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A methodology for non-motorized lane design considering

heterogeneous traffic conflicts
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Abstract; In order to reduce conflicts between heterogeneous traffic flows during overtaking, a non-
motorized lane width design method that considers avoidance maneuver in heterogeneous traffic was
proposed. This method represents an improvement over the traditional design approach. Firstly, the
conflict levels of non-motorized vehicles were analyzed through the deceleration group proportions and
pedaling cadence. Secondly, a vehicle-to-vehicle force model was established to calculate the forces
between different types of vehicles. The additional safety gap was determined based on the relationship
between these forces and lateral width. The recommended non-motorized lane width was the sum of the
traditional lane width and the additional safety gap. Then, the rationality of the proposed design method
was evaluated based on the safety levels of non-motorized lanes with different widths, which was obtained
from the safety evaluation model developed in this research. Finally, data from four non-motorized lanes in

Xi‘an city were analyzed as case studies. The research results show that the deceleration group proportion
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is 0. 93 times, pedaling cadence increases by 0. 07 revolutions per second, and the road safety value is

1.07 times compared to traditional non-motorized lanes in non-motorized lanes accommodating

heterogeneous traffic. These findings demonstrate that lanes meeting the design width have lower conflicts

and greater safety.
Keywords: heterogeneous traffic-flow ;

pedaling cadence;
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Fig.2 Framework of non-motorized lane design
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Fig.3 Non-motorized lane design cross section diagram

ML) 418 B 58 i R A
w=d; Xx +d, Xy+g X

(x+y-1) +h +z (4)
K w R IREE T AR S B R T, m;
d, oy SRR E R A AT AR Bl A AT 40 AR E
SYNEE, m; g, WERZE M E 2R TEE  m,
i=1,23, 0 0FRE-F AT S CER-EEh A
1724 R -H Bl AT 4 h, PR IR B 1R 1 2% 731
BSEREME ,m, j = 1,2,3, 0 Fm Rk e fskib

RS 2 MG AT L TR FE R, m,

AR TE B AR S B U S RSR[5 T,
FLEAT R AR TEE R 0.6 m, $23hE F A 4w
H0.2 m, LB AAT AR TERE R 0. 68 m, B [H
FeAB 88 AT /N 76 0. 15 m LA, IR, d, d, 2%
SIEC 1.0 F10.98 myz B HHL0.25 m""*)

HEAL G- AE IR R e ek R, 4
WTE VR ] 1A 45 O3 AT T AW R
R R A OB PE R gt
R F BT AR, SAEDLSh A B A —3k, 5
T A 5| SR AR B 17 3 190 BTy 88, Y
AT A I R O A T D 5 o0 SRR R A
B ER R . (Bl T AREBRAE 22 248 Bk
e, K SR HHERR IEZEUE ENEiim R
T BB, AR 2 AU 505 6] 9 42 - AR FH O e
VE Ve iR TR

. m, * m,
m, + mg

o« = kg W"uﬁ (6)
m, *m

Vg:kﬂﬁ BDz Bnﬁﬂ (7)

BB
K o AWHATTA 8 FHBN FATH oy Fop g

AR ZE B A R) O HE e AR I S8 m, M my H
NBETTHE kgs Doy D g D gy FAN R 2B 42505 1] 1) iR
B mn,, n g AT ] i R AE R )
Jilal,

5 LR E IS BN my, smg ko ko g, I I
T LA S S I B R AR E m, omy , RIS AE S AR
EHRER IS5,

PG ZE - ZEAE F RNk b R B A5 30 0kk L1 R 2
SRk ¥ A S A7 38 18l 0y~ ¥ VR
G NS W S [ B A sy S B e oo i A i A=
1.4 ZETFMHEER

MG T BAEDL ) 2B L 2P E e br Tl
BT HE LA IB N RELE Y52 TR B RAE . BT
B S A R RE R e T R B i sZ TR
J&  HAEBOR R 7R B A7 25 E Hh B o st s o 5 s 1
Jo7 S SR AR A T R R S A T RS O AR
AT R A AR, AR T R AR AR 25
S RN P ST EURE LY 3 SRR B AR 1k
MR BEAN ) | s A R L AT Sy S Al B AT AR
GBI 2N

PR ) AR AR B 5 B A T A U e R AR
H T S A 7 BRI AR R SR N U 2 A
ML trE, I, DA 3 Skt R (AR 40 A8 T i
Z P EECAEIR B RPN B A2 L
BREE g, AT R 2O HE, i RPN

q, = Qs = Qs (8)

M:% (9)
;u,-q,)

A Qs 5 Qi 7B ERERBEUE Y 85% 7ot
WOR 15% 73 (i %8, B 88s i ERR SRR r =1,
2,3, 70 I IGE D | S LA A M A TE 2
AH; A, 5 g, 70900 3 R EREA R o LA A
TR

2 IR ERITHEANETERSE

A A M s SR A AL AR AL B R T
i P I B i W DL LT, (T FEAS [ SR AR L
SN as TR ; BB DO DAL AR ARk P Rl
S5 DIEA B B R AR AL B 18 O 3, i A S
SR RIS ZS ol B A7 BRSO . 4 Lk
JEEIU] S HCPG 22 T 1 4 > B BLUnIE] 4 FTR

PR S SRARDL ) 4738 1Y 0 8 X SR i s i
Tt B0, HAEARPLEh 438 I S G dh i & | i



bR R e B o

-84 - China  Safety

Science

343
20244F

Journal

@) NI

4 AEMS

Fig.4 Selected data collection road segment

Ric kAR 4 H AT LB 48 T R &
A bR, R )RR E ) R = 7.00—9:00,

Kz 3153 B 84 Simi Motion &3 85 47
SRR R AR AL LR R AR kL R
AR TR, LR RRLE A A 4 RS A Simi Motion
ARG, R E R i B [ AT AR A AT 4, e
TG B SE AN Ik, B ERE RS A TELE S
HORECE AR, 5 H bR A AT 22 00 B A T RO A 4 7
B AN AT IR B R ) (AT RN B A B
ZOREB| WA BFEAILTT 2 415 4>, Hir 480 41
H BB TREAS 1 935 AU IR TREAS AN T8
(A B A B L3R 1,

x1 BARHERFE

Table 1 Characteristics of valid sample data set

r - o b AR/ - SRAEREAR [ EEEEEIME | I A E
BB | FEEE/m | WLAER B (- h) B3Iy N (m-s) i/ (m - 5
e - A 51T 120 3.26 0.375
K2 32 il %2 BT 582 2.42 0.329

_ N A %17 120 3.23 0.371
—Hte | 2.8 KR 2 4T 512 2.35 0.325
e - A B 51T 120 3.22 0. 368
XLk 23 ARfeisi i AT 455 2.31 0.322
Al e e ER:ELE 120 3.16 0. 360
R 20 b= ) 72 BETI 386 2.26 0.318
3 VN EFEEEEIZIT L2
1.1}
3.1 EHETAS 10
R IR B T A T4 (RS A S R, 500
G IR ) B AR A B A 0. 90~ 1. 20 1/, i %”'
SEREIH 0. 40~ 0. 86 /s B BELAT 10 B 391 55 A ZZ i
AL NN =y 23. 7%, DR, AE T 5 ke 1 A O&
NI EAS 7 W RS BB i AR R N ) A SN @wﬁ .

BB R L BT o LR, v ';Zz-%' ”:;,é%- %2% -

20m Sm 8m 2m

45. 2% VS E R (1) S 4 B AR 6T T B bl AR R
14. 6%, Bt AEAL 5 4238 T8 B 0 FRAR, FAth 16 1% 1)
DR AR LT AR o L AF 6 T 28 B i 3 2. 7%
6. 4%F1 14. 9% , V- Y BEAIE T BEAR BEARXT T 22 %
Ay AN 3. 3% 6. 6% F1 18. 0%, ALHL3h 738 5 &
/NF 2.5 m B, BEREDSE R L A AR AN BB R A
RS P8 I A AR R UE B AR AR R T A O T
A L AR DL A TE ) T
3.2 F-FERANERSHEKE
3.2.1 ZEBLTEERE

B, W EE-FEEM IS8 X T m, img

B 5 AEEERRETENBRTN
Fig.5 Variation of the Pedaling cadence among

cyclists on various road widths

A AT TR 298 15 ke; B E AR HLE B
B AT EARERT I 55 ke s LI REA BRI BFOR (1
SFRIBTE N 60 kg, KL, m, .mg 2375 5 115
kgo KT Koy bop by, 70 B0 A 25 B0 B S BN
[0.01,1] SR AT LR IE AN, SRITEETHUL
HIRAZAR R , B 52 A A 55 SR AL b 14 4 36 37 2
ZEAE R FVAR R, Bt RIS ARBCR 200, 28 AR N



%510 11

ZEH A RS TSI UL A AL B 4 B B 85

0.9, MK 0.01, ZUEERITFEHA 2 K
AR H AR pR A 22 (H /N T 0. 01, B EEA B4,
HIRHAC B TR g . MHCSERREdI R I 2,
xR2 F-HEERNEBRSERIFEER
Table 2 Parameters and calibration results of the

vehicle-vehicle force model

#FR {H fifiid

m, 75 LA AT N TR kg
mg 115 A8l AT AN kg
b 0.019 8 WHL-WHL AT EE I 28
ko 0.021 2 wR-RE AT SR I 25
kg 0.023 6 HL 3-8l FAT SV EH I 28

A 2 MR I Ve Ve VS RIS g,
LRI 6 FT7s .

147

el €,=6.701exp(-0.436 V*)
g 10} R=0.8926
08l
ey
H 06t
o4l
02+
0.0 : : : ‘ ;
4 5 6 7 8 9
YEFZIN
(a) FrM- A B AT AR B IRV R 5 4 B A7l
14+
12¢ s £,=26.713exp(-0.447 V)
=10} SR, e R=08507
B og| %
ey
H06f
B o4l
02}
006 7 8 9 10 1
fEFJIN
(b) HBI-H M E AT ERAL R BEE SR A
2.4
21+
2,=11.298exp(-0.280 V1)
g 8 R*=0.8742
= 1 5 L
=t
1.2
g 0.9
0.6
0.3
W T 10 12 14 16

YERZIN
(c) HBh-FE) HAT L RBE SR it &

6 HEmEEESERNNEE
Fig. 6 Lateral spacing and force fitting graph
H1 & 6 ] sk bR B SR ) 24880, U
A4 91K 0.892 6.0.850 7 F1 0.874 2, ¥ KT
0. 85, AR, Rk W T, TR, W

-8 AT R L 2R 0. 31 m; & -
AT E AR EFE RN 0.38 my LB -HLBI A
T4 2t LRI R 0. 47 m,
6.701lexp( — 0.436V*), i=1
g. =126. 713exp( - 0.447V%) | i=2 (10)
11.298exp( - 0.280V%), i=3
3.2.2 HARERELEMBRER
ANTRIBIL AN P 5 35 it 119 300 2% 10 B 5 B T 2 2R
DL 35 B 85% 435 A Ay R 125 150t 791 R 9 JEE A
®3 HIERBEZWLSTREEERT

Table 3 Statistics on reserved widths at the

edges of separation facilities m

MR 25 = 15%01 53 | 85% 15
S L B
RIZERa | 0.13 0. 05 0.11 0.15
PR | 0.28 0.12 0.21 0.30
SALRRE | 0.32 0.14 0.23 0.38

3.3 ENBEEZEEIZITER

FRAE W SR BT T 19 4238 B8 B TR A 2, R
[F)3H % 15 it A% 1 AR ML 3l 4 36 9 1, 45 SR L3k 4.,
WFSE S5 RN . oo PR 8L T 6 2 2 W A AT 4L L
K TERER AL Rl 2. 71 ~2. 94 m, 3 2 W ML A AT
BB AT A RELE T SRR W L Bl kLR
KT ER LN 2. 76~3.06 m, & 7 K ER
B FAEML S W R
3.4 FENHEEREMEST

JITHE 4 %18 B% W AENL B BB AR A 1T 4
RN AT HIRATIIE L, #0622 B sl AT 4
(R 251, I HAth ZE I 4] A 3 e 22 4l 7, HIE
B VTR L B - B A AT ARk ) 4
TFIERE . KZEHE M 3.2 m, T 2 B B 28 0k ¢ Ak
i, B gl Bl F AT A LR A1 T I AR LB 41
JE(3.06 m), “IRIEEN 2.8 m, FEATH 2 R 2k
TR LT, o 3l — F 2 Ak Lk A5 1 T iR BL B 4
B (2.83 m) o SCZEE B /N EE I Rl R
PSS WS S i v Bl N (8] ) RS =

MR 5 B W HEAL 8 238 2 e i, %4
PEM R AR WL 5, 4 % T8 X IO B 22 4 {43 5k
7.80.7.34 6. 85 1 5. 84, L4 {HBRA, DB & A b
3 1 A DR A, 5 308 Tl = 5 P AR SR A A
4 SR PRIE 22l 7. 10, Hoh ) 3R Fg AT
B PRI EE A (B A O T 34 2 Al 43 R R 3. 38%
H19.86% , T 3C 25 HE 1% /NG B 11 22 4 (B AR X T
SRR Ay IR 3. 52% 1 17. 7%, #F— 5



L EINES O O = N S S e 34
- 86 - China  Safety Science Journal 20244
x4 ENHEEEEILIT
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