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PURPOSES : This study prioritizes potential technology for establishing a safe work zone environment on roadways. We consider almost all

conceivable technologies that enable mitigation of unexpected accidents for both road workers and drivers.

METHODS : This study suggests a methodology to set the priority of potential technology for establishing a safe work zone environment by
using the analytical hierarchy process (AHP). For this purpose, the AHP structure was first developed. Thereafter, a web-based survey was

conducted to collect experts’ opinions. Based on the survey results, weights associated with the relevant criteria of the developed structure were
estimated. With the consistency index (CI) and consistency ratio (CR), we verified the estimated weights. In addition, a sensitivity analysis was
performed to confirm whether the estimated weights were reliable. We finally proposed the priority for potential technology for establishing a

safe work zone environment on roadways.

RESULTS : In the first level, safety technology has the highest priority, and real-time information delivery for work zone, hazard warning for
drivers, and temporal automated operation for traffic facilities were selected in the second level of hierarchy.

CONCLUSIONS : The results imply that establishing the priority will be useful to establish a future road map for improving the work
environment for road workers and drivers by employing appropriate protection facilities and developing safety systems.
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Table 1. International Relevant Manual and Research
Experience

Manual

(Country) Main context

*Represents specific countermeasures
Roadside Design| when roadside crashes against a pole is
Guide occurred

(US.A) *» Suggest protection methods such as clear
zone, a divergent view, guard fence
* Established all kinds of road safety
Manual for facilities associated with current traffic flow
Assessing Safety| properties based on NCHRP Report 350
Hardware (H.E.Ross 1993)
(US.A) *Suggest collision experiment for

breakaway and evaluation procedures

+ Suggest countermeasures of exposure
pole

*In case of Alberta, Roadside Design
Guide provides a way of installing of pole
for traffic sign, pole for streetlight, pole for
traffic signals

Roadside Design
Guide
(Canada)

»Suggest a way of mitigating collision on
roadside as well as improving safety

Passive Safety | , Passive Safety implies a certain device or

Gw(cdje&)nes method to fatality of accidents, and this
concept is applied to highways to reduce
about 40% of fatal accidents on roadways

*Based on EU Passive Safety standards,
states collision experimental criteria and

EN12767 guarantee drivers's safety
(EV) *NE pole : Vehicles with higher speed

roads
HE pole : Urban areas

* Provide a specific procedure in order to
NCHRP Report | evaluate various performance of highway
350 safety facilities

(US.A) *Matrix of AASHTO MASH(Manual for
Assessing Safety Hardware)
»Suggest effective design method for
Elmarakbi buffer pole and analyze influence on
(2006) drivers when a vehicle crashes a
streetlight
’ *» Developed a steel tube module and study
El(nggagl;bl a wide variety of parameters about ability
of shock absorption
» European status of vertical structures
stated by “Traffic, Engineering and
David Milne Control”
(2012) *European policies against collisions,

methods, and mitigation effect of
pounding by poles
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Table 2. Safety Facility Case (USA)

Example Technology

Mobile barriers

The intruding
vehicle
awareness
algorithm

Work—-zone
intrusion sensor

Work—-zone
intrusion sensor

| Lamne Intrusion Alarm

Work-zone
AFAD lane
intrusion safety
system

Work—-zone
intrusion alarm

Vehicle blind
spot hazards
camera system
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Example Technology

Vehicle blind
spot hazards
radar system

Vehicle blind
spot hazards
ultrasonic
system

Cone placement
and retrieval
vehicle

Intelligent drum
line system
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Table 3. Survey Results

(level 1) What is the most important among operational technology, safety technology and automated treatment technology?

Operational technology 15 47%
Safety technology 29 91%
Automated treatment technology 5 16%

(level 2.1) What is the most important among operational technology?

Real-time information delivery systems for work zone 20 63%

Traffic operation exclusive for the work zone 13 1%

Temporarily road operation facilities exclusive for work zone 6 19%
(level 2.2) What is the most important among safety technology?

Hazardous warning for drivers 19 59%

Pre—warning system for road workers 18 56%

Road worker protection facilities in work zone 14 44%

(level 2.3) What is the most important among automated treatment technology?

Temporal automated operation for traffic facilities

13 41%

Temporal automated traffic control

10 31%
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Table 4. AHP Results

Level 1 Operational Safety Automated treatment
(a) technology technology technology
Weight 0.188 0.731 0.081
CI/CR 0.032 / 0.056
Real-time Traffic VAR Temporal
. . . Road . Road worker
information | operation . Hazardous | Pre—-warning . automated Temporal
Level 2 . . operation . protection .
delivery |exclusive for L warning for | system for .... . |operation for| automated
(b) facilities . facilities in ] .
systems for | the work . drivers  |road workers traffic traffic control
exclusive for work zone L
work zone zone facilities
work zone
Weight 0.692 0.231 0.077 0.528 0.333 0.140 0.750 0.250
Final
weight 0.130 0.043 0.014 0.386 0.243 0.102 0.061 0.020
(a)x(b)
CI/CR 0/0 0.027 / 0.046 0/0

|- X773 xe= 123

rot
Hi
H
Hu
L
ol
T
Ao
10al



Table 5. Results of Sensitivity Analysis

Level 1 Road work technology

. Median
L Number of A Square of Reuprqcal Normalized | Final | Estimated| Oder - of
Criteria Normalization . . |of previous ) . o Deviation L
responses normalization i reciprocal | values | weights | priority deviation
vector
Operational | 45 0.306 0.094 10671 | 0097 | 0451 | 0188 | 2 | 0263
technology
SRl 29 0592 0350 2.855 0026 | 0487 | 0731 1 | —0244
technology -0.019
Automated
treatment 5 0.102 0.010 96.040 0.877 0.062 0.081 3 -0.019
technology
Level 2.1 Operational technology
Reciprocal e
L Number of . Square of pre Normalized | Final | Estimated | Oder . of
Criteria Normalization ._ . |of previous ) . o Deviation -
responses normalization column reciprocal | values | weights | priority deviation
vector
Real-time
information
delivery 20 0.513 0.263 3.803 0.069 0.465 0.692 1 -0.227
systems for
work zone
Traffic
operation
exclusive for 13 0.333 0.1 9.000 0.163 0.418 0.231 2 0.187 0.039
the work ’
zone
Temporarily
road
Slson 6 0.154 0.024 42250 0767 | 0116 | 0077 3 0.039
facilities
exclusive for
work zone
Level 2.2 Safety technology
Reciprocal e
L Number of - Square of pre Normalized | Final | Estimated | Oder . of
Criteria Normalization ._ .. |of previous . . o Deviation -
responses normalization column reciprocal | values | weights | priority deviation
vector
Hazardous
warning for 19 0.373 0.139 7.205 0.253 0.374 0.528 1 -0.154
drivers
Pre—warning
system for 18 0.353 0.125 8.028 0.282 0.359 0.333 2 0.027 0.027
road workers '
Road worker
protecton 14 0.275 0.075 18270 | 0466 | 0267 | 0.140 3 0.128
acilities in
work zone
Level 2.3 Automated treatment technology
Reciprocal Izl
L Number of - Square of pre Normalized | Final | Estimated | Oder . of
Criteria Normalization ... |of previous ) . .. | Deviation .
responses normalization column reciprocal | values | weights | priority deviation
vector
Temporal
AUCIEES) 13 0.565 0.319 3130 0372 | 0628 | 0750 1| —012
operation for
traffic facilities 0.000
Temporal
automated 10 0.435 0.189 5.290 0.628 0.372 0.250 2 0.122
traffic control
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