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Safety distance between semi—underground hub interchange
ramp tunnel exit and secondary diversion points
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Abstract: This study aims to determining the safe distance between the exit of the semi—underground hub
interchange ramp tunnel and the secondary diversion point, so as to optimize line design and conserve land.
In this study, the theoretical safe distances were calculated based on the decomposition of driving behavior
and kinematic equations. Data were gathered from 39 drivers at four different distances through driving
simulation tests. Speed standard deviation, brake pedal force, and lane offset served as selected indicators
via the MW test. Factor analysis was employed to construct a driving safety risk calculation model and
quantify the risk scores under different distance. The results show that the theoretical safety distance was
164.8 meters, and the distance with the lowest driving safety risk was 250 meters.
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Table 1 Calculated value of theoretical safety distance

m

L, L, L, L, L; M

41.7 12.8 48.6 48.6 13.1 164.8
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Table 2 Scene realism questionnaire results
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Table 5 MWU test p-value for driving behavior indicators in risk areas under different distance conditions

EfR 847 AR E 22 MW U K 5 S 24 40 i 7 MW U A 4 S H A A A ) E MW U G 56
HH 170m  200m 250 m 300 m 170 m 200 m 250 m 300 m 170m  200m  250m 300 m
170 m — 0.118  0.020%* 0.774 — 0.073 0.078 0.0003#::* - 0.140  0.142  0.022*
200m  0.118 - 0.456 0.125 0.073 - 0.762 0.009%* 0.140 - 0.924  0.587
250m  0.020*%  0.456 — 0.028* 0.078 0.762 — 0.228 0.142 0.924 - 0.463
300m  0.774 0.125  0.028+* - 0.000%* 0.009%* 0.228 - 0.022*  0.587  0.463 -

T+ RIRAE 526 KPR W3 o RRAE 120 K R B35, xR IRT1E 0.1% K F T &

5 HET T oMk ifT 4 & e KK
LA PO R

T XU XS8R 1 22 2 25 B0 AT O 48 AR R AT 25
E VM, E B PEN A [ RTE-SDP M & F KU X
Sl A AT e IRV, 3 BRI A7 3 A v 22 O X 4 g
Bt SF- X0 A S A ) BE 3 T0URE AR E AT K 4 T

S B R AT BILA- 8 HE - BJR 4 (Kaiser—
Meyer-Olkin, KMO ) ¥ % Fl Bartlett 3RJE & % , 4n
F 6 PR  KMO K58 4 0. 689,>0. 6, H Sig. <
0. 01, 156 B3 78 5 2 [a) 77 76 AH OCHE L X720 7 A 28
TR TV R RL AT A B R AT Z-
score bR EALF I Je , Ak 22 AT I F o b e ST
T5 28 3R 478 B AE B3 0l AR R L A 4
WA F T 2203 7R .

HI R 7RI T A A5 22 49>>0.9, 3 W]

# 6 KMO 3 1 Bartlett Bk 2 10 16
Table 6 KMO test and Bartlett’s test for sphericity

KMO H: 5{f 0.689
EMARTT 94.014
Bartlett BRI ¥ 56 19 H EE 3
M 0.000
x®1 ABEFHE
Table 7 Common factor variance

AR ¥ ha FHL
EAT I E AR/ (kmeh ") 1.000 0.933
-1 4536 fw B 1 /m 1.000 1.000
V249780 AR ) BE / (daeN) 1.000 0.933

AR A AR BJr 2Rk 8 ir
No AIUL YRR O 25 B KR E ST i, T
W2 NE T, Bt 2 sk E 2 95. 506 % .
Xof e % S 1) B A3 R B R AT A3 AT, A3 9 TR o

xS BRAEMRE
Table 8 Total variance interpretation
o W) 1 R AR PRI T 5 R T 8 far - A
Bt HEE/ % BB/ % Bt JEENI/ % ZR/% Bt JEEMNIW/ % BR/%
1 1.863 62.086 62.086 1.863 62.086 62.086 1.862 62.077 62.077
2 1.003 33.419 95.506 1.003 33.419 95.506 1.003 33.428 95.506
3 0.135 4.494 100.000
R 51 I <8 O B /N P B e R - R T N Ji 7 o
k1 0.965 F10. 964, 43 7 %t 1 32 47 3 FE s 1 25 AT R MERHRSER
igﬁ(‘u—li‘—?é*ﬁjjg , GERAC) U\)I%,_ 12%”3}7@%% Table 9 Rotated component matrix
WP . AR 2 A S R R R Y o R
. - Vo IE AT AR EZE / (kmeh ) 0.965
1000, % J37 57 34 %5 3 0 B it , BRI T LK 3% DA 7 s
1y 2 30 S KT 2 A B 1 24 T I 2 V-4 2 38 i # 5t /m 1.000
AR RRAT . 242 S AT S 4 A B AR A B /daeN 0.964
=820y TRk ) SN 95. 506 % , A UL jiE \
(RP &It 250l E) AA AL DL JiE % e i £10 HFESRHEHE
AN V[ 4 X AT 4= 77
272 TR AT LA ARG S fife o R DX 30 T 2 2 4 ML Table 10 Matrix of factor score coefficients
I P AT PR 2 2 S L T LS = o e
1) 2 > B A S AT 2 4 4 XU it Ak R B 1Y) B 32 7 A 22/ (kmeh ) 0518 0.038
fith o T 5 1 Thompson [B] 5 35 15 31 A 115 43 &2 5L V-4 76 1 G A ik /m —0.005 0.997
SR A B AR ) BE /dasN 0.519 —0.043

0 D A o A RO B gE AT o B, Ik 10
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Fizzaijvj (7)
j=1

K FoNE N NHETFIED, i=1,250, W
AR R A (A WU 1945 5 R A, LB N3k 9 B
IR j=1~35 Vo 34 A4S i HE AT bR o AL 4 IS (E
RN

1 2 8 AT AT, 2 4~ B 7 19 7 22 Tk R 40 3y
62.077% 1 33.428% , LA HAE A ALHE , IF #F 47 50
PLACAD 3, o5 2445 BT 4228 4 U 1 it AL F

F=———(0.62077F .334 28F.
0.95506(06 077F, +0.334 28F.) (g

K F L Fy N 2 AT 1S5

MR R SC, 85 58 1408 B 1 45 oA R 9 ol
DR, 565 2428 TR i 44 A 4 T DR A XU ) XL
DX 38 (4 AT 2 28 4 DX AT 8 4 o) R 3 PR
5 T At e kA, L 2 A F T AT 4 4 UK 1Y
ARG R0 22 STk R K T B R R, P 5 )
h 62,077 % F133.428% . 3 1 T 40 A 92 43 )
BT 2 3 A A AS ] B 0 B XU (X ek A7
A KU ) AR (E 2 i LA A 81 7 TR .
M B 7T LLE Y, 4 RTE-SDP BB 4 51y 170,
200,250,300 m B , £ 4= 2 4 KU 43 43 249 06 43 i)
90.315.0.011, —0. 154, —0. 087 ( 1t kb 5 2] (1
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TR (1) i o KT 2 BRI Y , BRAIR T XURS 19 7 3
). Ho, 24 HE 8 o 250 m I 20 B A%, 6 1 1k
i AL 0L S 56 14 A 4 XU R A1 o

3_

& .
T 2}
&
X
gl
: Im |
b
Jras] NN
2o | E

71_

170 200 250 300

B H -5 = R TR B R /m
B7 AREBZFGETREXETERERESS
Fig.7 Safety risk scores for traveling in risk areas

under different distance conditions

(1)7%25 3t A\ DA IE 35 B 30 1 101 3¢ HH &8 9K 40 3
NN EON I o LB AR (S 1= I = R P ER TR 1 N
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(2) H A I8 F1 2 4 B X0 9328 17 3 B
P25 P34 4208 i B e T B4R 2 AR ) R A e
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