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Abstract— There were 100,106 cases of traffic accidentsthat occurred in Indonesiain 2013, in which 26,416 people died, 28,438 people
were seriously injured, and 110,448 people were mildly injured. Road infrastructure is one of the components of traffic safety. If it is
not planned, designed, built and maintained properly, conditions such as poor geometry, damaged and unmaintained pavement
surfaces can cause traffic accidents. Understanding of risk factors for road infrastructure accident and weighting of factors are an
important step in increasing traffic safety. In addition, limited data on accidents in Indonesia also pose an obstacle in evaluating
accidents. This study aims to weight risk factors for road infrastructure accident without accident data using the analytic hierar chy
process (AHP) method. 40 respondents consisting of academics, practitioners, and stakeholders participated in filling out
questionnaires on assessing risk factors for road infrastructure accident. The weighting results using AHP indicated that the priority
ranking of accident risks from the largest to the smallest were road surface conditions, geometric conditions, road equipment,
roadside hazard and road complementary buildings respectively. This study was limited to two-way, two-lane undivided urban road
(4/2 UD) on straight and flat segments. Other segments and types of roads needs to be used because different types of roads have
different risk factors and weights. The AHP method was used at the weighting phase without the process of assessing the existing road
infrastructure.

Keywords— analytic hierarchy process; risk factorsfor accidents; road infrastructure; weighting.

contributes 3% of accidents and increases to 34% when
I. INTRODUCTION combined with other factors such as human factor and

The World Health Organization (WHO) in 2015 in the vehicle faptor [3]. Geometric design of roads that do not
global status report of road safety [1] stated that traffic comply with the standard [4]-[7], damaged road surface

accidents caused the death of more than 1.2 million peopIeCOnditions [8], [9], dangerous roadside [10}-{12],

annually. Moreover, in 2012, traffic accidents were the unava?lab!e_ and/or damaged street _Iighting [13], [14],
number one cause of death in the world in the age group 1 nav_allablllty (_)f ma_rkers and low V'S'b'“ty of m@f_k_efs [15],
to 29 years. In addition to fatalities, economic losses due to 16] inappropriate SIgns [17], and pedestrian facilities that do
traffic accidents are estimated at 3% of a country's grossnOt adequately. funCt.'OH [18], [19] are some of the factors
domestic product (GDP). WHO also wrote that 90% of that cause traffic accidents from road infrastructure aspect.

accidents worldwide occurred in poor and developing . In regard to the_ extent of th? |anuenqe of road
countries. One of the developing countries, Indonesia a|Solm‘rastructure on traffic accidents, this study aims to break

experienced problems with high traffic accidents. In 2013, down road _mfr_astructure into its constituent elements
h(factors), weighting such factors to assess how they affect

there were 100,106 cases of accidents in Indonesia whic he risk of trafi i d K hf
resulted in 26,416 people died, 28,438 people were seriousl); e risk of traffic accidents, and to rank such factors to assess

injured, and 110,448 were mildly injured [2]. Based on the which factors are most influential in causing an accident.

previous data, it can be concluded that traffic accidents are él'hls will ‘help decision-makers to assess and handle

problem that must be immediately addressed using accident-prone areas to im_prove road safety. K_nowle(_jge of
appropriate preventive measures to reduce the death rate arlglc dangers of poor road infrastructure to traffic accidents

economic losses, especially in poor and developing countries\’.‘””dh."’“]fe '{npl'tcat'onws lflorlprowglndg safe gng ﬁtomfort_?bled
Traffic accidents occur as a result of the human factor, roa:j In r_a? r_ucdure. def }p a?net, e3|gi|n¢ » bullt, moncli ore
vehicle factor, or road and environmental factor as well as@"¢ maintained road inirastructure will increase road user

the interaction between these three factors. Road factorsafety' The factors constituting road infrastructure were
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weighted by using one of the expert choice methods, namely:'

the analytic hierarchy process (AHP). The AHP method is a1l
method that employs opinions of experts in weighting road !
infrastructure factors. This method is considered more:
appropriate with the location of the study because the)

accident data in Indonesia are very limited so that it will be :

Define main and sub-factors

i

Establish hierarchy model

Phase I

very difficult to weight using a statistical approach. This is *
consistent with an argument given by Agarwal et al. [20]
that comprehensive accident data is often not available. Ever,
though it is available, it will be difficult to analyze the data 1
because of their low quality. '
Several studies on weighting the factors causing trafflc,
accidents using the AHP method have been previouslyi
conducted by Pirdavani et al. [21], Habibian et al. [22], !
Najib et al. [23], Agarwal et al. [20], Kanuganti et al. [24], |
Sadegpour and Mohammadi [25]. The main difference |
between this study and those studies is elements of the rish
of traffic accidents used. The determination and weighting of:
risk factors for road infrastructure accidents in this study
were limited only to undivided two-way, two-lane roadways |
in urban roads (4/2 UD) in straight and flat road segments so:
that the derived elements of risk of the traffic accidents were,
based on and limited to characteristics of the type of road.i
The limitation was made because different types of roads!
had different characteristics of infrastructure and risk factors:
for causing accidents. |
Furthermore, the discussion in this paper is divided into 31

v

Establish pairwise comparisson
matrix

|

Elicit expert opinion using saaty

Phase IT

rating scale

!

Calculate relative importance
weight

v

Perform consistency test

Relative importance weight of
each respondent (R1, R2,.....Rn)

Necessary modification

main sections, namely: (1) methodology explaining the AHP }
weighting method, (2) results and discussion explaining the
risk factors for road infrastructure, weighting results and .
ranking of these factors using the AHP method, and (3)1
conclusion showing the important points of the synthesis
results of the entire study.

Il. MATERIAL AND METHODS

The Analytic Hierarchy Process (AHP) was first
introduced by Saaty in 1977 [26]. Figure 1 shows the
flowchart of the weighting process using the AHP method.
This study was divided into 3 main phases as follows.

A. Phase 1. Determination of Risk Factors for Road
Infrastructure Accidents and Hierarchy Models

1) Define main and sub-factors: Road infrastructure

Vi
( Synthesize of relative importance
weight for all respondent

_ (Overall Weight) )

Phase III

Fig. 1 Flowchart of the AHP method

B. Phase 2. Weighting of Risk Factors for Road
Infrastructure Accidents

At this phase, the weighting was performed on each
respondent (R1, R2, R3... R40).

1) Establish a pairwise comparison matrix: After the
hierarchical structure model was completed, the next step in
the AHP weighting analysis was to establish a pairwise
comparison matrix. Based on the hierarchy previously
formed, a pairwise comparison was applied to each element
at each level. For instance;,C,...C, were a collection of

factors deemed to be at risk of causing accidents werecriteria/ elements, while;arepresented pairwise judgments

derived using a literature review from previous studies with

between the criteria/elements wherg(@ement in line with

similar themes. The review of such factors was studied andcolumn directional), while C(element in line with row),

modified based on the objectives, focus, and limitations of
this study.

2) Establish a hierarchy model: Saaty [27] explained

that, in AHP, modeling a problem to be answered should be
stated in the form of a hierarchical structure. The advantageéa

that can be obtained by forming a hierarchical structure
model are (a) that it is possible to understand all the
variables involved and how the relationships between these.

then the matrix A (nxn) can be stated as follows. It should be
noted that the pairwise assessment performed by decision
makers or respondents were not for all elements in the
matrix above. The pairwise assessment was only performed
s n (n-1) / 2 or in the upper triangle of the total number of
elements in the matrix A in equation (1). The bottom of the
triangle in matrix A was a relative value that showed the
eC|procaI value of the upper triangle whege=dl and aji =

variables exist, (b) problems or solutions are represented in :}/ j 1) =

structured manner [28]. In AHP, once the influential factors C, C, .. G,

of a problem have been determined, the hierarchical C 1 a — a

structure is formed by deriving these factors from goals, Cl 1 /a iz a1"

criteria, sub-criteria, and alternatives respectively [29]. A= [ay]= 7 12 : . (1)
C 1/aln 1/32n e 1
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2) Elicit Expert Opinion: After the pairwise
comparison matrix was completed, the next process was the
process of writing the pairwise comparison matrix into a
questionnaire that would be wused by the decision
makers/experts to assess the level of importance of the
elements compared. The process of assessing the pairwise
comparison by the decision makers/experts was based on
which elements dominated and how much dominance they
had over the comparison elements. Saaty [30] recommends
using 9 rating scales as seen in Table 1.

TABLE |
RATING SCALE OF IMPORTANCEBETWEENELEMENTS

Respondents involved in this study were 40 people

consisting of three categories of respondents, namelypriority weights obtained from the weighting above phases
academics, practitioners and stakeholders. The threqyas then tested first before being used at the advanced
categories of respondents were involved in weighting the analysis phase. The assessment of the decision makers/
criteria for road infrastructure accidents because they hadexperts which did not meet the consistency requirements (
interests, knowledge, and expertise in road infrastructureg 1) could be used in the further analysis unless the

safety.

Academic

respondents

were

lecturers

in

Intensity ) -
of Definition Explanation Fig. 2 Composition of respondent groups
Importance two categories or .3)_ Calcqlate relative importance weight: Calculating
1 equal importance | variables contribute priority weights was the step_taken af_ter the process of
equally to the objective assessing the pairwise comparison matrix. Several steps are
2 weak or slight taken to obtain the priority weights. Calculate the
experience and normalization matrix of matrix A. The N matrix as shown in
3 moderate judgment slightly favor equation (2) below was the result of normalization of matrix
importance one category or variablg A after the decision makers/ experts assessed the pairwise
over another comparison. Equation (3) shows the equation for calculating
4 moderate plus matrix N.
experience and
5 strong importance Judgment strongly favor W, W, W
one category or variablé 11 12 13
over another N = (WZI WZZ WZB) (2)
6 strong plus W3, W3, Wi,
a category or variable is
favored very strongly W; = aij (3)
. ) n o
7 very strong over another; its Tiz1aij
Importance dominance
demonstrated in Where Y7_; aij is the number of columns of the matrix
practice A. After the normalization matrix was completed, the next
8 very, very strong . . process was to determine the weight of each element. The
the ev'?ence favorur)gbl weighting of the element in the matrix N was performed
9 extreme gcgrcfn?)?r?g igro\ﬁﬁz ¥ using equation (4).
Importance . .
highest possible order SR W
of affirmation w, = 2= 4)

n

4) Perform consistency test: The consistency level of

evaluation of the decision makers/experts were corrected in

transportation from several universities in Indonesia, the assessment process of aij. Equation (5) below was used

practitioner respondents were planners who were certifiedig calculate the consistency ratio (CR), while Table 2 shows
and experienced in road infrastructure planning, andthe random index (RI) value.

stakeholder respondents were policy makers in 2 ministries,
namely the Ministry of Public Works and the Ministry of

Transportation. It was expected that the assessment given by

CI Consistency Index
(R= = = :

RI ~ Random Consistancy of A

®)

the three groups of respondents could provide a broader and _ _ _
more comprehensive perspective. The number of each group The value of Consistency index (Cl) was calculated using
of respondents in this study can be seen in Fig. 2.
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CcI Amax—n TABLE IlI
CR= —= ——— (6) PREVIOUSSTUDIES
RI n-1
No Researchers Road Factors
Where Amax is maximum eigenvalue and n is matrix| 1. | Pirdavanidkk., | geometric conditions, traffig
dimension. 2009 [21] conditions, physical conditions,
specific locations, distance from
TABLE Il population centers
RATING VALUE OF RANDOM INDEX 2. Habibian dkk., straight segments, horizontal and
2011 [22] vertical curves, bridges, tunnels,
njf1l|2 3 4 5 6 7 8 9 10 merges and intersections, side rdad
land use
Rilolol ossl 0ol 114 124 130 141 145 1lag 3. | Najib dkk., 2012 dr!v!ng faster than limited speed,
[23] driving carelessly, adverse road and
traffic conditions, obstructions, brakes
defect
C. Phase 3: Synthesis of relative importance weight for all 4. | Agarwal dkk., geometrical,  surface, shoulder,
r 2013 [20] drainage, street light, road marking,
espondent . ” . .
island condition, traffic sign and signal
After Phase | and Phase Il were completed, th¢ 5 | Kanuganti dkk., | road geometric characteristics, shoulder
assessment results from each respondent that had passed|the | 2017 [24] characteristics, pavement conditions,
CR test were combined into one by using the aggregation of traffic, signal and marking
individual priorities (AIP) method called overall weight. | 6. | Sadeghpourand | overtaking, road alignment, rogd
This total overall weight indicates the weight of risk for road Mohammadi, junctions, consistency, roadside
infrastructure accidents. 2018 [25]
The AHP method described in the previous section was
performed for individual weighting analysis or for a decision TABLE IV
maker (R). As a matter of fact, many decisions are not only RISK FACTOR FORROAD INFRASTRUCTUREACCIDENTS
made by one person, but  involving ~many g Factors Subfactors
people/stakeholders. Analytic hierarchy process in group .
decision making (AHP GDM) facilitates this by usi road width
eC'S'.Of‘ ma |ng_ ( ) facilitates !S y .usmg al g road geometry shoulder width
pombmmg technique, known as an aggregation of_ !nd|V|duaI slope camber
judgment (AlJ) and aggregation of individual priorities (AIP roughness
[31]. According to Forman and Peniwati [31], AlJ is used| 2 | road surface condition pavement distress
when the group is assumed to act as a unit and the method of skid resistance
combining geometric mean is used to combine the sidewalk
assessment of a number of decision makers and AIP is usgd road complementary building side drainage
when the group is assumed as separate individuals and |in bus stop
AIP the technique of combining assessment from decision marking
makers uses arithmetic mean and geometric mean methods.4 road furniture sign.
This study employed the AIP method (arithmetic mean) t : lighting
combine the overall assessment given by the respondents|ds roadside

seen in equation (7) where OW is overall relative importance
weight of all respondents and w is relative importance

The difference between those studies and this study lies in

weight of each respondent. The AIP method was employedthe use of road factors. This study employed factors similar

because this study involved three different groups of

to Agarwal et al. [20] and Kanuganti et al. [24] which

respondents, namely groups of academics, groups offocused on road infrastructure factors. However, this study

practitioners, and groups of stakeholders in assessing the ris
of road infrastructure safety criteria.

ow = %Z}Ll wl 7
I1l. RESULT AND DISCUSSION
A. Phase |: Determination of Risk Factors for Road
Infrastructure Accidents and Hierarchy Models
1) Determination of Risk Factors for Road
Infrastructure Accidents: The risk factors for road

kade several modifications to meet the objectives and scope
of this study. The risk factors for road infrastructure safety
used in this study are shown in Table 4. Another difference
is that Agarwal et al. [20] and Kanuganti et al. [24] used out-
of-town road design factor as safety assessment factors,
while this study used urban road design factor of 4/2 UD.

2) Hierarchy Model: The weighting analysis using the
AHP method began with building a hierarchy model from
the objectives to achieve. Figure 3 shows the hierarchy
model of AHP on risk factors for road infrastructure
accidents used in this study. The hierarchy as shown in Fig.

infrastructure accidents were determined based on previous consists of 3 levels. Level 1 is the objectives and focus of

studies which have similar themes to this study. Table 2

this study, namely determining and weighting risk factors for

shows previous studies that employed the AHP method tor0ad infrastructure accidents, especially on 4/2 UD urban

weight road safety factors.
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factors at level 2 into more detailed sub-factors related to therequirements of Consistency Ratio (CR)<00.1 so that the

risk of accidents that could be caused by each factor at levetesults of priority weights of R1 could be used in this study.
2. The weighting assessment using the AHP method wouldFurthermore, the same step was performed on respondent 2
be performed at levels 2, 3A, 3B, 3C, and 3D to see the(R2) until respondent 40 (R 40).

weight of the risk factors for road infrastructure accidents. i i i
C. Phase 3: Synthesis of Relative Importance Weight for Al

B. Phase 2: Weighting of Risk Factors for Road Respondents

Infrastructure Accidents using AHP Method The next phase was synthesizing the results of the

Determination of Risk Factors for Road Infrastructure weighting R1 to R40 at each level to produce a total weight
Accidents. This phase consisted of several steps, namelyvalue that would be used to see the risk of traffic accidents
establish a pairwise comparison matrix, assess the pairwisérom road infrastructure. The AIP technique (arithmetic
comparison matrix, calculate the weight factors, and performmean) was used to combine all the priority weights of R1 to
consistency test. The four steps produced priority weight R40. The results of the total weighting analysis, which were
value (wi) from each factor and sub factor at levels 2, 3A, the synthesis of the respondents' overall priority assessment
3B, 3C, and 3D. The priority weight value (wi) indicates the (R1 to R40) consisting of academics, practitioners, and
levels of risk of each factor in causing a traffic accident. The stakeholders are shown in Table 10. The total weight values
greater the value of wi, the greater the risk the factor has inindicate the level of risk factors and sub factors for road
causing an accident. The weighting of respondents could beanfrastructure in causing traffic accidents. Table 10 shows
used if the value of Consistency Ratio (CR) at all levels wasthe total weight of each level, both level 2 and level 3.
< 0.1. The number of respondents in this study was 40 The weight of accident risk in the road infrastructure as
respondents (R1, R2, R3, and R40). The weighting results ofshown in Table 10 can be used by the parties concerned to
respondent 1 (R1) would be presented and explained as amvaluate and identify dangerous road segments. The risk
example to represent the 40 respondents. weight factor can be used as a tool to assess how much

Table 5, Table 6, Table 7, Table 8 and Table 9 deficiency of road infrastructure in causing traffic accidents.
respectively show results of weighting R1 at levels 2, 3A, 3B,Roads that have large deficiency factors can then be
3C and 3D. Table 5 shows that according to R1, road surfacemproved to increase road user safety as conducted by
conditions are more at risk of causing accidents than factorsPirdavani et al. [21], Habibian et al. [22], and Kanuganti et
of dimension, roadside, equipment, and road complementsal. [24].
The results of the consistency test on all levels of R1 met the

Urban Road
Straight Segment Level 1

Level 2

Road Road Surface Road Road Roadside I

Geometry Condition Complementary Furniture
Building
3A J 3B 3C 3D
- Level 3
* Road width * Roughness « Sidewalk + Marking
« Shoulder width « Pavement Distress * Side drainage + Sign
* Slope Camber « Skid Resistance * Bus stop « Lighting

Fig. 3 Hierarchy of risk factors for road infrastructure accidents

TABLE V TABLE VI
WEIGHTING RESULT OFRESPONDENTL (Rl) AT LEVEL 2 WEIGHTING RESULT OFRESPONDENTL (Rl) AT LEVEL 3A
Factors Road Shoulder Slope W)
g8 288 |8 width width | camber '
=3 e a3 Q 2 Road width 1 1 3 0.429
0] S & T : :
Eactors €1 2 |83 | < | &8 |w Shoulder width 1 1 3 0.429
3 o 2 3. Slope Camber 1/3 1/3 1 0.143
Q 8 5 =
< < o TABLE VI
WEIGHTING RESULT OFRESPONDENTL (Rl) AT LEVEL 3B
Road Geometry| 1 1/3 3 2 1 0.207, Pavement Skid
Road Surface 3] 1 3 3 | 2| 0391 |Fectors Roughness | yicres | ressance | W)
Complementary| ;o 13 1 1 v | 0101 Roughness 1 1/5 1/5 0.091
Building Pavement 5 1 1 0.455
Road Furniture Y% 1/3 1 1 1 0.125 distress '
Roadside 1 1/2 2 1 1 0.176 Sk@ 5 1 1 0.455
resistance
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TABLE VI TABLE XI

WEIGHTING RESULT OFRESPONDENT1 (R1) AT LEVEL 3C PRIORITY RANKING OF RISK FORROAD INFRASTRUCTUREACCIDENTS
. . Bus Level 2 Rank Level 3 Rank
Factors Sidewalk Drainage stop (W) road geometry road width 1
Sidewalk Il 1/5 1/5 0.091 2 slope camber 2
Drainage 5 1 1 0.455 shoulder width 3
Bus stop 5 1 1 0.455 road surface roughness 1
condition 1 pavement distress 2
TABLE IX skid resistance 3
WEIGHTING RESULT OFRESPONDENT1 (R1) AT LEVEL 3D road furniture road lighting 1
Factors Marking Sign Lighting (w;) 5 road marking 2
: road sign 3
Marking 1 3 1 0.429 roadside hazard 3
Sign 1/3 1 1/3 0.143 road bus stop with bay 1
Lighting 1 3 1 0.429 complementary 4 sidewalk 2
building side drainage 3
TABLE X ) . ) .
OVERALL PRIORITY WEIGHT OFRISK FACTORS ANDSUB FACTORS The ranklng of accident risk at level 3D (road furniture
sub factor) was lighting, marking, sign respectively. The
Overall Overall ranking of accident risk at level 3C (road complementary
No Factors weight Sub factors weight building sub factor) was bus stop, sidewalk, and side
Level 2 Level 3 drainage respectively. The results as shown in Table 10 and
- Table 11 do not mean that safe roads only need to be built
road width 0.51 : P
_ and their surface are maintained properly and do not
1 | road geometry | 0.22 | shoulder width 0.20 consider other factors such as roadside hazard or
slope camber 0.28 complementary road buildings. The causes of traffic
roughness 0.35 accidents are very complex and traffic accidents very rarely
occur due to a single factor or sub factor. Thus, a safe road
5 | road surface 0.31 | pavement 0.33 from the infrastructure aspect is a road that is designed, built
condition distress and maintained by prioritizing the fulfillment of engineering
skid resistance 0.32 requirements from all factors and sub factors constituting the
road sidewalk 0.33 aforementioned road infrastructure.
3 | complementary| 0.12 | side drainage 0.27
building b IV. CONCLUSIONS
us stop 0.40

Based on the study on the determination and weighting of

marking 0.37 accident risk factors on straight and flat segments of the two-
4 | road furniture 0.20 | sign 0.25 way, two-lane undivided urban roads (4/2 UD) based on the
lighting 0.38 assessment of 40 respondents consisting of academics,
5 | roadside 0.15 practitioners, and stakeholders using the AHP method. Risk
factors for road infrastructure accidents using the AHP
D. Phase 4: Ranking of risk factors for road infrastructure method were derived in the form of hierarchy as follows,
accidents level 1 was the total weight value in road straight segment

Table 11 shows the priority ranking of risks for road 4/2 UD, level 2 consisted of road geometry, road surface
infrastructure accidents at level 2 and level 3. At level 2, the condition, road complementary buildings, road furniture, and
ranking of risk of traffic accidents from the largest to the road side, level 3A (road geometry sub factor) was
smallest is road surface conditions, geometric conditions,foughness, pavement distress, and skid resistance, level 3B
road equipment, roadside hazard, and road complementar§road surface condition sub factor) was road width, shoulder
buildings. width, and slope camber, level 3C (road complementary

The weight factor of the road surface conditions assesseduilding sub factor) was sidewalk, side drainage, and bus
by all respondents was high because the respondents tendetoP. level 3D (road furniture sub factor) was marking, sign,
to see risk factors for traffic accidents caused by conditions@nd lighting. The ranking of the risk of traffic accidents at
of skid resistance, pavement distress, and poor roughness dgvel 2 from the largest sequence to the smallest was road
subfactors of road surface conditions which were more atSurface conditions, geometric conditions, road equipment,
risk of causing traffic accidents than the other four factors atfoadside, and road complementary buildings. The ranking of
level 2. The ranking of accident risk at the level 3B (road accident risk at level 3A (road geometry sub factor) was skid
surface condition subfactor) was road roughness, pavemengesistance, pavement distress, and roughness respectively.
distress, and skid resistance. The ranking of accident risk athe ranking of accident risk at level 3B (road surface

level 3A (road geometry subfactor) was road width, slope condition sub factor) was road width, slope camber, and
camber, and shoulder widt respectively. shoulder width respectively. The ranking of accident risk at

level 3C (road complementary building sub factor) was a bus
stop, sidewalk, and side drainage respectively. The ranking

1280



of accident risk at level 3D (road furniture sub factor) was [13]
lighting, marking, sign respectively.

This study was limited to the two-way, two-lane
undivided urban road (4/2 UD) on straight and flat segments.[14]
Other segments and types of roads needs to be used because
different types of roads have different risk factors and
weights. Also, the AHP method was only used in the ;5
weighing phase without the process of assessing the existing
road infrastructure. It is expected that, in the next study, the
results of weighting the factors of road infrastructure from
this study can be used to evaluate and identify existing road
infrastructure. The assessment of the existing road[17]
infrastructure will be useful for determining dangerous road
segments.

[18]
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