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ST 2T R REEE LS R RY, 1BET —ZI1I2XK25 Q-VIXL Y Z#EitHE, ¥
B L BT DML TWDEZERNDMND. 20X 2L THE LR Q-V K% MHE
Hig & LT, #K@%ﬁ&bf%ﬁ?ék UL F DX 9 e FIE TR EITo72. £7,
RIBPRITIS LT REBHEEZ/HF L7201 WREE 50 B/h T oL 2o, 1%
REEZRDD. l34ixﬁm¢vA»2wmm~%omm@k%®IﬂLf@ > T
b5, B-3.4 OLOREESAD O HEDORFMEAE S D 7202 85percentile i & X EAH &
L7z, Zhid, iy TEGHE 1T 8S5percentile #E A B Z 95 Lo EZXHF A2
DETE Lic. REBMEZ RO DB, #0, LF, BE 7T — 2 20 R 72D, B HEE 2 50km/h
UbkoF—42%FEA+252L, RBWRESOBMNDOL L OFOH TN 10 LLEFES
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RETIE, RWENR, %%El@##% T—HMENRAETH D LD FTHRODO W
FERIZOWTHHZEITH. EERERIMAFAEOLOTHY, HAREBRALETH D -
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ik Tt sh7ZeT =2 %2R L T, S T22L2E®RLTWD. Fz, HEOH
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X, HFERKROFEE 8Spercentile HME D ZECGHER FTE) TG+ T 5.
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4.4 EFFHIZTKBLLER
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D, IR FIC Lo CHEBAENIRE LY Hh = 3

x-43 FHOREHR
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X-4.3 1%, 22 HiAIZ oW\ THEZH] 85percentileQ-V AR 2> & F8 5 ] 85percentileQ-V Hli R
EHWTHEESMEMEMOFEEZLZ BRI R LELOTHL. . B-4.3 00005 X 51T,
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4.4 BRREBICKDIEE
PR RE, EEREOHRRARRC
A A L WO BEAKOIKT

F-44 BRO~1TmMMhDEZTDEELODEDRERR
1~3mm/h 3~7mm/h 7mm/h~

P . BRE e A 3K 33 28 17
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L LNDTW, Bl ENET HENEE 91.0 92.9 100.0
WEICE 2 5B ONTo .
?L; i 7 %45 BETIBTELALBOEEENOREREE

SR RER D 36 HIAIZ ST B A BE B BE C

. oy E R EEHh 5 &

BRI LB TR ~opy  RETREREG 33 27 17

S A B R A O BEEHE 30 16 6
P 0. Pl EEHEE 91.0 59.3 35.3
tmm/h, 1~ 3mm/h, -3~ 7mm/h, BEA : [ETEE 0~Tmm/h & 1~3mmh
Tmm/h~® 4 X320 L, & BEB ; FfE 1~3mmh & 3~7mm/h
e R L UL O 4T 5 E A bl #3E C ; BMR=E 3~7mmh & 7mm/h~

T 5. BRI Imm/h HIZEEEINTEY, MR TROVETLER TS D, BFW
EA 0mm/h LRSI NTWVTH Imm/h REOBERE L VWS Z Lk D. £D7=H, Omm/h
OFT —H1E 0~Imm/h &E£LT 5. oL, 4.1 TRLULEEAETHESL T —% %
AT 5.

PR EIC L 2 HER T2 HAMICHLNICT 57O REIEE L /L2 200~250 H/h
DEEDOETHEEIZEL > T, FITREBKRE S%KUED Welch D t REZ T2, TORKREE
K-4.4, 4527 F. R-441FTBERELV LN 0~1mm/h O L EOEHE L LHEREL LD
LEDHEOEDOREMRETH D, R-A5IFHVAEIBERNEL NVELOEEDOEDORE
WERTHDH., K44 T VENE O~Imm/h O L XDOHE L BEBREL LD L XORHE %
g3 2 T EAEOMETHERTNREL TS EWVWIHIERERNEONTZ. 2T,
Imm/h YL EOBRNETEREICRERA 7 P22 TWAHZ LA RLTWS. F12,
K45 OBET L LXLVHEORETIE, MEB ERE CHPRE AT, FEHES
NEHER DR, BHEOREINHIBERELS A-oTL DL, TOEENREITLIZ
o TWDEITHZDN, BREN Imm/h UL EOH > F VI R2EOY 70 10 550
I RETHLD, ME B, C TIIRHEDPHRE A LV K7D HM IS A B E O HR 5
R IR TR EEbRD.

AT G D 36 IO W TEERE L /L 0~1mm/h @ 85percentileQ-V Hi#E 7> B & [ [
& L~ ® 85percentileQ-V Hift Z 5| Wi HEEZOFREL R LI ONE-4.4 ThHDH. T
% B ICHEWNEL X/ 0~ 1Imm/h @ 85percentileQ-V HI #2206 FFEHWE L XL D
85percentileQ-V Hifg Z 5l WIoHEEZDO A O SAAREZ R L. HAEIX 85percentile
HWENRGON AR EZ R L TN, FRIEAZ RO DEMEH LS EZ R L TS e®,
TREDOFEHMEZ WD RRICR 2 5.

B-4.4 L0, BERENKRELSRDICHS THERFTEDREIRoTWNDHZ ENDN5.
F 72, B & 1~3mm/h & 3~7mm/h, & 3~7mm/h & Tmm/h~ D & & OFHE 2% L Y 0~ 1mm/h
E1~3mm/h D EEDOHEEDIEFINRKENIEND, BREOKETSLVLEREOH
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WTHERENETHEICG X D2EEZ 0N L5 005)0MHME LFEEE o7, Fiz,
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HWRRICLDEEOEELD L, 2@ m$#2w;ﬂhifiﬁﬁﬁﬂﬂgmﬁwﬁﬁ
D, ZEPEE 400 B/h EE X D LB E 3mm/h LA E O & Xl EE AR R &R e m i
R R 200 B/h LT O L&, 44@$%riéw@kmbf,hﬁﬁ,am%ﬁ%
T, RIANRN—DPHESOET LI WEEZRINL, MEICETL TVWDOHERKT
MRENEEBEZOLND. LHEHE 400 AL EOHEEK T EOBIME R I, HARNERSK
HREED BT, EHTOHEBOHRER T2 L, 0, BEOHEFICK L LD
ThdEEDLND. #Hlz21X, 2R 400 5 /h TO Y ELHEFEHE T 200m (4 3E £ 80km/h)
THHN, BE2HEBAFETIHEBEVBLARNARE TS0, EHEMERKILLTE
B o HEABE AL 200m L 0 KIEIC/h S W EF 2 b . Catbagan H(2006) 1%, H AL B &)
HIEDH D HEIZB W T, ZZEE 400 5/h O & T RIHFEMIZEBEL TW D EGOE A
A0~60%FEETh o7 tME LTS, F72, EBICRTEEY, BRNENKELI RS
> T, HEZLDELOERKREL R>TWVWAZERNbMNS. ZhiE, BREN KX
KTpoTWLIZONT, 20T —Z28ixV 757D, O 85percentile & 23X 5 1T
LZDFHROWHTHD . F70, FMEOERTEEARTMPEEVIIZDD A>TV DHD,
HAERFAOERICL > TELOWVWTWDSI DT TRV EHAEND., ZOHEMIZH L T,
Hu s E A O BER Z AL O KE X ELEZTEL5ICB W THRIET 5.
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45 KESERARICLZRE
R, BAICBVWTR %46 KHBERALRO~5%DEEZNEELDEDRTHE

AL R, R 5~10% 10~15% 15~20%  20%~
HEMBORMEICH  mreaemsas | 35 35 35 34
BT & DL Wn D BEEHE 22 27 32 31
PCE(F I 5 #f # 4% %%) & EHER 62.9 77.1 91.4 91.2
WOFRIR M, L &R-47 BETIARERARLALEOREEZEORERE
T % 7=. HCM(2000)IZ e A  BEB  BEC BED
WTOREROTEEZMC meaiem s 35 36 36 34
TWa. —F, R4V BEHE 22 28 23 26
B Tlx, RAS-Q(1996) BEHER 62.9 77.8 63.9 76.5

S RRE R A RRZ Oy REA KBERAEO~5%L5~10%, HEB ; ARERAES~10% £ 10~ 15%
ERAARAFRNZ Q BREC | KBERAE 10~ 15% & 15~20%, RED ; KEERAE15~20% & 20%~
i 2SER S TR D,

- 1 Nl 373 ~ o, SiE fF =

WCHAAER TS, = 20~25% 25~30% 30~35%  35%~
ST, RA YO FIE 15 5E W B it R 2K 12 12 12 11
BHIE 11 11 12 10

BV, KRAIBEE AR L
~OVRINZ Q-V BB D4y

BAEHER 91.7 91.7 100.0 90.9

#-49 BETIRKEERARLANLEOREZDORERR

Mredr o .

MRS D 36 HiEIZ BRE A ®iE B BREC B®E D
ST KT R AR E R T e i m 3L 12 12 12 11
. N BEEHE 11 8 4 4
ITHEEICH 2 DHBOD S
Tk ) 7 HEEHER 917 66.7 33.3 36.4

Mraedto. KREHERE AR
BEA  KEEGRASE 15~20% & 20~25%, e B ; KEEGRAZE 20~25% & 25~30%
Z 0~5%, 5~10%, 10 BEC ; KEIEGRAZE 25~30% & 30~35%, #RED ; ABELRAZE 30~35%& 35%~

~15%, 15%~20%, 20%
~D5ESICHEL, BERMERARLLOETEREY kT 5. F7-, BHETHEE
IZHOWNWTIE, THRADOLIICEHRMERANEDMMOBEHR LY RE WD, 15~20%, 20
~25%, 25~30%, 30~35%, 35%~ D 5 K3 IZHE LBIE DT 21T > 7. ricix, &-4.1
TRLESECTHHEN T -2 20 HT 5.
RHERAFICL D ETHERER T EZRABICHLICT D700, ZETEL LR
200~250 7/h D & X DOETHEIZ L - T, FHTHEKRE 5%KHED Welch O t fRE Z 1T -
. ZTORRER-4.6, 4.7, 4.8, 49127 F. R-AGITRKEERAEL LN 0~5%D &
EORELINFNDORBMERBARL LD LEDHEEDEORERETHD. R-4.7 1%
BEo &) KMHERARL NLVELOFHEOZOREMETH D, R-4.8, 4.9 (T AHH
EIZDOWTRERD HFIETHIBIToTERER R TH D, R-46I1TR L7z BY, KRMERA
FLRXLO0~5%D L ZOHELEHERUFRARLNLOLEEOEREL LD LALLM
MCTHERTAAER L. R-4.8 L0, KEHEEAEDN 20%LL Lo & &4 [FHE O
WH BTz, £, 47 LV, BOVAEI KMERALELSNLVELORETIEED L)L
AEZER L CHHERTAAE CHIMAKIIRARE TCH 7. Thik, REHERAE
WHNT 5 &, EERFEFERMICHEML TN ZEEZRBLTNS. £-4.8 L0, 20%
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~TOREMBIIINE TR R 2ERAZTRLTVIN, MECRMED CTHEHLET —4
BIHREACHREB THEMLET —F XVIERBERDRWEED, AEMAREZDE EHA
HOEEYTHRNEEZLND.

HWEAZOREIIREERAEEL 5% LX) > TITY, Z0ENEL OMATHET
D EDRDhoTEMN, TOEFNENLDTHDHIZD, 10%Z XY > THEMEK T &
DREZIEZSDHLETZ EETDH .36/ AITOWVTRBHERAEO~10%D 85percentileQ-V
Hh AR 2> 5 & KR HEIJR AR L LD 85percentileQ-V MR &2 5l W7o HEZEO R RfEZ /R L 72
HLONRE-4.5 ThHD. {18k CIZKAER AR 0~10%D 85percentileQ-V HH#R 2> & & KR H
BAZE L LD 85percentileQ-V it Z 5| WIZHEZ O 2SO oA IREZ R Lz, HiAEK
I% 85percentile MENG LN A A RL TN T, ‘:F'ﬁi%flﬁ%ﬁ?&')éﬁf%@ﬂq L 72 Ht R A&
AL TWL 7D, PREOFEEMEZ I Z2FHEEICRY 2 5.

B-451-T LB, REERBARPRELSRDIICEST, HERKRTFTEHRELR2-T
WAHZ ENbnD., e, ZEIEN 300 H/MLTOEE TR, FREERAEL L
DIRTEOREZEIDEFEFABETHLIZ b, RAHEREAFEIZ X DB ITE R H
LT EEZLND. ZThiE, REREMES, EFELXERLSLTORNRKRED D,
RBEHKROETHENFHEEICEHZEEL TCNDDTHLEEZOND. RKEITHE
300 B/h mBATLHTED NG, ﬁmﬁ&ﬂﬁﬂmui@&%:LW%T%i%kLTV
SRR H L. ik, BREIZ WELFELCT, RBAWENIHIML T > TH
BEDNTER LG T, REHEOELT F@ YEEEEROEITHEICOEEL 5 X THRTTE
EEZOND. 20D, EHLICKBEMEN/REL RoloGd, EFLRMERAENKE
Kleoledh, HERTRIIIOICHRT LM TED. £, #F ClirnT LB,
RKBEHFRALENRKRELSRDICHEST, HMAZLOHEETEOIILDEHEREL Lo TW
L. L, BMNEBICLDIEELEAMEKET, FHADEKRTEZRTIHLNAVIZIZDY &
%ék@,%ﬁ%ﬁ@ﬁ.Liofﬁ%OwT%ébHTH@WkﬁWéﬂé.;@%W
WX LT, MAEAOBEREMBABEDO KT I LEEZZTE56 BV THRIET .
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5. BEERAICKIEE~ADHEESH

ARETIEL, HABEAOMHEEE 10 q
KW EITHEIZE D L 5 7%
EHZDBDICONTHHT 5. AN
HESSRIT LD BB R T 100 YN
DITIE, G0 o S B
ROEELEL TEXHETHERT S
VENDH L. TOD, B, 4
H~11 A, W& 0~1mm/h,
KB BEIRAE 0~10%D 5T
sz —% % WV Toir 80
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* A1 HEHIT(2004 )
s
EEa—F|  EBEW 0 | e | mEa_e PEORESTERRDD @ | RorA(m) [T T2 5O
(%) @I58 (m) P (km)
1061 EEBHFEE 25460 2 2 2.0 I Bh #2 3000 6.3
1061 EEBEEE 25460 3 1 2.0 452 M Bh §2 3000 2.5
1061 EEBEEE 44370 2 3 0.4 B o) 2.6
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1062 WILBEEHEE 148157 3 3 0.3 pA=VEL 1000 1.9
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1062 WMILEEEE 178390 3 1 2.8 660 M Bf 48 1800 1.8
1420 PEHBEHEE 13924 3 1 2.1 50 M9 Bh §% 4000 1.6
1420 DEHBEHEE 18579 2 2 4.0 M B §% 5000 2.7
1430 IEAZEESC] 62390 2 2 3.0 yav4Kr 800 3.5
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1440 A2 5 &l 180249 3 2 2.0 M Bf #8 700 5.5
1612 122640 2 1 4.0 1095 M3 Bh §% 4000 1.3
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1830 RiEAEBSE 63280 2 2 3.7 Eig ] 7.6
1830 | HmimdtEmE B 63280 3 1 3.7 1313 B o 2.0
1830 | HimdtiEmEEE 77850 2 2 4.0 o e 45 800 6.6
1830 RiEdtEEEE 77850 3 1 4.0 1243 M Bh #2 800 0.5
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1830 REdtEEEE 86850 3 1 2.4 1903 I Bh §2 3000 1.5
*hEm E£EY:2 TFY:3
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®A2 FTEHHEXRBEE(2002~2004 £ 3 FHEDFHE)

B A KP AADT B ADT | kB ADT
EERBEE 25460 8802 7891 10599
EEEBEE 44370 7791 6879 9592
mEEHEE 56840 6501 5674 8131
mEaHEE 75310 5913 5057 7606
WILEBEE 148157 8506 7566 10365
wWiLBE B HEE 178390 8656 7754 10439
MEEHEE 13924 5383 5061 6026
I E B EE 62390 4074 3942 4338
EUABEE 53113 9415 8514 11107
LHBHEE 60900 10510 9602 12322
BUEHEE 119200 6540 5907 7804
LHBHEE 146074 5790 5056 7254
LHEBEE 169132 6710 6031 8077
LBHBBEE 180249 6736 6090 8037
EHMBEBEE 122640 8155 7737 8984
RELEEHE 63280 9507 7714 13068
HEdkEEHE 77850 7450 5911 10506
REltEaEHE 86850 5512 4633 7259
A3 KEHEREAZER - - BERE - F{KLH(2002~2004 F£D 3 FH D FHIE)
. . § - TH12KMHE KB 12 B
B A KP 2EBRRE | FTHERRE | KARKE |BEFEHKLL KR E R A S (%) | B SR A (%)
BEEEPEE 25460 1.29 1.29 1.29 1.33 10.8 6.4
EEEHEE 44370 1.30 1.30 1.31 1.39 12.2 6.9
EEEHEE 56840 1.32 1.32 1.32 1.43 13.4 7.4
EEEHEE 75310 1.36 1.37 1.34 1.53 19.2 10.7
WLE#EE 148157 1.28 1.28 1.28 1.36 14.2 9.7
WILEBEE 178390 1.29 1.28 1.31 1.31 8.1 4.7
MEEHEE 13924 1.31 1.32 1.30 1.21 14.2 7.6
W BB EE 62390 1.21 1.21 1.21 1.10 8.2 6.0
EHEHEE 53113 1.25 1.26 1.24 1.33 16.6 8.2
EBHEHEE 60900 1.25 1.26 1.24 1.31 16.1 8.3
EBHEHEE 119200 1.36 1.41 1.30 1.44 24.1 11.1
EHEHEE 146074 1.41 1.48 1.31 1.62 30.4 14.3
EHEHEE 169132 1.38 1.43 1.31 1.46 9.3 5.1
BHABEE 180249 1.38 1.42 1.31 1.43 10.3 6.2
EMAEEE 122640 1.22 1.21 1.24 1.14 22.7 10.9
Rtk ke B & 63280 1.29 1.26 1.34 1.59 21.6 10.5
Rtk ke B & 77850 1.27 1.25 1.30 1.70 9.8 6.5
RiEIEEE 86850 1.24 1.24 1.25 1.55 9.0 4.8
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18 D

y=ax + b (XBHRE<I000B/h)  correrereen
Vo TAEE (kmih)  x : 15 4R E T E (/)

xXD2 NS A—4A

b/ REHREAR a b R*f&
0~10% -0.0153 98.6 0.967
Dry 10~20% -0.0156 97.2 0.951
20~30% -0.0187 96.8 0.954
30~40% -0.0250 97.0 0.967
0~10% -0.0180 95.1 0.989
Rain 10~20% -0.0208 94.9 0.993
20~30% -0.0228 94.1 0.958
30~40% -0.0251 93.8 0.998
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B. The Influences of Heavy Vehicle Ratio and Rainfall Intensity
on Speed-Flow Relationship

Purpose of the analysis
Clarifying the variation of speed-flow relationship (QV relationship) affected by heavy vehicle
ratio (HVR) and rainfall intensity (RI)

Analysis data

e Traffic database collected from the median lane of 860 observation points on the basic
segment of Tomei, Tohoku, Chuo, and Chugoku Expressways at day-time (08:00~16:00) from
January 1%, 1998 through December 31°*', 2001, provided by Japan Highway Corporation.

e Rainfall database (AMEDAS) provided by Japan Weather Association.

Contents

1. Preliminary analysis: relationship between HVR and speed on weekdays and holidays
2. Data reduction work

3. Influence of HVR on speed

4

Influence of RI on speed

1. Preliminary analysis

Data grouping

The traffic data at 751 observation points are used. (109 points affecting vehicular speed such as
the points near toll booths on the main road, and the beginning/ending points of expressways, etc
are eliminated)

e By flow level: 20 groups — 1~9, 10~19, ... , 191~200veh/5-min

e By HVR level: 13 groups — 0~5, 5~10, ... , 55~60, 60~100%

Relationship between mean speed and heavy vehicle ratio on weekdays

Analysis condition:
RI=0mm/h (dry road-surface condition), weekday

Analysis
The two figures in Figure 1 show the variations of averages and standard variations of

5-min. mean speeds according to 13 heavy vehicle ratio levels at the 751 road points by 20 flow
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levels. The figures, however, have only 115 results out of 15,020 targets (751*20=15,020),

which have more than 30 mean speed samples at each 13 points (heavy vehicle ratio levels) on

each variation lines.
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&n 80 S E
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0~4 10~14 20~24 30~34 40~44 50~54 60~100 0~4 10~14 20~24 30~34 40~44 50~54 60~100
Heavy vehicle ratio [%)] Heavy vehicle ratio [%]

Figure 1 Variation of speed caused by HVR (abnormal data included) on weekdays

From these figures, it is possible to see that the average of mean speeds seems to have a
tendency of getting lower when heavy vehicle ratio gets higher. The standard variation of mean
speeds, however, does not seem to vary according to the heavy vehicle ratio.

There are some abnormal variations on the two figures in Figure 1 and the next figures in
Figure 2 are for them. Each figure shows 50 results of the same road points at certain flow levels,
which are extraordinary at either average or standard deviation of the speeds. The road points at

certain flow levels of ordinary-looking lines in the left figure have extraordinary pattern in the

right figure.
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Heavy vehicle ratio [%)] Heavy vehicle ratio [%]

Figure 2 50 abnormal patterns in Figure 1 on weekdays

In order to examine these patterns, speed-flow plots were made and some examples are as Figure
3.
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62.640KP on the outbound of Tomei Expressway - 61,915 samples
(Passing lane, dry condition, weekday, day-time)

160
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)1 e,

mean speed [km/h]

401
204

T T 1
100 150 200

flow [veh/5-min.]

85.890KP on the inbound of Chuo Expressway - 75,247 samples
(Passing lane, dry condition, weekday, day-time)

mean speed [km/h]

T T 1
0 50 100 150 200

flow [veh/5-min.]

97.530KP on the outbound of Tomei Expressway - 78,588 samples
(Passing lane, dry condition, day-time, weekday)
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T T 1
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Figure 3 Examples of speed-flow plots showing
abnormal pattern in Figure 2 on weekdays

As seen in Figure 3, speed-flow plots also have abnormal patterns seemed to be affected by

traffic-operational changes such as road maintenance works, traffic accidents, etc.

The next figures show the other 65 variations of average and standard deviation of mean

speed, which look typical, and it is clear to see that mean speed tends to be lower at high heavy

vehicle ratio and the dispersion tends to be constant at a level regardless of heavy vehicle ratio.
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100+

80

Average of mean speed [km/h]

60

0~4 10~14 20~24 30~34 40~44 50~54 60~100

Heavy vehicle ratio [%]

251
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Standard deviation of
mean speed [km/h]

0~4  10~14 20~24 30~34 40~44 50~54 60~100

Heavy vehicle ratio [%]

Figure 4 65 normal patterns in Figure 1 on weekdays
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Relationship between mean speed and heavy vehicle ratio on holidays

Analysis condition:
RI=0mm/h (dry road-surface condition), holiday (Saturday, Sunday, and national holiday)

Analysis
The method is the same with the analysis for weekdays and the two figures in Figure 5 were
made with 17 cases of which each line has more than 30 mean speed samples on each 13 heavy

vehicle ratio levels out of 15,020 cases (751 road points * 20 flow levels = 15,020) in total.
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O~d  10~14 20~24 30~34 40~44 5054 60~100 0-4  10-14 20-24 30-34 4044 S50-54 60~100

Heavy vehicle ratio [%] Heavy vehicle ratio [%]

Figure 5 Variation of speed caused by HVR (abnormal data included) on holidays

There are also extraordinary variations in Figure 5, and Figure 6 shows the speed-flow plots
of two road points of which mean speeds seem to be abnormal for examples.
85.890KP on the inbound of Chuo Expressway - 39,950 samples 148.340KP on the inbound of Tomei Expressway - 345 samples
(Passing lane, dry condition, day-time, holiday) (Passing lane, dry condition, day-time, holiday, HVR:0~4%)
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= = 1209, .
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he} Z 1004
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20 20

0 T T T 1 0 T T T !l

0 50 100 150 200 0 50 100 150 200
flow [veh/5-min.] flow [veh/5-min.]

Figure 6 Examples of speed-flow plots showing abnormal pattern in Figure 5 on holidays

Figure 7 has two figures modified with elimination of extraordinary-looking variations at Figure

5.
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Figure 7 normal patterns on Figure 5 on holidays

The dispersion of mean speed on holidays does not tend to be change according to heavy
vehicle ratio as on weekdays. It is not able to say that the average of mean speed varies by heavy

vehicle ratio compared to the result of analysis for weekdays.

Difference of mean speeds on weekdays and holidays

Analysis condition
When RI=0mm/h (dry road surface)

Analysis

Using mean speed data from 751 road points divided into 260 groups for 20 flow levels and
13 heavy vehicle levels, divided again into 2 groups of weekday and holiday, statistical
significance test (95% of confidence level) was performed to find out if there is difference
between mean speeds on weekdays and holidays. In each groups, the road points which have
over 30 mean speed samples in each groups were selected for the test to have better statistical
reliability.

The result is summarized to a table at Appendix A and shows that the proportions of 3 cases
for road points where mean speed is higher on weekdays, higher on holidays, and where there is
no significant difference in each 260 groups. The proportions are not constant, and in order to
visualize the variations, three graphs in Figure 8 were made with the proportions that have over 30

results of the test in each 260 groups.
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Observation points of which mean speeds are
significantly higher on holidays

Observation points of which mean speeds are
not significantly different on weekdays and holidays
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2 LIS T : ) 3
£ 2] weekdays’, ‘higher on holidays’, and ‘not
. ‘e ,
= s significant

——
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Flow level [veh./5-min.]

From Figure 8, it is seen that the proportion of ‘higher on holiday’ case is somewhat higher
than ‘no difference’ case at the flow level of 1~9 veh./5-min. , getting higher and lower,
respectively. At the flow level of around 20~59 veh./5-min., mean speed tends to be higher on
holidays statistically, and the proportion gets lower as traffic flow gets higher. The proportion of
‘no difference’ case gets higher from the flow level of around 60 veh./5-min.. On the other hand,
the proportion of ‘higher on weekday’ case is extremely low at low flow level, and gets higher as

traffic flow gets higher from the flow level of around 70 veh./5-min..
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2. Data reduction work

As shown in the previous chapter, the traffic database has abnormal data which should not
be used in this analysis. Also, the database used up to present has speed data over 60km/h for
the analysis of unsaturated flow. In this chapter, the database is examined from the beginning in
order to eliminate the abnormal data or the speed data under saturated condition. This data

reduction work is performed as follows.

STEP 1: Elimination of observation points located near the facilities or the specific

segments affecting speeds significantly (127 points were eliminated)

Such as toll booths on the main road, beginning/ending points of expressways, and
observation points just after tunnels, the segments which were under construction during the

analysis period, etc

STEP 2: Elimination of speed data under an optimum speeds set for each observation
points, and the data during a specific period which is under abnormal condition (53 points

were eliminated)

Optimum speeds were calculated by Akahane method. For finding speed data under
abnormal condition, speed-flow plots of all the observation points are examined, and specific

periods when the abnormal speed samples are concentrated were explored.

STEP 3: Elimination of observation points of which traffic counters do not seem to be

accurate (45 points were eliminated)

There are traffic counters not maintained well, so that they cannot count traffic volume or
heavy vehicle volume accurately. These points can be distinguished by comparison of traffic
volume and heavy vehicle ratio with adjacent traffic counters in the same segment of two access

facilities.

The analysis later is performed with the data at 641 points.
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3. Influence of heavy vehicle ratio on speed

Analysis condition
e Speed expressed by 85"-percentile speed

. 85th—percentile speed is calculated only when a sample size of speeds at each HVR, RI, flow

levels is greater than 30.

e Data use: weekday, day-time (8~16 o’clock), median lane at 641 points on 4 expressways

(Tomei, Tohoku, Chuo, Chugoku) for 4 years (1998~2001)

Data grouping

e By flow level: 10 groups — 1~19, 20~39, ... , 180~199veh/5-min
e By HVR level: 7 groups — 0~10, 10~20, ... , 50~60, 60~100%

e By RIlevel: 12 groups -0, 1, 2, ..., 10, over 10mm/h
Analysis

Figure 9 shows an example of the variation of QV relationship caused by increasing heavy
vehicles when rainfall intensity is Omm/h, i.e. dry-surface condition. In order to examine how
much the speed decreases when HVR increases at a flow level, the speed reductions by HVR
compared with the speeds when HVR is 0~10% at each flow group are calculated, and this
calculations are performed through all the points. Considering the reliability of the analysis
result, those calculations are applied to only the case that both 85™ percentile speeds for a

calculation are obtained from the samples having more than 30.

120

O 0%~10%
—o— 10%~20%|
—{F 20%~30%
—a— 30%~40%H
—A— 40%~50%

100

90 —\:\\\‘K\O\
N

85th-percentile speed (km/h)

80 T T T T T T T T T T
1~19  20~39 40~59 60~79 80~99 100~119 120~139 140~159 160~179 180~199

flow level (veh/5-min.)

Figure 9 Speed-flow relationships at each HVR level (200.000KP on the inbound of Tomei Exp.)

Figure 10 is the example showing all the result of the calculations when HVR changes from
0~10% to 20~30%. Also, the average values at each flow group in Figure 10 is the line for
HVR=20~30% in Figure 11. By the same method, the same kind of figures such as Figure 10 can
be made for the other HVR level (refer to Appendix B), and Figure 11 shows the averages of them.

The averages of the speed reductions are also calculated only when the samples are more than 30.
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'10 T T T T T T T T T T
1~19  20~39 40~59 60~79 80~99 100~119 120~139 140~159 160~179 180~199

flow level (veh/5-min.)
Figure 10 Reduction of speeds when HVR level changes from 0~10% to 20~30% (641 points)

(When rainfall intensity is Omm/h)
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—0— 10~20% |
—0— 20~30% |,
—+ 30~40% |.
—— 40~50% H
—— 50~60% [
—&— over 60%]

Average reduction of 85th-percentile
speeds by heavy vehicles (km/h)

'5 T T T T T T T T T T
1~19  20~39 40~59 60~79 80~99 100~119 120~139 140~159 160~179 180~199

flow level (veh/5-min.)

Figure 11 Average reductions of speeds at each HVR level
(The line for 20~30% is the average of Figure 10)

From Figure 11, it is clarified that speed gets lower if heavy vehicles increase. Also, the speed
reduction is bigger at higher flow level. This work was also performed to the other RI groups
(also refer to Appendix B). However, because there are not enough speed samples when raining
at high flow levels, only the average speed reduction between HVR=0~10% and HVR=10~20%

can be compared, and the variation of speed-flow relationship by HVR is not sensitive to RI
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4. Influence of rainfall intensity on speed

Analysis condition
e Speed expressed by 85"-percentile speed

. 85th—percentile speed is calculated only when a sample size of speeds at each HVR, RI, flow

levels is greater than 30.

e Data use: weekday, day-time (8~16 o’clock), median lane at 641 points on 4 expressways

(Tomei, Tohoku, Chuo, Chugoku) for 4 years (1998~2001)

Data grouping

e By flow level: 10 groups — 1~19, 20~39, ... , 180~199veh/5-min
e By HVR level: 7 groups — 0~10, 10~20, ... , 50~60, 60~100%

e By RIlevel: 12 groups -0, 1, 2, ..., 10, over 10mm/h

Analysis
The method of the analysis is the same with the analysis for the influence of HVR on speed.
Figure 12~14 are the examples, and the HVR level applied is 20~30%.

120
—O— Ommh
—e— Imm/h|
{1 2mm/h
Ho4—=—g

—a— 3mm/hH

o el

o0 e b
TSy e

<o

90

85th-percentile speed (km/h)

80 T T T T T T T T T T
1~19  20~39 40~59 60~79 80~99 100~119 120~139 140~159 160~179 180~199

flow level (veh/5-min.)

Figure 12 Speed-flow relationships at each RI level (135.090KP on the inbound of Tomei Exp.)
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1~19  20~39 40~59 60~79 80~99 100~119 120~139 140~159 160~179 180~199

flow level (veh/5-min.)

Figure 13 Reduction of speeds when RI level changes from Omm/h to 2mm/h (641 points)

(When HVR is 20%~30%)

15
Immh |
2mm/h |
3mm/h |
4mm/h |,
10 H

tiiriadee
:

!
|
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speeds by rainfall intensity (km/h)

Average reduction of 85th-percentile

S

1~19  20~39 40~59 60~79 80~99 100~119 120~139 140~159 160~179 180~199

flow level (veh/5-min.)

Figure 14 Average reductions of speeds at each RI level
(The line for 2mm/h is the average of Figure 13)

As shown at Figure 14, the average speed reduction between RI=0 and RI=1mm/h is the biggest,
and the variation is not so sensitive to flow level that QV relationship varied by RI would be
parallel to the relationship when RI=0mm/h. The average speed reductions varying by RI for the
other HVR levels are not sure because the data is not enough (refer to Appendix C). However,
the comparison of the average speed reductions for all the HVR groups when RI changes from

Omm/h to Imm/h, the speed reduction caused by RI is not so related with HVR.
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Appendix A. The result of the significance test concerning difference between

mean speeds on weekdays and holidays

Confidence level: 95%, condition of dry surface, median lane, and day-time
FLOW 0~4% 5~9% 10~14% 15~19% 20~24% 25~29% 30~34% 35~39% 40~44% 45~49% 50~54% 55~59% 60~100%
249: 732%| O 190: 72.2%| 93: 49.7%| 110 53.4%]| 100: 49.8%| 78: 44.3%| 14: 53.8%| 31: 36.9%| 0 38: 33.3%| 6i 85.7%| 19: 23.2%
1~9 81: 23.9%| 0O T1: 27.0%| 93: 49.8%| 94: 45.6%| 94: 46.7%| 85: 48.3%| 12: 46.2%| 48: 57.1%| 0. 69: 60.6% 1: 14.3%| 59 71.9%
(veh/5-min.) 10:  2.9% 0. 2 0.8%| 11 0.5%| 2¢ 1.0%| 7i 3.5%| 13: 7.4%| 0: 0.0%] 5 6.0%| O Ti 6.1%] 0: 0.0%| 4: 4.9%]
340:100.0%| 0: 0.0%] 263:100.0%)| 187:100.0%| 206:100.0%| 201:100.0%| 176:100.0%| 26:100.0%| 84:100.0%| 0: 0.0%]| 114:100.0%| 7:100.0%| 82:100.0%
289! 90.3%| 331: 91.4%]| 319: 86.9%| 258: 80.4%| 187: 67.3%| 136: 65.4%| 96: 71.6%| 30: 57.7%| 22: 81.5%]| 14:100.0%| 13: 86.7%| 9: 90.0%| 9: 75.0%)|
10~19 23: 7.2%| 28: 7.8%| 41: 11.2%| 59: 18.4%| 91: 32.7%| 67: 32.2%| 35: 26.2%| 21: 40.4%| 5: 18.5%| 0: 0.0%) 2i 13.3%| 1i 10.0%|  3: 25.0%
(veh/5-min.) 8: 2.5% 3: 08%| 7¢ 1.9%| 4i 1.2%| 0: 0.0%| 5 2.4% 3 2.2%)| 1 1.9%] 0 0.0%| 0: 0.0%[ 0: 0.0%] 0: 0.0%[ 0: 0.0%
320:100.0%] 362:100.0%] 367:100.0%| 321:100.0%| 278:100.0%| 208:100.0%| 134:100.0%| 52:100.0%| 27:100.0%]| 14:100.0%| 15:100.0%| 10:100.0%)| 12:100.0%|
3713 91.2%| 403: 93.5%| 426: 90.6%| 376 86.4%| 271 85.0%| 122; 74.4%| 44: 88.0%| 29: 96.7%| 24:100.0%| 19:100.0%] 19:100.0%| 14:100.0%| 15:100.0%
20~29 310 7.6%| 27 6.3%| 42 9.0%| 59: 13.6%| 46: 14.4%| 42! 25.6%) 5: 10.0% 11 33%| 0 0.0%| 0: 0.0% 0: 0.0%| 0: 0.0%| 0: 0.0%)|
(veh/5-min.) 5: 1.2% 1: 02%| 2 04%| 0: 0.0%[ 2: 0.6%] 0: 0.0% 1: 2.0% 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%
407:100.0%] 431:100.0%]| 470:100.0%| 435:100.0%] 319:100.0%] 164:100.0%| 50:100.0%| 30:100.0%] 24:100.0%| 19:100.0%| 19:100.0%f 14:100.0%| 15:100.0%)
314; 80.5%| 425: 90.0%| 417: 90.5%| 346: 88.9%| 249: 95.0%| 138: 87.9%| 52: 92.9%| 30:100.0%| 25: 96.2%]| 22:100.0%| 20:100.0%| 14:100.0%| 12:100.0%
30~39 661 16.9%| 45: 9.6%| 421 9.1%| 43: 11.1%| 13: 5.0%| 17: 10.8%| 4: 7.1% 0:  0.0%) 10 3.8%| 0: 0.0%)| 0; 0.0%| 0: 0.0%| 0: 0.0%)
(veh/5-min.) 108 2.6%| 2: 04%| 2i 04%| 0: 0.0%| 0: 0.0%] 2! 13%| 0: 0.0%| 0: 0.0% 0: 0.0% 0: 0.0%| 0: 0.0%| 0. 0.0%| 0: 0.0%
390:100.0%| 472:100.0%] 461:100.0%)| 389:100.0%| 262:100.0%| 157:100.0%| 56:100.0%| 30:100.0%| 26:100.0%| 22:100.0%| 20:100.0%| 14:100.0%| 12:100.0%
333: 78.5%| 404: 88.8%| 369: 86.0%| 253: 87.8%| 218: 95.2%| 164: 90.6%| 57: 87.7%| 29: 96.7%| 24:100.0%| 22:100.0%| 17:100.0%| 14:100.0%| 9:100.0%
40 ~49 78t 18.4%| 48: 10.5%| 56: 13.1%]| 31: 10.8%| 11: 4.8%| 17 9.4%| 8 123%| 1 33%| 0: 0.0%[ 0: 0.0%[ 0: 0.0% 0: 0.0%| 0: 0.0%
(veh/5-min.) 13: 3.1% 3: 0.7%] 4 09%| 4 1.4%] 0: 0.0%] 0 0.0%| 0: 0.0%] 0: 0.0%| 0! 0.0%]| 0: 0.0%| 0: 0.0%] 0 0.0%| 0: 0.0%]
424:100.0%) 455:100.0%]| 429:100.0%| 288:100.0%]| 229:100.0%)| 181:100.0%| 65:100.0%| 30:100.0%] 24:100.0%| 22:100.0%| 17:100.0%| 14:100.0%| 9:100.0%)
272 73.3%| 391: 89.1%| 323: 82.6%| 216: 91.1%| 207: 96.7%| 146: 83.0%| 52: 80.0%| 28:100.0%| 24:100.0%| 19:100.0%| 15:100.0%| 11:100.0%| 10:100.0%
50 ~59 81: 21.8%| 37: 8.4%| 61; 15.6%| 15: 6.4%) T7i 3.3%| 29: 16.4%| 11 16.9%) 0; 0.0%| 0: 0.0%| 0: 0.0%)| 0; 0.0%] 0: 0.0%| 0: 0.0%)|
(veh/5-min.) 18: 4.9%| 11: 2.5%| 7 1.8%| 6: 2.5% 0:  0.0% 11 0.6%| 2: 3.1%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%|
371:100.0%| 439:100.0%] 391:100.0%)| 237:100.0%| 214:100.0%| 176:100.0%| 65:100.0%| 28:100.0%| 24:100.0%| 19:100.0%| 15:100.0%| 11:100.0%| 10:100.0%
243! 66.6%| 337: 83.8%]| 270 77.6%| 198 91.2%| 178: 86.4%| 108: 74.5%| 32i 72.7%| 25! 96.2%| 23:100.0%| 16:100.0%| 14:100.0%| 11:100.0%| 8:100.0%)|
60 ~69 103: 28.2%| 54: 13.5%| 67: 19.2%| 17: 7.9%| 25: 12.1%| 32: 22.1%| 11: 25.0%) 10 3.8%| 0: 0.0%| 0: 0.0% 0: 0.0%] 0: 0.0%| 0: 0.0%)|
(veh/5-min.) 190 52%| 118 2.7%| 11 3.2%| 2i 0.9% 3i 1.5%| 50 3.4% 11 23% 0: 0.0%| 0: 0.0%| 0: 0.0%)| 0: 0.0%| 0: 0.0%| 0: 0.0%)
365:100.0%] 402:100.0%] 348:100.0%| 217:100.0%| 206:100.0%| 145:100.0%| 44:100.0%| 26:100.0%| 23:100.0%]| 16:100.0%| 14i100.0%| 11:100.0%)| 8:100.0%|
1551 50.3%| 304: 79.8%| 228 74.8%| 181: 86.6%| 142i 70.6%| 54 64.3%| 24: 92.3%| 25:100.0%| 19 95.0%| 13:100.0%| 11:100.0%) 8:100.0% 7:100.0%)
70 ~79 128: 41.6%| 69: 18.1%| 65: 21.3%| 22: 10.5%| 53: 26.4%| 25! 29.7%| 2: 7.7%| 0:  0.0%| 1: 5.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%)|
(veh/5-min.) 25: 8.1% 8 2.1%| 12¢ 3.9%| 6i 2.9% 6: 3.0%| 5 6.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%
308:100.0%| 381:100.0%] 305:100.0%)| 209:100.0%| 201:100.0%| 84:100.0%| 26:100.0%| 25:100.0%| 20:100.0%]| 13:100.0%] 11:100.0%) 8:100.0% 7:100.0%)
135: 43.4%| 251% 69.5%]| 178; 66.4%| 143: 71.1%| 92i 54.8%| 27; 57.4%| 20: 95.2%| 20:100.0%| 14: 93.3%| 12:100.0%| 12:100.0% 7:100.0% 7:100.0%|
80 ~89 139: 44.7%| 101: 28.0%| 79: 29.5%| 47: 23.4%| 68: 40.4%| 19: 40.5%) i 4.8% 0:  0.0%) 1 6.7%| 0: 0.0%)| 0: 0.0%| 0: 0.0%| 0: 0.0%)
(veh/5-min.) | 37: 11.9%| 9: 2.5%| 11: 4.1%| 11: 5.5%| 8: 4.8%| 1: 2.1%| 0: 0.0%| 0: 00%| 0: 0.0%| 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%
311:100.0%| 361:100.0%] 268:100.0%)| 201:100.0%| 168:100.0%| 47:100.0%| 21:100.0%| 20:100.0%| 15:100.0%] 12:100.0%| 12:100.0%| 7:100.0% 7:100.0%)
95: 31.5%| 178; 53.5%| 132} 54.5%| 103: 53.1%| 34: 38.2%| 21: 77.8%| 17: 85.0%| 14: 93.3%| 11:100.0%| 11:100.0%) 9:100.0%|  6:100.0% 5: 83.3%)
90 ~99 1411 46.6%| 142: 42.6%| 97: 40.1%| 77 39.7%| 45: 50.6%| 6i 22.2%| 3: 15.0%| 1: 6.7%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0 0.0%| 1i 16.7%
(veh/5-min.) 66: 21.9%| 13: 3.9%| 13: 5.4%| 14: 7.2%] 10: 11.2%| 0: 0.0%| 0: 0.0% 0: 0.0%| 0: 0.0%]| 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%]
302:100.0%| 333:100.0%] 242:100.0%)| 194:100.0%| 89:100.0%| 27:100.0%| 20:100.0%| 15:100.0%| 11:100.0%| 11:100.0%)| 9:100.0%]  6:100.0%|  6:100.0%)
76: 25.1%| 99: 33.8%| 96: 41.7%| 51: 27.9%| 17: 33.3%| 14 93.3%| 10: 76.9% 7: 87.5%| 10:100.0% 8:100.0%)| 7:100.0%|  6:100.0% 5:100.0%)|
100 ~109 135: 44.5%| 175} 59.7%| 117 50.9%| 108: 59.0%| 27i 53.0% i 6.7%| 3 23.1%| 11 12.5%|  0: 0.0%| 0: 0.0%| 0i 0.0% 0: 0.0%| 0: 0.0%)|
(veh/5-min.) 92: 30.4%| 19: 6.5%| 17 7.4%| 24: 13.1% 7: 13.7%] 0 0.0%| 0: 0.0%] 0: 0.0%] 0 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%] 0: 0.0%|
303:100.0%| 293:100.0%) 230:100.0%)| 183:100.0%| 51:100.0%| 15:100.0%| 13:100.0% 8:100.0%] 10:100.0%)| 8:100.0%)| 7:100.0%|  6:100.0% 5:100.0%)|
518 19.4%| 77: 32.2%| 48! 24.6%| 22! 15.6%| 10: 33.3%| 12} 92.3%| 8: 80.0%| 7i 87.5%| 5i 71.4%| 4i 80.0%| 4i 80.0%| 4:100.0%| 4i 80.0%
110~119 129: 49.0%| 131} 54.8%| 122 62.6%| 98: 69.5%| 14i 46.7% 11 7.7%| 2 20.0%)| 1 12.5% 1: 14.3% 1} 20.0% 11 20.0%| 0: 0.0%)| 1} 20.0%
(veh/5-min.) 83: 31.6%| 31: 13.0%| 25! 12.8%| 21: 14.9%) 6: 20.0%| 0: 0.0%| 0: 0.0%) 0:  0.0%) 1 143%[ 0: 0.0% 0: 0.0%| 0: 0.0%| 0: 0.0%)|
263:100.0%] 239:100.0%] 195:100.0%| 141:100.0%)| 30:100.0%| 13:100.0%| 10:100.0%| 8:100.0%| 7:100.0%| 5:100.0%| 5:100.0%| 4:100.0%| 5:100.0%|
59: 24.2%| 62: 34.1%| 29: 18.4% 8: 11.6%| 10! 55.6% 9t 75.0%)| 7: 87.5% 7:100.0%|  3:100.0%| 2 66.7%) 2:100.0%|  2:100.0%|  4:100.0%)
120 ~129 115: 47.1%| 92: 50.5%| 94 59.4%| 49: 71.0% 8: 44.4% 2: 16.7%)| 1 12.5% 0: 0.0%| 0: 0.0%)| 1 33.3% 0; 0.0%| 0: 0.0%| 0: 0.0%)|
(veh/5-min.) 70: 28.7%| 28: 15.4%| 35! 22.2%)| 12! 17.4%) 0: 0.0%) 1! 83%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0! 0.0%] 0: 0.0%| 0: 0.0%
244:100.0%| 182:100.0%] 158:100.0%)| 69:100.0%| 18:100.0%| 12:100.0%) 8:100.0%) 7:100.0%] 3:100.0%|  3:100.0% 2:100.0%] 2:100.0%| 4:100.0%)
591 32.1%| 48: 31.4%| 141 15.1%| 3i 11.1% 51 71.4% 31 50.0%)| 5i 83.3%|  4:100.0%| 1:100.0%)| 1i 50.0% 11 50.0%|  2:100.0%)| 3:100.0%
130 ~139 78: 42.4%| 81: 52.9%| S1: 54.8%| 14: 51.9%| 2: 28.6% 3: 50.0% 1: 16.7% 0: 0.0%| 0: 0.0% 1: 50.0% 1: 50.0%f 0: 0.0%| 0: 0.0%
(veh/5-min.) | 47: 25.5%| 24: 15.7%| 28: 30.1%| 10: 37.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%] 0. 0.0%| 0: 0.0%
184:100.0%| 153:100.0%] 93:100.0%| 27:100.0% 7:100.0%) 6:100.0%)  6:100.0%|  4:100.0%) 1:100.0%]  2:100.0% 2:100.0%] 2:100.0%| 3:100.0%)
401 25.6%| 21i 22.6% 8: 17.0%| 4: 33.3%| 2: 50.0%| 4:100.0% 3:100.0%)| 1:100.0%) 1:100.0% 1:100.0% 1: 50.0%f O 2:100.0%
140 ~149 821 52.6%| 521 55.9%| 17: 36.2%| 4i 33.4%| 2i 50.0%| 0! 0.0%| 0i 0.0%| 0i 0.0%| 0 0.0%| 0 0.0%| 1i50.0%| O 0: 0.0%]
(veh/5-min.) 34: 21.8%| 20: 21.5%| 22: 46.8%| 4: 33.3% 0: 0.0%] 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%]| 0: 0.0%| 0: 0.0%] 0 0: 0.0%|
156:100.0%] 93:100.0%] 47:100.0%| 12:100.0%| 4:100.0%|  4:100.0%) 3:100.0%) 1:100.0%] 1:100.0%)| 1:100.0%] 2:100.0%] 0: 0.0%| 2:100.0%,
16: 16.2%| 17: 27.0%) 7: 31.8%| 4 57.1%|  2:100.0%) 2:100.0% 3:100.0%|  0: 0.0% 1:100.0% 1:100.0% 1:100.0%f O 0: 0.0%
150 ~159 53i 53.5%| 33: 52.4% 20 9.1%|  2: 28.6%)| 0: 0.0% 0: 0.0%| 0: 0.0%)| 1:100.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| O 1:100.0%
(veh/5-min.) 30: 30.3%| 13: 20.6%| 13: 59.1%| 1: 14.3% 0: 0.0%] 0: 0.0%| 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%| 0: 0.0%| 0 0: 0.0%|
99:100.0%| 63:100.0%| 22:100.0%| 7:100.0%| 2:100.0% 2:100.0%| 3:100.0%)| 1:100.0%) 1:100.0% 1:100.0% 1:100.0%| 0: 0.0%) 1:100.0%,
8 14.3%]| 12i 32.4%| 4 30.8%| 0i 0.0%| 2:100.0%| 2:100.0%[ 2:100.0%| 1:100.0%| 1:100.0%| 1:100.0%| 0 0] 0
160 ~169 30i 53.6%| 17: 46.0% 31 23.0%)| 1:100.0% 0 0.0% 0: 0.0%| 0: 0.0%)| 0i 0.0%| 0: 0.0%| 0: 0.0%)| 0 0 0
(veh/5-min.) 18: 32.1% 8: 21.6%| 6! 46.2%| 0: 0.0% 0: 0.0%| 0! 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%| 0 0. 0
56:100.0%| 37:100.0%| 13:100.0%]| 1:100.0%] 2:100.0%] 2:100.0%| 2:100.0%| 1:100.0%| 1:100.0%| 1:100.0%| 0: 0.0%| 0: 0.0%| 0: 0.0%
3: 18.8%) 51 21.7% 11 50.0%| 0: 0.0%| 1:100.0% 1:100.0%)| 1:100.0% 0 0 0 0 0 0
170 ~179 51 31.2%| 121 52.2%) 13 50.0%)| 1:100.0%|  0: 0.0%)| 0: 0.0%| 0: 0.0%)| 0 0 0 0 0 0
(veh/5-min.) 8: 50.0% 6: 26.1%| 0! 0.0%| 0: 0.0% 0:  0.0% 0: 0.0%[ 0: 0.0%] 0 0. 0 0 0. 0
16:100.0%| 23:100.0%, 2:100.0%| 1:100.0% 1:100.0% 1:100.0%)| 1:100.0%] 0: 0.0%] 0: 0.0%[ 0: 0.0%] 0: 0.0%] 0: 0.0%] 0: 0.0%
0: 0.0%| 0: 0.0%)| 0: 0.0%| 0 0 0 0 0 0 0 0 0 0
180 ~189 2: 50.0%) 51 55.6% 1:100.0%| 0 0 0 0 0 0 0 0 0 0
(veh/5-min.) 2: 50.0%| 4i 44.4%| 0. 0.0%| O 0 0 0 0 0. 0 0 0. 0
4:100.0%| 9:100.0%) 1:100.0%| 0: 0.0%)| 0: 0.0% 0: 0.0%] 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%] 0: 0.0%] 0: 0.0%| 0: 0.0%]
0 0 0 0 0 0 0 0 0 0 0 0 0
190 ~199 0] 0 0 0] 0 0 01 0 0. 0 0 0. 0
(veh/5-min.) 0 0. 0 0 0. 0 0 0 0 0 0 0 0
0: 0.0%] 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0% 0: 0.0%] 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%| 0: 0.0%] 0: 0.0%| 0: 0.0%|

* Top: Mean speeds on holidays are higher, Middle: The difference is not significant, Bottom:Mean speeds on weekdays are higher
* Left: number of points applied, Right: the proportion
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Appendix B. Graphs about speed reduction caused by heavy vehicles

Analysis condition
85" percentile speed observed by traffic counters installed at the median lane of Tomei, Tohoku,

Chuo, and Chugoku Expressways at day-time (08:00~16:00) on weekdays from January 1%, 1998
through December 31%, 2001

Grouping of 85™ percentile speed data by flow level, heavy vehicle ratio (HVR), and rainfall
intensity (RI)

By flow level: 10 groups divided by every 20 veh/5-min. (1~19, 20~39, ..., 180~199)

By HVR: 7 groups divided by every 10% (0~10, 10~20, ... , 50~60, over 60)

By RI: 12 groups for each RI (mm/h) value (0, 1, 2, ..., 10, over 11)

Explanation of graphs

e Graphs about speed variation at each HVR group compared to the speed when HVR is 0~10%
The speed reductions from the speeds when HVR is 0~10% to the speeds at each HVR group for
all the flow groups were calculated for each RI group. A reduction value is calculated only when
both sample sizes for the calculation are over 30.

e Graphs about average speed reductions

Average speed reductions caused by HVR for all the flow groups are calculated for each RI group.

The averages are calculated only when the sample sizes are over 30.

(When rainfall intensity is Omm/h) (HVR=20~30%)
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1104
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I
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Reduction of 85th-percentile spee

80

1~19  20~39  40~59 60~79 80~99 100~119 120~139 140~159 160~179 180~199 1~19 20~39  40~59  60~79  80~99 100~119 120~139 140~159 160~179 180~199

flow level (veh/S-min.) flow level (veh/5-min.)

At an observation point | For all the observation points

(When rainfall intensity is 0Omm/h)

\
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\
\
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\
\
\
\

I
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. < ®
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speeds by heavy vehicles (km/h)

T 1419 20439 40~59  60~79  80~99 100~119 120~139 140~159 160~179 180~199
flow level (veh/5-min.)

Example:

For all the observation points
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When rainfall intensity is Omm/h

e Speed variation at each HVR group compared to the speed when HVR is 0~10%

(HVR=10~20%)

(HVR=20~30%)

by heavy vehicles (km/h)

Reduction of 85th-percentile speeds

Reduction of 85th-percentile speeds

by heavy vehicles (km/h)
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e Average speed reduction
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(When rainfall intensity is Omm/h)
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When rainfall intensity is Tmm/h
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e Speed variation at each HVR group compared to the speed when HVR is 0~10%
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(HVR=10~20%)
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When rainfall intensity is 2mm/h

e Speed variation at each HVR group compared to the speed when HVR is 0~10%
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(HVR=20~30%)
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When rainfall intensity is 3mm/h

e Speed variation at each HVR group compared to the speed when HVR is 0~10%

(HVR=10~20%) (HVR=20~30%)
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When rainfall intensity is 4mm/h

e Speed variation at each HVR group compared to the speed when HVR is 0~10%

(HVR=10~20%)

(HVR=20~30%)
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When rainfall intensity is 5mm/h

e Speed variation at each HVR group compared to the speed when HVR is 0~10%
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When rainfall intensity is 6mm/h

e Speed variation at each HVR group compared to the speed when HVR is 0~10%
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* Average reduction could not be calculated when rainfall intensity is 6mm/h or more.

Appendix C. Graphs about speed reduction caused by rainfall

Analysis condition

Same as Appendix A

Grouping of 85™ percentile speed data by flow level, heavy vehicle ratio (HVR), and rainfall

intensity (RI)
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Same as Appendix A

Explanation of graphs

e Graphs about speed variation at each RI group compared to the speed when RI is 0mm/h

The speed reductions from the speeds when RI is Omm/h to the speeds at each RI group for all the
flow groups were calculated for each HVR group. A reduction value is calculated only when
both sample sizes for the calculation are over 30. The graphs for the case that RI is 7mm/h or
more are omitted.

e Graphs about average speed reductions

Average speed reductions caused by RI for all the flow groups are calculated for each HVR group.

The averages are calculated only when the sample sizes are over 30.

Examples are similar to Appendix A.
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When heavy vehicle ratio is 0~10%

e Graphs about speed variation at each RI group compared to the speed when RI is

(Rainfall intensity = Imm/h)
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When heavy vehicle ratio is 10~20%

e Graphs about speed variation at each RI group compared to the speed when RI is Omm/h

(Rainfall intensity = Imm/h)
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When heavy vehicle ratio is 20~30%

e Graphs about speed variation at each RI group compared to the speed when RI is Omm/h

(Rainfall intensity = Imm/h) (Rainfall intensity = 2mm/h)

by rainfall intensity (km/h)
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e Graphs about average speed reductions

(When HVR is 20%~30%)
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When heavy vehicle ratio is 30~40%

e Graphs about speed variation at each RI group compared to the speed when RI is Omm/h

(Rainfall intensity = Imm/h)
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e Graphs about average speed reductions
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When heavy vehicle ratio is 40~50%

e Graphs about speed variation at each RI group compared to the speed when RI is Omm/h

(Rainfall intensity = Imm/h) (Rainfall intensity = 2mm/h)
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e Graphs about average speed reductions
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When heavy vehicle ratio is 50~60%

e Graphs about speed variation at each RI group compared to the speed when RI is Omm/h

(Rainfall intensity = Imm/h)
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When heavy vehicle ratio is 60~100%

e Graphs about speed variation at each RI group compared to the speed when RI is Omm/h

(Rainfall intensity = Imm/h)

(Rainfall intensity = 2mm/h)
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e Graphs about average speed reductions
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E. Performance Measure Evaluation for Japan Two-Lane Expressways

INTRODUCTION

There are certain scenarios when a particular level of demand requires the accessibility and
mobility of a freeway, but still falls short of justifying the construction of a multilane facility.
This is the major reason why two-lane expressways currently exist in Japan as provisional
sections for future expansion to four-lane expressways. Budget constraints and other factors
prompt the construction of such structures in areas where present traffic demand is relatively low
but higher vehicle speeds (or lower travel times) are preferred. However, in the most recent update
of Road Structure Ordinance (2003), the Japanese standard for geometric design, some
discussions on the specifications for the design of two-lane expressways have been included (/),
which could probably mean that such roadway types are being considered for permanent use.
Whether this type of facility is to be used for short or long-term use, understanding its operational
characteristics may very well prove to be critical, for it forms an integral part of Japan’s
expressway network system.

Given the not-so-ordinary nature of two-lane expressways, its classification may
fall somewhere between common (multilane) expressways and ordinary two-lane highways, with
full access control and relatively high speed limits of around 70 km/h, but having only one lane
per direction of travel. Traffic patterns could be significantly different from either category due
mainly to passing restrictions caused by the presence of median barriers. The existing provisional
sections make use of temporary rubber poles as median, as shown in Figure 1. However, the
median specifications for new two-lane expressways, as described in Road Structure Ordinance,
require the construction of permanent median barriers. To improve operating conditions, passing
lanes are installed at several locations within the whole stretch of the expressway to provide
passing opportunities for vehicles in platoons that have higher desired speeds. For a basic
two-lane expressway section (i.e., without any passing lanes), driving is totally restricted to the
traveled lane. Thus, vehicle platoon formation is quite often. This condition reduces the average
speed of vehicles traversing the expressway since some vehicles are forced to follow slower lead

vehicles due to the lack of passing opportunities.

FIGURE 1 Typical provisional two-lane expressway section with temporary median barriers
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Operational analysis methodologies for two-lane expressways have not been
developed so far and service measures are yet to be established. Unfortunately, the same holds
true even for ordinary two-lane roads and other highway types in Japan. An ongoing research is
now being conducted with the ultimate goal of defining capacity and level-of-service (LOS)
thresholds for all highway categories under Japanese traffic conditions. The objective of this
study is one of the preliminary steps in that ongoing research, which is to analyze and compare
possible two-lane expressway performance measures and recommend the most suitable measure of

effectiveness (MOE) that would best describe the level-of-service (LOS).

Related Research

The existing Highway Capacity Manual (HCM) methodologies for freeways and two-lane
highways are not applicable to two-lane expressways. For example, one of the main service
measures for two-lane highways of the HCM is percent time-spent-following (PTSF), which is
estimated with the volume of the opposing flow as one of the major considerations (2). In
two-lane expressways, the traffic in the opposite direction does not affect passing behavior since
median barriers are present in all sections (See Figure 1). Average speed and density however
were given due consideration and are discussed in the succeeding sections.

A study conducted by Yoshikawa, et al. in 2004 found that the capacity of the
provisional two-lane expressway sections in Japan is around 1,100 — 1,180 veh/h per lane at the
onset of congestion and drops to 950 — 1,050 veh/h should the congestion be sustained. This
capacity was also found to be about 30% lower than the lane capacity of four-lane sections (3).
There was however no discussion on the measurement of service level or any performance
measure for two-lane highways.

Questions on whether the use of density as an appropriate service measure for rural
expressways were raised by Kim, et al. in 2003. They argued that for such operational conditions,
drivers tend to value psychological or emotional comfort more than overall highway performance.
Three potential performance measures that were perceived to have at least an intuitive
relationship with the driver comfort concept were assessed — acceleration noise, number and
duration of cruise control applications and percent time-spent-following (4). Aside from the fact
that these measures are very hard to measure in the field and that the investigation conducted used
simulation runs, the hypothetical section assumed for this study was a multilane freeway segment.
The proposed performance measures therefore may not be as effective to two-lane expressways,
although these should probably be considered in succeeding researches when user perception is
integrated with LOS.

In South Africa, follower density, defined as the number of followers per kilometer
per lane, as a service measure was found to be the most suitable for two-lane highways by the
South African National Roads Agency Limited (SANRAL) in 2004. It also stated that density is a
good service measure but does not fully reflect impedance experienced by the drivers and
suggested that follower density provides a better gauge for such impedance. Follower density

values for different levels of service, shown in Table 1, were also suggested to be adopted for the
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interim. These are still considered preliminary values since it acknowledges that additional

experience with follower density is required to finalize these figures (9).

TABLE 1 SANRAL-Proposed Follower Density Values

“Typical” Range of

LOS Follower Follower
Density Densities

A 1.0 03-14
B 2.0 1.3-33
C 4.0 3.0-6.7
D 8.0 6.3-9.5

Nakamura, et al. suggested in 2000 that flow rate had the most effect on user
perception based on their study on drivers’ perceptions of service quality on rural, multilane
expressway sections in Japan (6). This however was conducted during uncongested conditions, so
perception effects during congested flow are yet to be established. Other factors found to have

some influence on user perception include lane-changing opportunities and speed.

DATA COLLECTION AND ANALYSIS

Selected sections of the Tokai-Hokuriku Expressway comprised the study area. This expressway,
located in Central Japan, connects major towns and cities in Aichi and Gifu prefectures and is one
of the major links in the Chubu expressway network system. It traverses mountainous terrain,
requiring the installation of a number of tunnels in some sections. It also serves as a primary
access route between the big cities on the southern coast and the ports to the north on the Sea of
Japan. Its total length from the Ichinomiya Junction to the Hida-Kiyomi Interchange is 117.1
kilometers.

The Japan Highway Public Corporation (JH) is responsible for the design, construction
and maintenance of the Japan highway system. Detector data from JH on specified detector
locations along the study sections were utilized. Five-minute aggregated traffic data were
provided, which include volume, average spot speed, heavy vehicle composition and occupancy.
Traffic flow patterns were compared for different time periods where volumes are expected to
have significant variations as shown in Figure 2. This expressway link is the usual route to tourist
spots in the northern part of central Japan, so the typical peak period pattern was taken from one
of the days of the Golden Week (GW, 29 April — 5 May 2005) — a series of national holidays in
Japan, where flow rates reached values in excess of 1,200 veh/h. Similarly, typical weekend and
weekday patterns were also selected from the given data. From Figure 2, weekday volumes peak at
only about 500 — 600 veh/h, which is about half of the peak period rates, while weekend flows can
go over 800 veh/h. Note that the volumes used in this study are directional flow rates and not

two-way values.
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FIGURE 2 Typical 24-hour traffic flow patterns — peak, weekend and weekday periods
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FIGURE 3 Schematic illustration of the video survey
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Video data were also taken directly from the field and two survey periods were
conducted. The first one was done with video cameras strategically located at both ends of
sections with passing lanes and was conducted on a Saturday morning (9:00 AM — 12:00 NN) in
the autumn of 2004. In addition to headway measurements, each vehicle was identified and their
positions in their respective platoons at the beginning and end of the passing lanes. This
procedure allowed for the analysis of passing behavior within the stretch where additional lanes
were installed. The other video survey was taken on an ordinary weekday morning in the spring of
2005 on basic two-lane expressway sections without passing lanes. This was done mainly for
measuring headways between vehicles and determining follower flow.

The video cameras were located as close to the detectors as possible to coordinate
the video data with the detector data during the survey period. Camera locations are shown in
Figure 3 in relation to detector and passing lane locations. KP is the kilometer post reference with
0.00KP at the start of the expressway at the Ichinomiya Junction. Northbound and southbound
directions of travel are denoted by NB and SB respectively.

Speed-Flow Relationships

Figure 4 shows the speed-flow relationships of the three periods for analysis — peak, typical
weekend and typical weekday. The peak period data was taken at the detector at location 63.28KP
during the Golden Week from 29 April to 5 May 2005.
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FIGURE 4 Speed-flow relationships — peak, weekend and weekday periods (63.28KP)
Similar to the traffic flow patterns described earlier, the volumes during the one week
period showed heavy flows and experiencing some congestion in the day when the heaviest flows
were observed. The highest flow rates during this period had average speeds of around 65-70

km/h. Weekend (14-15 and 21-22 May 2005) volumes are heavier than weekday flows (16-20 May
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2005), with maximum rates of about 1,000 and 600 veh/h respectively and average speed around
80 km/h.

Follower Flow

Followers are simply defined as vehicles with time headways of 3 seconds or less relative to their
corresponding lead vehicles. This definition is in accordance with the HCM, which also suggested
using follower percentage as a surrogate measure at any suitable representative section since
PTSF is very difficult to measure in the field. Headway data based on the videos were manually
gathered in the laboratory and were later used in the subsequent analyses of follower behavior.
Passing Lane Follower Behavior

Each vehicle on the passing lanes was observed and categorized as either follower or non-follower.
Platoons were also observed at each end of the passing lanes, so the vehicles which performed
passing maneuvers (‘released’ follower) and those which did not (‘unreleased’ followers) were

identified. Figure 5 shows observed passing behavior within platoons traversing the passing lanes.

D ID D 1D

Followers ‘Unreleased’ ‘Released’

FIGURE 5 Observed follower behavior on passing lanes

Referring to Figure 3, observation sections were denoted as A, B, C, D, and X. Sections X, A and
B are within the northbound portion of the study area, while the others are observations taken at
the southbound side. The observed passing lanes shall henceforth be called passing lanes A — B
(northbound) and C — D (southbound). Note that section X is at the end of a four-lane section prior
to the passing lane A — B. The analysis of follower behavior is discussed in the evaluation of

follower percentage as a performance measure.

EVALUATION OF PERFORMANCE MEASURES

Performance measures of highway facilities are best gauged if actual performance is integrated
with user satisfaction. Since user perception data was not collected for this study, the base
references for the comparison of the performance measures were set as flow rate and speed, since
these were the traffic parameters generally associated with user satisfaction as suggested by
Nakamura, et al. (6). In addition, Washburn, et al. found in a recent study that the ability to
maintain the desired travel speed and to travel at a speed no less than the posted speed limit, were

the two top factors of travel quality-of-service based on a driver perception survey (7).
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Average Travel Speed

For Class I two-lane highways, the HCM uses average travel speed as one of the service measures
in determining LOS. The procedures for estimating this service measure as described in the HCM
cannot be applied to two-lane expressways since its estimation includes the effect of the opposing
flow rate. Additionally, the reduction factor for percentage of 100% no-passing zones cannot be
used since these were established under US two-lane highway driving conditions, without median
barriers, and will probably not apply to Japan two-lane expressways.

The average speed data used in the analyses were the ones gathered from detector data.
Although it is ideally preferred to approximate travel speed as the space mean speed, space
constraints and very strict expressway regulations made this process practically impossible. Thus,
the average speed for this study’s purpose is assumed to be the average spot speed in the detector
locations. Observed speeds in the target sections showed considerably varying values especially
during low-flow conditions since drivers are free to choose their desired speed levels. Therefore,
using average travel speed alone as a service measure may not exactly be indicative of the actual
LOS.

Density

The HCM uses density as a service measure for expressways but the processes described in the
said manual are not suitable for two-lane expressways. For this study, density was simply assumed
to be flow rate divided by the corresponding average spot speed at the detector locations. Figure 6
shows the relationships of density to flow rate and speed. During uncongested flow, the trend is
clearly defined with flow rate and density having a linear relationship but somehow falls short of
establishing an obvious relationship during congested flow. Further studies on the behavior of
density in the congested regime should be conducted.

Density may be the best performance measure for freeways or expressways, but these
are multilane facilities where passing is virtually possible at almost any point within the highway.
In two-lane expressways however, the inability to pass slower vehicles (or following behavior) is
a very critical factor in determining LOS for this does not only influence the average speed of

vehicles but it also greatly affects driver comfort.
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FIGURE 6 Flow-density and speed-density relationships on two-lane expressways (63.28KP)
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Percent Time-Spent-Following (PTSF)

Direct field measurement of PTSF is very difficult and the HCM developed a PTSF estimation
equation which is mainly based on the demand flow rate and the opposing flow rate. This
methodology is practically not appropriate for two-lane expressways given that the opposing flow
have no influence over the flow in the direction of travel. Similar to the average travel speed
estimation procedure, an adjustment factor for 100% no-passing zones is given but this cannot be
used for two-lane expressways. Moreover, the equation for estimating the base percent
time-spent-following (BPTSF) used in the HCM is empirical in nature whose parameters will not
apply to Japan driving conditions. A different PTSF model must therefore be developed should
this performance measure be applied to two-lane expressways.

Percentage Followers

The ratio of followers relative to the total traffic volume, or percentage followers, for every
five-minute interval was calculated and its relationship with other traffic flow characteristics was
analyzed. The use of percentage followers as a surrogate measure for two-lane highways, in lieu
of PTSF is allowed by the HCM. Due to the passing constraints in two-lane expressways, it may
be quite perceptible that this performance measure would serve as a good gauge for LOS.

However, some of the findings proved otherwise.
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FIGURE 7 Relationships of percentage followers with flow rate and density

Although a direct relationship is somewhat apparent as illustrated in Figure 7, especially
in the basic section at 63.28KP, fitting the scatter plot to the exact function may still result in a
significant variance. Data for higher volumes at capacity or near-capacity flows should be further
investigated to establish the curvature of the function as it approaches 100 percent. SANRAL

noted that one disadvantage of using this measure is that similar values may be obtained for two
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road sections of totally different operational conditions (5). In some cases, level-of-service based

on percentage followers may only be slightly different for road sections that need capacity

upgrading than those that do not.

TABLE 2 Percentage Followers on Passing Lane Sections

Segment Length Start of Segment End of Segment
PRI Percentage Followers | Percentage Followers Percentage
X-B 10.1 51% 43% 37%
A-B 1.8 49% 43% 37%
C-D 0.7 49% 46% 27%

Note: Segment X — B includes the 8.5 km two-lane section in the immediate upstream of passing lane A — B.

Analyzing follower behavior in the two passing lanes, percentage followers were
estimated and showed slight improvement from the upstream side to the downstream side. From
Table 2, percentage follower reduction at passing lane A — B was about 6%, from 49% to 43%,
while at passing lane C — D it was about 3%, from 49% to 46%. These reductions however are not
exactly indicative of the actual effect of the passing lanes on traffic flow rate.

While it may seem that the percent reductions in follower percentage represent vehicles
that performed passing maneuvers and broke away from the platoons, it is hardly the case for most
scenarios. Some of the vehicles ‘released’ within the passing lanes are sometimes replaced by
other lagging vehicles catching up with the platoon, thus causing minimal or no change in
percentage followers. Therefore, using percentage followers alone as a service measure is not very
reliable.

The actual reduction in followers is the number of vehicles that left the platoon (by
passing the lead vehicle) while traversing the passing lane. The percentage of ‘released’ vehicles
can simply be calculated as the difference between percentage followers at the start of the passing
lane and the percentage of ‘unreleased’ vehicles at the end of the passing lane. This idea was
originally conceptualized by Expressway Technology Center (EXTEC) in their 2003 report (§).
From the table, 12% (49% to 37%) and 22% (49% to 27%) of vehicles in platoons passed their
corresponding lead vehicles in segments A —B and C — D respectively. These figures are
significantly higher than the percentage follower reductions, which further strengthens the claim
that follower percentage is not a very good indicator of LOS. It should be noted however the
percentage ‘unreleased’ measure can only be used for sections with passing lanes and not for basic
two-lane expressway sections. Another concern is that this measure is quite cumbersome and
labor-intensive to estimate since it requires the identification of each vehicle on both ends of the
passing lane, although this may probably be solved by advanced technologies later on such as

image processing and/or vehicle identification software.
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Follower Density

Follower density is defined as the number of followers per kilometer of traveled lane. This is
estimated as the product of percentage followers and density, under the assumption that the
average spot speeds obtained from the detector data is equal to the average traveled speed per
kilometer of a basic two-lane expressway section. Compared to percentage followers, this measure
directly takes flow rate into account, thus avoiding the problem of having the same or slightly
different values for significantly varying operating conditions.

From Figure 8, a positive linear relation between volume and follower density can be seen.
Although the lack of data during high traffic flows is still evident, a strong relationship between
the two measures is quite noticeable, which may also imply a direct link with user perception.
However, data for capacity flows should still be collected for the development of a more
comprehensive description of the follower density function behavior. In the graphs on the right
side (follower density vs. speed), although speed slightly slopes downward as follower density
increases, it is expected to have a sudden drop somewhere in the congested regime. This point in
the follower density axis and the speed where this drop occurs shall be hopefully established in

the succeeding investigations during peak flow.
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CONCLUSIONS

Using the freeway and two-lane highway HCM methodologies for two-lane expressways are not
appropriate due to the unique characteristics of such a facility. Density and PTSF can probably be
used as service measures if further studies are conducted to develop more suitable models.
Percentage followers may not be a conclusive gauge of LOS since same values may describe
different traffic conditions. It may, in some way describe the current operating condition of the
expressway but its variation in different sections of the highway cannot be used as an indicator
whether service level has been maintained, improved or deteriorated. Follower density however
showed much promise having shown strong relationships with flow rate and should be strongly
considered as the main performance measure in determining two-lane expressway LOS. The
collected data however only showed relationships during free-flow or uncongested state. Further
observations of follower flow must be done at near-capacity to capacity flow conditions. Since
measuring quality of service includes not only operational performance of a highway but also user
satisfaction, a more comprehensive study on the integration of user perceptions to the calculation

of service measures should also be conducted.
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