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Abstract

In most of cases, the wall friction coefficients applied for local tunnel design are
quoted directly from foreign data or local design guideline. In the previous studies, the
wall friction coefficient was estimated using the velocity decay method. However, it
is difficult to estimate the wall friction coefficient when the convergence wind velocity
in the tunnel is negative (-) or if there is a change in the natural wind. Therefore, in this
study, the wall friction coefficient is estimated by applying the dynamic simulation
technique in addition to the conventional the velocity decay method. As a result of the
analysis, the coefficient of wall friction in the tunnels for the total of 9 tunnels (18 tubes
both directions) was 0.011~0.025, and the mean value was estimated to be 0.020. In
addition, the wall friction coefficient obtained quantitatively through this study was
compared with the current design criteria.

Keywords: Wall friction coefficient, Total ventilation resistance coefficient,
Dynamic simulation, Velocity decay method, In-situ measurement
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Table 1. Tunnel data

Case Case 1 Case 2 Case 3 Case 4 Case 5
Direction Chun Yang Chun Yang Chun Yang Chun Yang Chun Yang
-cheon | -yang | -cheon | -yang | -cheon | -yang | -cheon | -yang | -cheon | -yang
Design speed
(knvhr) 100 100 100 100 100
Length (m) 1,257 1,240 1,425 1,422 1,825 1,773 1,821 1,817 2,257 2,287
Slope (%) +2.99 -2.99 -1.98 +1.98 | +1.83 -1.84 +1.49 -1.49 -0.41 +0.41
Elevation (m) 312 312 475 475 421 421 386 389 366 368
Area (m?) 75.44 75.44 75.44 75.44 75.44 75.44 75.44 75.44 75.42 75.42
Perimeter (m) 34.46 34.46 34.46 34.46 34.46 34.46 34.46 34.46 34.46 34.46
:ﬁf;:t‘:r“zm) 876 | 876 | 876 | 876 | 876 | 876 | 876 | 876 | 859 | 859
Lanes (ea) 2 2 2 2 2 2 2 2 2 2
AADT (veh/day) 27,646 27,280 27,280 27,280 26,350
Case Case 6 Case 7 Case 8 Case 9
Direction Chun-cheon| Yang-yang |Chun-cheon| Yang-yang |Chun-cheon| Yang-yang |Chun-cheon| Yang-yang
Design speed
(knvhr) 100 100 100 100
Length (m) 2,666 2,665 10,965 10,962 1,311 1,311 2,917 2,968
Slope (%) -0.42 +0.35 +1.95 -1.95 +1.78 -1.66 +1.66 -1.66
Elevation (m) 426 426 325 325 152 150 126 126
Area (m’) 75.44 75.44 77.06 77.06 75.44 75.44 75.44 75.44
Perimeter (m) 34.46 34.46 35.38 35.38 34.46 34.46 34.46 34.46
Slif;:t‘:r‘c(m) 8.757 8.757 8.712 8.712 8.757 8.757 8.757 8.757
Lanes (ea) 2 2 2 2 2 2 2 2
AADT (veh/day) 26,350 27,280 25,377 25,377
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Table 2. Velocity measurement data (V;, Vy)
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Fig. 1. Overview and photos of in-site measurement
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Table 3. Analysis results

Case Measurement data Analysis results
. | Dir. Operating | Velocity (m/s) a b R2 ¢ 3 Avg. A Method
no. fan Vi V,
2 300 | 004 | NA | NA | NA | NA | 00250 D.S
3 389 | 0.05 | 0.0257 | 0.0002 | 0.5652 | 5.0280 | 0.0239 V.DM
Sﬁ‘;‘;‘n 4 479 | 0.05 | 00209 | 0.0002 | 0.6857 | 49777 | 0.0235 | 0.023 | v.D.M
5 506 | 040 | 0.1584 | 0.0015 | 0.5848 | 4.7138 | 0.0217 V.D.M
1 6 565 | 044 | 0.1561 | 0.0015 | 0.5933 | 42852 | 0.0187 V.D.M
2 423 177 | 0.8916 | 0.0050 | 0.3164 | 3.5028 | 0.0134 V.DM
3 450 | 085 | NJA | NA | NA | NA | 00150 D.S
‘;Z?é’ 4 511 | 068 | 02677 | 0.0021 | 04731 | 3.7382 | 0.0151 | 0.015 | v.D.M
5 550 | 226 | 0.8734 | 0.0069 | 0.2693 | 3.7858 | 0.0154 V.DM
6 6.05 1.54 | 0.5205 | 0.0050 | 0.4837 | 4.0260 | 0.0171 V.DM
2 342 | 154 | 0.9701 | 0.0040 | 0.7245 | 3.7013 | 0.0129 V.D.M
3 399 | 171 | 0.9163 | 0.0052 | 0.4452 | 43333 | 0.0168 V.DM
S}t‘:sn 4 465 | 210 | 09734 | 0.0080 | 0.2393 | 5.4286 | 0.0235 | 0.018 | V.D.M
5 528 | 297 | 12730 | 0.0095 | 0.3289 | 4.5581 | 0.0182 V.DM
, 6 577 | 297 | 1.1383 | 0.0090 | 02901 | 43182 | 0.0167 V.D.M
2 037 | 309 | NA | NA | NA | NA | 00200 D.S
3 356 | 202 | NA | NA | NA | NA | 00200 D.S
T/zﬂi 4 385 | 277 | NJA | NA | NA | NA | 0020 | 0019 | DS
5 511 | 220 | NA | NA | NA | NA | 00200 D.S
6 526 | -158 | NA | NA | NA | NA | 00150 D.S
2 351 | 023 | NA | NA | NA | NA | 00250 D.S
3 400 | 0.18 | 0.0901 | 0.0005 | 0.8568 | 5.0694 | 0.0166 V.DM
S;e”:n 4 446 | 0.05 | 00224 | 0.0002 | 0.8281 | 6.2050 | 0.0221 | 0.021 | v.D.M
5 495 | 032 | 01295 | 0.0010 | 0.7365 | 5.4180 | 0.0183 V.DM
5 7 560 | 084 | NA | NA | NA | NA | 00230 D.S
2 339 | 070 | 0.4190 | 0.0016 | 0.8682 | 4.0526 | 0.0121 V.DM
3 331 | <130 | NA | NA | NA | NA | 00150 D.S
\;Ei 4 439 | 047 | 02149 | 0.0015 | 0.6490 | 5.6585 | 0.0200 | 0.017 | V.D.M
5 474 | 239 | NA | NA | NA | NA | 00200 D.S
7 551 | 047 | 0.1710 | 0.0014 | 0.6187 | 5.2420 | 0.0175 V.DM
2 304 | -160 | NA | NA | NA | NA | 00250 D.S
3 393 | 054 | 02766 | 0.0015 | 0.5088 | 5.0572 | 0.0166 V.DM
S;;:‘n 4 404 | <149 | NA | NA | NA | NA | 00250 | 0021 | DS
5 444 | -164 | NA | NA | NA | NA | 00180 D.S
A 7 550 | 093 | NA | NA | NA | NA | 00200 D.S
2 354 | 1.60 | 0.9744 | 0.0050 | 0.2902 | 5.6794 | 0.0197 V.DM
3 408 | 207 | 1.1183 | 0.0075 | 0.0541 | 6.5848 | 0.0240 V.DM
\;2‘;2' 4 479 | 201 | 09762 | 0.0065 | 0.4256 | 5.8874 | 0.0206 | 0.021 | V.D.M
5 530 | 2.17 | 0.9108 | 0.0065 | 0.8746 | 5.4534 | 0.0185 V.D.M
7 598 | 221 | 0.7758 | 0.0080 | 0.3629 | 6.5788 | 0.0240 V.D.M
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Table 3. Analysis results (continue)

Case Measurement data Analysis results
L Dir. Operating | Velocity (m/s) . b R ¢ N Ave. A Method
no. fan V) A\
2 1.27 -1.30 N/A N/A N/A N/A | 0.0250 D.S
3 2.68 -2.04 N/A N/A N/A N/A | 0.0190 D.S
S:;‘; 4 261 | 001 | NA | NA | NA | NA | 00230 | 0022 | DS
6 2.67 -2.55 N/A N/A N/A N/A | 0.0200 D.S
s 7 5.50 -0.95 N/A N/A N/A N/A | 0.0220 D.S
2 3.06 1.79 | 1.2622 | 0.0038 | 0.5939 | 3.9400 | 0.0107 V.D.M
3 3.55 1.84 | 1.1481 | 0.0068 | 0.4144 | 6.5524 | 0.0245 V.D.M
gzlrlé_ 4 3.79 2.00 | 1.1739 | 0.0075 | 0.4411 | 6.6488 | 0.0249 | 0.021 | V.D.M
6 4.60 1.40 | 0.6646 | 0.0048 | 0.6550 | 5.6360 | 0.0221 V.D.M
7 4.94 1.35 | 0.5608 | 0.0050 | 0.6268 | 6.5667 | 0.0245 V.D.M
2 2.93 -1.63 N/A N/A N/A N/A | 0.0250 D.S
3 2.80 -1.61 N/A N/A N/A N/A | 0.0250 D.S
S:::;; 4 3.47 -1.45 N/A N/A N/A N/A | 0.0250 | 0.024 D.S
6 4.06 -1.90 N/A N/A N/A N/A | 0.0250 D.S
8 5.03 0.30 | 0.1194 | 0.0009 | 0.6473 | 7.9980 | 0.0210 V.D.M
6 2 2.78 0.50 | 0.8888 | 0.0030 | 0.9441 | 6.8922 | 0.0123 V.D.M
3 3.10 0.86 | 0.5857 | 0.0028 | 0.5088 | 8.6767 | 0.0233 V.D.M
\;Z?é- 4 3.70 1.06 | 0.5895 | 0.0032 | 0.6043 | 8.0453 | 0.0212 | 0.019 | V.D.M
6 4.34 1.21 | 0.5728 | 0.0034 | 0.4774 | 7.4884 | 0.0193 V.D.M
8 5.17 0.84 | 0.3279 | 0.0021 | 0.7555 | 6.6625 | 0.0166 V.D.M
8 1.43 -2.54 N/A N/A N/A N/A | 0.0250 D.S
12 2.51 -2.66 N/A N/A N/A N/A | 0.0240 D.S
Chun- 16 3.04 -2.69 N/A N/A N/A N/A | 0.0230 0.021 D.S
cheon 20 3.52 -2.70 N/A N/A N/A N/A | 0.0180 D.S
24 3.78 -2.96 N/A N/A N/A N/A | 0.0210 D.S
28 4.10 -2.90 N/A N/A N/A N/A | 0.0200 D.S
8 4.79 3.80 | 2.1606 | 0.0110 | 0.4429 |31.7321 | 0.0239 V.D.M
; 12 4.98 3.61 | 1.8358 | 0.0100 | 0.3225 |30.3657 | 0.0229 V.D.M
16 5.49 4.04 | 1.8829 | 0.0110 | 0.7699 |29.8470 | 0.0224 V.D.M
20 5.77 4.18 | 1.8338 | 0.0110 | 0.3546 |28.8474 | 0.0217 V.D.M
Yang- 24 6.10 4.15 | 1.9175 | 0.0100 | 0.3958 |26.4145 | 0.0176 0.021 V.D.M
yang 28 5.30 249 | 1.0197 | 0.0070 | 0.4156 |30.8169 | 0.0232 V.D.M
30 5.37 2.16 | 0.9478 | 0.0065 | 0.4488 |30.0646 | 0.0209 V.D.M
36 5.63 1.78 | 0.6548 | 0.0040 | 0.5154 |24.6337 | 0.0183 V.D.M
40 5.69 2.02 | 0.7423 | 0.0040 | 0.4157 [21.7069 | 0.0224 V.D.M
44 5.79 1.45 | 0.6392 | 0.0045 | 0.6529 |27.5581 | 0.0180 V.D.M
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Table 3. Analysis results (continue)

Case Measurement data Analysis results
L Dir. Operating | Velocity (m/s) . b R ¢ N Ave. A Method
no. fan Vi A\

2 2.96 -2.19 N/A N/A N/A N/A | 0.0200 D.S

3 3.02 -3.03 N/A N/A N/A N/A | 0.0170 D.S

S:;‘; 4 378 | 255 | NJA | NA | NA | NA | 00150 | 0017 | DS

5 451 -2.88 N/A N/A N/A N/A | 0.0160 D.S

6 4.67 -3.45 N/A N/A N/A N/A | 0.0170 D.S
8 2 3.80 1.79 1.0986 | 0.0070 | 0.5880 | 5.1268 | 0.0236 V.D.M
3 4.47 1.89 | 0.9383 | 0.0070 | 0.4343 | 4.8556 | 0.0217 V.D.M
t}zlrlé_ 4 5.17 2.09 1.0062 | 0.0085 | 0.5421 | 4.7218 | 0.0145 | 0.020 | V.D.M
5 5.63 1.88 | 0.6945 | 0.0060 | 0.2955 | 4.1840 | 0.0173 V.D.M
6 6.14 2.50 | 0.9330 | 0.0090 | 0.2873 | 4.6090 | 0.0208 V.D.M

2 1.17 -2.81 N/A N/A N/A N/A | 0.0200 D.S

3 2.41 -3.09 N/A N/A N/A N/A | 0.0180 D.S

S;l:;; 4 2.92 -2.93 N/A N/A N/A N/A | 0.0190 | 0.018 D.S

5 3.50 -3.25 N/A N/A N/A N/A | 0.0180 D.S

6 4.14 -3.24 N/A N/A N/A N/A | 0.0170 D.S
K 2 3.28 1.84 1.2685 | 0.0050 | 0.4208 | 8.0652 | 0.0191 V.D.M
3 3.92 1.84 1.0186 | 0.0055 | 0.2810 | 8.8717 | 0.0215 V.D.M
\;:lé- 4 4.89 2.08 | 0.9084 | 0.0050 | 0.3141 | 7.1346 | 0.0163 | 0.018 | V.D.M
5 5.29 2.52 1.1135 | 0.0060 | 0.5082 | 6.5231 | 0.0179 V.D.M
6 5.72 2.75 1.0480 | 0.0065 | 0.5148 | 7.0153 | 0.0160 V.D.M

Total average A 0.020 -

Fig. o= 06710] 442 A=) dhste] BAg MutakaAL: gho] Hg 2o
SFEA4-E Bl ket 7Rste] Uehligla, TelelA) B 2k gro] S MunkaA e Hojke
0,025 LFefto o], ) HjpInbaA4-o] Haghe 00200 2 BAEIIch BHE B o] me Hjeinb A4
SRS AEE 97 BE 00192, FAABHIAY NS AEe 497t B 00212 ehgrh
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£ UL ik TRlollA] B 2} o] A M HupAlS T 7P B2 3= 0.020~0.022 Atolo] 217K
7HE3E5EAL §lo] AA|] °F21.9%7F =ESH= A 02 UEFIT. Fig. 5(c)2}5(d)olle St 524
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Table 4. Output of continuous dynamic simulation for Case 7
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