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Synopsis

In this note, the study results in Advanced Road Design and Safety Division in FY 2003 are reported. In addition, the
history of the division and a brief summary of test laboratories that belong to the division are also stated.
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‘Research for Evaluation of Safety of the Road Circumstances
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Road Department, Advanced Road Design and Safety Division Head Nozomu Mori
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Researcher. Takeshi lkeda

In this study correlations between geometrical alignment of roads, safety facilities and
situations of traffic accident are analyzed in order to design more safety geometrical alignment of
roads, to install appropriate safety facilities when roads are planed and designed. It is appeared that
an extremely small curve radius should be avoided, and so on.
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Research on a practical support method to plan and evaluate of road safety measures

S B T T 22 T LT S 2
Road Department
Advanced Road Design and Safety Division
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Head Nozomu Mori
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Senior Researcher Shigeo Murata
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Guest Research Engineer Naoya Miyashita

This research examined the systemization of examination procedure for accident analysis,
measure planning, and effect evaluation of road safety measures. And examples of the accident
analysis and road safety measures in hazardous spots were collected and analyzed, and guideline for

improving road safety was made.
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Promotion method of zonal road development for a daily life

STEF-20 R N - R Py R 5 e =4
Road Department

Advanced Road Design and Safety Division
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Head Nozomu Mori
FEHEE BE #

Senior Researcher  Susumu Takamiya

In resent years, it is desired that an existing road space is used properly and that a safe and
comfortable road space is provided. Therefore, zonal road development for a daily life and/or transit
mall are being promoted in 42 areas in Japan. It is essential to grasp a process of planning measures
and an effect of measures and to accumulate technical knowledge. In this study, the states of the 42
areas were surveyed and some issues and direction of provisions for them were discussed.
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Research on enforcement methods of electric wire undergrounding
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In this research, items of social and economic effects on electric wire undergrounding were
arranged with needs and voice of the nation. The quantitative method of them was examined with

case study.
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Research and development on support technology which makes pedestrian movement
smooth by providing information
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Senior Researcher Shigeo MURATA

In this research, it was made an investigation about how ITS for Pedestrians would be
utilized and what were problems of offering information services based on ITS for Pedestrians to
several private companies which may offer information service for pedestrians. And it was made an
investigation about problems of road management which may be solved by IT technologies to road
administrators. The future subjects of ITS for Pedestrians were arranged.
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Research on winter sidewalk management standards
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This project summarizes concepts to be applied to establish a rational winter sidewalk management
standard based on characteristics of the way that sidewalks are used and the region, and to select appropriate
snow removal methods in order to switch to a rational standard winter sidewalks.
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Safer road traffic environments in the elderly society

(WFZRRAR  FRE 13~15 &)

EERTTEE B2 R B LA FE = ErR H# €
Road Department © Advanced Road Design and Safety Division Head Nozomu Mori
' FIEHEE &=

Senior Researcher  Susumu Takamiya

With progressing of elderly society in Japan and spreading of the concept of normalization,
improvement to provide the accessibility of sidewalks and pedestrian spaces is promoted. A section
where cars cross it onto privately owned land behind a sidewalk is installed on the sidewalk. There is a
case that the width of the pedestrian space on the section is not enough to walk. In this study, some

ideas are proposed to take wider pedestrian space on the section through some experiments.
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Research on Roadside Facilities for Various Road Surroundings
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This research examined two subjects related to the improvements of roadside facilities which
are mainly prepared for arterial roads. One of them is a research on traffic barrier scenery for beautiful
landscape creation. Sometimes, traffic barriers are obstructing roadside-view. In this research, the
structure and color of traffic barriers which are in harmony with roadside-view were studied. Another
subject is clarifying the fundamental requirements for crossing lightings. The results of the research
will be useful to revise the standards of road lightings.

(#1728 B R U 4R48]

A, BEROEREHEIERL., 8RR8I
KT HERENE BEEIND LY., HHOXBES
HEER DB TIIHS SRR REBELC TS, £
THRMETIE., IO DEBROEFLICHIE LREBEE
EHBEOBENEX DD, FERFLZTo2HD
Thd,

AR T, FELTZODHEBIZSWTHRE AT
ST, =l BRORBERICKEREEL2 525
PiEMICO>WT, RBI~DOEEFEZIC OV TR E
Tole ZOoHiE, BICKMICEXRELESE LTV
RERTORPICER L, LBMEEROBORELT
DERAFEIZOWTERBRN 1T,

RiEAZES)

1. =HRICEEL-HERCET 25

PO, BEmARIMIER T I20EFFE, RED
BEELZBIL - BERTAZ0RMOEDIIRBI LT
BH, ERIZB > CTHEBOICREINE Z L HEK
REERBRTHIERD— DL RH>TVD, THET,
P iI R £HHEEROBEN S, BBEOHVAER
VERMREER R T-THEE - MERAVN LR TE R,
S, 21 IR TELWVWES Y| 28D EERDOK

HEEHTHL 2Bk, B>V TH RBLICE
BLELOELTWL ZEBBRETHE, ZDOD,
FBUCEE U= BEMmRE o EAE 2 5, et
WIS U BB OE 2 5, RBUCERE L /- 2
Wit T N EF SR O LT, BREEE SRS
WCBLRE L 7B 2 5k E . B, BRI IBAA KT
AVERETDH ZEAEMNE L RS Z21To 72,

1. 1 B0

£ PHEANCRBUCELE L /=B O SEEFHIZ DU
TR OB, BEOF AR REBICEE L2
EMERETH I u AR OWTHELIT 7=, #
D%, RBUCELRE L7283 2 AR 8
DWTRETZIT - 72,

1. 2 %#EHEFFEE

RBLUZECE U 7-BhEM % B4 5 L TORGZRE
LB, RUHA NI i+ rBELEL 2RSS
TERBAMIZ, ETNVHIRCEEEFIERMER (e
BHHX) BN\ TT7 v/ — bRAAEZER L,

(1) FAEONS

RBUZELE LB 2B 2K, RELTW
5 32 WMREHNSHEE LTHEZITH, 2 TOHKENL

EERE LN,



(2) #WEHEA :

XERHIX DB BREE T, HURst: . PEMEHERTOMR
B, RBUCEE L-B5#M oS TiE, Betikn, &
st E O BRB 2 NE, BlEgOZREEEOTMY
B BEEPHRE L,

(3) FWEHKF

AR R L, BEICERE U B o B s
K& LT, mHEBEOANDEFHESOFEHENRE
<. HERBEML L LOBFETRESLEIL 2T
WO R, B - BARARBR EN S, i, B
DT> Tid, BRABEREESRIZ S ICEREL
TWA XL ThHDH, BREBICEE L 7-DiEMEE OB
E LT, HENRHBTOM, BHREEEZ S OEEN
FFonTn5, A
1. 3 FHRREEF~OT )7

FBICERE LB EMBHEOEZ 2 F I onT, il
BRRESCERBTEEICIZIZAERPRITILT I V7%
T2, UTIKERBERERT,
OEFIIER L OBMR T, REMICALEZERVEE
MNLE, BEREAEE LT, BENREER L B2
BEEOHSNLEZX D,
QEHEZOEREEZEZ - ERMEMEN R TRBLE
Q5 EMOZBEOFEEN: « MEHIZOVWTRANBLE
@Ot OE BT BIER Z R VALY AT LikE
@ ONATED -T2 WV O BEREL EBE

1. 4 EROEGOKE

RBUCEE LB O BFERRSL, EREA&TOL

TV TRERRERRE 2T, RBUCELRE L 72Bh M

BEMETOEAN L ELER L,

(1) x5 L3 2EK

SHEREFEMTIEIC, RBICERTZ ke
TOBERPHNRELDRETHY | B#EMORBIRE
EITO@BHEZRETEZ LIXEE LRV, BHE
BB S 24T 5 WA, L, AR
EORBMAR LI OV TETEMEED TN Z &M
WY THDHEEBEZLND,

(2) ERORB & BHHEMLR 2 MEA

AT R E T, B Lo A TS EL L ¢
WEERATHEROVDE DL LTHED L, 7ok
ITENEBICHANIBESNE N L B4 - AR
Tk, BEROBRE - ik, 1 - BAZSOERCRE
WIEMN D BENRBNEROPR L 2L MEICBY
T, BROFFNIEGHOICHO S s, F-BE 5B
HDHADEBELE LTHD L, BRAUNBZ R ENER L
WOBD ZERNESDORE L. BEROBHAND

kD AN MEENHY . FT-AHEIZL > TBEIHIC
Bk a8HED v —7 v ARE., HITEENTEHIE
L& RIRETHED 5 — U BENH Y, 2 Fh
Lo THE SN AB#EMORME LR D,

(3) BBUCHEE LB o AR

EiRo X ) BB EE LS. ERC X5 RE
MIZRRELE LT, ST LHLELE N TWIRWEET
KREENTWBHARHZZ &, AEO#EMTE T
HRTWVWIZ &, FAHMOMEEAELTWDHI L%
BESF LN, Th OB E X, SHIEME ML T
WS ETOEANLRERL LT, UTO4HEENE X
bhd,
OREM G S DM DL EMZ 5 RETT 5
OHEENEBEICESWERRETS
ORDEB L OMMEM 5
@F#ET A MOERMNBYE L ORBHFEMER S
GOA L OBFEICEET S

(4) KR L5 0

RBUICEE L ERNREE L LTI, BARDEE
PREROGIZR CORMAA L RENLLOICH
WRDF =2 T30y, T—_=TaRlRiHo,
¥, BRAOMRE TE L —27 7 L—72 bk Uie,
(5) HHBRFE~OERE '
A—TNERET D LD REFS LCRBEVRBELC
TVEBREICBWTHIRRFELHRET L NE
EFNBHOT, ThoDORMICH#EMERET 56
X, BRRFBEECR S v — F R RE LIRS R
ERRTOHIEVEEL S,

(6) RBUCEE LI-5#MEHOE XK
ABLUCEE L7-BhEMoEEx. EHL, —BL=E
AWEDSNTUTI ZEDBEARTHY ., £DHITIE,
RBUTECE LB OBk, EHichlz>THO< R
E—T53 VERETHIENEETH D,

1. 55%OIY R
AFELEEIC, BLRBEE T, RBUCER L
BMEEH A KA 2L VEEDE, BHIE. 20
HARZA k> TRBUICEE L7-Bh#EM A < 8
bh T\ 72D, MR E1T 5,

2. RERBROBBAEHICEHT LR

RE, REACBTARMoORBREIEL LT,
RERBHORBNEE "ENTWBP, BEDIRE
ROWEX, Z@RABEMICHES ZEREO. FHzi
RRRER R L DEBBEOUE R LILL>TEER
fLLTHY ., ZBEHSEFNI RIS THEERED
REEE - CTHRHAZHRBLTH, Ao2READR



BRONRNZ ERH D, BICERRICIE, BEEBITE
MEMOBEBRELPEIDRTVWILAEE TS L,
B0 R BETSTEORAL A M LS5 LEMY
BEIZ D, ZITHEH., TRNOLOBEEHHET L, K
ERRHAOKBN L BAEGLHALMITIZ L%
& LT ETo 7,

2. 1 RBRHERA

RAONCAEB L UHUIR O R « ZRHECBEOHED
XERRRE 21TV BRI EBR CRERR T 5 BRI S
BEREL, KIZ, HBRMFMERICEIY, KAROM
AR ZRER Lz, T LT, ERERE EIC B
BITV, BREFERE LT, REEEFERICETSRE
ARBBAORBAEFICOWTREETo 1,

2. 2 WEAZHOIE

RABMTMER CHET IHRALG 2T 5720
WA 21TV, ROFEEER LI,
OREEHOABICL DL, S OEBEN, REL
EEEDERET BT Y T Ch D0 [EEAREF &
BARTWSICHELLT, RENICRERHEHETL
b DAy, ZoHT CIE OEE P Tld, H—R
EREBEEDTND,

QORZERNOEHBEBEN 20Lx P ETHITER
CHIBDESBRASEMA RSN, 30Lx B2 D LR
BOBRIZ, LVHALMAILoTHE Y,

@BM DA T, AYTE L RMEEE, AEe
BB ITEOERN LN L2 EBET D L. REWSIT
FEemMBEEREOHEB R ZM LS EE 2L 2BHNE L
T, REAOHEYE) D& HEFATICRE 2 #8125
ZEREFLWEEZSNB Y,

@HFTHE BB 235 & L% 2Tk, BRO R
ERRBHRRBICHELE XD EBHALNTR ST
W5, EEBIIZBWNTYH, REOEERHHZ LN
EzHND,

RIS E O R 2 HIC, RBMTMER CHR
TOHORAZGFER—T1OLHICRE L, BAME
. REEEICL b0, BB THEORBEZE L
SHLIZEXEME LTRELOBE) Y BICEE LT
b, FEREMCHEALTL ZEEEORBMEL T
LEEEBZEEEMNE L THRABICBAZEM®M LD
D%, A4 EORB TR L L, &
MBI, CIE Of)% & EHHIBDROMIELBEIZ,
30Lx & 15Lx THET 2 Z iz Lz, ek, BERE
DAL, BESEEELREANTERNR L Lk,
KON TIR, BEF Y TLT AL KET

VTDLEEAKKTEI L E LT,
£—1 BBEEH

SN A A
T T ) e[ T [T o

A (mausErcnn | sEasnm:

moymen | Hy LT (RS meE | ey
[2]

L=t mBEAEMX -t
R = -rwm.au%ﬁ%?xﬁ—:w?ozés

T BEHEE 300/ 15Lx

2. 3 MEMFHER

(1) EREE

F— 1R LEBHEEORIDRE SRR T 570
K. ERAEARERCBOTHBMIHER LT -
7. EREFHER—20LBY L, KO 5HEEOE
BEEHELE, EREERZE - 110K,
a. BB D B2 5TEANOBETBITE DER
b. EREEFA & R AT DR
c. FEEEOMITHITE ORR
d. EHEE OB ATE DRR
e. BHFEEN S R R EERER O

At

*—2 EBREH
TELAEE AEE{g x AEEEG
ERIES 13m
Eoh— 208 (Bif144, Tit6R)
B FER19~385%
BEFS1TE0ORE Lt R ELER
HERORTRELT ThEWNE—L
@ @ ® @
®
oe—pkr . Hgk
ﬁ . \
;L-Eufh;ost!"ﬁli'cé l ’ v
a.b RBROBER "

ey
==
RN _l m '_ j BT

c REAOBEE d REROMER
5 SHAAIEL BN O RISEEREE W :
m | i I_:
ke — —
® a \ —
r ARAABAERLED ‘ r
50m
' o RROWER
B—-1 EXBREER



WREXIENENORAFHOTICHMB SN/ RE
RIZEWT, HE»S RS HEGROERME LML
7o a~dDERICHOWVWTIL. EHIAROR X F (3
tEKRZXD. 2. EHEDLRZAD,. 1: HAHILTHR
ZBD,0: R0 4 BT LT, e DERIC
DWNWTIX, ®HF LD EREREE 60kmh, H Bk
40km/h O E CHALT A xREERIZOWT, AT
METRE L Bbh 5/ AEEE L OREEN UTAR
FHEEEEE L VWY ). EEOBWIZOWTEM AT -
7o BEDBEWIOSOWTRR: Eo& Vbbb, 1:
MBI LThhb, 0: bR W]0 3 BETEEL
Too 72k, AWrFTREERREIL., HBREMOBAZELRKE
W2 ERTFRENEZD, BENCFEBEOERZITV.
BB EOBRRMOEL FEITFME LT,

(2) RERHR

EBEREIG, KOKFHAEER LT,
ORZEROMBE D BIWALXEET - LIk, B
BBALHETF T HBEORTEEORBMELM LT 5, 2
L. BESMEGICRASERE L0, EHiEE
o B FRIIORBEISITE ORBUENEL | BEL
& T HIERME N E SR,
QR ULH? &, BAMNBETIX, BEF NI T LT VT
L DBOEAIRT L TDIE O, WEHICERL TV D,
QHEMFLALBICBIANR N &, AIFHBEND Bzt

MEHEEOEERER LI <, HRE TR VERT

BT EHELDIEMBROND,
2. 4 BHEFEHOKH
TERRE CA MR L HR
BB OB &21T o 12,
(1) BAME

B2, ZESEBTTIBCSHELRBETOR
HBOBEBHL @ LS B0, BELEORE I
2. BEOOHICLBHLERET S ZENAZELY, L
HL., ERICHEERBEEN DR by, BAD
B DREMELS RDEFCE LTI, BEMEErZE
L. ZESORM, #E, Nl E R L LT,
FOWE. BHAMBERET I L LLETH B, —
Blesdde, ERLENSEOHEREATIR. &
BERELESROIRY | B BE & BT E O Mk
ERAE LRV, E, AREROEKRFHEAEEICE
IVRTVWILEEET S, ERAELETT RO
BT EEOEBEEMES T ENEETH S
EWVWXB, ZTOZENS, EELHENISEOS DRE
B, REEORBY Y EICEE L TRALREYT S
ZEN, RBLEEMNKDEORMLEE LNEWVRL

PR SEERA R 2 2T,

%o

(2) RER

RERBHAOKEIL, HBELWIBRMLIE, &
HARIRT THRERTNDER, —F, = RAF— D
BHRENIBENDIEL, BETFT N TLT VU THE
T3, KEOBREICBOVTIE, HBHEOLRD
T REELEDREN A NETH D,
2. 5 FEHESHDOREHE

SEORFNCEY . REARAORHBEFTHLHE
AL & ETRIC DWW THAL M T A LB TE R, —
. RESBHOLBEREICOVWTIX, SEOBKFT
TEERMRIEERTETNRVNOT, SHORBEL L
7=y,

(BT AR 3
1. RBICEEL-MHEMICEYT 585

BB LPRERDOH v 5. EANEG 21
THIENTET,

2. XERRBAOCEBAESGICEYT S5

RERBHORAEGTH 5 RUAME &Iz o>»
THONITEHZ B TE T,

[RDREEK]

BBUCEIE L 2B oW i, BEREEE R
RBEoEmIZLY, RBUCEE L -BEMORE T A
FIAELTEDELDR, F, REARRAIZS
WTIE, SEEHEZRICBVWTERTLITETH
Do
[RDEA]

RBUCHBE LB TA RTA4 2k 0, 5%%
TOBERIZBW T, RBUTHE L7-Bi#M 2 BiH S n T
WS FETHD, £z, RERBHOBIKERIT, B
BT A EMEOBGTIZEE L., FRZERE 5,
S A .

1) (i) BAGER WS - ERMOARR R E AN - FFEH, 198

2 ) Commission Internationale de 1’ Eclairage(CIE):
Recommendations for the lighting for motor and pedestrian traffic,
NO-115, 1995

NKREHE - ZHEME - BHBHIT . BREBAI L 220RO0HE
FZZ BB R ORH, BAYSE 33 BLERSEHER
34k, 2000

4) EERE LA  TAMRATERSE 3668 &
WENIZBE 3 585, pll6, 1999

5) &M - LHEME - MEEKER : HTHE AR OAT M RZHE
RREICEAZHBICET S2RE, BoEAFERRER
#£, 2003

7 H% R B%



3&L$Eﬁl T

— I FICL S RBREEHRFERCEHT 2HE

Research for Effect of Road Safety Measures based on Road Accident Data
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Researcher Takeshi lkeda

Using data about road traffic accident before and after safety measures implemented at
hazardous spots, an effect of every measure is analyzed in order to select more effective measures
and predict effect of the measures before the implementation. And it is appeared that not every type of

accident is decreased by same safety measure.
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Research on winter road management standards
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Road Department, Advanced Road Design and Safety Division Head
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Nozomu Mori
FEPFEE Wi fnE
Senior Researcher Kazuhiko Ando
e wE =
Researcher Keiichi Ikehara

This research project summarizes concepts applied to establish rational winter road management
standards corresponding regional and road traffic characteristics in order to switch to winter road management

based on a specific standard.
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Researc_h on sidewalk snow removal standards
BHNYTITY—HA BS54 URHERE

Research on winter barrier-free guidelines

ERHER ERTHSELHRE

Road Department, Advanced Road Design and Safety Division

(RARMM  FRL 15~17 1)

=z kK H <

Head Nozomu Mori
FEHRE L FE
Senior Researcher Kazuhiko Ando
e R E=—
Researcher Keiichi Ikehara

This project summarizes concepts to be applied to establish a rational winter sidewalk management
standard based on characteristics of the way that sidewalks are used and the region, and to select appropriate
snow removal methods in order to switch to a rational standard winter sidewalks.
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Evaluation method of effectiveness of road space reallocation

(BRRAE  Fak 14~15 &)
EEATTEE BRI R =R H ¥
Road Department  Advanced Road Design and Safety Division Head Nozomu Mori
TEHRE &E

Senior Researcher  Susumu Takamiya

In resent years, with improving road network in a region or change of needs for roads, there
are some cases that an existing road space should be considered to be adapted to new road functions.
Road space reallocation of an existing road, as this case, will be necessary for road construction and
management in future. In this study, the effects of some measures and experiments for traffic in the

area of zonal road development for a daily life were surveyed and compiled.
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STUDY OF SAFETY OF ROADS BASED ON
FRIGHTENING EXPERIENCES OF ROAD USERS
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Susumu Takamiya, Ministry of Land Infrastructure and Transport, Japan
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ABSTRACT

The three factors said to cause traffic accidents are people, cars, and roads, with people causing
almost all accidents. But preventive measures for locations, black spots, where accidents occur
frequently are implemented focussing on road factors that appear to induce human factors. The
normal way to identify locations of frequent traffic accidents and study traffic accident
prevention measures is carried out based on traffic accident data. But considering that traffic
accidents occur only rarely, to increase the safety of roads, it is necessary to not only introduce
measures based on the results of accidents, but to also identify potentially dangerous locations
where traffic accidents may occur and implement measures suited to the cause of the danger.
But it is difficult to identify potentially dangerous locations based on accident data.

This study was undertaken to prepare a Frightening Location Map based on a questionnaire
survey to road users that was carried out to discover potentially dangerous locations and the
causes of the potential danger at these locations. At each dangerous location, the causes of the
danger were identified by studying the road and traffic conditions.

The results showed many locations pointed out by multiple road users, revealing that potentially
dangerous locations exist at places that can be specified to some degree. The results have also
shown that it is possible to categorize the causes of danger as “road and traffic environment
related conditions” and “human factors on the users’ side”. Road and traffic environment related
causes include cases where trees obstruct visibility and cases of staggered intersections where
drivers are confused about who has the right-of way. User side factors include drivers failing to
see stop signs or red lights, or changing lanes without noticing following cars.

INTRODUCTION

The three factors said to cause traffic accidents are people, cars, and roads, with people causing
almost all accidents. The direct causes of almost all accidents are human factors. People may
fail to pay attention to the road ahead or may look to the side while driving. But the locations of
accidents are not balanced. In Japan, about 53% of all traffic accidents on arterial roads are
concentrated on about 6% of the total length of these roads. (Average on simple road section
from 1996 to 1998). Therefore, in certain identifiable road environments certain effects induce
human errors resulting in frequent accidents. Therefore at locations of frequent traffic acmdents
measures are implemented focusing on road factors.

The normal way to identify locations of frequent traffic accidents and study traffic accident
prevention measures is carried out based on traffic accident data. But even at locations on a road
where a dangerous phenomenon has appeared, it rarely results in traffic accidents because
drivers often take action to avoid an accident at these locations. But at the location of a
dangerous phenomenon, even if a traffic accident has not yet occurred, there is a high possibility
that eventually, some minor event will trigger an accident at that location. To improve road



safety, it is important to not only introduce measures based on results, namely past accidents,
but also measures based on potential danger that has not yet caused an accident. For this reason,
potentially dangerous locations where accidents can occur must be identified.

The focus of this study is, therefore, a method collecting experiences that have frightened or
startled road users and phenomena that usually appear dangerous to people (below referred to
collectively as, “frightening experiences”) and presenting the results on a map (Frightening
Location Map). This method was proposed by the International Association of Traffic and
Safety Sciences (IATSS) and is explained in its manuals D' D The IATSS proposes that
Frightening Location Maps be used to 1) identify dangerous locations and 2) increase elderly
people’s awareness of traffic safety. This study focused on the first proposal to prepare a
Frightening Location Map in order to identify dangerous locations. Additionally, the study
attempted to clarify the process leading up to a frightening experience that is one more benefit
of a Frightening Experience Map to identify the risk factors at each dangerous location with
~ reference to actual road and traffic conditions. ’

SURVEY OF FRIGHTENING EXPERIENCES OF ROAD USERS

Survey region

Tsukuba City where the survey was conducted has no railway station and maintains an orderly
road network. Motor vehicles are, therefore, used far more in Tsukuba than in other Japanese
cities. Its population is approximately 170,000 people, its area is 260 km?, its population density
is 650 people/km® (October 2001), and in 1998 its total road length was 3,194 km (because
Tsukuba incorporated an adjoining village after the survey, these values have changed a little).

Survey method

Questionnaires were distributed to respondents who filled in and returned them. Table 1 shows
the respondents to the survey and its content. The definition of frightening experience for this
study is “an experience that did not result in an accident, but very likely would have if you had
made one more mistake” and “a situation that was not really a frightening experience, but you
sensed danger or took precautions.” In order that the respondents fully understood this definition
of frightening experience and its purpose, the definition of frightening experience and examples
were printed on the questionnaire form as shown in Figure 1, and included four examples of a
completed form.

Table 1. Respondents and Survey Content

Survey period December 2001 to January 2002

Respondents Employees of Tsukuba City Hall and members of their
families

Number of respondents 123

Content of the survey Personal attributes

Frightening experience locations

- Recording each location on a blank map

Description of frightening experiences

- Using a sketched map to explain the situation and
characteristics of the place in writing

Clarification of the results

The results of the survey were tabulated and the locations of the respondents’ frightening
experiences were plotted on a map of the entire city of Tsukuba (Figure 2 is an example). Then
the locations were recorded on more detailed maps along with descriptions of the frightening
experience (Figure 3 is an example).



ANALYSIS OF THE FRIGHTENING EXPERIENCES

Frightening experience locations

Table 2 shows the number of frightening experiences reported and the number of locations
reported. The 123 respondents reported a total of 248 frightening experiences. Because some of
these locations were reported by a number of respondents, the actual number of reported
locations was only 178. These locations include many where no accident has occurred. It is,
therefore, possible to use a Frightening Location Map to efficiently identify potentially
dangerous locations.

Of all locations, 41 locations (23%) were reported by two or more respondents, and 20 were
reported by 3 or more. This suggests that potentially dangerous locations exist at points that can
be identified to some degree.

Table 2. Numbers of Experiences and Locations Reported

Respondents 123
Reported frightening experiences 248
Reported frightening locations 178
(Reported by 1 person) 137
(Reported by 2 or more people) 41
(Reported by 2 people) 21
(Reported by 3 people) 14
(Reported by 4 people) 3
(Reported by 5 people) 3

Descriptions of the frightening experiences

The causes of the frightening experiences were hypothesized with reference to the respondents’
descriptions of their frightening experiences and present road and traffic conditions. First they
were broadly categorized as road user factors (52 (22%)) and as road and traffic environment
factors (185 (78%)).

Table 3 shows the road user factors. These are categorized as “failure to confirm safety” by
drivers who change lanes without noticing motor vehicles behind them (example in Figure 4)
and “lack of awareness of traffic safety” by drivers who fail to stop before crossing intersections
or who drive through red lights (Example in Figure 5).

Table 3. Factors Causing the Frightening Experiences (Road user factors)

Failure to confirm safety
Lack of awareness of traffic safety

Table 4 shows road and traffic environment factors. These include the obstruction of visibility
by trees or a curve (Example in Figure 6), intersection related factor such as irregularly shaped
intersections, or intersections near curves (Example in Figure 7), and the cross section
component factors such as narrowness. '

Table 4. Factors Causing the Frightening Experiences (Road and traffic environment
factors)

Obstruction of visibility
Miscellaneous obstruction of visibility
Obstruction of visibility by trees
Obstruction of visibility by a curve
Obstruction of visibility by excessive speed on a downhill grade and a curve
Obstruction of visibility by a road structure



Intersections
Intersection near a curve
Irregularly shaped intersection
Intersection without a signal
Intersection close to another intersection
Intersection near a grade
Signal phase
Right-of-way at an intersection not clear
Intersection near exit of facility faced on road
Cross section component structure
Narrowness
Cars waiting to turn right (no right turn lane)
Narrow sidewalk
Short auxiliary lane
Others
Road with heavy traffic
Darkness at night
Road surface maintenance
Difficulty judging curve location and radius
Vague traffic signs

As this shows, it is possible to identify the process causing a dangerous phenomenon at a
potentially dangerous location and to clarify the factors effecting the occurrence of the
dangerous phenomenon based on descriptions of frightening experiences.

The results that are obtained are often categorized as road and traffic environment facts. This
shows that information necessary to improve road safety can be obtained efficiently using a
Frightening Location Map.

‘Precautions when using a Frightening Location Map

In parts 2., 3.1, and 3.2, the preparation, clarification, and analysis of a Frightening Location
Map were explained. These explanations have revealed precautions to be taken when using a
Frightening Location Map.

A wide variety of problems were reported by the respondents. In some cases, they reported
factors such as a lack of awareness of safety and others with little relationship to the road
structure or the traffic conditions at the location. But because (1) the survey respondents were
road users without expertise, and (2) it was a questionnaire survey, each respondent's awareness
of dangerous phenomena might differ. It is therefore, essential to judge whether or not each
location is actually dangerous based on the descriptions of each frightening experience instead
of simply identifying the locations reported by the respondents as dangerous.

The reported locations tend to be biased towards roads used by the respondents. This means that
some locations were reported by multiple respondents because they in the respondents’
neighborhoods. Therefore, it cannot be concluded that locations reported by two or more
respondents are highly dangerous and those reported by only one are not very dangerous.

As shown in the example in Figure 8, there were cases where the causal factor (in this case,
obstructed visibility) could not be identified based on the description of the experience. So the
factors shown in Table 3 and Table 4 include results of hypotheses reached with reference to
conditions at the site. The person who summarizes the results must have adequate knowledge of
roads in the survey region to make such hypotheses and enough experience and expertise to be
able to imagine the frightening experience.

To actually study measures, reports from respondents must be supplemented to increase
precision of the results and the results that are obtained must be examined to clarify the
dangerous factor in detail. To do so, the authors are now conducting a survey to confirm the
descriptions of the frightening experience reports at the locations. Parts of the results are
presented in the following part of this report.



LOCATION CONFIRMATION SURVEY

Locations surveyed

The surveys were focused on locations where it is assumed that the effects of the road structure
and traffic conditions have a big impact. From these locations, those where it was assumed that
it would be very difficult to clarify the causal factor without a survey, namely those where the
danger was a product of a number of combined factors, and other locations that were dangerous
even though they were on improved roads (bypasses, etc.), were selected. Finally 29 locations
were selected.

Survey method and description

The survey personnel examined conditions at each location from various perspectives for a
fixed period (until a large number of motor vehicles had. passed by), and when necessary,
measured the road width and the speed of the motor vehicles using the road. Based on the
results, they prepared survey results forms (sample in Figure 9) containing the items in Table S.

Table 5. Location Confirmation Survey

Results of confirming the detailed descriptions of the frightening experiences at their
locations

Impression of the road structure

Overall impression of the location -

Photographs of conditions at the location (at an intersection, photographs of the center
of the intersection taken from each road)

Photographs taken according to the description of the frightening experience

Road width (as necessary)

Speed of motor vehicles (as necessary)

Survey results

The example in Figure 9 presents the results of a survey of the location shown in Figure 8. The
results of the location confirmation survey revealed that an apartment building on the southeast
side of the intersection obstructs visibility. It also revealed details about the location: there is no
sidewalk on the south side of road A and the apartment building on the south side of the
intersection is close to road A. Based on these results, it is easy to plan measures such as
building a sidewalk on the south side of road A.

As explained above, the authors supplemented the descriptions of the frightening experiences by
performing confirmation surveys of several locations and used the results obtained to clarify the
dangerous factors and conditions. They also obtained information that was directly applied to
planning improvement measures.

Summing up

This study was undertaken to identify the locations of frightening experiences and descriptions
of the experiences obtained by a questionnaire survey and display the results on a map. In brief,
its purpose was to prepare a Frightening Location Map. And the study has shown that based on
the Frightening Location Map that was obtained; it is possible to identify potentially dangerous
locations and to clarify the process causing the dangerous phenomenon at each location. The
study also revealed the characteristics of a Frightening Location Map and precautions to be
followed when using one. '

And to confirm the descriptions of the frightening experiences, surveys were performed at their
locations. They confirmed that it is possible to use the results of such a survey to supplement the
descriptions of frightening experiences obtained from a questionnaire survey to clarify the
detailed danger factors.



This study clarified potentially dangerous locations on roads and qualitatively clarified danger
factors. But to study measures, it is essential to learn which danger factors to remove, how to
remove, then and how effective their removal will be in advance. It is not enough to simply
describe the process creating danger in written form as is done now. Therefore, a variation tree
that clearly shows the relationships between road structures or facilities and drivers or motor
vehicles in a time series will be prepared, and location surveys will be carried out to
quantitatively measure the distance that a road is visible and motor vehicle speed. A future
challenge is proposing measures for each location surveyed based on survey results and
discovering ways to build safer roads. '
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@®Definitions and examples of a frightening experience

¥ 1 Krightening experience

Definition: An experience that did not result in an accident, but very likely would have if you had made one more mistake

Example 1. While I was travelling from north to south on a certain prefectural road, I entered a slight curve to the left without
reducing my speed very much because I thought I could complete the curve easily, but it was actually a sharp curve and my
car moved into the oncoming lane. I performeéd emergency braking that made my tires squeal, frightening me. I have reduced
my speed at that curve even since that day. h :
Example 2: | was frightened while driving westward on a certain prefectural road. On a
curve to the left just after I passed a cleaning shop I almost hit a pedestrian crossing the street
in a crosswalk just around the curve.

% 2 Sensing danger

Definition: A situation that was not really a frightening experience, but you sensed danger or took precautions

Example 3: The exit from a primary school parking lot to the road is located on a curve and the road ahead is hidden by the
school gate and the curve. I move forward slowly checking the road very carefully before driving onto the road.

Example 4: When I cross a crosswalk at the corner of a department store, cars turning-right don’t stop until they have reached
the edge of the crosswalk. I am always careful to look at the faces of the drivers of both the cars turning right and those
turning left.

Figure 1. Questionnaire (Definition and Examples of Frightening Expériences)
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Figure 2. Example of a Map of the Entire City of Tsukuba (A part of the center of the city)
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While the driver was
traveling north on road
A, an approaching
motor vehicle suddenly
changed lanes near the
entrance to the facility
marked with an X. It
was a straight section
with good visibility.
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Figure 3. Example of a Detailed Map
-~ o 3\ s I

. ;--—*.‘”_’\ . "
el Qy i .Y

J‘ When, as I was traveling straight east on
road A, another car emerged from an
underground road and traveled in the same
direction, the other car suddenly changed to
the left lane (my direction), forcing me to
abruptly steer my car to the left to av01d the
other car.
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Figure 4. Example of a Report (Failure to confirm safety)
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Qg ¢] At the fork of road D and
LH road C, a car emerged
without stopping because the
visibility is good.

Figure 5. Example of a Report (Lack of awareness of traffic safety)
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intersection (actually the east side cross street

was not precisely opposite the west side cross =
street), then just as I reached the center of the .
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Figure 6. Example of a Report (Obstruction of visibility)
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If a motor vehicle turns right towards the
cast from road B, it is difficult for its driver
to see another coming from the right (east).
Motor vehicles coming from the east are
usually traveling at high speed. .

When, after driving from
north to south on road A, I
turn right to enter road B, I
cannot see oncoming cars
because of the curve and
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Figure 8. Case that CANNOT be Judged by the R}zport Alone



[Locatbn No.]

[Address]
[Road name 1] Road A
[Road nam e 2] Road B

[Road name 3]

[htersectbn name) Intersection X

[Landm arks ete.]

Reported
experence

Fork at the convergence of road A and another road coming from the south.
If amotor vehicle turns right towards the east fromroad B, it is difficult for its driver to see another coming from the right (east).
Motor vehicles coming from the east are usudly traveling at high speed.

Confim atbn + There is an apartment building on the east side of the intersection so that ifa driver does not cross the stop line (to the traffic
a

of the

phenom enon

at the
beatbn

lane on road A), his view of road A is obstructed.
* There is a curve on the east side and it is difficult to check on approaching motor vehicles because of trees and houses.

T pressbn
of the road
structure

In addition to the apartment building, because there is no sidewalk on the south side of road A and the shoulder is narrow, it is
difficult to check for motor vehicles approaching from the east on road A from the stop line on road B (there is a curve mirror). If
adriver does not advance into the intersection, his view of road A is obstructed. The view is poor because of the curve and trees
on the east side of road A, and it is difficult to turn left or right because of the high speed of the approaching motor vehicle.

Overall
in pressbn

It is an intersection near the end of a curve on a road where traffic travels at high speed. Visibility is poor because of the
apartment building located at the intersection and the houses and trees on the inside of the curve. When a motor vehicle turns to
the right or left fromroad B, if its driver does not enter the intersection, his view of road A is obstructed, and because there is a
curve near the intersection, a motor vehicle traveling west on road A appears to him to be rushing forward at high speed from the
dead angle beyond the curve, so that he has little time to take evasive action after seeing it.

Figure 9. Survey Results Form (Sample)
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SAFETY EVALUATIONS OF ROAD SPACE FROM THE PERSPECTIVE OF THREE-
DIMENSIONAL ALIGNMENT AND LENGTH OF ROAD STRUCTURES
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ABSTRACT

Studies of the concentration of traffic accidents in Japan show that about half of all
accidents causing casualties on arterial roads occur on about 6% of their total simple road
sections and at about 4% of all intersections.

Although traffic accidents are caused by complex combinations of three factors, human
beings, vehicles, and roads, human factors are the most common causes of accidents.
However, the existence of hazardous spots shows that the contribution of road factors to
accidents at these locations is greater than elsewhere.

Under the criteria for the geometrical design of roads, the minimum values for elements
such as horizontal alignment, vertical alignment etc. are set according to the design speed,
and although there are basic concepts concerning desirable combinations and undesirable
combinations of the horizontal alignment and the vertical alignment, there are few detailed
regulations such as the combination of numerical values. Roads have a three-dimensional
alignment created by combining the horizontal alignment and the vertical alignment, and at
the same time intersections are located at intervals along their length. Therefore, to
accurately evaluate the safety of a road, it is necessary to treat it as a space that has a
three-dimensional alignment and a certain length. .
From this perspective, an accident data base was used to perform an analysis to clarify
the conditions of road structures where traffic accidents occur easily. This report presents
the results of such analysis of the safety of a road from the perspective of space with
three-dimensional alignment and length, and it advocates the view that to truly improve
road safety, it is important to not only provide design standards for individual structural
elements, horizontal alignment, vertical alignment etc., but to also give full consideration to
combining these elements.

KEY WORDS
accident analysis, road structure, road alignment, delineator

1. Introduction
Road traffic comprises 3 elements: humans (drivers), vehicles, and roads. Traffic
accidents occur as a result of flaws in any one of the three elements or flaws caused by
~ interaction between the three elements (Shinar 1978). Factors related to the human
element are thought to be the most common cause of accidents, but there are hazardous
spots in any country. In Japan, about half of all accidents involving casualties on simple
road sections of arterial roads occur on about 6% of their total sections. The cause of such
accidents is likely to be human error induced by the road and/or traffic .environment.
Generally, each country uses criteria for road design that defines specific values for each
item of horizontal and vertical alignment according to the design speed (SETRA 1994,
etc.), such as the Road Structure Ordinance (Japan Road Association 1983) in Japan.
However, safety may be lowered by a combination of items. For example, a design
deemed as being safe only from the viewpoint of radii of curves could be unsafe if it is in a
section with vertical alignment. Also, safety could be reduced due to the combination of
that section and the preceding sections, such as in a section with successive curves.



Therefore, in this study the relationship between accidents and the combination of
horizontal curve and vertical grade or the combination of horizontal and vertical alignment
in successive sections is analyzed. Furthermore, analysis is made on the relationship
between accidents and the combination of horizontal alignment, and delineators which is
believed to be effective in reducing accidents in curved sections.

2. Methods of analysis
2.1 Applied data

In this study, analysis is conducted using the Integrated Traffic Accident Database, which
combines statistical traffic accident data on the occurrence of traffic accidents, and the
Road Traffic Census data on road traffic environments. Furthermore, MICHI, the data base
for road management, is combined with the Integrated Traffic Accident Database in this
analysis to understand detailed road structures and affiliated facilities. The Road Control
Database is only available for the National Roads (total length: 21,828 km as of FY 2001)
under the direct administration of the Ministry of Land, Infrastructure and Transportatlon
Thus, the analysis covers sections of these roads.

2.2 Methods of analysis

In this study, accident ratio (accndent/bﬂllon vehicle km) is used to indicate the occurrence
of traffic accidents and is calculated for each road structure condition at the locations of
~ traffic accidents. Quantitative data such as radius of curve and vertical alignment is divided
into appropriate increments for calculation of the accident ratio.

3. Results
3.1 Relationship between acmdent ratio and combination of horizontal and vertical
alignment

The relationship between the accident ratio and the radii of curves (Fig. 1) is analyzed.
And the relationship between the accident ratio and vertical grade (Fig. 2) is analyzed. In
the analysis of the radii of curves, only the data for level sections is used, and in that of the
vertical grade only the data for straight sections is used. In addition, the relationship
between the accident ratio and the combination of radius of curve and vertical grade (Fig.
3) is analyzed. Note that in the calculation, transition curve sections are included in the
curved sections. Also, a section with a vertical grade of less than 1% is deemed to be a
level section.

The results of the analysis show that for curve radii of fewer than 400 m, the smaller the
radius, the higher the accident ratio. However, for curve radii of over 400 m, the accident
ratio does not decrease, and tends to level off or increase only slightly. Among the
combinations of curve radii and vertical grade, the accident ratio is found to be higher for a
small curve radius combined with a small vertical grade, and for a large curve radius
combined with a small vertical grade. The accident ratio is also found to be higher in
straight sections and level sections. These results suggest that sections with small curve
radii have higher accident ratios due to the difficulty of negotiating sharper curves. On the
other hand, the reason for the rise in the accident ratio at easier curve or grade is
assumed to be that an easier curve or grade makes the driver more relaxed, resulting in
increased driving speed with lowered attention.
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Fig. 3 Relationship between accident ratio and combination of radius of curve and vertical
grade

For more detailed understanding, the effects of left- or right-hand curves and an upgrade
or downgrade.from the perspective of the primary party are analyzed (Fig. 4). Here, the
traveling direction is decided by assuming that the primary party was driving in the lane
where the accident occurred in the case of a rear-end collision, and driving in the lane
opposite to the one where the accident occurred in the case of a head-on collision, using
data on location of accidents at the time of the accident. Categories of accidents other
than rear-end collisions and head-on collisions are not addressed in this study due to the
difficulty of determining in what direction the primary party was driving.
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The analysis results show that the accident ratio tends to be higher for downgrades than
for upgrades. This is presumably caused by the tendency to exceed the speed limit on
downgrades. As for head-on collisions, the accident ratio is higher for left-hand curves
than for right-hand curves, probably due to the tendency to cross into the opposite lane on



left-hand curves compared to right-hand curves due to the centrifugal force of driving on
the left in Japan.

On the other hand, regarding the relationship between the accident ratio and combinations
of curve radii and vertical grades, for head-on collisions, the smaller curve radius or the.
larger vertical grade, the higher the accident ratio, both for left- and right-hand curves.
- Furthermore, combinations of smaller curve radii and large vertical grades tend to increase
the accident ratio. On the other hand, for rear-end collisions, the accident ratio is high even
for large curve radii as well as small curve radii, and the smaller the vertical grade, the
higher the accident ratio as is the case for all accidents. It is considered that a gentler
alignment makes the driver more relaxed, inducing higher speed and lowered attention.

3.2 Relationship between accident ratio and combinations of alignments in successive
sections

The relationship between the accident ratio and combinations of radii of curves in
successive sections is analyzed (Fig. 5). Here, accident ratios are calculated for each
increment of difference between the radii of two successive curves in an S-curve. Accident
ratios are calculated for each increment for the smaller radius of the two curves. Note that
accident ratios are calculated for accidents that occurred in either of the two curves in S-
curves.

The results of analysis show that the accident ratio reaches an extremely high level if the
differences between the first half and the second half of an S-curve become larger in the
increment of less than 100 m for radii of curves. Regarding other curve radii, although not
as conspicuous as curves of smaller than 100 m radius, the larger the difference in curve
radii, the higher the accident ratio. This is presumably because drivers find it difficult to
cope with a large change in the radii of S-curves.
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Fig. 5 Relationship between accident ratio and combinations of alignments in successive
sections

Next, the relationship between the accident ratio and combinations of vertical grades in
sags and crests (Fig. 6) is analyzed. Here, accident ratios are calculated for each
increment of difference between two successive vertical grades. The ratio is also
calculated for each increment of vertical grade for the smaller vertical grade of the two
sections. A section with a vertical grade of less than 1% is deemed as being a level
section, as is the case in 3.1 above.



The results show that the accident ratio tends to rise for a smaller difference between the
vertical grades if the smaller one is within 1-2%. Here, if there is a small difference
between successive vertical grades, the speed tends to change without the driver noticing
due to the difficulty in grasping a change in vertical grade. The above facts suggest that a
driver will fail to recognize the degree of vertical grades, leading to a higher accident ratio,
if the difference is small between vertical grades of successive sections consisting of a sag
or crest. Also, the smaller the difference between vertical grades, the smaller the value of
the vertical grade itself. It is likely that the smaller the difference between vertical grades,
the higher the accident ratio, as the accident ratio is higher for a smaller vertical grade, as
stated in section 3.1.
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~ Fig. 6 Relationship between accident ratio and combinations of vertical grades in
successive sections (left: sag, right: crest)

Here, both the horizontal curves and vertical grades are analyzed without distinguishing
the traveling direction of the primary party. However, the accident ratio will likely rise when
driving from a section with a gentle curve into a section with a sharp curve because of the
larger speed change. In a future study we will investigate the differences between the
direction of driving from a gentle curve into a sharp curve and the opposite direction and
between driving from a small vertical grade into a larger vertical grade and the opposite
direction. On the other hand, the risk of an accident may becomes higher in the case of
approaching a curve after driving on a long straight section as a result of being more
relaxed with lowered attention. The risk also increases if the radius of the curve or the
vertical grade changes within a shorter section because the driver may find it difficult to
respond to rapid changes. Accordingly, we will investigate the relationship between
accident ratio and length of successive sections. :

3.3 Various facilitie_s and accidents

The accident ratio changes according to road alignment and various facilities. Here, the
relationship between the presence of delineators and accident ratio (Fig. 7) is analyzed. As
delineators are thought to be effective in reducing accidents in curved sections at night,
the accident ratio for night-time accidents is calculated. The result shows a lower accident
ratio in sections with delineators. From a safety viewpoint, it would be effective to provide
supplementary facilities such as delineators for sections in which road alignment is difficult
to modify due to geographical conditions, etc.
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4. Summary

In this study we |nvest|gated road safety by focusing on combinations of horlzontal and
vertical alignment or combinations in successive sections.

We first analyzed-the relationship between the accident ratio and curve radu and then the
relationship between the accident ratio and vertical grade. The results show that the
accident ratio increases with smaller curve radius, but the accident ratio is also high even
for large curve radii. Furthermore, the accident ratio is higher for a smaller vertical grade,
and increases in both cases of a small curve radius with a small vertical grade and a large
. curve radius with a small vertical grade. The reason why the accident ratio rises in spite of
gentler alignments is thought to be due to the driver relaxing, and therefore driving faster
with less awareness. The driver’s attention should therefore be alerted by road markers
even for sections with gentler alignments, as well as for those with sharper allgnments

We also analyzed the relationship between the acmdent ratio and left- or rlght-hand curves,
as well as the relationship between the accident ratio and up- or down-grades, from the
perspective of the primary party. The results show that the accident ratio tends to be

higher for a downgrade than for an upgrade, probably due to the driver exceeding the
speed limit on ‘a downgrade. Road markers should therefore be used to slow down drivers
on downgrade sections. Regarding head-on collisions, the accident ratio is higher for left-
hand curves than for right-hand curves, probably due to the higher tendency to cross into
the opposite lane on left-hand curves than on right-hand curves due to the centrifugal force.
Accordingly, it is important to urge drivers to slow down or make them more alert before
entering a left-hand curve.

Next, we analyzed the relationship between the accident ratio and combinations of
successive sections. First, we analyzed the relationship between the accident ratio and
difference in radii of two successive curves comprising an S-curve. The results show that
the larger the difference in the radii of the two curves, the higher the accident ratio. This is
presumably due to the driver’s difficulty in negotiating the difference in radii. For safety, it is
therefore desirable to reduce the difference in the radii of the two curves when designing a
curved section.

We also analyzed the relationship between the accident ratio and difference in vertical

grades of two vertically graded sections comprising sags or crests. The results show that
the accident ratio tends to rise in case of a change from a gentle grade to another gentle



grade in both sags and crests. This may be caused both by the increase in accident ratio
due to small vertical grade as stated above, as well as the difficulty of recognizing a
change in vertical grades. Therefore, the difference in vertical grade of sections with dips
or crests should not be made too small, or measures should be taken to make drivers
recognize a change i in vertical grade.

- We also found that the nighttime accident ratio is lower in curves with delineators
compared with those without them. Nighttime driving could therefore be made safer by
installing delineators, for example, or informing drivers of the radius or direction of a curve
in locations where it is difficult to modify the radius due to topographical conditions or
facilities along the road.

in a future study we will investigate the relationship between the accident ratio and driving
speed or traffic violations at the time of accidents by considering the behavior of vehicles
or actions of drivers, in addition to combinations of horizontal and vertical grades and
combinations of alignments of successive sections. Regarding combinations of successive
sections, we will investigate cases of driving from a gentle curve into a sharp curve and
vice versa, and driving from a small vertical grade into a larger vertical grade and vice
versa, and will examine the relationship between the accident ratio and lengths of
successive sections.
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DEVELOPMENT OF A BUFFER FENCE TO PROTECT
- CARS FROM DIRECT COLLISIONS WITH SUPPORTS

Kazuhiko ANDO, Ministry of Land, Infrastructure and Transport, JAPAN
Nozomu MORI, Ministry of Land, Infrastructure and Transport, JAPAN

ABSTRACT

Accidental collisions with support structures such as utility poles, signposts, and streetlight
poles are more likely to be extremely serious than other kinds of accidents. One method of
buffering collisions with such structures used in many countries is the breakaway structure that
allows a pole to collapse when struck by a vehicle. This method has reduced damage to vehicles
and injuries to their occupants caused by these collisions. But this structure is not suitable for
narrow roads carrying heavy traffic where a collapsing pole might cause secondary injuries to
third parties. This study was undertaken to develop a collision buffer fence (below called a
“buffer fence”) that prevents a car from directly colliding with a support structure or roadside
trees (below called, “support structures™) and to reduce injuries to a car’s occupants during such
a collision for use as a buffer measure for support structures installed beside narrow roads.

The first step in the study was to make the performance requirements of the buffer fence clear to
decide the basic structure of a fence that satisfies these performance requirements. Next, the
performance of the basic structure was analyzed by a dynamic simulation in order to make
changes to resolve the structural problems it revealed and to clarify the structure that would
ultimately satisfy all requirements. The structure of the buffer fence that was hypothesized was
a small inconspicuous fence with length of 5,000 mm and height of 500 mm considering the
need to construct it in limited road space and to protect the urban scenery. The performance of
this structure was verified by collision simulation. And to increase the buffering effects of the
ends of the fence, four kinds of end buffering structures were studied and analyzed by a
simulation. The software used for the simulation analysis was PAM-CRASH from ESI, a
company with accomplishments in the field of motor vehicle collision testing and analysis. The
results of the simulation analysis revealed that while the deceleration produced at the center of
gravity of a passenger car when it strikes a support structure at a speed of 60 km/h is about 650
m/sz, if it strikes the ends of the buffer fence, the deceleration is reduced to between 170 m/s’
and 330 m/s”.

INTRODUCTION

About 950,000 accidents causing death or injury occur in Japan every year. Only about 3%
(about 27,000 accidents) of these are collisions with roadside structures that includes utility
poles, signposts, streetlight poles and trees. But these accidents account for 16% (about 1,400
accidents) of all fatal accidents (about 8,400 accidents), indicating that collisions with roadside
structure tend to be extremely serious ”. In many countries, breakaway structures that allow
poles to topple over when struck by a vehicle are used as a buffer measure for support
structures, and they do contribute to reducing damage and injury caused by collisions. But this
type of structure is not suitable for narrow roads carrying heavy traffic where a collapsing
support structure might cause secondary injuries to third parties. Traffic barriers are used as a
method of preventing collisions with support structures, but because traffic barriers must be
long to smoothly redirect a motor vehicle, their use causes many problems: they are expensive
and when installed in cities, they spoil the appearance of the roadside.

This research was a study of the structure and performance of buffer fences installed beside
support structures standing along narrow roads that carry heavy traffic to prevent serious
damage when passenger cars collide with these support structures accounting for conditions
such as conserving u: an scenery.
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OUTLINE OF THE STUDY

Purpose of the study

The purpose was to develop a buffer fence that prevents passenger cars from directly colliding
with support structures and mitigates the impact of such collisions.

The study developed a buffer fence with a structure that provides performance that reduces the
harmful effects of a collision on occupants of passenger cars: a type of car susceptible to severe
damage during collisions and which has been involved in a high percentage of past collisions
with support structures .

The buffer fence is expected to have the following effects.

[1] Car redirecting performance: Redirects a passenger car when its front has collided with the
side surface of the buffer fence (see Fig. 1A).

[2] Collision buffering performance: Greatly mitigates impact by preventing the passenger car
from directly colliding with the support structure (see Fig. 1B).

[3] Side collision safety performance: Reduces the deformation of the passenger car body to
guarantee space for the driver to survive by preventing the side surface of a passenger car that
has spun from directly colliding with the support structure (see Fig. 1C).

The impact conditions established for the study were cases of collisions by a 1-ton passenger car
at 60 km/h that is the legal speed limit on ordinary roads and at 80 km/h that exceeds this speed
limit: cases set because in Japan the commonest type of vehicles used weighs approximately 1
ton 2 and support structures are installed close to vehicle lanes on almost all ordinary roads.

Study method and procedure

Dynamic simulation analyses were done to clarify the performances of the buffer structure.

The study was performed by first analyzing the state of a collision without a buffer fence, then
analyzing the car redirecting performance, side collision safety performance, and collision
buffering performance of the basic structure, at a collision speed of 80 km/h. Based on the
results of these analyses, the performances necessary for a study at collision speed of 60 km/h
were studied at a collision speed of 60 km/h to finally clarify the most appropriate structure.

The study flow chart is shown in Figure 2, and the test results are also shown in the figure.

Structure studied

The height of the buffer fence was set at 500 mm as the height that can guide a car bumper and
wheels when a car collides with the side of the buffer fence. The length of the buffer fence was
set at approximately 5 m: a length that can reduce deformation of the body of a car that has spun
so that its side collides with the buffer fence. The basic buffer fence structure that was
established is shown in Figure 3. The cross-beam of the buffer fence is strong enough to almost
completely prevent deformation of a car by a collision, because it is assumed that it will usually
be difficult to provide a large gap between the fence and the support structure. The ends of the
buffer fence are constructed to prevent large deceleration when a car collides with one of its
ends. So in addition to the ends in the basic structure, four other end structures that improved
buffering performance were studied (see Figure 4). Buffering structures [1] and [2] were, unlike
the ends of the standard structure, equipped with 1,000 mm buffers. Of these, buffer structure
[1] was equipped with three intermediate props to increase the strength of its buffers, but the
props were omitted from buffer structure [2]. Buffer structures [3] and [4] were designed by
equipping the ends of the basic structure with 1,500 mm buffers. Of these, buffer structure [3]
was equipped with one intermediate support prop to increase the strength of its buffers, but no
support props were installed on buffer structure [4].
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DESCRIPTION OF THE STUDY

The collision simulation program used to study the structure of the buffer fence was PAM-
CRASH from ESI. ' :

Car models

The car models used for the collision simulation were a frontal collision model and a side
collision model for a 1-ton domestically manufactured passenger car (see Figure 5). The frontal
collision model finely divided the front of the car into a-mesh in order to more accurately
simulate the deformation and deceleration caused by a frontal collision. The side collision
model was a model with the side of the car divided into a fine mesh in order to more accurately
simulate the state of deformation when the side of the car collides with the fence.

Analytical cases

The deceleration of the car and the deformation of its body when the front or side of the car
collided directly with the support structure were analyzed. Table 1 shows car redirecting
performance, collision buffering performance, and side collision safety performance of the
buffer fence, and the combinations of structures and collision speeds studied.

Evaluation method and evaluation criterizi

The following are the methods and criteria used to evaluate the various types of performance.
The deceleration was evaluated using the 10 ms moving average deceleration in the direction of
travel of the car based on the installation standard for traffic barriers 2 and NCHRP350 ¥, and
the sampling of the deceleration was done using an 80 Hz low pass filter at intervals of 0.5 ms.
[1] Car redirecting performance: The buffer fence smoothly redirected the car when its front
surface collided at an angle with the side of the buffer fence. The deceleration produced
was less than 200 m/s® 2,
[2] Side collision safety performance: The interior of the car was retained when the car
collided with the fence from the side
[3] Collision buffering performance: The deceleration when the car collided with the end of
the buffer fence or with the buffer structure was less than 200 m/s’.

STUDY RESULTS

Table 2 shows the results of the simulation analysis.

"Without a buffer fence

Figure 6 shows the deformation of the car body based on the frontal collision and the side
collision simulation analyses for a collision without a buffer fence.

The deceleration when the front of the car collided with the support structure not equipped with
a buffer fence was 850 m/s® at a collision speed of 80 kmv/h, and it was 650 m/s’ at collision
speed of 60 km/h. These decelerations are highly likely to seriously injure occupants ®. And
when a car spun so that its side collided with the support structure, the car body was severely
damaged, causing conspicuous deformation of the interior so that there wasn’t enough space for
the occupants to survive.

Structure of the side of the buffer fence

The results of the simulation analysis of a collision with the side of the basic structure buffer
fence at 80 km/h revealed that when the car front collided at an angle, it was redirected by the
fence and that when the car spun so that its side collided with the fence, the car body was
maintained, preventing its deformation. The deceleration as the car was redirected was 160 m/s
(impact speed of 80 km/h): a value that satisfied the conditions.

—111 —



Figure 7 and Figure 8 shows the simulation results.

Structure of the ends of the buffer fence

(1) Basic structure

With the basic structure without buffer structures on its ends, the car stopped after the bottom
surface of the car penetrated the end of the buffer fence, generating a deceleration of
approximately 710 m/s* at collision speed of 80 km/h, and approximately 530 m/s at collision
speed of 60 km/h, both large decelerations.

(2) Buffer structure [1]

The results of the simulation of cases where a car collided with buffer structure [1] at collision
speeds of 80 km/h and 60 km/h show that although the car did stop after penetrating the end, the
deceleration was 510 m/s* and 330 m/s® respectively, clearly indicating that good buffering
effezcts were obtained. But the deceleration at collision speed of 60 km/h was far above 200
m/s”.

(3) Buffer structure [2]

The results of the simulation analysis of a case of a collision with buffer structure [2] at 60 km/h
show that the deceleration produced is far higher than 200 m/s®, indicating that the buffer length
of 1,000 mm is not sufficient.

(4) Buffer structure [3]

The simulation of buffer structure [3] equipped with a buffer with length of 1,500 mm revealed
that the deceleration produced by the collision with the end was 170 m/s” that is less than 200
m/s’. Because the car rode up on the fence (see Figure 9) while traveling at the high speed of 30
km/h, the deceleration when it collided with a support structure was high at 260 m/s’, revealing
that this buffer structure does not satisfy the required buffering performance.

‘(5) Buffer structure [4]

As in the case of buffer structure [3], the car rode up on the fence, but its speed as it did was
lowered to 20 km/h and the deceleration during both a collision with the end and a collision
with the support structure was 180 m/s” that is less than 200 m/s. This structure provides the
highest buffering performance of all those tested in this study.

Considerations

The test results reveal that the strength of the side of the buffer fence is sufficient. The study of
the buffer structure for the ends revealed that at a buffer length of 1,000 mm, the car stops at the
end but its deceleration is high, and when it is lengthened to 1,500 mm, the shape of the end is
deformed to form a slope, reducing the deceleration. Because the car stops with reaching a
support structure, it does not bounce back into the vehicle lane or run up on the sidewalk after 1t
has collided with the buffer fence, preventing secondary damage.

SUMMARY

The following are the conclusions obtained'by the study.

Shape of the buffer fence

It is necessary for the buffer fence to be about 500 mm tall, assuming that a fence of this height
will not spoil the appearance of the urban environment, and that it is an appropriate height to
buffer and redirect a car that collides with the fence. If a buffer fence with length of about 5 m is
constructed, it can redirect a car that has collided with the side of the fence and it can prevent
deformation of the body of a car that has spun so that its side collides with the buffer fence.
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Collision buffering performance of the buffer fence.

Buffers must be installed on the ends of the buffer fence in order to mitigate the impact of a car
colliding with the ends. Of the buffers installed on the buffer fence that were studied, the most
effective buffering is obtained at a length of 1,500 mm and height of 500 mm, but at a collision
speed of 60 km/h or less, it is technologically possible for this structure to stably stop a vehicle
while holding the deceleration down to less than 200 m/s*. At a collision speed of 80 km/h, it
will be technologically difficult to keep the deceleration below 200 m/s® using the buffer fence
structure that was studied. '
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Table.1 Analysisi Cases

Performance Structure Collision Speed (km/h)
No fence 80
Car redirecting performance a) Basic structure 80
Side collision safety performance ¢) |Basic structure 80
Basic structure and buffer structure{1] 80, 60
Collision buffering performance b) .
Buffer strucutre [2], [3]and [4] 60

a) Collision shown in Fig.1A), b) Collision shown in Fig.1B), ¢) Collision shown in Fig.1C)

Table.2 Results of Simulation Study

(OK: satisfies the evaluation criteria, X: docs not satisfy the evaluation criteria)

Car redirecting

Side collision

Collision buffering performance ®

)]

Performance performance ¥ safety o Collision with the end Collision with
performance of buffer fence the support structure
Collision speed 80km/h 80km/h 80km/h 60km/h 80km/h 60km/h
Evalqaﬁon Body ‘| Deceleration Body Deceleration | Deceleration| Deceleration| Deceleration

Structure items | redirecting (mss) deformation (m/s) (m/s) (mss) ms)
No fence X X (850) X 1|
Basic strucutre OK OK (160) OK X (710) X (530) — —
Buffer strucutre[1] X (510) X (330) — —
Buffer strucutre[2] / / / X (300) —
Buffer strucutre[3] / / / / OK (170) / X (260)
Buffer strucutre[4] OK (180) OK (180)

a) Collision shown in Fig.1A), b) Collision shown in Fig.1B), ¢} Collision shown in Fig.1C)
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STUDY OF ILLUMINANCE REQUIREMENTS OF PEDESTRIAN
LIGHTING SYSTEMS |

Kentaro Hayashi, Kazuhiko Ando, Nozomu Mori
National Institute for Land and Infrastructure Management
Ministry of Land, Infrastructure and Transport, Japan

ABSTRACT

This paper reports the results of a study on the influence of illuminance levels on visibility and
ease of walking (or riding) for various categories of pedestrian (elderly persons, non-elderly
persons, cyclists, and wheelchair users). Five illuminance levels were employed in the study: 1,5,
- 3,5, 10, and 20 Ix. It was found that at low illuminance levels (1,5 and 3 Ix), pedestrians were able
to identify obstacles and other pedestrians in their path but were not able to see the road surface
property or identify details such as faces, and some difficulty was experienced in walking. At 5 Ix,
wheelchair users were still unable to identify the faces of other pedestrians approaching from the
opposite direction. It was concluded that 5 Ix represents the minimum illuminance level required in
order to enable pedestrians to identify salient visual information at night. If wheelchair users are
taken into consideration, then the minimum illuminance level is 10 Ix, which ensures the safety of
all pedestrian categories.

Keywords: illuminance, pedestrian, bicycle, elderly person, wheelchair

1. INTRODUCTION

The population of Japan is aging much more rapidly than in other countries. Japan has the highest
rate of population aging in the world. It is important to ensure that elderly people, wheelchair users,
and those with visual or other physical impairments are able to lead independent and autonomous
lives by providing appropriate support and encouraging participation in wider society. To this end,
areas of pedestrian traffic should be designed to minimize, as far as possible, the physical and
mental burden on these categories of pedestrians.

In this study, we considered the issue of pedestrian lighting from the perspective of ensuring
the safety of pedestrians, particularly elderly and physically disabled pedestrians, at night. We
investigated the level of illuminance at the road surface required in order to ensure the safety and
security of pedestrian traffic.

2. OBJECTIVES

The level of illuminance required in areas of pedestrian traffic at night varies depending on the
individual physical characteristics of each elderly or disabled pedestrian. A visibility evaluation
experiment was used to determine the level of illuminance required to ensure the safety and
security of all such pedestrians.

3. OUTLINE OF EXPERIMENT

In the experiment, the test subjects were asked to rate visibility while proceeding along a test
course lighted to a given level of average road surface illuminance. The test subjects consisted of
10 elderly persons aged 65 years or over, 10 non-elderly persons, and seven wheelchair users.
The non-elderly subjects were asked to perform the visibility ratings both on foot and on bicycle.

"~ 3.1 Methodology and conditions

Figures 1 and 2 show the experimental set-up. The test course was 182 m in length, lighted by
eight luminaires mounted at a height of 5,2 m and spaced at intervals of 26 m. The evaluation
zone was confined to the two middie spans of the test course, a length of 52 m, with a width of 4
m. The first span was designated the obstacle zone, and the second span the approaching traffic
zone. The obstacles in the obstacle zone consisted of two black rubber strips measuring 60 mm in
height and 180 mm in width laid out across the road surface to resemble steps, and seven blue
triangular cones of height 700 mm placed on the road surface to resemble obstacles. The test
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subjects were asked to pass through Luminaires x 8(Height=5,2m, Lamp=HF250-D)
both zones in succession. The 8 ) : .

fluorescent mercury discharge lamps
(HF250-D) were used as the source
lamps in the luminaries. Road surface — e
brightness was regulated using a | 26m X 7=183m
combination of optical filters of varying . .
degrees of transmittance attached to Figure 1. Experimental set-up
the luminaire globes. Triangular cones(=obstacles)  Rubber strip{=step)

)

Within each span of the test course,
the illuminance level was defined as the
average of road surface illuminance
readings taken at 55 measurement 1 s = \
points on a grid created by dividing the o
span (L 26 m x W 4 m) into 10 sections _ Jm = % MEGM;L‘
in the longitudinal direction and four ’
sections in the transverse direction. Fiaure 2. Close-up of evaluation zone
Five illuminance levels were used in the experiment: the four Recommended Levels of llluminance
(3, 5, 10, and 20 Ix) given in Japanese Industrial Standard (JIS) Z 9111", which is used
extensively for pedestrian lighting design in Japan, and the minimum illuminance level of 1,5 Ix
recommended by Publication CIE 115-1995%, which is based on pedestrian lighting illuminance
standards from around the world. To ensure uniform illuminance across the entire test course, the
value derived by dividing the minimum road surface illuminance by the average road surface
illuminance was kept to a target of 0,2,

Table 1. Evaluation items
3.3 Evaluation method 1 _| Can see steps and obstacles
The test subjects were asked to pass _2 | Can see road surface and proceed without difficulty
through the obstacle zone and negotiating _3_| Can see faces of approaching pedestrians
approaching traffic (both pedestrians and _4 | Feel no danger from approaching pedestrians
bicycles) in the approaching traffic zone, —3 | Feelno glare by lighting
then answer yes or no to the six-point —&_l Lighting is uniform at road surface

checklist shown in Table 1. This procedure was repeated at each of the five illuminance It_avels.

Positive response rates were tabulated in each pedestrian category; thus, for instance, if seven
out of ten elderly subjects said that they could see the road surface and proceed without difficulty,
this translates into a 70% response rate for that item. Response rates of 50% or more were
deemed “high” and response rates of less than 50% were deemed “low.”

. 4.RESULTS

Figure 3 shows the visibility evaluation results by subject category. On each graph, the Y-axis
represents the level of illuminance while the X-axis represents the positive response rate.

It can be seen that the positive response rate to the “can see steps .and obstacles” question
was high irrespective of the illuminance level. Similarly, high responses were obtained for the “felt
no glare by lighting” and “lighting was uniform at road surface” question at all illuminance levels, so
these have been omitted from the discussion here.

— Pedestrians (elderly and non-elderly): At 1,5 Ix and 3 Ix illuminance, both elderly and non-
elderly pedestrians had a low response rate in the “can see faces of approaching pedestrians”
category. Non-elderly pedestrians also had a low response rate in the “can see road surface
and proceed without difficulty” category. Response rates in other categories were high for all
iluminance levels. : .

- Cuyclists: At 1,5 Ix, cyclists had a low response rate in the “feel no danger from approaching
pedestrians” category. Response rates in other categories were similar to those for foot
pedestrians.

— Wheelchair users: At illuminance levels of 5 Ix and below, wheelchair users had a low
response rate in the “can see faces of approaching pedestrians” category. Response rates
were high in all other categories irrespective of illuminance level. Wheelchair users were not
asked to do the experiment at 1,5 Ix.
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Subjects| Foot Pedestrians Foot Pedestrians Cyclists = Wheelchair users
Evalution ftams (Elderly) (Non—elderly) (Non—elderly)

Can see steps and
obstacles

0% 25% 50% 75% 100%

Can see road
surface and proceed
without difficulty -

Can see faces of
approaching
pedestrians

0% 25% 50% 75% 100%

_ Feel no danger from
approaching
pedestrians

: 15 i B }
0% 25% 50% 75% 100% 0% 25% 50% 75% 100% 0% 26% 50% 75% 100% 0% 25% 50% 75% 100%

Figure 3. Visibility ratings by subject category 71 ves [INo
(The X-axis represents the positive response rate. The Y-axis represents the level of illuminance)

5. DISCUSSION OF RESULTS

There was a pronounced difference in the response rates of elderly and non-elderly subjects in the
“can see road surface and proceed without difficulty” and “can see faces of approaching
pedestrians” categories. Whereas 70% of elderly subjects felt that an illuminance level of 1,5 Ix
was sufficient to see the road surface and proceed without difficulty, only 10% of non-elderly
subjects agreed. Thus, elderly people are more likely to be satisfied with a lower level of lighting
than non-elderly people in order to see the road surface and proceed without difficulty. The non-
elderly subjects were all able to see the faces of approaching pedestrians at a luminance level of
10 Ix, whereas some of the elderly subjects were still unable to do so even at 20 Ix.

The threshold visibility level needed for pedestrians is influenced significantly by the spatial
frequency characteristics of the visual objects. It has been shown? that people can usually walk
without difficulty so long as it is possible to discern the general shape of obstacles; this type of
visual information is called “low spatial frequency band information.” In order to determine a
person’s gender and recognize a known face, however, it is necessary to identify facial details
such as the profile and the eyes and nose; this is called “high spatial frequency band information.”
Our ability to discern the spatial frequency threshold of an object is governed by factors such as
age and surroundings brightness. Mitsui et al® studied the relationship between contrast sensitivity
and age for different spatial frequency bands and found that sensitivity in the low spatial frequency
band changes little with age, while sensitivity in the high spatial frequency band declines rapidly.
The “can see road surface and proceed without difficulty” category in our experiment thus
corresponds to the low spatial frequency band, which is why elderly subjects were able to
recognize objects and proceed without difficulty even at low luminance levels. Meanwhile, “can
see faces of approaching pedestrians” corresponds to the high spatial frequency band, and this is
why some of the elderly subjects found it difficult to recognize faces even at high illuminance
levels of 10 and 20 Ix. However, the link between spatial frequency characteristics and declining
contrast sensitivity with age does not adequately explain why elderly subjects had a higher positive
response rate than non-elderly subjects in the “can see the road surface and proceed without
difficulty” category at low illuminance levels. It may be that concepts such as “can see easily” and
‘can proceed without difficulty” constitute subjective evaluations of convenience, which are
influenced by lifestyle differences and past personal experience that can vary considerably with
age. At this stage, we do not know the sorts of factors that govern concepts such as visual comfort
and brightness. Further investigation is required in this area.
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5.2 Foot pedestrians, cyclists, and wheelchair users

In the experiment, the non-elderly foot pedestrian subjects doubled as the cyclist subjects. They
reported that it was harder to discern the faces of approaching pedestrians at low illuminance
levels both on foot and on a bicycle. At 1,5 Ix, the subjects did not feel any danger when walking
but they did feel danger when riding. Riding is faster than walking, which means that a rider has
less time than a walker to assess the traffic conditions ahead. In other words, an illuminance level
of 1,5 Ix is dangerous for cyclists because they are unable to determine whether evasive action is
required. . '

Wheelchair users, who travel more slowly than foot pedestrians, had trouble identifying the
faces of approaching pedestrians at illuminance levels of 5 Ix and under. This is probably
attributable to the fact that their eyes are at a lower level, which means that they can't see as far
as foot pedestrians, and also the fact that propelling the wheelchair involves a back and forth
movement which means that they have less opportunity (in terms of frequency and period) to look
up and assess approaching traffic conditions such as the road lines and the direction in which
others are moving. Wheelchair users therefore require higher levels lighting than foot pedestrians
in order to provide the same degree of visibility of visual information.

6. SUMMARY BY ILLUMINANCE LEVEL
The findings discussed above can be summarized as follows:

- At 1,56 and 3 Ix: Pedestrians can discern the presence of obstacles and approaching
pedestrians but experience difficulty seeing the road surface and recognizing details such as
facial features and are not able to negotiate their way forward with ease.

— At 5 Ix: Pedestrians are able to discern-obstacles and see the road surface easily (the basic

_ prerequisites for pedestrian traffic at night), and can also recognize details such as the facial
features of approaching pedestrians. Wheelchair users are unable to recognize the facial
features of approaching pedestrians.

— At 10 ix and above: Pedestrians of all types are able to proceed safely and securely.

7. CONCLUSIONS AND FUTURE ISSUES

In this study, we evaluated five average road surface illuminance levels with respect to six
evaluation items in four pedestrian categories in order to determine the level of the average road
surface illuminance required to enable pedestrians of all types to proceed safely and securely in
area of pedestrian traffic. Future studies should look at the influence of colour temperature and
colour rendering of the source lamp on the perception of visibility in the pedestrian area.
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. An Experiment on Interpretation Time of Traffic Sign Information

Kazuhiko Ando

Public information for road users are presented by traffic signs and variable message sign boards on
roads. The amount/form of information- for these facilities has not fully been discussed until now. An

experimental and analytical study of the amount/form of information was conducted using interpretation time

of information as an index of understanding degree of information. It has been shown by the results of this

study that the interpretation times of familiar information are shorter than those of unfamiliar information,

and that road signs are understood as pattern and influence of their color is little.

Key Words: Visibility, Road, Information System, Driver Behavior/Amount of Information, Chinese Character, Traffic Sign@®
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Table.1 Contents of Information Used in the Experiment -

Kind Form Content
Chinese High use frequency : 5 strokes(E. 5.). 10 strokes (¥, H) . 15 strokes (£i. #8)
Character character Low use frequency : 5 strokes (%L, &) ., 10 strokes (£&. %) . 15 strokes (B, #)
Place Name | Familiar name : #i(Kashiwa). 1:#i(Tsuchiura). 7K¥3i#(Mitsukaido). % F%X H(Hitachi-Ohta)
Unfamiliar name : #{(Maki). =#fi(Mitsuse). K% F(Ohtaki). FIRHK(Uji-tawara)
Regulate, * Stop (red background-black letter, red background-white letter),
Sign Warning Under construction (black background-orange pictograph, yellow background-black pictograph),
Admit approach to directions pointed out only (black background-orange allow, blue background-white allow)
Variable 1 : 38E(Strong wind). 2 : BEL - H7K(Accident Covered with water).
Message | 1oy 3a: %4 - @7k - FEEEA (Falling of rocks* Road closed* There is a detour)*  * meaning combination of words
Sign Board 3b: I - BAE - WeM(Covered with waves- Freeze - Congestion)** * % meaningless combination of words
Graphic Symbol Snowman(Snow fall) (black background-orange figure, blue background-white figure)
Display HRICLDZEIEHENRRS D, JlREDE. ZHIZH
2. Sp—— 88— > L., AP FHRIIANBRCL2BAEND S0, ER
jg’r - Keyboard CHALEREDLFLONTEOREOBRL TS
1. 2m

!

Figure.1 Experimental Condition
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Abstract

The Ministry of Land, Infrastructure and Transport (MLIT), Japan revised the barrier regulations in 1998. New
regulation provided as the performance-based regulation by abolishing the structural criteria of the old regulation
to incorporate the landscape aspects into the infrastructure. Scope of this study is the development of the
standardized aesthetic barrier based on the revision of the barrier regulation from the structural regulation to the
performance-based regulation. The reason for writing this paper is to introduce the process of the development of
an aesthetic barrier in Japan, and also to discuss the importance of an aesthetic barrier for a landscape of road.
This paper discussed the development process of the new barriers that satisfied the new regulation. The
objectives of this development are to create and maintain a good landscape of road with the aesthetic barrier. In
this paper, based on the analysis on landscape aspects of the conventional barriers in Japan, the fundamental
designs to solve the problems of the barrier in the viewpoint of landscape were examined. Through the results of
the collision tests with the trial products and the social impact assessments after the installation of new barriers,
it was confirmed that the new barriers attained the initial development objectives. The new barriers developed
were adopted as one of the standard barriers for the vehicle by the MLIT in March 1999. It is, hence, expected
that the new barriers will be widely utilized in the areas with picturesque scenery as well as urban areas in Japan.
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1. INTRODUCTION

Japan has used standardized barriers that were defined by barrier regulation in 1972. Each kind of barriers such
as guardrail, guard pipe, guard cable, etc. has been designed in accordance with only the design speed of each
road. It was impossible for a long time to develop a new type of barrier, considering landscape along the roads
since structures, shapes, and even measurements were included in the regulation. Even in the places where
picturesque sceneries are observed, therefore, the standardized barriers have been installed and spoiled
landscape. :

In view of this, Tohoku Regional Bureau, Ministry of Land, Infrastructure and Transport MLIT , formerly
known as Ministry of Construction, decided to develop a new barrier with better design, a committee was
established. Because it was scheduled that old regulation would be revised to performance-based regulation in
1998. The authors led the new barrier development, as a chairperson of the committee, committee member,
member of secretariat, development partner. This paper describes the research and the process of the
development of new type barriers and its social effect.

2. LANDSCAPE ASPECTS OF THE CONVENTIONAL BARRIERS

Three kinds of barriers (guardrail, guard cable, and guard pipe) are usually used at general national highways in
Japan. Since structures and dimension of these barriers were defined by the regulation, it was impossible to
incorporate landscape quality along the roads. Regarding color, (only) white was used with some exceptions.
While developing a new barrier, the authors analyzed the landscape aspects of the conventional barriers.

2.1 Guardrail

The guardrails are the most commonly utilized along roadsides and boundaries of sidewalk and roadway in
Japan. The center of beam is located at the 60cm above from road surface.

The landscape aspects of the guardrail are as follows:

«: from a viewpoint of the passenger
*The view from the passenger car is interrupted since the visual point level of passenger is approximately
110cm;
*Guardrail installed at median gives a complicated impression because it has two beams for both sides of lanes;
and :
*The line of beam emphasizes the impressions of road alignment, and also is effective for visual leading.

- 4 from a viewpoint of outside of the road

¢ When it is installed at picturesque places, the view from outside of the road has big damage because guardrail
has white continuous line.

4 Bolts and nuts of zinc plating on white beam give a complicated impression;

¢ A joint point with a support and a beam is complicated and conspicuous, because many elements gather it;

¢ Dirty of white painting and rusty of damage points give a poor-looking impression; and

4 Beam and support has not a sense of unity because of corrugated shape of a beam and existence of a bracket.

2.2 Guard Cable

The guard cables are frequently utilized at a banking or cutting section in country areas and mountain areas. The
guard cables have the structure to respond vehicle by a pulling power of three to five cables.

The landscape aspects of the guard cable are as follows: _
* ¢ Guard cables don’t interrupt both views from the passenger and from the outside because of there visual
permeability;
¢ A support of zinc plating give a cold impression;
*A joint point with a support and a beam is complicated and conspicuous, because many elements gather it;
A terminal support give a complicated impression, because a form is complicated and a bolt to conclude a cable
is exposed; and
* Guardrail installed at median gives a complicated impression because it has two beams for both sides of lanes.
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2.3 Guard Pipe

Usually, guard pipes are installed along boundaries of sidewalk and roadway. The conventional guard pipes have
the structure to respond vehicle by the three-beam pipes. Therefore; it is superb at a view to the road outside.
And, that has (with) a light impression. However, at a joint with a beam pipe and support, a number of pieces of
a bolt also give a complicated impression to a pedestrian, greatly.

The landscape aspects of guard pipe are as follows:

¢ ¢ A shape composed of a thin line gives a light impression;

¢ According to an artistic balance of a form, it can give a different impression;

¢+ A guard pipe is inconspicuous in comparison with a guardrail. However, when a general standardized product
is continuously installed, lines of a white painted pipes are apt to be conspicuous;

*¢ Guard pipes don’t interrupt both views from the passenger and from the outside because of there visual
permeability; and

*¢ A joint point with a support and a pipe is complicated and conspicuous, because many elements gather it.

3. CONSIDERATION ON FUNDAMENTAL DESIGN OF THE BARRIERS
3.1 Design Conditions

Necessary conditions for the development of new barriers concentrated on the following five points:

a. To have a necessary strength of B class (former standard) that is the greatest used at a national highway;
b. To become a substitute of a current guardrail (possible for throwing itself to inside soil);

c. Beautiful shape.;

d. Not to prevent a view to the roadside; and

e. Low cost. ’

With these necessary conditions, Designer Ono who was one of the committee members designed the
fundamental shape of the new barrier, considering the following three points as the primary principles of design.

(1) As structure of a guard pipe type, increase visual permeability.

It was recognized that the new barrier would be installed on both of roadsides and boundaries of sidewalks and a
roadway in the jurisdiction area under MLIT. To avoid interrupting views, high visual permeability was
considered one of the design conditions. Structure of guard pipe type was chosen for the structure of new
barriers. ]

(2) As using a general material (such as Japanese Industrial Standards (JIS) steel pipe), lower a price.

The conventional barriers are very inexpensive because mass production is formed already. And, at Japan
today, a cost decrease in public works is claimed as a policy. Inexpensiveness was an important design condition.
Using general materials was required as one of design conditions to lower price.

(3) As considering continuity between a general section and a bridge section, adopt a shape of block-out type.
The shape of a barrier in a bridge section is defined as a block-out type in old regulation. In the viewpoint of a
sequence of a road landscape, a form of a barrier should not be changed between a general section and a bridge
section. Therefore, a shape of block-out type was adopted as one of design conditions.

3.2 Decision Of A Fundamental Shape And Measurement
The next figure shows the barrier that Ms. Designer Ono prepared, concerning the above-mentioned three points.

4. SELECTION OF TECHNICAL DEVELOPMENT PARTNER AND MANUFACTURE

A fundamental design was decided by applying knowledge of committee members about structures and
landscape. Consequently, it was necessary to verify strength, construction method and cost. Therefore, we
implemented the technical proposal competition based on this fundamental design for manufacturers to be able

to produce these barriers in a large scale.

4.1 Selection Of The Development Partner Through The Technical Proposal Competition
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There were 35 proposals to a technical proposal competition.

(1) Material

As Main material, 34 proposals used steel, and one proposal used stainless steel.

As Upper section connector, 25 proposals used spherical graphite casting iron, five proposals used heat growth
thin board, two proposals used aluminum casting, and three proposals were others.

(2) Cost (Material unit price per 1 meter)

About 3 beams type, average price was 19,252 yen, minimum price is 10,090 yen, and maximum price was
54,000 yen. About 2 beams type, average price was 16,255 yen, minimum price was 8,320 yen, and maximum
price was 37,900 yen. ‘

(3) Selection of development partner

All proposals were evaluated in the five viewpoints of function, design, economy, construction, and maintenance
management. Therefore, Shinko Kenzai.Ltd. was selected as a development partner.

The criteria for the selection were summarized in the following three points:
¢ Following a fundamental design, a design with an upper section beam and connector has a neat impression;
e Their proposal allows for support to stand upright; and
¢ Concealing a bolt of back of supports by means of unique technology, it has a neat shape.

4.2 Trial Production

Shinko Kenzai. Ltd. made a trial production, and more detailed design was discussed by the committee. By the
way, this trial production was exhibited at " YUME - HAKU (exposition) " that was held at that time at Sendai
City and obtained great appraisal from many visitors.
e Structure
About a support interval, with data of a simulation of a collision, it was confirmed. to satisfy a generally
functional condition at support interval of 3 meters. Consequently, tests with real car collision at support interval
three meters. About snow weight, a weight test was done and that was considered in the support interval in a
snowy region with its result.
® Design

About a design, Amano and Ono advise a detailed design gradually.
¢ Color :
Comparative analysis and examination for the selection of the color for the new barrier were carried out among
the four colors, and dark brown was chosen. Also, to improve the function of barrier, color reflection tape as-
visual guidance was added.

5. TESTS FOR THE DEVELOPMENT OF ORDINARY ROAD TYPE BARRIER
5.1 Outline Of The Tests

Collision tests were conducted three times in order to confirm the performance of the fences. At first, collision
test was planned for once both the three beams type and the two beams type, respectively. However, a lot of
deformation and damages that were not expected occurred at the first test for the three beams type. Therefore,
another test was added for the three beams type that was improved based on the results of the first test.

5.2 Conditions on Collision Tests

Test No.1 was for three beams type (prototype), test No.2 was for two beams type, and test No.3 was for three
beams type (improved).

All conditions of crash tests for Ordinary road type were as follows: Vehicle Type (Truck) is middle-sized truck,
vehicle mass is 8 ton, impact speed is 50 km/h, impact angle is 15 degrees, and impact severity is 52 kI.

5.3 Structure Of The Test Specimens

The structures shown in figure 2 were used as the test specimens. Three beams structure of test No.1 was the

prototype barrier. In the test No.1, lower beam was broken down because of colliding of wheel rim, and lack of
elongation of bracket that made of casting caused the collapse of the lower beam. Structure of two beams type,
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therefore, was improved in terms of the lower beam height and bracket material. Structure of test No.3 was
improved in terms of height of the barrier and the bracket material.

5.4 Results of Tests

Results of tests and an example photograph of the collision are presented in the Table ! and Figure 2,
respectively.

5.5 Evaluation Of Barrier Performance

(1) Test No. 1 (three beams type (prototype type)) _

The behavior of a vehicle after collision against the barrier was stable, and the vehicle was smoothly guided after
colliding with it. However, when a vehicle came in contact with a barrier, the left front wheel of vehicle greatly
changed as pressing down a lower beam, and a lower beam was dropped.

Hence, the following two points were considered. A connector between a lower beam and a support was made of
cast iron, therefore the brittle failure of a connector was occurred.

A wheel contacted directly and pressed down a lower beam because its height.

(2) Test No.2 (two beams type)

From the first result of test No.1, the height of a lower beam was decided not to contact with a wheel, and the
material of a connector was changed from cast iron to steel. The behavior of a vehicle after collision against the
barrier was stable, and the vehicle was smoothly guided after colliding with it. As the result of such modification
a lower beam did not drop. Through this result, these modification countermeasures were justified.

1

(3) Test No.3 (three beams type, (improved)) i
Test No.3 was carried out with modification like test No.2 (the height a lower beam, and material of connector)
based on the result of test No.l and test No.2. As the result of such modification, behavior of a vehicle after
collision against the barrier was stable without a dropping of a lower beam. Through this result, the function of
the modified type of three beans was confirmed.

According to these experimental results, the development of Ordinary road type barrier was succeeded. Ordinary
road type barrier has the same function of level 2 barrier in U.S.A..

6. COLLISION TESTS FOR (THE) DEVELOPMENT OF TYPE A BARRIER

After the revision of the barrier regulation in 1998, development of new barriers is permitted by Ministry of
Land, Infrastructure and Transport (MLIT). Shinko Kenzai.Ltd. decided the development of Expressway type
barrier based on the same fundamental design (Figure 1) with collaboration of Nittetsu Kenzai Ltd..

6.1 Outline Of The Test

Collision tests were conducted three times in order to confirm the performance of the barriers. At first, collision
test was planned once for the large-sized truck and the passenger car, respectively. However, unexpected
excessive acceleration occurred at the first test for passenger car. Therefore, another test was added for the
passenger car that was improved based on the results of the first test. The improvement was considered without
change of form, because this improvement should not influence the result for the large-sized truck.

6.2 Condition on the Collision Test

Test No.1 was for the large-sized truck, test No.2 was for the passenger car (prototype), and test No.3 was for the
passenger car (improved). The conditions of collision tests for Expressway type were as follows: For the
large-sized truck, in the regulation impact severity should be over 130, vehicle mass is 20 ton, impact speed is 51
km/h, impact angle is 15 degree, and impact severity is 134 kJ. For the passenger car, vehicle mass is 1 ton,
impact speed is 100 km/h, and impact angle is 20 degree according as the regulation.
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6.3 Structure Of The Test Specimens

The structure shown in the Figure 4 was used as the test specimens. The improvement based on the result of test
No.2 was only increase of inner sleeve thickness from 4.5 mm to 6.0 mm.

6.4Evaluation Criteria

The criteria for the Expressway barrier are shown in table 2. Considering these criteria, Expressway type barrier
has the same function of level 4 barrier in U.S.A..

6.5 Results Of Tests And Evaluation
The results of tests were shown in Table 3.

According to these results of tests, the development of Expressway type barrier was succeeded.
7. EXAMPLES OF CONSTRUCTION AND THOSE EFFECTS

“The Tohoku Regional Bureau, Ministry of Land, Infrastructure and Transport” (TRB, MLIT) conducted the
experimental construction at three sites in 1999, and confirmed that the new type barrier had attained the initial
objectives. After that, this type of barrier has been constructed along many roads in Japan. Three quarters from
the construction sites were selected to study those effect.

7.1 Examples Of Construction And The Effects
The characteristics of landscape before and after the constructions of the new barriers on three quarters in
Tohoku Region, Japan are described below.

a. Route 45 Matsushima Quarter
Matsushima has one of the most picturesque scenery with pine trees in Japan where about 260 islands are located
in a gulf. Ordinary road type barrier was constructed along this quarter.

b. Route6 Hattachi Quarter
This stretch is designated as a natural park of Fukushima Prefecture and is crowded with sea-bathing visitors
during a summer season. Ordinary road type barrier was constructed along this quarter.

c. Rote 7 Atusmi Quarter _
Route 7, Atsumi is a principal national highway stretch in the front of Japanese Sea. Sunset on Japanese Sea and
the rough coastal landscape are recognized as beautiful. Expressway type barrier was constructed in this quarter.

7.2 Evaluation From The Examples

(1) Aspect of landscape

The three examples have picturesque coastal scenery. Therefore, whether barriers have effects on the view
surrounded or not, regardless their extent, is a vital for landscape. From the site investigation, it was observed
that new barrier was not considered as the obstruction to the landscape. Moreover, through the interview at the
adjacent drive-in, remarkable improvement of the view along the road was noted.

(2) Function of the visual leading

A primary color of a new barrier was dark brown, therefore it could hardly be seen from the vehicle window.
Committee thought to glue a white reflective tape at the top of support in order to be seen and to enhance the
function of visual leading.

(3) Ease of construction

Although it was the first time for the construction firm to carry out the construction of the new barrier, little
difficulty was observed during the implementation.
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8. CONCLUSION : :

At first, through the analysis of landscape aspects of conventional barriers, the problem of barrier in the

viewpoint of landscape is clarified. '

Secondly, the process of the development of the aesthetic barriers was introduced. In this process, the first step is

the determination of fundamental design, the second step is the selection of a development partner by the

technical competition, and the third step is the confirmation of the function of a barrier by the collision tests.

Thirdly, through the evaluation from the examples, the effectiveness of this aesthetic barrier that was developed

in this study is confirmed. _

Consequently, it is expected that the aesthetic barrier developed will be widely utilized in areas with picturesque
" scenery as well as urban areas
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TABLE]1 Results of Tests
Test No.1 No.2 No.3
Vehicle mass (t) 8.0 8.0 8.0
Impact speed (km/h) 50.2 50.2 50.2
=
S 50.0 500 50.0
3
§ Impact angle (degree) 15.0 14.6 15.0
g 150 150 15.0
Z | Tmpact severity (kJ) 521 494 52.1
! , 517 517 517
o | Largest remaining modified quantity (mm) 729 383 715
=1 =
oé S | Tire entering quantity (mm) v 400 230 300
A S { Contact quantity (mm) 14,020 10,765 12,380
Breakaway angle (degree) 42 5.1 8.2
Breakaway speed (km / h) 39.6 44 4 -
=
)
f:“;: _*5 Damage situation Left front part damage, without a
8= :
c g car-chamber damage, vehicle can run by
> O itself
Note) the upper section is the result of experiment, and the lower section is setting up condition in Collision
condition
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TABLE?2 Criterion of Evaluation

Item , : Criteria . Case
Defense of | strength not breakthrough - | for - the
deviation : - - - : large-sized truck

deformation maximum tire entering quantity < 1.1m
Security of | both of X (longitudinal) Y (lateral) axis acceleration < | for the
passenger 150m/s*/10ms : passenger car
not roll sideway both
Guidance for | breakaway ‘more than 60% of impact speed
vehicle . speed
breakaway not more than 60% of impact angle
angle :
Defense of scatter | not scatter the component part so much at the impact
of parts ' :
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TABLE3 Results of Tests and Evaluation

11

Test

‘No.1

No.2

No.3

Tire entering quantity

0.36m<1.1m OK

Acceleration X

155.8m/s%/10ms>150m/s>/10ms
NG

122m/s%/10ms<150m/s%/10ms
OK

Y |- 113.8m/s*/10ms<150m/s*/10ms | 122m/s’/10ms<150m/s%/10ms
OK OK
Breakaway speed 43km/h>31km/h 62km/h>60km/h (60%of | 74km/h>60km/h (60%of
(60%of impact | impact speed) OK impact speed) OK
speed) OK
Breakaway angle 7degree<9degree Tdegree<12degree (60% of | 9degree<12degree  (60%of
(60%of tmpact | impact angle) OK impact angle) OK
angle) OK
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FIGURE 3 Dropping Situation of a Photographic Crossbeam

TRB 2004 Annual Meeting CD-ROM Original paper submittal — not revised by author.
—146 —



Koichi Amano, Kazuhiko Ando, Noboru Ito, Hiroshi Matsuda 15

fo-5. =i g
120
FIGURE 4 Structure of the test specimen (Test No.1,2,3)
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(After)

FIRE 5 Route 45 Matsushima Quarter (Befo) -
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e

FIGURE 6 Route6 Hattachi Quaer (Before)

(After)
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After)

FIGURE 7 Rote 7 Atusmi Quarter (Before)
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