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ABSTRACT

Safety is a primary concern and goal of highway and traffic _enginecrs. fi\tll!}()rtnc;s and
highway engineers in Jordan are struggling to make Jordan's l_nghwayg satcr. to drivers.
pedestrians, and highway users. The road network in Jo;dan experiences high traffic volumes
Particularly in urban areas and in downtown areas _of major cities. Highways a‘nd expressways
Perceive a good percentage of the entire average da;ly traffic vt)lum‘c of Jordan’s road net‘work
Jordan ranks one of the top countries worldwide m terms of h.aymg hlgh‘cr number of road
accidents leading to a relatively high number of road acmd‘ent f_alallucs and injuries. _ |

[n the last few years in particular, the number of registered vehicles especially private
Passenger cars in Jordan has increased dramatically. As a result highway traffic volumes and
vehicle-miles traveled have significantly increased Iead.mg to dclc_noratmg traffic flows and
tscalating congestions. Consequently, the number of road accidents has also increased
considerably in Jordan for the last ten years. _ P . ‘

According 10 police reports in Jordan (PSD. 2006), Speed.mg 1S a dlrccl‘q,lause of many of
the accidents that take place on highways and expressways. Neverl,helce.a, a qu‘uc good
Percentage of accidents normally occurs on local urban streets and roads, and in congested areas
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INTRODUCTION
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numbers of public transport buses and taxi passenger cars. dnver
- I]ughwa}’ mode of transportation is composed of four major components: I_ht nan;
the pedestrian, the vehicle. and the roadway. The bicycle is also becoming an lmiﬂmm;
0 : . 3 | SO ;-
T" E}p‘.‘_n?m i the design of urban highways and streets. In order to understand the Ifa‘[:,-irdl ke
: = o safety and efficiency on highways and roadways. S¢ .
ad?fs, ?,.1\-9 to be taken intg consideration:
roper eng . ! - -
1 Ap pr0 cneincering design for highways and roadways should be ?‘mdw"“-d ns. markiiE*
P Pnale design of traffic control devices including traffic signals. SIENS-
r L:,(l:.!’hou}d be provided. d for contrd
ratlic control deviges s | | =
i ol IdLVICCS should achieve the purpose or goal they were de d the respest and
Ubedmncﬁ:;_mcy a clear and simple message and meaning, coml“‘me pons¢
» r . Y . I ! | ) . s :
o ,‘.kidorid users, and provide enough time for proper action or r
o ] z,;-_..tfmcc should be provided for roadways. _ itch
~ele, Systems should be available including side o
b. @ \gh
(‘:ug_d lightin
L .“ulilcu:nlcr()hss
oo thgh Jevel of
L of ge
\[Tl.'l.![!\. N

y lltllleﬁ'
. culverts. =
eb! Lu

° wystems should be available for highways and streets

lopcs should be provided. it 1
Vice (LOS) of at least LOS C should be available

|
N L
¢ highv®”

=
»

pscr 20

Khatib-Obiedat-Khedaywi



9 Adequate number of lanes should be provided for highways and for approaches at
intersections.

10. Grade-separated intersections should be designed and provided when traffic volumes arc
high and cannot be carried by at-grade intersections.

11. Seperaic pedestrian signal phases should be available for pedestrians at intersections

12. Visibility should be provided on highways and in areas where 1t is needed.

13. Curbs, sidewalks, and crosswalks should be provided properly for pedestrians.

14. Capacity analysis should be conducted for highway segments and at ntersection
approaches to determine the capacity and the saturation flow rate for these locations.

15. Behaviors of drivers and pedestrians should be studied and evaluated frequently.

Roadways in Jordan experience severe engineering functional problems. These include
access control on highways and expressways, some geometric design problems. low skid
resistance on roads, low visibility, lack of proper guardrails on high fill highway sections and
segments located in mountainous terrains, long steep highway segments. lack of appropriate
lighting systems. lack of markings and lane striping, and some others. This is not to talk about
structural behaviors and failures on some of Jordan’s major highways and even on other
secondary roadways. These highway structural issues are mainly related to the highway
pavement design and quality control and assurance of highway pavement construction.

Traffic systems in Jordan including traffic signals also undergo serious problems such as:
inappropriate lane grouping, improper phasing systems. low saturation flow rates for approach
lanes due to existing traffic and geometric conditions at intersections that are highly deviated
from standard or ideal conditions, inadequate lane width, high traffic demands at intersections.
absence of pedestrian phases, ...etc. On the other hand, pedestrians and drivers’ behaviors
escalate the problem and make it more complex. Many of these behaviors and manners are
default results of the lack of awareness and responsiveness, the intolerance of drivers during
driving, and the disrespect and disobedience of drivers and road users to traffic control devices
Subsequently. this situation reduces safety on roadways, creates inconsistency and continuous
interruptions in traffic flows and movements, and increases the number of road accidents

In this study, the focus will be directed to the behavioral 1ssues as well as some major
traffic system issues. Evaluation of these issues will be conducted by presenting the outcomes
and results of such issues and their impact on the safety on highways and the traftic conditions n
Jordan. Engineering strategies, solutions, suggestions, and recommendations to highway and
traffic engineers, drivers and users of roadways, and decision makers at tratfic and highway
agencies in Jordan will be provided as well.

LITERATURE WITH IMPORTANT FACTS AND STATISTICS

Road traffic accidents get plenty of local attention where and when they occur especially
When they involve fatalities or juries. Traffic accidents are vivid reminders of the harm
¥ehicles and their users can cause anytime there is a catastrophe.
. (ilobu]ly, traffic accidents on roads are on the scale of an epidemic. Traffic fatalities and
'»liliS_uaItics resulting from road accidents are so high worldwide. According to the most recent
Lh‘hmalps. road traffic accidents kill 1.2 million vicums worldwide and injure 50 million cach
i;?;lt;ﬂ?,m.cly percent of them oceur in developing countries, and more fi‘uu} half of all victims
S -:I are hc{wc.cn the ages of 15 ;‘u?d 44. In addat:on_ to hufnan sutfering traffic accidents
°C.they result in considerable additional costs to societies. This global loss has cnormous
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The annual number of traffic accidents 1n Jor an 1s among the highest in the world
according to statistics. Jordan ranks se_,cond only to Egypt in the Arab world for the number of
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Figure 1: Road Accidents in Jordan.

fatality rate, and injury rate in the last six or seven years in Jordan. These three rates were
determined with reference to the number of registered (licensed) vehicles per year in each
country. These rates were monitored over these years to investigate the change in each rate with
time.

The United State of America (USA) and Great Britain (GB) were selected for this
comparison. The statistics data about the number of accidents, fatalities, injuries, and number of
registered vehicles for the USA were obtained from the U.S. Department of Transportation,
National Highway Traffic Safety Administration, National Center for Statistics and Analysis
Databases (2004) and the U.S. Department of Transportation, Federal Highway Administration,
Highway Statistics Summary (2006) and Annual Issues (2007). The statistics data for GB were
obtained from the Department for Transport (DfT) annual reports and statistics in Great Britain
(2006). On the other hand, the statistics data for Jordan were obtained from the Department of
General Statistics annual reports (2007) and the General Security Directorate annual reports
(2007).

The accident rate, fatality rate, and injury rate in these two countries along with the same
fates in Jordan over the time period from 2000 to 2006 were determined and plotted with time.
Figure 2 shows these trends for the three countries. Several important facls_ can be drawn from
these trends. In the last five years Jordan experienced a rapid increase in the accident rate

(number of accidents per 10,000 registered vehicles) as shown in Figure 2. Despite the fact that
: ed among the highest rates in the world, the rate in

the acciden i ' d
tr A is consider - :
ate in the US r than that in the USA. This is an alarming trend that

roximately 4 to 5 times highe _ s
should be ;%esénze?ilycareﬁllly- Comparing Jordan with Great Britain showe that the accident
fate in Jordan js ogn average about 18 times higher than that for GB. Once again this 1s a serious

nftin the accident rate for Jordan.
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Figure 2: Accident Rate with Time.

In Figure 3. the fatality rate (number of fatalities per 10,000 registered vehicles) m Jordz
was also compared to those in the USA and GB. An encouraging decline in the faality r
when the number of registered vehicles is taken into consideration, 1s observed. The falz‘llit_\' rae
for Jordan declined from the year 2000 to the year 2005 in a relatively good rate of ghﬂﬂgf
particularly when this rate is compared to those rates of the USA and GB. However. the fatlt
rale 1s on average about § times higher than that of the USA and 13 times higher than that oftk
GB. This Is considered a frightening situation. "
\Clllt}casllzll[g?}igtr-end was obtained ﬁ)‘r the injury rate (nun?lbf:r of mjuries Pfg ;Ggggi;:f;fwm
e e \m‘m Figure 4. The figure shows that the injury rate for Jorda it

-e4r WUt the year 2006 consistently. However, this rate when compared Wi :

‘L'ZA ::nd GB 1s significantly high. It is on average about 2.5 times higher than that for the L
and 3.2 higher than that for the GB.

TRAFFIC Syst
STEMS AND TRENDS IN JORDAN
i : i3
Iraffic systems g incl”
sIgnals ang s:;;}?tn,ms and trends in Jordan undergo major problems. Traffic Sysf:-'g:_ geficien”
" traffc sx'sfx,b~er Partof the overy] transportation syétcm in Jordan. Any def€c - flows jﬂf
stream \Lm: ?:5 il lead tg a case of imbalance and inconsistency 1 the Uae\-'*llu:lif et
Closely. Some o U8 and problems ; ; - Uectigate and v
¥.d0m , § were s to 1nvestlg
| “n’r(:uflhese ISSues are summar; n(}‘)bnltorc.d in order
1 pop“ffﬂcmig nd p| zed below:
) o Placement of traffic signals (lights).
“Pproach lanes and capacity at intersections
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Low saturation flow rates at intersection approaches. & Stop Signg
[nadequate lane width for streets and roadways. .
(nsufficient width for sidewalks (walkways).

Existence of obstacles such as trees, luminaires, ...etc in v

No pcdestrian phases in the design of traffic signals. ValkWaYS.
[mbalance in the number of lanes at intersections betwe :

No all-red phase in traffic signals. cen the differeny
Improper design of traffic signals.

Improper phasing of traffic signals.

Lack of marking and chan

[mproper I _
[ack of main
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One key step prior to any signal design 1s establishing lane gro
ups of the i
tersectioy

intersection approgch

with the s . i
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system based upon Ithc traffic demand volumes on e
p'hasmg system prO\«:ldeS an optimum cycle length with
addition, a good signal design at an intersection sh
intersection and provide efficient operation and smooth

At signalized ntersections in Jordan, many of
lane grouping and phasing system. And thus. most of th
are not most advantageous and do not provide optimal
higher. oversaturation normally takes place, and lower

Shared left-turn lanes and

ach approach and lane group. A good
a minimal delay time for all vehicles. In
ould also avoid oversaturation at that
flow of traffic.

the signalized intersections lack proper
e time cycle lengths at these intersections
solution. For this reason, delay times are
operational efficiency 1s produced.

‘ _ _ | ! shared right-turn lanes create a troubling situation most of the
time at signalized intersections in Jordan particularly when there is a separate green phase for the

left-turn movement. In this case, vehicles intend to move straight will obstruct vehicles plan to
turn left when the green light is for left-turn vehicles and vise versa. The same situation apphes
for shared right-turn lanes. For this reason, at some signalized intersections, vehicles have to wait
two or three signal cycles in some cases in order to cross the intersection. These situations lead to
long vehicular queues, higher delay times, and oversaturations at these intersection approaches.
Hence, the operation of such lanes should be evaluated and investigated especially when traffic
demand volumes are high.

Oversaturation at signalized intersections is a result of short cycle length, low saturation
flow rate or capacity of lane groups, or high traffic volumes or demands of lane groups. Many of
the signalized intersections in Jordan are located in urban areas, and therefore, these intersections
perceive higher traffic volumes. Add to this, intersections in urban areas normally experience
existing conditions that are further beyond ideal conditions. For instant, lane width 1s typically
less than the standard of 12 ft (3.6 m). Parking 1s most of the time allowed near intersections or
at close distances from intersections (Figure 7). And in cases if parking is not permitted, some
vehicles are still seen parked close to intersections particularly in congested urban areas. Public
transport buses and cabs stop frequently for passenger loading and unloading and sometimes at
signalized intersections. These conditions result in low saturation flow rates for lane groups of
intersections and consequently the capacities of lane groups are reduced significantly.

Figure 7; Parking in the Vicinity of Signalized Intersections.

-

are also part of the problem. These conditions

'nclude pedestrians walking on streets and crossing during the green phase for vehicles n other

4Pproaches (i'-" %) Not to blame pedestrians only, but part of the accountability 1s due to

Venders apg mﬁ,:;z t). v»l*:)o normally do their activities on street curbs and sidewalks supposedly
erchants w

Unexpected and extraordinary conditions
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Figure 8: Pedestrian Behaviors.

reserved for pedestrians. Those retailers not only use curbs and sidewalks for their gy
activities (Figure 9). but they also use streets in some cases to display their merchandise im{n;ﬁ-.l
bargain. street curbs and sidewalks are normally narrow with many obstacles including trees -.q:-.T
lummanres that force pedestrians to use streets for walking. However, this is not always the case-
sometimes pedestrians are blamed for doing this due to the fact that they get used to this s

and police has no or mmimum control on pedestrians.

Figures: Wrong Parking and Merchandise on Curbs and Sidewalks.
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are Ian‘c slrlpesatllet?t:lf‘les are not' clear or/and their color 1s not phosphoric. and sooner these
lines disappear due mdpoor quality of the paint used for striping
e congeste - :
o h::rse‘::; troubglcs " ::;2?:‘ a;eas, heavy vehicles are allowed to enter. and therefore these
vehicles eclions particularly when they try t ' nor
- _ . 0 make a permitted U-turn o1
left turn. This situation again affects the g ¢

: saturation flow rate and so the capacity of lane groups
carrying heavy vehicles resulting in OVersaturations, traffic flow interruptions. and “stop and go”

All pr_evwx_lsl_y mentioned traffic issues have lead to a complex and hysterical case of
arbitrariness 1n driving and randomness in traffic flows. Some of these issues are considered
waffic violations by law and others are unfortunately not considered violations: the matter that
complicates the problem.

trends.

BEHAVIORS OF DRIVERS AND PEDESTRIANS

Living with the traffic system issues discussed earlier is a fact, and complicating these
issues with random and unsystematic behaviors of both drivers and pedestrians 1s another fact.
These behaviors include the following:

I “Stop and go™ driving patterns especially for public transport vehicles.

Disrespect and disobedience of drivers and road users to traffic control devices.
On-street retailers and venders.

The use of cell phones during driving.

Pedestrian crossings for streets and roadways.

6. On-street pedestrian walking.

7. On-street cleaning workers and the use of mobile trash pushcarts.

8. On-street parking (Figure 10).

9. Continuous vehicle maneuvering and weaving throughout short segments.

10. Speeding in congested urban areas.

I'1. Speeding in school zones. o
12. Speeding in low-speed limit areas and the disrespect of drivers to posted speed limit.
13. Inconsistency in driving behaviors.

e b2

o

Complex traffic scenarios become more complicated when all the components of the
traffic system undergo severe and imbalanced conditions. Consequently, the existence of the
above drivers and pedestrians’ behaviors on streets and rqadwgys in Jordan Fnd:cales that
engineering strategies as well as traffic awareness are required ‘m order tohdolahver_ the r‘1§llli
message and propose optimistic solutions to drivers and roaq“_ray l::el{s. szcrt; eless, il:asgn_d L
strategies and good solutions may be introducgd, but practicing de werea messages l_y | ’rllversj
and pedestrians will be hard to achieve sometimes especially when there are many “_““‘_‘“0“5
and restrictions related to existing road and traffic F:ondmons. In othe;1 words, tpedestrlci;ns ma)t
dceept the fact that walking on streets 1S an undesnrgble act, butdat the samte m:i p?l estl:;agh:
belieye that in order to avoid this behavior enough sidewalks and approprate curbs shou ¢
available
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One of the major intolerant driving bchawqrs 1S th¢ continuous maneuverng g
nezagging throughout short roadway segments particularly in congested urban aress T,
heuhaxfi::ur neither assists drivers nor helps other users of the road. It can only result in fran;c n
nconsistent traffic flows, lead to confusion and frightening situation to other drivers, and cu
“stop and go” dniving patterns.

Speeding on highways in Jordan 1s considered a major traffic violation by law ax
violated drivers are punished by speeding tickets imposed by highway police. Highway police
normally exist on highways where drivers are likely to drive at speeds significantly above spec
limits. Speed limit on most of the highways in Jordan 1s 80 kph for lightweight vehicles ¢
passenger cars. On some highways, however, it can reach up as high as 100 kph. For hea
vehicles 1t 15 about 20 kph less than that for passenger cars. Highway police in many cases i
speed-measuring radars to enforce law and punish violated drivers. Nonetheless. poli
f‘Tlfi‘ﬂunalely do not enforce this law in congested urban areas, residential areas, or ¢
;:‘:l?]‘l’:\__:::szsadgspite_ the fact that these areas rather deserve higher attention and e

For lhcnabr;?::lrr:al:;:;-e'nfolr:‘:mg police ofhgers to be around mosl.of 'l??n“?eood i
Drivers generally do not w . -t 15 papet, §peed1ng in these arcas was give g wghere highv!
police are possibly 10 ¢ vorry d_bou_t speeding in such areas but on highways ber of ¥
dceidents oceyrs 1 urbanmst' This situation is unfortunate as numerous num the night whet
sty i minimgl due 1o e g s COS€ becomes even WOISE AVHE iy
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between vehicular movements on highways and roadways including weaving. MCrging.
diverging, and maneuvering. Differences between speeds on highways can be as high as d_oublc
1 some cases. Drivers particularly on highways generally do not follow posted speed limits.
gome drivers, however, who drive within speed limits, are normally annoyed by others trying to
speed up especially for two- and four-lane highways. As a result, drivers are either encouraged or
forced to violate.

On-street cleaning is a hazardous activity that takes place on many of urban streets and
highways (Figure 11). Trash cleaning workers normally use mobile trash pushcarts that impede
driving and block an entire lane in some cases. These pushcarts not only cause traffic
congestions and bottleneck conditions, but they also create a hazardous and unsafe situation for
drivers and workers as well. Most of the time, these workers shock drivers especially when they
are invisible to drivers due to front vehicles.

Figure 11: On-Street Trash Cleaning.

STRATEGIES AND RECOMMENDATIONS TO IMPROVE THE OPERATION OF
TRAFFIC SYSTEMS AND FLOWS IN JORDAN

According to the evaluation and discussion presented in the previous sections. the
following strategies and recommendations are suggested in this study:
I. The guidelines and criteria set up for establishing lane groups for signalized intersections
should be followed.
2. The operation of shared left-turn and shared right-turn lanes should be evaluated at
signalized intersections to improve the operation of these intersections.
3, Parking in the vicinity of signalized intersections no matter what must be prohibited to
improve the saturation flow rates and hence capacities of lane groups and approaches
4. Heavy vehicles must be prevented from entering congested signalized intersections even
if these intersections are located outside business district areas or downtowns. Again in
this case, saturation flow rates and capacities are improved. N
Phasing systems for signalized intersections need to be evaluated constantly as today's
g0ood phasing system may not be applicable or appropriate tomorrow depending ,0"
demand volumes of all traffic movements at these intersections, which are variable with
time,
0. Retailers and pedestrians must be disallowed in any case to use streets and roadways to
do their activities. '
On-street and side-street retailing must be also prohibited.
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