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A Method for Identifying Traffic Congestion Resulting from
Accidents on Freeways
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Abstract: Based on the reliability of travel time, a method for identifying traffic congestion resulting from accidents
is proposed, in order to quantitatively study how random congestion takes place on freeway sections and how con-
gestion evolves under various traffic accidents. A model based on the method for studying the reliability of trav-
el-time outlined in the Highway Capacity Manual is developed, which is calibrated based on observed data from a
section of a freeway in Southwest China. A Monte Carlo simulation method is adopted to simulate various traffic ac-
cident scenarios. These traffic accidents are featured by four characteristics: location, severity, duration, and frequen-
cy. The mechanism that traffic congestion takes place and evolves is investigated and travel time index is used to
represent the level of congestion on freeway sections under different traffic accidents. Study results show that (DThe
method presented in the Highway Capacity Manual is portable. (2 When traffic volume is closed to saturation, the
impact of traffic accidents taking place at the off-ramp sections is higher than those occur in the basic and on-ramp
sections, and their impact is much higher under the single-lane closure scenario than that under the shoulder-closure
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scenario. (3 When the traffic flow is close to free flow, the congestion is not sensitive to the accident severity. (@)

Congestion would increase dramatically under the single-lane closure scenario when the accident lasts for more than

15 minutes at any traffic volume level. The proposed method for identifying traffic congestion can contribute to de-

tailed exploration of the congestion patterns resulting from traffic accidents as well as classification of the conges-

tion of freeway sections, which shall provide theoretical support to the accident management of relevant highway

and transportation departments.

Keywords: traffic engineering; freeway; identification method of road congestion; influence of traffic accidents;

travel time index

0 51 &

T T B A 55 KT R HEBAAE 5 AR
Bt I AT S R AL L BE TR T RS V5 ek ), 254t
SR TR IR FLSAS . P AT 4 R H b
SRS . Hop R ARSI T gl 7ok
T A A A R DR L, L Pl 50 3 5 o HL A B
P, o R A 2 e 00, A OGHRTT BE AR R U i
VRl AN R 5 ) 5 1 P P AN 2 1000 F Bt L
I, WSS SRR il T4 X SR R
AN ] F0 1 Sk R i B A ke X RS R RSl s A T
Ml R A T R XA

S O R S SN 2 —, A
ok, A3 A PR A — 2 B, (H LR E R 1
SRS A HE MR BT, E E R G
SRR B, 2021 4F 4 [ 36 & A 1 A8 i F
273 098 2 , 1 A 62 218 AAET=,281 447 A3240i, B
BEWA PR 14,5420 A8 38 S ki K it A i
WA= R TR, S SO A A TR T R, ™ EE AR
R TN B A TR AN [ T A

P ANETALGE A T P BRIE Jr i 5 1
LR, few RS TR o X F R A i
SR, AT REA B 5 R | AR RS KT A
PR bR 55 R A B A VR 28000 B AR A TR
I I 7 S4B K A3 Ry P 2 4 R T
ZHIED; Koukis 559 I 18 % 7 A R 50 , ) 5 19
(EAUIFHEEIRAS s AR AR I AC il o it 5 o5 A R 1
3R A Al 30 ) ) A8 S B A RS 5 5 ) A0 3 A R
HRAE VIC HKE A B IR 55 KA 2l 6 9, MR T
0.9 i, A A T8 B Ak F IR

AL A 35 50 30 3 A 8 A B A 4
BRI T, A TFER [R] RN AE 5 I AT Bz a2 L

Bhno ATRREH ] ] SRt e AT & T AP 4E

B, BERAD TATRRI RIS HR B BE A8 it YA AN
FE e o BRIIL, A7 R sl ) m S ] LAAE S 303 S 2

BRI BIHE PR o [l A3 Lam“WF 58 il 4R JE 0 M
MRAFRREY AT AL T2 45 tH 458 A TRER (]
(M (B /2 0.006 55 JT/s , A7 F2 B[] AT 5 7 1) A 1B 2
0.009 3£ J0/s , FHEL TATRRI [A] A 7 B B A T AR A
) A] FEPE . IEAESE , Rafferty ™ $2 HH 1V % H % JEA T L
o [) P 4 P A A0 R G058 B A, Eliason™ #E18
HE AT SEE AN ASIEE A B0 DA K S8 38 10 H 35— AR
AG3HT

ASCLIA TR ] AT SRR AR I BIARE, BR 1
Pl g 38 S50 5 T B SCBAEE R B RN vk . B
AT AR (] AT SR ) AR PR R AN AT DR
A3 ML BRARM OD "I 47 AR A ] A S
REARI Hrp IR o2 ST T sl R E REAL A
VTR B8 B A T AR (B PTHEPE . YR58 EE T T UK
TSI T SO R ) D A R B ) AT A
R T A SRR TN TR R R A R B B A T
R[] AT SR AR Y 5 ) i 21 46 FH DT A% A 7
TNz % B e, R FH SRR B R i rT SE PR A
A3 AT A 8 R B [A) X A 7R B[] AT S (5
BRI U S 53 A8 8 S SRR L R ] XT B X4 7 AR e [R]
ATAEEEARZ R, 46 25T Monte-Carlo 74 9 % 1 7 7%
ISF[E) AT 4 AR EE . Ciszewskak ZEUWFST T & A B
I NEIESTE T e IS E N e S Esdin) TS 414
KAV BT T B A RS T S B )5 e e B
VYR B REATG A TR A AN RE K 38 1 T R T R Al
KA

RS C S BUR  HAT AR AR — SR
JE, FBRIAE LR 3405 1 Dk = 288 55 i 5
TR VEIIEE SR T b5, 225 R AT REAE T4
SRS X L AR R B o AN R, A A B
st ATy T . O 22 10 38 38 5 MO 7 R2 It ]
AR S e AR R Y, 2 R TS24 R PRy
B R A, 5 PR R 22 @ KR 43
R A TR I [R] AT S AR R P4 R A M
XPIH ST AT AR B ) mT SR AL o AT AR A



RBFRFHOSZENRAEREH AN T E—K B FAAE %k K F24

T 3% R 25

(i) ] A A T R B At 23 BUAS B AN 2 B0, A
K, A AR BARR AT SEE R R A S I
H IR a8 — AL B H Fi A A 584 28
T FRAL Ny 2 HE AT RIS, Z0F 5 Sl FlOR
—FEAE A R

A SCR 26 E A A T e 1 Tt ) (Highway
Capacity Manual , HCM) H1 (91 72 B[] AT 544 5 %,
TERCI 7k A R A ME R AT HR T R ATl S5 ti o 4
MR W E RO AL E Sl R ERE AL
MRS ], LR S Sk R A AR A8
WHORT v 3 2 6 %) 5 e A Ay < LA T RE ) R A TR
(capacity adjustment factor, CAF) | H HH i # J& 1 4%
¥ (free-stream velocity adjustment factor , SAF) .
A28 F5 oK U 2% K 7 (demand adjustment factor,
DAF) , Fl 57~ 2 BEHUBLALL 5 12 A2 A [R] A2 i g
WORFEACE T BB Bt . LAy B 04 AR ]
TEECH B R bR , R S F A N Y
B A PESH B LR, I X e 2 [ I B A B AR B A 7
EHRN Gy o R RS A F 4 SR A 4
Jti SR SRS , 19 29 5 M FHHOR A
1 HCM A7 R [a) ] S 5 12
L1 F5ER

5 [ HCM (97 5 AR s (1) ] S 1 4 A vk HL A A2
T T TR . S S RO T A kg A2 3
A A ™ E R | S RS N ]
SE I R AR AT A) , BRI A IR JLAR AT
PR () T SEVEPPAS o B A S A SO A 5T i, TT
A RRGEASE FA LI, SEL Bt 7 R B ) ]
PRI IRAS

HCM A7 AR ] ] S 3 A D7 1k e 25 TR 46 B I
i) A o AT SEE AR AR A, WL 1. 25 ) 4R BE FR ST
5 B YN T A 52, T8 % 2 1 1 N 1o 0 3 Ry R AR
Be SR B A T B i Bk B, IR 1 — 4
JUASARR | PP B2, e 2 BEFR PO B,
AW S o 2 . DR ER R R o
P P 1 ERAE R 17:00—20: 00, 4347 1L 15 min
AL B, RAER 1A FROTHE 0 B . WF SR I
ZA T HAL R, WETE A 124 0 T A A, =5[]
i 15 ik 18] 2k J3E 2L () AL AT 5 B B B 1A 1E B 3
s, B TR TP, ATEEVELE B A 5T B B
1A s R RULA H 8ULAE , BT B B K
W SEHEPAL e BE B B PR . WS
SE R FRAE R AT FEVEARS ), —FREIR 1 4F

KBt

Tl AT
;
i
20:00
ot
?_E‘
& 17:00

23 124 2
THEK IR
BT HCMATREM ] AT SR AT 7 A 1A
Fig.1 Concept diagram of HCM travel time

reliability analysis method

W s e S T o A . SEAt3 5 (R
FF S0 ) HA S8 38 0 5RO, BAS & AT Al B
PLEFAE . R TS SCAE 3 = ™ B AR B A A 58
0 CRREE ) oA S Uk BT R A A, SR
RVEARALL 5 AR S SLIR 43 A1 K S8 T B 4y
T 510 3 5, B 43 e 50 3 2 0 A0 3 S0 1 IR #E CAF .
SAF. DAF S7%EIEHSE. M5 A S issE
TR, sl AL RAE R LT A S
CAF Ji[f | SAF 5[4 . DAF S5 4 1 B0R B4 15
558 T SR o A SO T HHOOR AT RIS, T
WA 38 P TCTE = A SR, WU s il i S
R ARAE IR ] LASHEE S KA i
TIX AR, WK 2, BRI 5 7 S R R A
TR IEAEAE 25 50 BT A4 T RE IR, 4 S A7 R s [R]
SEPEREAR BT AR

¥
s

BTN R
il N T

it

K2 st s

Fig.2 Scenario generation module

1.2 F5HRIEER

FAEAT RS [ TS TR B 2, RAKT] 43 2
25 : D FHMEARAE , RIALAE B B] P 58 B A 7 AR
QTR ERAE , B SEPRp P RER (B 5 [ R SRS AT
By ] A4 HUfE . Asakura 25 H DL — 52 IR 45 K
T AT AR E I R) N 58 B AT AR S
W FEREAIL I B A AR T B AR VERE , 46 A TR
[B] AT SEME RO ME & . Asakura™ 5 E A B R 25



26

TEAER S E 4 2023 4E1 W B 41 B 2424

FIRE O T AT R [A] 55 2% P 25 5 0 HOIRAS T Y
T AR ] B ABLAY PR . 7 v 5% Hir 52 38 A 52 T Bhat-
tacharya 554 i FH 2% ti i [B] > SR AEA T A2 R[] ] 5
P, R AT PR UEFE B B R H B T, 24k
AT AR B[] 5 -S40 7 T RE BT [R) A LB 3 Ak, i o
7 AR B ) W] S P 7 3 22 S AR RO AR AR : 95% A TR
Hsf [] 2 47 i B 8] 45 %% (travel time index, TTI) #2
TTI95™  TTI80""  TTImean™”  TTIS0™ , J| %147 #& b
[&] & %X (planning travel time index, PTI) ™ 2% wf i
[8] 45 % (buffering time index, BTI) ™45 5 55l 45
bR 5 T2 B BE ) A TX LAY, BT 2 R T4
RIS

U THRFOUIR AR B , AP ST e B TTI AR
AT RREE ) AT SE PR AT AR A . AT AR R4 HOE X
FSEBRATRER ] 5 A AR S AT AR A 2 b, T
X1,

T.
TTI= T’ (1)

A T, o ¢ A B i B9 SEBRAT RERS [R], 5
fis; T, H GRS TRER E], BT s
HRAE E AT, TTLIR 2R 55 F 1.0, B fE b
K AEGERAC , AR [A] A M I, THAREA T AR s 1]
N et A P B A Fi R, I (2) .
FFS=0.172BFFS—0.172f,, = 0.172f o —
0.015 x TRD"™
e FES i i B A B A Pl U 3, B
m/s; BFFS b e U0 B SR A B BO AR 1 i A
Bfim/s; foy HEIETEEBEIEREG foo AN
ZEIE R B TRD sl WA % %, 557 ramps/m.
BB EATRER TR 346 TR0 T K
iy, W(3) .
TR, ,=10.33(ARU, ,+ARO, , + TR ) (3)
e TR, oM ¢ M B i AT RS, B s/m;
ARU, , HARMLFIZ&AF R B IE D3, 3 s/m; ARO,
LRI ST B RE R BT s/my TR A H HI I
SRR TAR BT s/m.
L) ARU, , M1 ARO, , 435l =0 (4) Fi=X (6)
THEAGH], TR [N FFS HEIEL .

(2)

dit
0,—<FE
ARU, =]
: ditB ditz d, d,
4 629.6(A(7') + B(T) + C(c—")+ D), E< c_ <1

(4)

X d, il e B i FSROKF B pew/h;
¢; NN | BaliTRETT , peu/(h-1n) , THRILA(S).
¢;=2200+10 x[min(112.65, FFS) -80.47] ~ (5)

A. B. C. D. EZEHUENF1.
£1 FEEMEEARSHEIE

Tab.1 Unsaturated formula parameter value

Efiibiecs KASH
J#/(km/h) A B C D E
120 68.99 -77.97 34.04 -5.82 0.44
113 71.24 —85.48 35.58 -5.44 0.52
105 92.45 —127.33 56.34 -8.00 0.62
97 121.35 —184.84 83.21 -9.33 0.72
88 156.43 —248.99 99.20 -0.12 0.82
ARO, = %f[max(dc;;’ ~1.0)] (6)

Kb L B i KB Bfim; d, |, o i ¢ 4y
BrBE i BT RAE-, B peu/h; ¢, A REE A BRER i B
WATHES], B pew/(h-1n).
R TR, J5 ATFER S L (7) AR
A (DI TR TR FE 5K
T,,=1R, ,xL, (7)

2 BARES RE

JET FREEVAL 8GR IR EA FLRBERY , SR
HCM A AR s [] A] SEk 23H7 7512
2.1 BERERIEEL

HCM AJ 5 P 43 B 7 TR 55 K K F 19 000 m
A BB, AF TR RN B RIS 4 R R , kAR Sk
PV T 2 N B 240 14 000 m 3 8 B M 58 6F
%o WIS B AL B 2 ) L AE 2T A8 5 1 ARSI Y
L 2 R BB, LA 3. 2018—2020 3L L A
AT 2 583 L, BETS 22 A WU 4 FEE, FLk I
JHEE 80 km/h, IF5E 5[] Ry AR LR IE 11

K3 WHFEsB
Fig.3 Study section

2.2 HiEaiE
BRIy R 2 AN Gy DR 55U AR 4
BB I BEISTY | H R s Sl A )



RBERFHOSEARAEKREAN T E—K b AARE K #K FL4b KiEF 27

AT FEVESM TR , B0 15124 8 SR B i 52 e =
HOEE . B BRI 2.

®2 BEEBERRE
Tab.2 Data type and source

e AR AR
FIEEL SEHLE
BB ¥ API
s B SHb R
F H B IE AR [ o O
A3 ik ETC %
S SR AHH R SR A R
BRI el SR AE i A

I SR IBOE B O R AR T x
RV AT , Yaescis it 5 37 s ol a1
{H o PEBOR &A= sc il il , BA V388 75 K KF
(12018 4F- 9 H 24 HAE R ILitig 5, 2% K 4 R ACH i
95776 pew/d. HETFWFSEEE B AT FEPE R A R
A2 38 FE A , 5 A S A S AR FE ) < A
W7 I L 19 B R SR R BOERE , W3 3,

#£3 FHERRHER

Tab.3 Average demand multiplier matrix

R5 RBEHEREMESHR
Tab.5 Accident frequency distribution

2

VEEO = — -
— _ = L] T 75 H

— 1.14  1.05 1.09 1.09 1.12 1.11 1.19
— 142 1.68 1.69 1.16 142 152 141
= 1.77 159 165 166 177 1.67 194
i} 2.19  1.78 202 208 230 247 227
Fil 1.73 221 172 176 210 1.82 213
7N .70 1.62 174 159 195 180 1.96
+ 129 138 131 133 140 128 135
J\ .10 113 1.12  1.11 1.25 127  1.27
Ju 1.00 097 1.01 097 112 1.05 1.21
+ 1.11 .12 1.15  1.21 1.31 120 1.26

+— 1.02 098 092 099 123 1.05 1.16

+= .12 1.09 1.07 106 1.16 120 124

T R AT I N 0 S ™
TR FE 3 A A 3E SRS ] 3 A A AC i OR
AR o BT A BRI, k4. Sl iUk
AR S A R T 588 SR IR B U, IR 5.

x4 BMAXBEHTERESTESERHENES S
Tab. 4 Default accident type distribution
and accident duration distribution

e HRJH G H] LR P
G317 LA/ 75.4 24.6
SEHHFLERT E] /min 34.0 34.6
FiifE2E /min 15.1 13.8
e/ INRFEEI (6] /min 8.7 16.0
Fe KR ] /min 58.0 58.2

ikt SSEFHUFAR

1 0.25
2 02
3 0.25
4 0.2
5 0

6 0

7 0.05
8 0.1
9 0.25
10 0.05
11 0.3
12 0.15

2.3 EEE

HR A He A 7 5 55 A A e XS4, 7E FREEVAL
rhs) ST 5 b B Al s O LR WL 4, FA
W5 6 BE 2018 45 R 58 M 43 B 54 | F o2 50 hy
17:00—19: 00, AJ &R 5 A E 0 14 AU T
fEH B 5B A A RIAS, Je A ) 12x5x4=240 4>
Yrsto BT AR BAS - R4 1A
ATREA BB, 243 A 8%240=1 920 M TRET ]
B, A ER R T A S EME N 6~7.

1 2 3 4 5 678 9 10111213

K4 BEFEEK B FLAEY
Fig.4 Simulation model for analyzing road section
*6 ZRSHME

Tab. 6 Initial value of global parameters

L e
FL& A R/ (m/s) 30.56
i 38 F R/ (m/s) 13.33
PEF ¥ (pew/m) 0.118
RIS TRE ) T FEAE/ %% 7
i AR B /m 250
T A K B /m 200
P44 5 PCE 2
TR/ % 24
it 3/% 8

KT GESHIE

Tab. 7 Initial values of scenario parameters

24 BUE
Hefilid 5 H 9 2018-09-24
TS 17:00—19:00
AL AT 1
AIEEMEARA T IR H A 2018-01-01
YRR H 2018-12-31
Yssohh BN Fip 2 Bk 11
TR ALE RIABUK 4
B AT AU SUXTAER)
SRR 5 H B H ARG Bh




28

TEAER S E 4 2023 4E1 W B 41 B 2424

2.4 RAESWIE

HCM A7 A& i 8] W] S 23 M7 5 125 8 S il Ak 22 K
INSHL, i SR EWFTE N ORI S e T &, e fl
PRSP RS B . S 3iE HCM A] SE 1234
5 WA [ N g T B ) AT R AR , AN SCFE HCML 3R 25
T M 5 1 A it Y, AR S PRAE Y s B A 2
B, RS AT R B LSS BRI Be g 5, e S0y
v S T8 = O A7 AR IR 1) R R 5 e R AR R A
RHE

B SE RIS B AR AT RR I 1) 23 A1 EA AL
E, FUZ XM R I (8] 0 A 22 32 WF i B AR 52
8 2 T 0 R W T AR ASONS 52 8 i 3 55 BT AL
Mo BCHENS , i p BB RS EE i 37 5 T T 00 A2 il
Fllc s, fef S e B4 T AR (Rl HE K, T T
JEAZ BRI IRTY . B SER T 5K S
ASEVE T KPS S T, PRI BN 2 B e I
AR TEJRE

SRR S AHE A T 12D PR
J I &% HCM (4 Ideal FFS Capacity 2%k, L5281
HARAAL s HR A UE A Ry 288, 4045 : Overall facility
demand level, Percent drop in capacity during break-
down, Overall jam density., H#E Schroeder 45" AT
FECR , 32 Hog WA 73 51 8 0.0% , 3.0% ,
6.0%35.0%,7.0%,9.0%; 190,210,230, ¥ I8 1.9(3*)
1E ARV 42 JR 2 MU B 52 3, (] g A v 5 3 7
SR A AR Y TR A TR I (8] 55 S BRAT AR N E] 5% 22 /N
T 10%.

FEEMEKSE T, 1 e R SR AR, th T AR S
50 v BE A3 S5 K P R A T SR A HERCR R T
PRI AL HEF- 25 SRR [ o 28 18 2 i
Pl e 38 5 I N,, CAF, DAF X 34 Z sk
W AZiE S RRR S ] 5 CAF BN IR 4 5%
8, AL HiE R TA ML T A5 AL T A 4 5 A P [ 45 £ o A 5
SEBRT A 2 S WO S EEE IR . ORI LA S
mmin A B 18 S T SRR IR IT] 5 2L 0.1 Sy B
I8, CAF 5 LL 0.1 3 L3408 DAF | [RIAE R I IESS 3%
BT SEH,  E SC i HOR D fe AR 4H 5 S8, M
I b 2 B T (5 S PR B 515 509640 TTI R 2245
HAE 10% N o JLrp, S2Prty RIS [a] 45 Koo A, Al
SR A i B BRI O - RS T R 2 B
JI RSB 5 P Y R 2 L AR BIX LT AT
FEMS 8] s AR 4R 2 6 fh 33 A =2k A th sl B2 53 A il
TR T BOATRE I s FEAR 95 2 (1) 3 SE BT A
iRNIHIE iR

*=8 BITHRENAERF
Tab.7 Capacity adjustment factors

LGRS TER Y P ISIIE B AT G
2 1.00 0.81 0.70
T FR A AT LA IE 8 A T 4 T A TR 14
RHERT 5 5 I2BR TTI BRI LR 5. Xt
MU S5 5 92 bR 3 A1 i 47 Kolmogorov-Smirnov £ 45,
BRIV T 2 M i AAEE S T E i
FRR.

FEHERT K PR

100

80

3

N
(=]

20

00.0 05 1.0 15 20 25 3.0 35 40 45 50
AT RERT 146 £
5 FrREnst e A SR F Akt He ]
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