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ABSTRACT 

The increase in traffic flow necessitates the need to improve the existing roadways and to build additional 

highways hence creating more work zones. Work zone safety audit help stakeholders to improve safety of 

workers, drivers and other vulnerable road user in the work zones by finding the potential hazards 

associated with the construction sites at early stage and proposing both long term and short term counter 

measures. Assessment of the elements of warning signs, channelizing devices, internal traffic control, work 

zone configuration, worker safety and road side safety of the work zone studied gives a score of 5.97/10 

indicating that the overall effectiveness of the work zone is average. The potential hazards with very high 

risk level along Kano-Maiduguri road are speeding and aggressive driving, dangerous flagging, misuse of 

TTCD, non-compliance with signs by the road users, unprotected work area, confusing signs, and use of 

non-retro-reflective devices. The safety of the work zone can be increased by proper work zone 

configuration, worker training, regular maintenance of TTCD and increased enforcement. 

Keywords: Work Zone; Safety; Potential Hazards; Temporary Traffic Control Devices; Audit Inspection. 

 

1.0 INTRODUCTION 

 

There is 16% increase in number of registered 

vehicles from 2010-2013 worldwide (W.H.O., 

2015). This increase coupled with deterioration of 

the existing highway facilities necessitate the need 

to upgrade and build more roads in order to enhance 

traffic flow and safety of the road users hence 

increasing number of work zones putting life of 

motorist, road workers and other vulnerable road 

users at risk. Yue et al, (2009) definedwork zone as 

the section of roadway occupied by work which 

affect traffic flow and road users as those areas of 

carriage way in advance of the working area for the 

advance warning signs, channelizing devices for 

transition of traffic movement, the activity area 

where actual work is taking place and the 

termination zone where drivers are informed to 

return to their normal operations.  ATSA (2013) 

defined Work Zone Road Safety Audit (WZRSA) 

as a formal safety performance evaluation that can 

be performed at any stage of a planned or existing 

work zone (project planning and design, or active 

work zones) by an independent, multidisciplinary 

team. It qualitatively estimates and reports on 

potential work zone safety issues; identifies 

opportunities for safety improvements in the work 

zone for all road users and workers; and culminates 

in the development and presentation of a final report 

citing work zone safety enhancement 

recommendations. 

“Research to date is limited but demonstrates firstly 

that the presence of work zones increases risk on 

the roads, secondly, that working on the roads is 

one of the most dangerous occupations and thirdly, 

that improved safety practices can reverse these 

scenarios” (Kýzýltaþ, 2001). In Finland and 

Slovenia motorists are up to five times more likely 

to get hurt when travelling through a work zone 

than non-work zone area (Shi et al., 2008). In 

Germany, approximately one quarter of collisions 

occurring on national highways occur in work zones 

(ESTC, 2011).In the United Kingdom, about 20% 

of road workers had suffered some injury caused by 

passing vehicles in the course of their careers and 

54% had experienced a near miss with a” (Highway 
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Agency, 2006). In the United States over 1,000 

people die and more than 40,000 people are injured 

each year as a result of motor vehicle accidents in 

work zones (Mahoney et al., 2007). Research in the 

United States shows that, majority of fatalities that 

occur in road construction work zones involve a 

worker being struck by a piece of construction 

equipment or other vehicle. A worker in this 

industry is likely to be struck by a piece of 

construction equipment inside the work zone than 

by passing traffic (Yingfeng and Yong, 2009). The 

major factors contributing to work zone crashes are 

driver expectation, roadside hazard, driver 

behaviour, unsuccessful mitigation strategies, 

roadway characteristics, environmental conditions, 

secondary congestion caused by roadway incident 

and combined effect (ETSC, 2006).  In Nigeria, 

work zone crashes are not recorded separately 

making work zone crash analysis difficult 

(Umar,2014). 

Success of Road Safety Audit (RSA), motivates the 

stakeholders to introduce the Work zone safety 

audit (WZSA) with the intention to assist in 

identifying potential safety and mobility hazards 

and to recommend practical measures for improving 

work zone safety and mobility. Similar to  RSA, 

WZSA can be done in any stage of the construction 

(Shi et al., 2008). 

The major objective of the research is conduct a 

work zone safety audit on Kano-Maiduguri road to 

explore major hazards that surround the local work 

zones and to provide possible counter measures that 

will enhance safety in the work zone. This can be 

achieved by firstly assessing compliance of the 

installed temporary control devices and operations 

with the Manual of Uniform Traffic Control 

Device’s (MUTCD) minimum requirements. 

Secondly by Assessment of the potential safety 

hazards in work zones to determine their 

corresponding risk levels and suggest possible 

countermeasures. And finally assess the overall 

safety performance of the work zone. 

 

2.0 METHODOLOGY  

The research was carried out in four stages project 

selection, pre audit review, audit inspection and 

finally analysis of the data.  

2.1 Selection of candidate project: Kano-

Maiduguri road was selected for conducting the 

research, this is because work zone safety audit is 

conducted on a significant project, which is an 

interstate project involving lane closure, or project 

having Average daily traffic of 50,000veh/day and a 

duration of over 3-days. The road section is a rural 

highway connecting the Kano city with many states 

in the North Eastern and North Western part of 

Nigeria. The road is undergoing reconstruction in 

which it is being changed from the 2-lane single 

carriage way to a 4-lane divided highway, the 

project has a duration of 111 month and AADT of 

23,000veh/day. Auditing this project site gives 

picture of all the work zones in the state, been the 

work zone with better safety control measures. 

2.2 Pre-Audit review: Pre-audit is the first 

step that help us understand the safety situation and 

the impact of the candidate project. Here all 

relevant documents regarding project design, 

construction and transportation management 

strategies and drawings supplied by the contractors 

were reviewed. Other items reviewed were, traffic 

demand, accident records, project scope and 

duration, work restrictions policies, delays as well 

as the operating and imposed speed limits. The 

implemented traffic control strategies were also 

reviewed. As part of the pre-audit review, part 6 of 

the Manual on Uniform Traffic Control Devices for 

streets and Highways 2003 was consulted to have a 

good idea on how the work zone should be. Though 

work zone crashes were not recorded separately, the 

average fatality on the road section is 42 deaths and 

393 injuries in 89 accidents annually; translating to 

approximately 1 fatality in every 2 accidents. 

2.3 Audit inspection: During the audit 

inspection, the team experienced and visualizes the 

actual condition of the work zone. Driving was 

experienced four times through the work zone 

during the peak hour, off-peak hour, day and night 

in both directions. Traffic condition, work zone 

configuration, behaviours of drivers and 

pedestrians, queue length, delay time, actual travel 

speed, feasibility of enforcement, effectiveness of 

signs, lighting, marking, and delineations, guard 

rails and crash cushions were all observed. 

Adequacy of the temporary traffic control devices 

was also noticed. Photographs were taken during 

the inspection for later referencing.  
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2.4 Audit Analysis: In the audit analysis, the 

data obtained from the audit inspection and the 

audit review were analysed to obtain the temporary 

traffic control devices compliance with the MUTCD 

requirements, the risk level of identified potential 

safety hazards, and overall safety level of the work 

zone. Counter measures for each of the identified 

hazards were recommended to enhance safety of the 

work zone. 

 

3.0 RESULT AND DISCUSSION 

3.1 Compliance of the installed TTCD with the 

Standard. 

A comparison between the properties of the 

installed temporary traffic control devices (TTCD) 

and the recommended properties contained in the 

MUTCD guidelines was made in order to determine 

the compliance, adequacy, and effectiveness of the 

TTCD of the case study. Table 1 below summarises 

the properties required by the MUTCD and the 

observed values. The temporary devices examined 

were Advance warnings, traffic cones, barricades 

and drums and flagging.

 
Table 1: Comparison of the MUTCD Device Properties with Observed Values 

 

ITEMS PROPERTIES  MUTCD REQUIREMENTS OBSERVATIONS 

Advance 

warning 

signs 

Shape  Diamond Square  

Size  1.2m X1.2m 1.2m X 1.2m 

Height ≤ 2.1m 2.85m 

Colour Black on orange background Red on white background 

Illumination and retro-

reflectorizing  

All signs used at night shall be made 

of retro-reflective material or 

illuminated 

No illumination except at 

some few locations 

Night Visibility Excellent  Poor  

Distance from hazard 450m 300m 

Spacing between signs 150m 50m 

Number 3 6 

Lateral offset 1.8-3.6m 0.6m to 2m 

Sign placement To be placed at the right side of the 

road except stated otherwise 

80% placed on the right side 

Legends height (H) 15cm 25cm 

Legends Width  - 15cm 

Spacing  between words (cm) 1.5times H 30cm 

Traffic 

cone 

 

 

 

 

Color Orange  Orange and white 

Height  700mm  750mm 

Material  Should not cause damage to the 

impacting vehicles. 

In accordance to 

specifications. 

Stability   Should not be blown by air or 

displaced by moving traffic. 

At some locations  

Barricades  Diagonal stripes  Slant down word to the direction 

where the traffic is intended to travel. 

The diagonal stripes slants 

downward as required by the 

standard. 

Width  600mm for type I and II 1200mm for 

type III. 

The width of each barricade  

is 3000mm 

Rails Spacing  Between 200 – 300mm 300mm  

Stability  Placed is such a way that they cannot 

be displaced or blown. 

They are stable 

Upper rail Ballast should not be placed on the 

upper rails 

No ballasts were placed. 

Stripes  Must be retro-reflective. Retro-reflective.  

Visibility by road users. To be seen by road users at all time. They are visible to road users 

day and night. 
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ITEMS PROPERTIES  MUTCD REQUIREMENTS OBSERVATIONS 

Drums  Height  ≥ 900mm 1400mm 

Width  ≥450mm 760mm 

Material  Metal should not be used. Concrete. 

Top  The top should be closed. The top is closed 

Markings  Horizontal, circumferential, alternating 

orange and white retro-reflective 

stripes 100 to 150mm wide. 

Drums are coloured 

completely white on one face 

and orange on the other face 

and are placed with 

alternating faces. 

Ballast  No ballast to be placed on top. Nothing was placed. 

Flagging Procedure    

Devices  Stop/slow paddles  Tree leaves or red rags are 

used 

Safety apparels Clearly identifies wearer  Flaggers are not identified 

Retro-reflective They are Retro-reflective  but 

only few flaggers wear safety 

apparels 

 

Traffic cones, barricades comply with the minimum 

requirements. Drums on the other hand are the only 

exception among the channelizing devices in which 

their shape and colour do not match the standard 

requirement. The shape, colour, night visibilities of 

the advance warning signs were not as specified by 

the standard. Lack of regular maintenance of these 

signs as observed at some locations makes them 

lose some of their major properties including retro-

reflectiveness, height, and lateral offset. 

3.2 Work zone Safety evaluation 

After all of the temporary traffic control devices and 

operations were examined for their effectiveness, 

compliance with the standards in the manual of 

uniform control devices, an assessment to determine 

the overall effectiveness of the work zone was 

made. Each device property was assigned a score 

ranging from 1-10, with one being the worst score 

and 10 being the highest score. At the end the 

overall score for the work zone was obtained using 

a weighted average. The items evaluated were 

advance warning signs, drums, barricades, traffic 

cone, pedestrians/ bicyclist, pavement markings, 

flagger operations, road side safety, worker safety 

equipment, internal traffic control, configuration 

and the site housekeeping operation. The overall 

devices and operations had a score of 5.97 showing 

that it has an average effectiveness and much is 

required to improve the condition of the work zone. 

 

Table 2: Work Zone Safety Audit Evaluation 

Project: Reconstruction and Dualization of Maiduguri Road  Date: 26/07/2013 

General Notes: Only Devices witnessed on the Project were scored 

SCORING 1 2 3 4 5 6 7 8 9 10 

Notify project manager Below  

Average 

Average Above 

Average 

Good  

  

Very 

good  

Excellent  

CATEGORIES Score NOTES 

Advance 

warning signs 

Appropriate no. 9 Some signs were placed in close proximity to the roadside. The 

shape does not comply with MUTCD requirement. Quality 8 

Placement  7 

Delineated  4 

Spacing  8 

Shape  7 

Lateral offset  8  

Size  10 

Night visibility  5 

Distance from 

Hazard 

7 

Retro-reflective 4 

Height  9 
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Project: Reconstruction and Dualization of Maiduguri Road  Date: 26/07/2013 

General Notes: Only Devices witnessed on the Project were scored 

SCORING 1 2 3 4 5 6 7 8 9 10 

Notify project manager Below  

Average 

Average Above 

Average 

Good  

  

Very 

good  

Excellent  

CATEGORIES Score NOTES 

Legends  8 

Drums Height 6 The shape and colour did not conform to standards. 

Width 7 

Material 9 

Markings 5 

Ballast 8 

Placement  5 

Top  7 

Traffic cone Colour  10 The devices comply with the standards, but their number is not 

sufficient. Height  9 

Material  9 

Stability  8 

Barricades Adequacy 5 Maintenance of the devices should be made regularly. 

Diagonal strips  8 

Stability 10 

Spacing between 

rails 

9 

Placement  5 

Spacing  5 

Maintenance  1 

Stripes  10 

Material 6 

Pavement 

markings. 

Condition  7 Tapes were used to mark working area. 

Easily 

understandable 

6 

Marking used 4 

Pedestrians / 

bicyclist 

Adequate protection 

from hazards 

2 The pedestrian facilities were poor and no provision for 

pedestrians crossing, 

Adequate travel 

path 

3 

Equipment in 

roadway 

5 

Flaggers Visibility 3 They do not use the appropriate paddles and safety attires. 

Performance  6 

Devices  1 

Procedure 2 

Safety apparels  1 

Worker 

garments and 

equipment 

High visibility 

apparel 

5 50% of the workers do not have safety jackets. 

Hard hats 4 

Tapers  Placement  6 Shoulder tapers were not provided 

Quality  8 

Site house 

keeping   

Clean 5 The site is far from the site. 

Orderly  6 

Driver 

friendly  

Navigation  7 Driving through the work zone is not challenging 

Consistency  6 

Miscellaneous 

Traffic 

Control 

Operations 

Protected 

5 There is no proper access control to the site. 

Posted speed limits 5 

Access control 5 

Delineation 

condition 

5 

Roadside 

safety 

 

Barrier condition  6  

Barrier type  6 

Adequate clear zone 6 

Internal 

traffic control 

Parking area 2 Communication between workers is poor. Excavator operations 

are not delineated which increases risk level for the workers Delineation of 6 
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Project: Reconstruction and Dualization of Maiduguri Road  Date: 26/07/2013 

General Notes: Only Devices witnessed on the Project were scored 

SCORING 1 2 3 4 5 6 7 8 9 10 

Notify project manager Below  

Average 

Average Above 

Average 

Good  

  

Very 

good  

Excellent  

CATEGORIES Score NOTES 

specific 

equipment/operation 

Speed Limit Within 

The Work Zone 

4 

Lighting night 

operation 

7 

Communication 

Between Workers 

On Foot And 

Equipment 

Operators 

4 

Communication 

Between Equipment 

Operators 

4 

Worker Training on 

The Specific 

Internal Traffic 

Control Plan 

5 

Locations For 

Storing Materials 

And Servicing 

Equipment 

7 

Grand total = 400                       N*= 67                                         Final Score = 5.97 

N*= the number of scored categories 

 

3.3 Risk assessment and counter measures of 

potential hazards 

After the hazards were identified during the 

inspection, the expected crash to be caused by each 

hazard was also clarified. Thus its risk and severity 

were also estimated. The risk and severity level 

were estimated by qualitative method (experience 

and engineering judgements). The resulting risk 

level was then identified using risk matrix. Base on 

the risk level a countermeasure was proposed to 

mitigate the perceived risk. Table 3 gives the list of 

the hazards, expected crashes, frequency, severity 

risk level, and the resulting countermeasure for the 

potential hazard. 

 

Table 3: Risk Level and Countermeasures of Potential Hazards 

 

Safety Hazards Expected crash Recommended 

counter measures Type  Frequency Severity Risk level 

Temporary 

traffic control 

devices 

Improper sign 

placement. 

All types of 

swipe 

3 3 Medium Maintenance to ensure 

all signs was placed in 

accordance with 

standards. 

Improper 

maintenance of 

signs. 

Swipe  4 4 High  Regular maintenance  

Confusing 

signs. 

All types of 

swipe 

4 5 Very high  Make signs legible and 

clear 

Missing TTCD  All types of 

swipe 

4 4 High TTCD be provided as 

required by 

specifications 

Poor access 

design 

head-on  

collision 

3 4 High Access should be 

designed as specified by 

AASHTO 

Use of All types of 4 5 Very high Objects used for closure 
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Safety Hazards Expected crash Recommended 

counter measures Type  Frequency Severity Risk level 

dangerous 

object for 

closure 

swipe must conform with 

MUTCD  

Missing buffer All types 4 5 Very high Provide buffer spaces 

Missing taper. Sideswipe, 

head on 

collisions 

5 4 Very high Provide and ensure 

minimum taper length is 

provided. 

Use of non- 

retro-reflective 

signs 

Collision 

with 

dangerous 

object 

4 5 Very high Change all devices that 

lost their retro-reflective 

property. 

Signs close to 

the travel lane. 

Sideswipe  4 4 High  Provide required 

minimum lateral length  

Construction 

activity area 
Workers’ 
exposure to 

traffic 

Sideswipe 

and same 

direction 

3 5 High  Provide both lateral and 

longitudinal buffer 

spaces. 

Unprotected 

work area 

Sideswipe, 

rear end 

4 5 Very high Provide buffers 

Improper work 

zone design 

All types of 

swipe 

3 5 High  Refer to the MUTCD 

for proper 

configuration. 

Dangerous 

flagging 

Sideswipe 

same 

direction 

4 5 Very high Flaggers should be 

trained and provided 

with proper flagging 

equipment. 

Lack of safety 

training to the 

workers 

Struck by 

plants while 

operating  

1 5 Medium Train all workers on 

safety in working close 

to equipment and 

traffic. 

Pedestrians Non-

compliance 

with signs 

Sideswipe 

opposite 

direction 

2 5 High  Provide enforcements. 

 

 

 

Misuse of 

traffic devices 

Sideswipe 

same 

direction 

3 5 High  Provide enforcements. 

Speeding and 

aggressive 

driving. 

All 5 5 Very high Employ the use of 

speed calming measures 

like use of speed 

bumps.  

On street 

parking 

All types of 

swipe 

3 4 High  Enforcement and 

provide an alternative 

parking area for 

visitors. 

Roadside area Dangerous 

object within 

clear zone 

Sideswipe 4 4 High  Provide minimum clear 

zone width. 

Slippery road 

edge 

Sideswipe  3 5 Medium  Provide lateral 

protection. 

 

Road design 

 

Improper 

connection to 

gas station, and 

other 

commercial 

activities 

Sideswipe  2 2 Medium  Commercial activities 

should be at least the 

minimal distance 

required away from the 

roadway 

Improper 

trailer park 

design 

All types of 

swipe 

3 4 High Efficient design of 

trailer parks 

Uncontrolled 

entry 

head-on  

collision 

4 3 High Adequate signalling 

should be provided 
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Safety Hazards Expected crash Recommended 

counter measures Type  Frequency Severity Risk level 

Improper 

pedestrian 

crossing 

Vehicle-

pedestrian 

crash 

4 5 Very high Pedestrian overhead 

bridges should be 

constructed 

 

 

 

Fi

gure 1: Noncompliance with Signs by Road User 

Km 8+870 

 

Fig

ure 2: Dangerous Flagging Km 8+890 

 

Fig

ure 3: Abuse of TTCD (km 3+450) 

 

Fig
ure 0: Unprotected Working Area Km 1+560 

 

4.0 CONCLUSION 

The research reveals that the temporary control 

devices at the work zone under study conform to 

MUTCD requirements except for their shape, 

colour and retro-reflective properties but lack of 

proper maintenance, poor installation and fewer 

number of the TTCD significantly reduces their 

effectiveness and turn them to potential hazards. 

Overall analysis of the work zone elements shows 

that the work zone had a score of 6 showing that the 

overall effectiveness of the work zone is average. 

Proper work zone configuration, worker training, 

regular maintenance of TTCD and increased 

enforcement will enhance safety of workers and 

road users in the work zone. The potential hazards 

with very high risk level are speeding and 

aggressive driving, dangerous flagging, misuse of 

TTCD, non-compliance with TTCD, unprotected 

work area, confusing signs, and use of non-retro-

reflective devices. 
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