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Study on Control Parameters for Ramp and Speed-change Lane of Urban Expressway

MO Yang
(CCDI (Suzhou) Exploration & Design Consultant Co. , Ltd. , Suzhou Jiangsu 215123, China)

Abstract. From analyzing the characteristics of entrance/exit, the influencing factors for determining control
parameters of ramp and speed-change lane are found out. The mechanisms of effect of ramp design speed and
stopping sight distance on the minimum ramp radius as well as the effects of traffic flow rate and ramp design
speed on the lengths of speed-change lane and width-transition are resolved. Based on kinematics theory,
traffic flow theory and probability theory, the calculation models of control parameters for ramp and speed-
change lane are set up. The result of analysis and calculation shows that (1) the design speed of ramp is
suitable to be classified according to the patterns and properties of roads on both ends connected by ramp;
(2) the minimum curve radius of structure pattern ramp stopping sight distance is greater than that that meets
the demands of side-way force coefficient; the calculated values of length for two-lane acceleration lane and
width-transition under traffic flow rate affecting are greater than that required in current specifications.
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Tab.3 Recommended design speed of ramp

(unit; km/h)
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Fig. 1 Relationship between minimum curve radius of

single-lane structural ramp and stopping sight distance
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Tab.4 Calculated and recommended minimum curve
radius of structural ramp meeting requirements of

stopping sight distance (unit: m)
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Fig. 3 Minimum composed length of single-lane acceleration lane
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Fig.4 Minimum composed length of two-lane acceleration lane
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Tab. 6 Average calculated running length of vehicle before

finding an interval to merge into target lane
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0.9 23 143 23 139 31 142
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Tab.7 Calculated values of critical and average headway

(30)

time of target lane
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0.1 21,3 18.0  13.5  20.6 3.0 25.7
0.2 19.8 9.0 12.1  10.3 3.2 12.9
0.3 18.2 6.0 10.6 6.9 3.4 8.6
0.4 16. 4 4.5 8.9 5.1 3.7 6.4
0.5 14. 4 3.6 7.1 4.1 4.0 5.1
0.6 12.2 3.0 4.9 3.4 4.4 4.3
0.7 9.5 2.6 3.0 2.9 4.8 3.7
0.8 6.2 2.3 3.6 2.6 5.4 3.2
0.9 4.3 2.0 4.4 2.3 6.2 2.9
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BT ERORIN, XA SR AN, I A
A B EERHLER D, WEE T8 KE L,
KATHEAE, WAl RETCIEWE L SEPrifi 2
MBI ISR R, 584 A iR LA A
FORASIFAR i B A, AR RS W B R 2 A
RARTE, BLog 4 A b 2R E RS H s 48 70 7
ST EERER], BRI AT BT LT RE A D2
P B P EL, BRI %
®8 FEWMRIFMAEKRCANBREENEHTRKED
EWIEHIE
Tab.8 Recommended control average running length of vehicle

before finding an interval to merge into target lane

AR EFHBITEE (m - h ™) FPRETHEKE/m

BB 100 80 60
BT OWZEE PR MR R W
0.3 — — — — 10 120
0.34 — — 50 170 — —
0.4 70 190 — — — —

WL, F L, #ERIEAAL (6), 7530hnH 4
ER/NMCERERIE (AEEEE) 51FT3R9,
x9 MEFESNMKEHEIZSIE
Tab.9 Recommended control minimum length of

acceleration lane

B R R (km - h ) F R /m

I/ 100 80 60
(km - h™') A WA AEE WA REE WA
30 — — — 160 270
40 240 360 200 320 130 240
50 185 305 140 260 70 180
60 85 205 50 170 — —
S [S] Mok, T B Y 40 -

50 km/h B, BT EE A2 R A 5 ] R,
XU BN T 2 T4 R 1 47 ol D S 3 K, AT A %
JEEHR AR A TE T, i A /MR R
] (L — e E ARSI 2R

RO WAL R, T B 8 R i 4 K
JE ISR 02, A R A B e X s R
IR T AT AE S AR, F A AT, 038 B3
L L N I8 0 25 15 B i T L e, By
A AR 114 T BT 3 B R Y T3 B
FRZ A, REGRINEE A TR AN A HE S
3.7 HEEHETES/MKEWE

AR IE 1 5 R AL Bt bR Oy SE BE SR FBE,
IR T L AT R B it AASHO Y
HEOE R

1
—V,t
T = max)3.6 *' , (31)
VW(4R - W)

b, TONTEEEHA BRI V, NPT Rk o
DR RS A R S O B AT R s Wk R AR R B B
R =V/[127(i + /)] A&, @ e, f
LAEIEY e

Voo iy fORAISCHK [10] HEF8UE; W o 48
AR BT, P N 4.0m, WHEIEAH 7.5 m; ¢
RS HOR 1 /s TSR LR 10,

®10 # AASHO AiEEEHTRKENITEE
Tab. 10 Calculated values of width transition according to

AASHO method

AR EREIEE (km - h™') FREHFBRKE/m
AASHO 100 80 60
IR REIE PRI MR AT ONEE
(V,)/3.6 84 158 74 139 63 119

/W(4R - W) 67 92 59 80 50 69
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HICHk [S] PRIHUEE AL, B4 aETH s
FIR, BB ILF-HEK 1A%, (HRLVE I AR BA 0 4=
HAYPAE. AASHO ByTH8T5 3% Rt TS,
R BIENEIE o X, 4508 A B4 T
HAEBERSMUAIE, o ESfifs 2 &4 0E, ik
AWM B FRASMUZETE, Al fe A2
PRGE TR IR, R AR B R R T B A T A
MK o XTI, 25 440 A8 XU 38 T o B o
N TE A Sy A R 5 5 4l ) B, 2 o B 4 90 1 6 A
2 ZRTE IR DL, A0 e 5 AR B B SR R T8
TR EN AR A B

YRR TE I 43, 420 M 23 BRI A
ERRA T REVE S H AR i sl RS A K e
A HARS Y, FbR 708 0P 45 4k Ok, al
TR Z, FRESRBILA B F BT
FANZ B YRR B HHE RN, HAR4E R
7SR B sy, R A R B R 2 08D,
Ty RIS AL A Al RETERE Z 3 K5 AR E Tk
S, BRI 4ok BT 3 Sk R A, W]
AR BB AR E , A — R B 0 1 S A
ARSI s SR ARZS S, HAR 418 /92
FRMBRR /N, RIS ] B A, ] E SRR
CARSMRER . HEMESEBBILARN, L
ATERN G H bR R8N, SR LA
i RSk I LA E H AR R A0, P I A E i
SRR AT B, LA Sy 9 8 i A B B A 45
i (B 45 BRAY o

TR HARAE (A B RS 4238
BNEREL G AWNIIP N i R REESTEL i SOl I v 8
BN IR A A/ NSk 7,

T, =t + 2t + 26, +2t, (32)
AR L T 1
s, BB 1A,
Tq = ' (33)
2495, B2 A,
AT A B 4 SR % P Oy
P=[cs e, (34)
R (33) [RAR (34) fLHIR-
P:{£%§“% B LR,
A 2% =if

Beara (28) Ak (35) A ARG TR
Vz’ Tas P{E; ﬁ"lﬂ:ﬂéllx %%120

=1 EB1IZFEELCNBREENV,, =, PIHEE
Tab. 11 Calculated values of V,, 7, and P if across one

lane to merge into target lane

EBIHHE (km - h7h)
80

4

i 100 60

I
& 2

v,/ v,/ v,/

T/s P T/ P

(m-s™h) (m-s™")
26.0 21.8
25.3 21.2
24.5 20.5
23.7 19.8
22.8 19.1
21.8 18.3
20.6 17.3
19.3 16.2
17.5 14.7

T4/ P
(m-s™ 1)

16.7
16.2
15.7
15.2
14.6
14.0
13.2
12. 4
11.3

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

6.1
6.1
6.2
6.2
6.2
6.2
6.3
6.3
6.4

0.71
0.51
0.36
0.25
0.18
0.13
0. 09
0. 06
0. 04

6.2
6.3
6.3
6.3
6.3
6.4
6.4
6.5
6.6

0.74
0. 54
0.40
0.29
0.21
0.16
0.11
0. 08
0. 06

K12 ESEB2EFELANBGREEMV,, n, PHHEE
Tab. 12

6.5
6.5
6.5
6.6
6.6
6.6
6.7
6.8
6.9

0.78
0. 60
0.47
0.36
0.28
0.21
0.16
0.12
0. 09

Calculated values of V,, 7, and P if

across 2 lanes to merge into target lane

ERBITHE/ (km - h ")
80

i 100 60

J

v,/ v,/ v,/

T/s P T/ P

(m-s™h) (m-s™")
26.0 21.8
25.3 21.2
24.5 20.5
23.7 19.8
22.8 19.1
21.8 18.3
20.6 17.3
19.3 16.2
17.5 14.7

T4/ P

(m-s™h)
16.7
16.2
15.7
15.2
14.6
14.0
13.2
12. 4
11.3

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

10. 1
10. 1
10.2
10.2
10.2
10.2
10.3
10.3
10. 4

0.57
0.32
0.18
0.10
0. 06
0.03
0.02
0.01
0.01

10.2
10.3
10.3
10.3
10.3
10. 4
10. 4
10.5
10.6

0.61
0.37
0.22
0.13
0. 08
0. 05
0.03
0.02
0. 01

PAEI & . FEPTA AT RERY A2 K BE AR, il
REREFEAC A H bR 2238 7 7 47 Sk I B AR X B 2
B, EREEHZEBRT F MDA Hir 418
AORER,  BIUIEE A8 K N Ak AN T 7y B
RPN

10. 5
10.5
10. 5
10. 6
10.6
10.6
10.7
10. 8
10.9

0. 67
0.44
0.29
0.19
0.13
0. 08
0. 05
0.03
0.02

Pl = e (), (36)
AHNE T 3 BRI ER B K A5 2238 e B R Y PR
HZWHE 11,

F AR AR E TR S EE, B AR A AL T 5%
R AT B, A BEA AN BT Al e fiiE
HYMER IR, EESREmRET. Mgy
0.8 i, MAEAGEATAES A 1 300 ~ 1 400 peuw/h'™
Fie EBE T R B RS RS B B Rt ey B, B
RN SR RS TER 18 N1 VI o= A 11 Vol 1 R T
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WATRESII), EOMEE SRR LA T 8%, W HAR %
B IR EROR SRV AN 13 FR.,
®13 CAREZFIMERITRE N BIREE LiF
RARFRE
Tab. 13 Allowable maximum upstream traffic volume of target

lane if merged traffic volume reaches traffic capacity of ramp

TRV (km - h ') 100 80 60
HAR A58 R ARV R/ (peu - h™') 600 450 300
AR U DX AT BRI IS 32 B P 0 4= 3
AR B R e I T R, ORI B B
7R AT IR 14,
x4 CAREZXIEEBRTRAMEFERRERATE

®16 RMEAEMEEFEEEFERKENITEE

Tab. 16 Calculated values of width-transition of acceleration

lane according to probability method

AT BT (km - ™) i R S

A4 AR] B FEREWIAE BEK EE/m
HER 100 80 60
HZEE WEE SRR WEE AAEE WU
0.50 88 — 74 — 55 _
0.01 ~0. 02 — 131 110 85

XF U MEAR LS AASHO I RS AE Rl 1, F7e

B A R E AR W, XA N AR T A T

SRR A 0 R R 3 3

ity bk br, A%

R T8 5 BT B A /M R TR

Tab. 14 Upstream traffic volume of main road and V/C ratio if R TEFEEEHTES/ M ERNEEDHE
merged traffic volume reaches traffic capacity of ramp Tab. 17 Recommended minimum control length of
R, (km - ho1) width-transition of speed-change lane
I
R 100 80 60 AR BT HEE (km - h ') AR SE
TR R ﬁq’ﬁ Fk R mﬁ Ept R ﬁﬁ*m* R A JE T B RS B /NG B 1/ m
(peu-h™) B (pou-h™') B (peu-h’') B 100 80 60
2 2 600 0.59 2 200 0.52 1 700 0.47 .
PRIV (25|
3 4600 0.70 3950 0.63 3100 0.57 Il A E - 85 75 60
i
4 6600 0.75 5700 0.68 4500 0.63 F— X 90 75 55
7 A7 JRE T 0 o R MR Ak T R R 55 B 130 110 85
AOFS I — AR, W IR S 0 R S PN
Za1E

B MEME B K N AHEA B (k15

B ) o

R15 EWESRFEMEFERENRECNBRFENHTR
Tab. 15 Probabilities of merging into target lane from

single-lane acceleration lane

B/ (km - h ") 100 80 60

TE I3 ZE T8 I B AR 22 T8 1 Al 3R 0.40  0.52  0.66

Xof BT TE NN R A, A 3 3k R R B, 4y
A—PHLATEA B b8, 07 98 B A2 B e
A HPRATE L ZRME AT 0. 505 X A48 Ik 4238
TEMR G BN, G50 A AIMIN 4258 7 2 A ) 223
G, YA EHLSERIC A BAREIE, 105 B R
W BEN AT iR S A —2E bl 2. DL, R S
2 SFGEIC A BARAEIE, ARG B0 T KA 1/
BER A, BOERME T 0. 01 ~0. 02,

e T 378 A [] B ARE 300 o7 Y AR, A
F) 58 BE TR B T 00y

T=V, -1, (37)

A, V, AT AR B E AR o i T AR EE
IR o A AR GBI 258 o D A G
Fo 2 H bR 4238 BT its 1] o Sy A 4 A T B2 A ARE 232,
FAZESEHE 0. 50, WAiEHL0.01 ~0.02,

#72:0 (37) HERRAINEY T 16,

T BT DR A T B LT A R, AT T

PR I | 8 4 A o DY R A S e LB, T
BB IR S S MR RIS SR HR g L T
R AEEER SR RERL, B e HE S
BRI R S GRS RS S T B, T Im
B A T A R S RO U

% Xk
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