton 28 0| 0|Reinforcing steel ton 30 0 0|
X Pile m 1,013 9,494,847, 9,613,533|Pile m 788 9,994,576 7,870,729|Pile m 684, 13,092,895 8,955,540
Construction Cost " ean Concrete m3 15 1,741,595 26,089|L ean Concrete m3 15 1,741,595 25,729]Lean Concrete m3 15 1,741,595 26,819
(for Fandation) - [gjinding stone m3 30 737,139 22,085|Blinding stone m3 30 737,139 21,780[Blinding Sone m3 31 737,139 22,702
Excavation m3 860 318,747, 274,173|Excavation m3 831, 318,747| 264,965|Excavation m3 848, 318,747 270,148|
Cofferdam ton 110, 24,798,638 2,737,770|Cofferdam ton 105 24,798,638 2,603,857|Cofferdam ton 104 24,798,638, 2,588,978|
Total 13,889,322 Total 11,988,312 Total 13,118,565
Ratio 1.16 Ratio 1.00 Ratio 1.09
Evaluation Most Recommended
Alternative-4 Alternative-5
Foundation Type Cast-in-Place Pile (9=1.2m) Cast-in-Place Pile (¢=1.5m)
Plan of Pile Cap -
Pile Length=38m Pile Length=38m
Pile number = 18 nos. Pile number = 15 nos.
pile Reaction Pn(max) = 4,841 kN < Ra= 5217 kN (0.928) Pr(max) = 6,956 kN < Ra= 7,486 kN (0.929)
(Load Combinations Type : Srengh |1 Limit Sate) (Load Combinations Type : Strengh || Limit Sate)
Item Quantity Unit Cost Total Item Quantity Unit Cost Total
(VND) (1,000 VND) (VND) (1,000 VND)
Pile Cap Concrete m3 392 4,216,398, 1,651,479|Pile Cap Concrete m3 504, 4,216,398 2,125,065
Reinforcing steel ton 39 0 0O|Reinforcing steel ton 50 0| 0
Congtruction Cogt Pile m 684 11,464,320 7,841,595|Pile m 570, 22,000,000 12,540,000
(for Fandation) L ean Concrete m3 20 1,741,595 35,159|L ean Concrete m3 26 1,741,595| 45,045
Blinding stone m3 40 737,139, 29,763|Blinding stone m3 52| 737,139, 38,131
Excavation m3 1,042 318,747, 332,007|Excavation m3 1,250 318,747| 398,332
Cofferdam ton 116 24,798,638, 2,886,561| Cofferdam ton 125 24,798,638 3,109,749
Total 12,776,564 Total 18,256,322
Ratio 1.07 Ratio 1.52
Evaluation
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Alternative-1 Alternative-2 Alternative-3
Foundation Type Steel Pipe Pile (9=0.8m) Steel Pipe Pile (¢=0.9m) Steel Pipe Pile (¢=1.0m)
Plan of Pile Cap
PileLength=37.5m PileLength=37.5m Pile Length=37.5m
Pile number = 24 nos. Pile number = 18 nos. Pile number = 15 nos.
pile Reaction Pn(max) = 2,712 kN < Ra= 2,986 kN ( 0.908) Pn(max) = 3,512 kN < Ra= 3,552 kN (0.989) Pn(max) = 4,079 kN < Ra= 4,212 kN ( 0.969)
(Load Combinations Type : Srengh |1 Limit Sate) (Load Combinations Type : Strengh Il Limit Sate) (Load Combinations Type : Strengh |1 Limit Sate)
. Unit Cost Total . Unit Cost Total - Unit Cost Total
ftem Quantity |~ \p) (1,000 VND) ttem Quantity | “np) (1,000 VND) Item Quantity |~ ynp) (1,000 VND)
Pile Cap Concrete m3 256 4,216,398 1,078,049| Pile Cap Concrete m3 259 4,216,398 1,090,866 Pile Cap Concrete m3 286 4,216,398, 1,204,203
Reinforcing steel ton 26 0 O|Reinforcing steel ton 26| 0 O|Reinforcing steel ton 29 0 0)
X Pile m 900 9,494,847 8,545,362|Pile m 675 9,994,576 6,746,339|Pile m 563 13,092,895 7,364,753
Construction Cost | ean Concrete m3 13 1,741,595, 23,163]L ean Concrete m3 13 1,741,595 23,390]L ean Concrete m3 15 1,741,595 25,758
(for Fandation)  jinging sone m3 27 737,139 19,608|Blinding stone m3 27 737,139 19,800 Blinding stone m3 30 737,139 21,805,
Excavation m3 780 318,747 248,470|Excavation m3 770 318,747, 245,295|Excavation m3 820 318,747 261,513
Cofferdam ton 103| 24,798,638 2,559,219|Cofferdam ton 100 24,798,638 2,477,384|Cofferdam ton 102 24,798,638 2,536,901
Total 12,473,871 Total 10,603,074 Total 11,414,933
Ratio 1.18 Ratio 1.00 Ratio 1.08
Evaluation Most Recommended
Alternative-4 Alternative-5
Foundation Type Cast-in-Place Pile (9=1.2m) Cast-in-Place Pile (9=1.5m)
Plan of Pile Cap
PileLength=38m PileLength=38m
Pile number = 15 nos. Pile number = 10 nos.
pile Reaction Pn(max) = 5,103 kN < Ra= 5,217 kN ( 0.978) Pn(max) = 7,393 kN < Ra= 7,486 kN ( 0.998)
(Load Combinations Type : Srengh |1 Limit Sate) (Load Combinations Type : Strengh |1 Limit Sate)
Item Quantity Unit Cost Total Item Quantity Unit Cost Total
(VND) (1,000 VND) (VND) (1,000 VND)
Pile Cap Concrete m3 323 4,216,398 1,360,041|Pile Cap Concrete m3 315] 4,216,398 1,328,165
Reinforcing steel ton 32 0 0|Reinforcing steel ton 32| 0 0
Construction Cost Pile m 570 11,464,320 6,534,662|Pile m 380 22,000,000 8,360,000
(for Fandation) Lean Concrete m3 17, 1,741,595, 29,015|L ean Concrete m3 16| 1,741,595 28,430
Blinding stone m3 33 737,139 24,561|Blinding stone m3 33| 737,139, 24,066
Excavation m3 890 318,747 283,812|Excavation m3 907| 318,747, 289,033
Cofferdam ton 106! 24,798,638! 2,618,736|Cofferdam ton 112 24,798,638 2,774,968
Total | 10,850,827| Total 12,804,662
Ratio 1.02 Ratio 1.21
Evaluation
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Alternative-1 Alternative-2 Alternative-3
Foundation Type Steel Pipe Pile (¢=0.8m) Steel Pipe Pile (¢=0.9m) Steel Pipe Pile (¢=1.0m)
Plan of Pile Cap
Pile Length=37.5m Pile Length=37.5m Pile Length=37.5m
Pile number = 21 nos. Pile number = 16 nos. Pile number = 14 nos.
pile Reaction Pn(max) = 2,699 kN < Ra= 2,986 kN (0.936 ) Pn(max) = 3,225 kN < Ra=3518kN (0.917) Pn(max) = 3,720 kN < Ra=4,139 kN (0.899)
(Load Combinations Type : Sirengh || Limit Sate) (Load Combinations Type : Strengh |l Limit State) (Load Combinations Type : Strengh |l Limit State)
. Unit Cost Total . Unit Cost Total . Unit Cost Total
ftem Quantity (VND) (1,000 VND) ftem Quantity (VND) (1,000 VND) ftem Quantity (VND) (1,000 VND)
Pile Cap Concrete m3 228 4,216,398 963,363 Pile Cap Concrete m3 212, 4,216,398 893,876 Pile Cap Concrete m3 226, 4,216,398 950,798}
Reinforcing steel ton 23 0 0|Reinforcing steel ton 21 0 0| Reinforcing steel ton 23 0, 0|
. Pile m 788, 9,494,847 7,477,192|Pile m 600 9,994,576 5,996,746(Pile m 525, 13,092,895 6,873,770
Construction Cost [|"ean Concrete m3 12 1,741,595 20,725/ ean Concrete m3 11 1,741,595 19,380|L ean Concrete m3 12 1,741,595 20,549
(for Fandation) Blinding stone m3 24 737,139 17,544/Blinding stone m3 22 737,139 16,406|Blinding stone m3 24 737,139 17,395
Excavation m3 712, 318,747 227,050|Excavation m3 722, 318,747 230,110|Excavation m3 740, 318,747 235,723
Cofferdam ton 97, 24,798,638 2,410,428|Cofferdam ton 105 24,798,638, 2,603,857|Cofferdam ton 104, 24,798,638, 2,588,978
Total 11,116,302 Total 9,760,375 Total 10,687,213
Ratio 1.14 Ratio 1.00 Ratio 1.09
Evaluation Most Recommended
Alternative-4 Alternative-5
Foundation Type Cast-in-Place Pile (¢=1.2m) Cast-in-Place Pile (¢=1.5m)
Plan of Pile Cap
Pile Length =38 m Pile Length=38m
Pile number = 15 nos. Pile number = 10 nos.
pile Reaction Pn(max) = 4,794 kN < Ra= 5,217 kN ( 0.906) Pn(max) = 7,067 kN < Ra= 7,486 kN (0.954)
(Load Combinations Type : Srengh |1 Limit Sate) (Load Combinations Type : Srengh |l Limit State)
. Unit Cost Total . Unit Cost Total
ftem Quantity | \np) (1,000 VND) tem Quantity | ynp) (1,000 VND)
Pile Cap Concrete m3 323, 4,216,398 1,360,041|Pile Cap Concrete m3 315, 4,216,398 1,328,165
Reinforcing steel ton 32 0 0|Reinforcing steel ton 32 0 0
Construction Cogt Pile m 570 11,464,320 6,534,662|Pile m 380, 22,000,000 8,360,000
(for Fandation) L ean Concrete m3 17, 1,741,595 29,015|L ean Concrete m3 16| 1,741,595 28,430
Blinding stone m3 33 737,139 24,561|Blinding stone m3 33 737,139 24,066
Excavation m3 890; 318,747 283,812|Excavation m3 907, 318,747 289,033
Cofferdam ton 106 24,798,638, 2,618,736|Cofferdam ton 112 24,798,638 2,774,968
Total 10,850,827 Total 12,804,662
Ratio 111 Ratio 1.31
Evaluation
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Alternative-1 Alternative-2
Foundation Type Steel Pipe Pile (¢=0.9m) SL Steel Pipe Pile (¢=0.9m)
Plan of Pile Cap
Pile Length =37.5m PileLength=37.5m
Pile number = 28 nos. Pile number = 15 nos.
Pile Reaction Pn(max) = 1,801 kN < Ra=1,830kN (0.984) Pn(max) = 3,041 kN < Ra= 3,056 kN ( 0.995)
(Load Combinations Type : Strengh |1 Limit Sate) (Load Combinations Type : Strengh |1 Limit Sate)
. Unit Cost Total . Unit Cost Total
It tit It itit
em Quantity (VND) (1,000 VND) em Quantity (VND) (1,000 VND)
Pile Cap Concrete m3 360 4,216,398 1,517,903|Pile Cap Concrete m3 259 4,216,398 1,090,866
Reinforcing steel ton 36 0 O|Reinforcing steel ton 26 0 0
) Pile m 1,050 9,994,576 10,494,305/|Pile m 563 18,536,089 10,426,550
Contruction Cost || ean Concrete m3 19 1,741,595 32,331]Lean Concrete m3 13 1,741,595 23,390
(for Fendation)  Bjinging stone m3 37 737,139 27,368|Blinding tone m3 27 737,139 19,800
Excavation m3 968, 318,747 308,445|Excavation m3 770 318,747 245,295
Cofferdam ton 110 24,798,638 2,737,770|Cofferdam ton 100, 24,798,638 2,477,384
Total 15,118,122 Total 14,283,285
Ratio 1.06 Ratio 1.00

Evaluation

Most Recommended
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