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The Estimation and Application of Optimum Design Variables for Road Tunnel

Ventilation System Based om Statistical Analysis

Bo-Young Lee, Yong-Ho Yoo and Jin Kim

Abstract In this study, the emission rate of pollutant was modified according to the published standards, and
the distribution of pollutant concentration was analyzed for each vehicle velocity. This modified emission rate was
applied to a model tunnel and it was proved that the required air quantity was reduced to 49%, compared to the
PIARC method. From the simulation result, it was proved by using statistics that the most sensitive factor among
them is the friction coefficient and it was modified to the value in the range of 0.018 to 0.021. It is also expected
that the required air quantity can be decreased form 14.4% to 19.2% according as the coefficient is applied to
the domestic model tunnels. In conclusion, it is proposed that the number of jet fans can be reduced and the annual
operating cost can be curtailed as well.

KeyWords Emission rate, Optimization of design variable, Friction coefficient, Equivalent resistance area, Statistical
analysis
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Table 1. Comparison of emission rates at vehicle velocity 60 km/h

CO (m'/h) NOx (m’/h) Soot (m*/h)
Vehicles Recent Standard| Calculated |[Recent Standard| Calculated |Recent Standard{ Calculated
97 Emission Rate 97 Emission Rate 97 Emission Rate
automobile 0.1013 0.0642 0.0100 0.0048
small size bus 0.0610 0.0289 0.0250 0.0136 29.5819 16.9859
large size bus 0.6517 0.2793 0.6420 0.5559 172.0364 77.8507
small size truck 0.0730 0.0244 0.0270 0.0312 31.6099 16.9859
middle size truck 0.3190 0.1367 0.3150 0.0066 82.9411 38.1089
large size truck 0.7215 0.3092 0.7100 0.6155 208.5517 86.1973
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Fig. 1. Comparison of air quantity for each vehicle velocity
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Table 2. ANCOVA analysis-the GLM procedure for the
friction coefficient
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Table 3. ANOVA analysis-the GLM procedure for the
friction coefficient

Dependent Variable Y]

Dependent Variable Y1

Source DF F value Pe>F Source DF F value Pr>F
Model 21 460.84 <.0001 Model 27 1025.44 <.0001
Error 146 Error 140
Source DF F Value Pr>F Source DF F Value Pr>F
X1 1 . 9677.28 <.0001 X1 7 3846.44 <.0001
X3 20 0.02 1.0000 X2 20 38.08 <.0001
Table 4. Duncan’s multiple range test for the variation of friction coefficient

Duncan grouping Mean N X2 Duncan grouping Mean N X2
431.780 8 .018

A 489.848 8 010 b 426.049 8 .019
481.014 8 011 420.569 3 020

415.308 8 021

472.733 8 .012 410.256 8 .022

B 464.949 8 .013 E 405.393 8 .023
457.599 8 .014 400.709 8 024

396.189 8 .025

450.650 8 015 391.819 8 .026

c 444.050 8 016 F 387.595 8 027
383.511 8 .028
437.768 8 017 379,550 3 00
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Table 5. Regression analysis-for the whole friction coefficient
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HEA

FRA WIRAS AHHD gk T =2 A,
B, C, DojA AFF34S 10~80 km/h'®H CO, NOx

Analysis of Variance

Source DF F value Pr>F
Model 2 4586.21 <.0001
Error 165
Parameter Estimates
Variable DF Parameter Estimate |Standard Error t Value Pr> |t
Intercept 1 -4.6123E-11 0.01032 -0.00 1.0000
XX1 1 0.97741 0.01035 94.45 <.0001
XX2 1 -0.16430 0.01035 -15.88 <.0001
Table 6. Regression coefficient for the each group
Group Range of A Regression Coeff. Group Range of A Regression coeff.
A 0.010~0.011 -0.25983 D 0.018~0.021 -0.16147
B 0.012~0.014 -0.22256 E 0.022~0.025 -0.13791
C 0.015~0.017 -0.18946 F 0.026~0.030 -0.11845
Table 7. Regression analysis-for the friction coeff. group D(0.018~0.021)
Analysis of Variance
Source DF F value Pr>F
Model 2 1102.30 <.0001
Error 29
Parameter Estimates
Variable DF Parameter Estimate Standard t Value Pr> |t
Error
Intercept 1 -0.02046 0.02263 -0.90 0.3733
XX1 1 0.97246 0.02072 46.93 <.0001
XX2 1 -0.16147 0.11223 -1.44 0.1609
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