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An Important Note For The Reader 

The research detailed in this report was commissioned by Transfund New Zealand. 
Transfund New Zealand is a Crown entity established under the Transit New 
Zealand Act 1989. Its principle objective is to allocate resources to achieve a safe 
and efficient roading system. Each year, Transfund New Zealand invests a portion 
of its funds on research that contributes to this objective. 

While this report is believed to be correct at the time of preparation, Transfund New 
Zealand, and its employees and agents involved in its preparation and publication, 
cannot accept any liability for its contents or for any consequences arising from its 
use. People using the contents of the document, whether directly or indirectly, 
should apply and rely on their own skill and judgement. If necessary, they should 
seek appropriate legal or other expert advice in relation to their own circumstances, 
and to the use of this report. 

The material contained in this report is the output of research and should not be 
construed in any way as policy adopted by Transfund New Zealand but may form 
the basis of future policy. 
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Abbreviations and Acronyms 

Association of Australian and New Zealand Road Transport and Traffic 
Authorities 
Semi-trailer towing a trailer 
Two semi-trailers connected together 
A survey of the type of load, or commodity carried by each heavy vehicle 

Deighton's Total Infrastructure Management System 
Equivalent single axle, is the laden truck weight measured as a proportion of a 
reference axle group as defined by the Austroads Pavement Design Guide 
Heavy Commercial Vehicle I, i.e. rigid trucks with or without trailer, or 
articulated vehicle, with three or four axles in total 
Heavy Commercial Vehicle II, i.e. trucks and trailers and articulated vehicles 
with or without trailers with five or more axles in total 
Refers to that period of the day between the commuter peaks, typically between 
0900 hours and 1600 hours 
Light Commercial Vehicle 
Land Transport Safety Authority 
Medium Commercial Vehicle, i.e. two axle trucks without trailers 
Ministry of Transport 
National Institute of Water and Atmosphere Research 
National Traffic Database 
Refers to the hour(s) with the highest traffic volumes, typically quoted for each 
of the morning and afternoon commuter periods 
Transfund Project Evaluation Manual 
Pavement Management Systems (e.g. RAMM, dTIMS) 
A hand-held item of equipment for recording and storing data, that can be down­
loaded to a computer file 
Road Assessment and Maintenance Management system (developed in NZ for 
application by road controlling authorities) 
Single axle, dual tyre 
Single axle, single tyre 
A trailer, designed with rear axle(s) only, that can be joined to the prime mover 
via an articulated unit 
Tandem axle, dual tyre 
In the context of this report, the term relates solely to the continuous traffic count 
stations from which the data is conveniently able to be downloaded by Transit by 
means oftelemetry. There are currently 69 such sites administered by Transit on 
State Highway sites across New Zealand, as follows: 
• 62 ofthe sites collect length classification data 
• 4 of the sites are 'weigh in motion'. These sites collect weight data on 

every vehicle weighing more than 3.5 tonnes as well as TNZ (1999) axle 
configuration data 

• 2 sites collect counts only (Auckland Harbour Bridge and Panama Road) 
• 1 site (Pukerua Bay) collects TNZ (1999) axle classification data 
Transfund New Zealand (Land Transport New Zealand) 
Transit New Zealand 
Triaxle, dual tyre 
Distance between the front and rear axle of a vehicle or vehicle combination 
Weigh-in-Motion, refers to equipment that weighs each individual vehicle 
passing over a measuring plate 
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Executive Summary 

Project Objectives 
The main purpose of this project is to identify appropriate traffic and loading data for use 
in RAMM, other pavement management systems (PMS) with treatment selection 
algorithms and for pavement deterioration models (e.g. dTIMSi. Also to meet the needs 
of pavement designers in the estimation of pavement loading over the life of a project, 
by establishing ESA2 relationships from a variety of commonly used survey approaches 
and continuous data sources currently available in New Zealand. 

The specific objectives for this research project were as follows: 
1. To derive typical relationships between the Transit New Zealand standard telemetry 

outputs (four Vehicle Length Categories) and other commonly used classification 
systems in New Zealand such as that adopted by the Transfund Project Evaluation 
Manual (PEM), i.e. car, LCV, MCV, HCVI, and HCVII. 

2. To derive typical percentages of PEM Vehicle Classes for different types of local 
and State Highway roads, based on a recent survey by L TSA of the vehicle 
composition across 2,350 roads of all types throughout New Zealand. 

3. To derive typical ESA (equivalent standard axle) for the different Vehicle Classes, 
and determine whether there are any differences on the basis of region, road use, or 
traffic volume/percentage of heavy vehicles relationship. 

4. To derive relationships enabling the ESA determined from short-term surveys to be 
factored to a week and a year based on the four 'weigh-in-motion' (WIM) sites. 

Summary of Outcomes 
The outcomes are considered in the order of the objectives listed above. 

Objective 1 
Relatively poor correlation was found between the four Vehicle Length Categories 
comprising Transit's standard telemetry outputs and other commonly used classification 
systems. As a broad generalisation, and in the absence of any other data, the percentage 
of vehicles from each Transit Vehicle Class (1-13) which can be allocated to each 
Vehicle Length Category is as follows (ignoring any representation ofless than 5%): 

Vehicle Length Category 1 includes 
(0.0 m -5.5 m) 
Vehicle Length Category 2 includes 
(5.5 m - 11.0 m) 

Vehicle Length Category 3 includes 
(11.0 m - 17.0 m) 

Vehicle Length Category 4 includes 
(>17 m) 

100% of Vehicle Class 1 

100% of Class 2; 75% of Class 3; 70% of 
Class 4; 40% of Class 5; 70% of Class 6; 
and 9% of Class 7 
8% of Class 3; 30% of Class 4; 40% of 
Class 5; 25% of Class 6; 70% of Class 7; 
70% of Class 8; 25% of Class 9; 30% of 
Class 10; and 7% of Class 13 
17% of Class 5; 5% of Class 6; 18% of 
Class 7; 30% of Class 8; 25% of Class 9; 
20% of Class 10; 100% of Class 11; and 
100% of Class 12 

1 Traffic data required as inputs to dTIMS include AADT, %Cars, %LCV, %MCV, %HCVI, %HCVII and %Bus. NZdTIMS 
does not have the ability to accept individual axle or axle-group data. Inputs are in ESAlvehicle for each of the vehicle 
categories. 

2 ESA as defined by the Austroads Pavement Design Guide = (Load on Axle Group) 
Reference Axle Group Load 
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Accordingly, there is no simple relationship between Transit's Vehicle Class and its 
Vehicle Length Category. Similarly, there is no useful relationship between Transfund's 
PEM Classes (i.e. car, LCV, MCV, HCVI and HCVII) and Transit's four Vehicle Length 
Categories. 

Objective 2 
Typical percentages of PEM Vehicle Classes for different road types were accurately 
determined for the weekday interpeak period (0900 - 16 00) across a wide range of road 
types throughout New Zealand. Accordingly updated factors are recommended for 
adoption by Transfund in the PEM manual. 

Objective 3 
F or the convenience of pavement designers, typical ESAs for different Vehicle Classes 
were established, and reported as ESA4, ESA5, ESA7, and ESAI2, for each of the 
weigh-in-motion sites. As this ESA data is based on a substantially larger sample than 
previously published data, the new values should be adopted in future. The research 
identified some differences on State Highways at a regional level, but was unable to 
identify whether there were any differences in ESA between different road types or 
between roads carrying different proportions of heavy vehicles. 

Objective 4 
Relationships were derived from the WIM sites that enable ESA to be calculated from 
short-term surveys and to be corrected by application of a week factor. However, as the 
level of accuracy is less than generally accepted, it is recommended that at least 3 years 
of data from each WIM station be evaluated before confirming whether week and day 
factors can usefully be used to adjust short-term counts. 

Research Stages 
The research was undertaken in a series of separate stages, independently addressing 
various of the objectives. In assessing the manner in which the objectives were met, it is 
important to understand that the individual stages did not address the various objectives 
in the order outlined above. 

Specifically, Stage 1 addressed Objective 2 and part of. '1, 
Stages 2 and 3 addressed Objective 1, 
Stage 4 addressed Objective 4, and 
Stage 5 addressed Objective 3 

Stage 1 : Analysis of L TSA Composition Data 
The data from 2,350 roads, randomly selected by LTSA from throughout New Zealand, 
was analysed in terms of vehicle class and road category, then compared with currently 
adopted relationships. 

Stage 2 : Analysis of Transit Weigh-in-Motion Data 
Surveys undertaken at the four Transit New Zealand WIM sites in February/March 2000 
were analysed with a view to establishing a relationship between Vehicle Length 
Category, wheelbase and Vehicle Class for application to the Transit continuous 
telemetry traffic counting sites. The currently adopted Transit relationships between 
Vehicle Class and the four standard Length Categories, measured at the telemetry, sites 
are to be reviewed alongside the relationships derived in this research. 
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It was also intended to review the survey data with a view to identifying, if possible, axle 
spacing criteria which could be used to distinguish between the main heavy vehicle types 
classified by routine equipment survey; as opposed to specific visual or commodity 
surveys. This component produced disappointing results because the commodities were 
impossible to verify visually. However, the survey did establish a strong correlation 
between visually recorded truck types and those recorded with the WIM equipment. It 
was, therefore, decided that a larger sample of WIM data could be reliably used, and 
would produce more accurate and statistically reliable results. 

Stage 3 : Analysis of Comparative Surveys at Selected Telemetry Sites 
The data collected by manual means was examined and compared with portable 
equipment surveys and the telemetry outputs from the count stations at Ohau, Manawatu, 
and Clareville. Classifiers were used, capable of recording individual vehicles over 
three-hour periods, analogous to the L TSA survey periods reported in Stage 1. The 
relationships obtained from these surveys were compared with those derived in Stages 1 
and 2. 

Stage 4 : Deriving Factors for 3-4 and 8 Hour Visual Surveys 
Detailed analysis was carried out of the data from three of the WIM sites over a full 12-
month period. The objective was to develop the multipliers to be used for estimating 
annual ESA values from short-term surveys of vehicle types. 

Stage 5 : Derivation Typical ESA for different Vehicle Classes 
Undertaken in parallel with Stage 4, detailed analysis was carried out of the data from 
the four WIM sites, for the most recent 14-month period up to and including August 
2002. The objective being to identify the ESA values for a range of different vehicle 
classifications, separately for each WIM site. Then, if practicable, to identify variations 
between different sites with different vehicle characteristics. Also to determine more 
reliable ESA values for site specific situations that can be related to: 

1. Vehicle Length Categories, for which continuous data is collected by Transit NZ 
from telemetry sites throughout the country, and 

2. TNZ Vehicle Classes (1-13), which can be measured by temporary classification 
equipment (as used in Stage 3). 

Results 
Stage 1 
The results from the analysis of the L TSA survey data generally closely correlated with 
the relationships adopted by the Project Evaluation Manual and the National Traffic 
Database. They represent an improved level of accuracy of these relationships, given the 
large number of roads on which the vehicle classes were sampled and the use of a 
consistent survey procedure. 

Stage 2 
The results from Stage 2 give the following outcomes: 
• Close correlation between overall vehicle length and wheelbase length. 
• No direct relationship between Vehicle Length Category and Vehicle Class; i.e. for 

any particular Vehicle Class, there is a range of vehicle lengths. 
• Some variation in the proportions of the various Vehicle Classes between sites. 

Note that the research identified a problem with the Tokoroa WIM site. The data from 
this site was, therefore, discounted. 
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Stage 3 
The results of Stage 3 showed: 
• Close correlation (between 0.996 and 0.998) between overall vehicle length (as 

recorded at the telemetry stations), and wheelbase (as measured by the temporary 
classifier) for the heavy vehicle component of the traffic stream. 

• Transit Vehicle Classes 2, 3 & 4 generally lie within the same vehicle length band 
(i.e. 5.5 m - 11 m). 

• Transit Vehicle Classes 5-13 show more distinct length ranges, although with 
considerable overlap. 

• Buses cannot be identified separately from other heavy vehicles by either type of 
classification equipment; they can only be identified visually. 

• The PEM HCVII class correlates reasonably well with the Transit Vehicle Classes 8-
13, as measured by the temporary classifier. 

Stage 4 
Interrogation of the data from each of the four WIM sites showed that a full year's 
reliable data was only obtainable from two of the sites; Drury (on SHI south of 
Auckland - 'rural fringe') and Waipara (on SHI north of Christchurch - 'rural 
strategic'). Any effects of temperature on the WIM equipment at each of the WIM sites 
was discounted. Also Vehicle Class (Transit Classes 1 to 13) and site were found to be 
the key variables with respect to vehicle weights and, by extension, ESA value. 

The ESA4 relationships were examined in detail, since they are most commonly used in 
NZ (i.e. for the design of unbound granular flexible pavements). 

The combination of data from the Drury and Waipara WIM sites was used to develop 
'Weekly Multipliers' to estimate annual ESA4 from the classified vehicle counts 
converted to axle groups. 

Part Day-of-Week Multipliers were developed for shorter count periods than a full week 
(3 hours and 8 hours respectively, on any weekday). However, when the relative errors 
of these ESA4 values were determined, the relative errors varied between about 10% (for 
the week multiplier) and 18% to 33% (for the three-hour multiplier). The error terms 
were specifically applicable to the Waipara and Drury sites, and are probably understated 
for other sites. Accordingly, 3-hour or 8-hour counts are considered to be unsuitable for 
estimating ESA. 

Stage 5 
The same data from each of the 4 WIM sites was interrogated with a view to establishing 
reliable ESA values (raised to the various powers commonly used for mechanistic 
pavement design - ESA4, ESA5, ESA7 and ESAI2), using large continuous samples at 
each site. For convenience, the 2001 (June-December) and 2002 (January-August) 
samples were analysed separately, to enable a year to year comparison. 

As identified by the detailed statistical analysis in Stage 4, there were some problems 
with the data collections at the Te Puke and Tokoroa WIM sites. Transit will be 
addressing these in the future. 
Overall ESA values were determined for each site, together with: 
• axle group 
• TNZ Vehicle Class (3-13), and 
• TNZ Vehicle Length Category. 
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Ignoring the values obtained from the suspect WIM sites, the ESA values for the other 
two sites are recommended for adoption by pavement designers. 

Conclusions 
• It is inappropriate to attempt to develop precise relationships between vehicle length 

and Transit Vehicle Classes, since the variation within and between sites is greater 
than expected (Stage 2). 

• Although it may ultimately be possible to develop an algorithm to predict the 
detailed composition and ESAs from Length Categories, the usefulness of such an 
algorithm is considered marginal in relation to the required accuracy needed for 
current pavement design inputs. 

• While the distributions of first axle spacings are not statistically different, a nominal 
threshold of3.8 m has been found to differentiate between non-twin-steer truck and 
trailers (> 3.8 m) and B-trains and semi-trailers « 3.8 m). 

• A-trains cannot be distinguished from truck and trailers based on first axle spacing. 
Rather, they can be distinguished by their number of axle sets (typically five) as 
compared with the four axle sets of other 7 and 8 axle vehicles. 

• A nominal threshold of 2.2 m has been found to distinguish twin-steer trucks 
« 2.2 m) from non-twin-steer trucks (> 2.2 m). 

• Commodity surveys cannot be usefully undertaken without stopping the traffic and 
interviewing each driver as to type and status of load (Stage 2). Visual inspections 
of moving vehicles are no longer a satisfactory method of commodity survey, and 
the stopping of vehicles to determine the commodities carried is often impracticable 
particularly on busy State Highways. 

• Manual surveys (person or video) can be used to classify trucks, but are only 
practicable at sites with overall traffic volumes up to a threshold of around 
7,000 vpd (Stage 3). 

• Temporary classifier equipment (e.g. Peak ADR used in Stage 3 of this research) is 
able to identify a more comprehensive range of vehicle types (e.g. Transit Vehicle 
Classes 1-13) than current telemetry equipment, and accordingly is likely to be 
more useful for obtaining the necessary ESA values for pavement design purposes. 

• Telemetry data is currently limited in its usefulness since the sites are almost all 
restricted to State Highways, and therefore to 'rural strategic' and 'rural fringe' road 
categories. 

• The surveys (Stage 3) showed that the variability between survey types (visual, axle 
groups and length category) within sites was reasonable (with some noted 
exceptions), but the vehicle class patterns between sites was greater than 
anticipated. Although an important finding, because the road use category for each 
site was the same (rural strategic), this outcome contrasts with the findings from 
Stage 1. Such an outcome is likely a result of the small sample size (3 sites), the 
duration of surveys (3 hours), and the survey precision. 

• It is difficult to determine whether a true seasonal variation or even daily variation 
exists as the precision of the monitoring equipment could mask any such variability. 

• The Stage 4 and 5 results provide useful site specific ESA data by Transit Vehicle 
Class and Vehicle Length Category. These results are at some variance with 
previous ESA data published by Transfund that were based on much smaller 
samples of data. Again, greater accuracy is likely to be obtained if data is available 
for one or more full calendar years at each site. 
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Recommendations 
• The default values of vehicle composition used by the PEM be updated based on 

the more extensive survey data now available, as reported in Stage 1. 
• The nominal thresholds for axle spacings noted above will be helpful in using 

machine counts to differentiate between different types of heavy vehicle. 
• F or pavement design purposes, it may be appropriate to separately redefine road 

categories based on heavy traffic patterns only, as these are found to be different for 
the same road categories based on overall (light plus heavy) vehicle traffic patterns. 

• Based on the knowledge gained from the detailed statistical analysis undertaken in 
Stage 4, it is now considered that a minimum of three years continuous and 
verifiably reliable data for all four WIM sites (preferably more if possible) are 
necessary to produce meaningful week factors or 3-hour factors. Accordingly, it is 
recommended that the week factors be reviewed and updated as necessary, once a 
full 12 months WIM data is available, and subject to rectification of the WIM 
equipment at the Te Puke and Tokoroa sites. 

• It is further recommended that a sensitivity analysis be undertaken to determine the 
level of accuracy of ESA data required by way of design inputs into current design 
methods, for a typical range of New Zealand roads. 

• That the ESA data developed in this research be publicised to NZ pavement 
designers (Stage 5). 
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Abstract 

In order to identify appropriate traffic and loading data for use in Road 
Asset Maintenance Management, other pavement management systems, 
and for pavement deterioration models, data were collected between 
2000 and 2002 from 2,350 randomly selected sites throughout New 
Zealand and from the four Transit New Zealand weigh-in-motion sites. 

The data collection and analysis was undertaken in five stages: 

1. Typical vehicle composition proportions were obtained for different 
road categories and compared with previously adopted relationships. 

2. Relationships were determined between the various methods of 
categorizing vehicles and quantified to determine the validity of using 
such relationships to derive Equivalent Standard Axle (ESA) values. 

3. Relationships were established between the commonly used 
Transfund Project Evaluation Manual vehicle classes, length 
categories and axle groups. 

4. Data from short term surveys was used to develop multipliers for use 
in estimating annual ESA values. 

5. ESA values were identified from different vehicle classifications, 
which can be related to data obtained by continuous collection or by 
continuous collection equipment. 
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1. Analysis of LTSA 3-Hour Vehide Composition Data for all Road Categories 

1. Analysis of L TSA 3-Hour Vehicle Composition Data for 
all Road Categories 

1.1 Introduction 

In June 2000, vehicle composItion data from 2,350 randomly selected sites 
throughout New Zealand, were collected by Traffic Design Group for the Land 
Transport Safety Authority (LTSA). The large volume of data recorded for this 
project was subsequently analysed to obtain typical vehicle composition proportions 
for different road categories. 

1.2 Objectives 

The principal objective of the first stage of the research project was to identify 
representative samples of vehicle types, particularly for roads other than State 
Highways and to obtain a series of default values for: 

• State Highways, for all road categories 

• Non-State Highways, for all road categories 

• Urban arterial roads, by region 

• Urban residential/other roads, by region 

• Rural strategic/other roads, by region 

Then to compare these with previous default values recorded from other sources. 
Depending on the results, the need for changing and/or expanding the default values 
in Transfund's Project Evaluation Manual could be assessed. 

A second objective was to identify any inconsistencies in the National Traffic 
Database so that these can be corrected. 

1.3 Methodology 

The L TSA vehicle composition survey results form the basis of this Stage of the 
research. The survey results were obtained from a representative sample of 2,350 
sites selected from all the roads located within the 73 Territorial Local Authorities 
throughout New Zealand. Surveyors recorded the vehicle composition data for a 
period of three hours (either 0900 to 1200 or 1300 to 1600) at each site, on a regular 
weekday. 

The data obtained from the surveys were used to derive typical percentages of 
vehicle classes for different types of state and non-State Highway routes were 
derived, the results of which are presented within the report of this Stage. 

17 
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Eleven separate road categories were identified within the data, based on the 
categories provided in the National Traffic Database, as follows: 

• Urban Arterial 1 a 

• Urban Arterial 1 b 

• Urban Commercial 

• Urban Industrial 

• Urban Residential 

• Urban Other 

• Rural Urban Fringe 

• Rural Strategic 

• Rural Recreational (Summer) 

• Rural Recreational (Winter) 

• Rural Feeder 

The criteria for each of the categories were defined by the following two traffic 
characteristics: 

• the ratio of the 1200 - 1300 flow to the peak hour flow, and 

• the Sunday peak hour as a percentage of the AADT as set out in Transit's 
"Guide to Estimating AADT and Traffic Growth". 

During the course of the analysis, a further three categories were identified; these 
were nominated as 'Logging', 'Low-Flow' and 'One-Way' roads as appropriate. 
Analysis of all the data was undertaken separately for State Highways and local 
roads. 

A number of inconsistencies were identified between the road categories as given by 
the National Traffic Database and the traffic volumes surveyed. In a number of cases 
the road categories were amended as appropriate. 

For each of the road categories, the two-way volume of traffic using the particular 
roads was further separated into the following eight vehicle classes: 

• Motorcycles 

• Light vehicles (including utilities, vans, taxis and taxi shuttle vans) 

• Buses or coaches 

• Single unit trucks (2 axles) 

• Single unit trucks (3 or 4 axles) 

• Articulated trucks 

• Trucks with 1 or more trailers 

• Other 
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1. Analysis of L TSA Y10ur Vehide Composition Data fora!! Road Categories 

1.4 Results 

Seven separate analyses were undertaken. 

1.4.1 Vehicle Classes and Road Categories 
The first and second analyses involved obtaining percentages of vehicle classes for 
each road category over New Zealand's 14 local government regions, further broken 
down by local roads and State Highways. The averages of the site percentages are 
summarised in Tables 1.1 and 1.2. 

Table 1.1 illustrates that, as expected on the local roads, the highest percentages of 
heavy vehicles were observed on the urban industrial, rural strategic and rural feeder 
routes, varying between 11 % and 19%. Logging routes recorded approximately 30% 
heavy vehicles. 

Table 1.2 shows that, generally for the State Highways, heavy vehicle percentages 
were around the 7% to 10% level for urban highways and 8% to 13% for rural 
highways. 

1.4.2 Urban Arterial Road Categories 
The third and fourth analyses combined the Urban Arterial 1 a and 1 b road categories 
and assessed the typical percentages of vehicle classes in the majority of the local 
government regions. The results are shown in Tables 1.3 and 1.4. 

It can be seen from Table 1.3 that there was little variation in non-State Highway 
route vehicle class percentages for urban arterials amongst the local government 
regions in which the surveys were undertaken, with heavy vehicle percentages of 
around 4% to 7%. Nationwide, on the non-State Highway roads, the vehicle 
percentages were around 0.5% motorcycles, 93.8% light vehicles, 0.7% buses or 
coaches, 3.0% two-axle single unit trucks, 0.7% three or four axle single unit trucks, 
0.4% articulated trucks, 0.8% trucks with trailers and 0.1 % other vehicles. 

Table 1.4 lists the limited numbers of State Highway sites surveyed in this road 
category. The vehicle class percentages obtained closely matched the percentages 
obtained for the non-State Highway roads, with heavy vehicle percentages ranging 
between 5% and 11 %. On the State Highway routes, the vehicle percentages were 
around 0.4% motorcycles, 92.1% light vehicles, 0.6% buses or coaches, 3.5% two­
axle single unit trucks, 1.2% three or four axle single unit trucks, 0.9% articulated 
trucks, 1.2% trucks with trailers and 0.1 % other vehicles. 

1.4.3 Urban Residential and Urban Other Road Categories 
The fifth analysis involved combining the urban residential and urban other road 
categories to determine the variation in vehicle class percentages over all the 14 local 
government regions. This analysis was only carried out for non-State Highway roads 
as there were few roads of this category on State Highway routes. The results are 
shown in Table 1.5. 
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Table 1.1 Vehicle percentages for all road categories (all regions -local roads). 

Vehicle Classes 

Road 
Numbers 2 axle 3~4 axle Truck with 

of Category Sites 
Light Bus or SU SU Articulated one or 

Motor-cycle Vehicle Coach Truck Truck Truck more trailers Other 
% % % % % % % % 

Urban Arterial la 121 0.4 93.8 0.7 3.2 0.7 0.5 0.6 0.1 

Urban Arterial 1 b 254 0.4 93.9 0.8 3.5 0.7 0.3 0.4 0.0 

Urban Commercial 91 0.4 95.3 0.6 2.7 0.5 0.2 0.3 0.0 

Urban Industrial 38 0.5 80.5 0.6 9.2 2.6 2.8 3.1 0.7 

Urban Residential 309 0.4 94.7 0.7 2.9 0.6 0.2 0.4 0.1 

Urban Other 247 0.5 93.5 0.7 3.4 0.7 0.3 0.7 0.2 

Rural Urban Fringe 8 1.0 91.2 0.9 4.2 1.1 0.6 0.9 0.1 

Rural Strategic 94 0.5 85.8 0.8 5.1 2.6 1.1 3.7 0.4 

Rural Rec (Summer) 9 0.1 91.3 0.8 3.5 1.9 0.7 1.4 0.3 

Rural Rec (Winter) 2 0.9 92.9 0.0 4.0 1.4 0.4 0.4 0.0 

Rural Feeder 66 1.6 86.3 0.9 4.8 2.1 0.9 2.5 0.9 

Logging 6 4.3 63.2 1.9 10.2 4.9 3.9 8.6 3.0 

One-Way Roads 5 0.4 96.0 1.2 1.9 0.2 0.2 0.1 0.0 

Low Flow 245 1.9 87.1 0.8 4.5 2.3 0.4 1.7 1.3 
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1. Analysis of L TSA 3-Hour Vehide Composition Data for al/ Road Categories 

Table 1.2 Typical vehicle percentages for all road categories (all regions - State Highways). 

Vehicle Classes 

Road 
Numbers 2 axle 3-4 axle Truck with 

Category of Motor- Light Bus or SU SU Articulated one or 
Sites cycle Vehicle Coach Truck Truck Truck more trailers Other 

% % % % % % % % 

Urban Arterial 1 a 27 0.3 92.9 0.5 3.4 0.9 0.8 1.2 0.0 

Urban Arteriallb 37 0.5 90.7 0.7 3.8 1.2 1.5 1.5 0.1 

Urban Commercial 11 0.4 90.8 0.5 3.2 1.3 1.1 2.6 0.1 

Urban Industrial 3 0.2 91.6 0.6 4.3 0.9 0.4 1.9 0.1 

Urban Residential 0 

Urban Other 4 0.3 89.2 1.4 2.8 0.9 2.0 3.4 0.0 

Rural Urban Fringe 40 0.5 91.7 0.5 4.4 0.9 0.7 1.3 0.0 

Rural Strategic 620 0.7 86.6 1.0 4.1 1.7 1.6 4.2 0.1 

Rural Rec (Summer) 56 0.9 87.8 1.0 4.2 1.5 0.9 3.5 0.2 

Rural Rec (Winter) 43 0.6 88.5 1.8 3.0 1.0 1.3 3.7 0.1 

Rural Feeder 1 1.5 95.6 2.9 0.0 0.0 0.0 0.0 0.0 

Logging 1 0.1 76.6 0.6 2.0 6.0 3.0 11.6 0.1 

One-Way Roads 2 0.4 94.8 0.4 3.1 0.7 0.1 0.3 0.2 

Low Flow 7 2.0 81.5 1.8 7.1 3.6 0.4 1.8 1.8 
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Table 1.3 Vehicle percentages for urban arterials la and Ib by region (local roads). 

Local Numbers 
Vehicle Classes 

Government or 
Truck with 

Region Sites 
Motor- 3-4 axleSU Articulated one or more 
cycle Light Vehicle Bus or Coach 2 axle SU Truck Truck Truck trailers Other 

% % % % % % % % 

Northland 13 0.4 93.9 0.4 3.3 0.9 0.3 0.7 0.1 

Auckland 83 0.3 93.0 0.8 4.4 0.8 0.3 0.4 0.0 

Waikato 21 0.3 95.4 0.5 2.4 0.7 0.3 0.4 0.0 

Bay of Plenty 19 0.4 94.4 0.4 2.8 0.7 0.6 0.5 0.2 

Gisborne 0 

Hawkes Bay 26 0.2 93.0 0.3 3.4 0.8 0.9 1.1 0.3 

Taranaki 12 0.6 95.3 0.6 2.7 0.3 0.3 0.2 0.0 

Manawatu/Wanganui 30 0.5 94.9 0.5 2.6 0.7 0.5 0.3 0.0 

Wellington 68 0.3 93.6 1.0 4.0 0.6 0.3 0.2 0.0 

Nelson/Marlborough 33 1.0 94.9 0.2 2.9 0.4 0.2 0.3 0.1 

West Coast 0 

Canterbury 31 0.5 93.9 1.0 3.1 0.5 0.3 0.7 0.0 

Otago 36 0.4 93.7 1.3 3.0 0.8 0.3 0.4 0.1 

Southland 3 0.6 89.6 1.5 1.8 1.6 0.7 4.0 0.2 

OVERALL 375 0.5 93.8 0.7 3.0 0.7 0.4 0.8 0.1 
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1. Analysis of L TSA 3-Hour Vehide Composition Data for all Road Categories 

Table 1.4 Vehicle percentages for urban arterials la and Ib by region (State Highways). 

Vehicle Classes 
Local Numbers 

Government of Truck with 

Region Sites Motor- 3-4 axle SU Articulated one or more 
cycle Light Vehicle Bus or Coach 2 axle SU Truck Truck Truck trailers Other 

% % % % % % % % 

Northland 0 

Auckland 0 

Waikato 5 0.4 90.9 0.5 3.5 1.9 0.8 1.9 0.1 

Bay of Plenty 1 0.3 92.6 0.6 3.6 1.5 0.4 0.8 0.2 

Gisborne 4 0.0 92.6 1.0 3.6 1.3 0.6 0.8 0.1 

Hawkes Bay 10 0.4 91.7 0.4 3.3 1.2 1.4 1.6 0.0 

Taranaki 0 

ManawatulWanganui 0 

Wellington 10 0.4 91.7 0.4 4.7 l.l 0.8 0.9 0.0 

Nelson/Marlborough 2 0.8 92.4 0.9 3.0 1.0 0.5 l.l 0.3 

West Coast 0 

Canterbury 13 0.4 88.9 0.6 4.4 1.2 2.8 1.7 0.0 

Otago 15 0.5 92.9 0.9 2.7 0.6 0.8 1.5 0.1 

Southland 4 0.5 94.8 0.5 2.4 0.7 0.3 0.8 0.0 

OVERALL 64 0.4 92.1 0.6 3.5 1.2 0.9 1.2 0.1 
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Table 1.5 shows that, for urban residential/urban other type streets, there was little 
variation between the regions in terms of percentages of vehicle classes. The 
percentage of heavy vehicles varied between 3% and 9% over the 14 regions. The 
vehicle percentages were around 0.6% motorcycles, 94.3% light vehicles, 0.6% 
buses or coaches, 3.0% two-axle single unit trucks, 0.7% three or four axle single 
unit trucks, 0.2% articulated trucks, 0.4% trucks with trailers and 0.2% other 
vehicles. This closely resembled the percentages obtained for urban arterials, apart 
from the lower;percentage of the combination heavy vehicles (trucks with semi­
trailers or trailers attached). 

1.4.4 Rural Strategic/Other and Rural Feeder Road Categories 
The sixth and seventh analyses combined the rural strategic/other with the rural 
feeder roads to see if there was any variation in vehicle class percentages over the 14 
local government regions. Analysis was undertaken for both the local roads and State 
Highways surveyed. The results ofthese analyses are listed in Tables 1.6 and 1.7. 

Generally, the results show little variation in vehicle class percentages over the 14 
regions notwithstanding the fact that in several regions the numbers of sites surveyed 
were low. Heavy vehicle percentages ranged between 8% and 17% over all the 
regions. Vehicle percentages were around 1.4% motorcycles, 85.8% light vehicles, 
0.8% buses or coaches, 4.8% two-axle single unit trucks, 2.4% three or four axle 
single unit trucks, 0.9% articulated trucks, 3.1 % trucks with trailers and 0.8% other 
vehicles. . 

The local authority road (Table 1.6) and State Highway (Table 1.7) results are 
closely similar. As with the non-State Highway routes, the results for State Highway 
routes show little variation in vehicle percentages on rural strategic/other and rural 
feeder roads across the 14 local government regions, with the percentage of heavy 
vehicles varying between 10% and 17%. The State Highway rural strategic/other and 
rural feeder roads vehicle percentages were around 0.8% motorcycles, 86.6% light 
vehicles, 1.0% buses or coaches, 4.2% two-axle single unit trucks, 1.7% three or four 
axle single unit trucks, 1.4% articulated trucks, 4.2% trucks with trailers and 0.1 % 
other vehicles. 

1.4.5 Time Periods 
In all the preceding analyses, it needs to be understood that the data collected from 
the 2,350 randomly selected sites were collected only during a three hour time-slot 
during the 'inter-peak' period. As heavy truck percentages are likely to vary across a 
24 hour, 7 day period, as well as the possibility of seasonal variations, the three hour 
time-slot represents a limitation to the usefulness of the data. However, it does 
provide a relatively accurate picture of the 'inter-peak' period, given the very wide 
spread ofthe surveys across all road types and geographical spread throughout New 
Zealand. 
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1. Analysis of LTSA 3-Hour Vehide Composition Data for all Road Categories 

Table 1.5 Vehicle percentages for urban residential/other streets by region (local roads). 

Vebicle Classes 
Local 

Government Total Sites Truckwitb 

Region Motor- 3-4 axle SU Articulated one or more 
cycle Ligbt Vebicle Bus orCoacb 2 axle SU Truck Truck Truck trailers Otber 

% % % % % % % % 

Northland 18 0.6 94.3 1.0 2.0 1.7 0.0 0.1 0.3 

Auckland 48 0.4 92.5 0.6 4.8 0.7 0.3 0.5 0.2 

Waikato 75 0.4 93.2 0.5 3.1 0.9 0.5 1.2 0.2 

Bay of Plenty 45 0.4 94.5 0.6 2.9 0.7 0.4 0.3 0.2 

Gisborne 18 0.3 96.6 0.4 2.3 0.1 0.1 0.1 0.1 

Hawkes Bay 23 0.4 95.3 0.4 2.8 0.5 0.2 0.3 0.1 

Taranaki 19 0.4 95.8 0.6 2.5 0.3 0.1 0.2 0.1 

ManawatulWanganui 54 0.4 94.9 0.8 2.6 0.6 0.2 0.4 0.1 

Wellington 72 0.3 94.8 0.8 3.3 0.4 0.1 0.2 0.1 

NelsonlMariborough 10 2.2 94.7 0.2 2.4 0.2 0.0 0.0 0.3 

West Coast 27 0.8 91.3 0.3 4.2 1.3 0.8 1.1 0.2 

Canterbury 70 0.3 94.4 0.6 3.1 0.5 0.2 0.7 0.2 

Otago 37 0.5 93.8 1.0 3.3 0.9 0.1 0.3 0.1 

Southland 40 0.6 94.7 0.5 2.8 0.5 0.2 0.5 0.2 

OVERALL 556 0.6 94.3 0.6 3.0 0.7 0.2 0.4 0.2 
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Table 1.6 Vehicle percentages for rural strategic/other and rural feeder roads by region (local roads). 

Local Vehicle Classes 
Government Total Sites Articulated Truck with one 

Region Motor-cycle· Light Vehicle Bus or Coach 2 axle SU Truck 3-4 axle SU Truck Truck or more trailers Other 
% % % % % % % % 

Northland 17 1.4 87.4 1.4 3.6 1.7 0.6 3.5 0.4 

Auckland 27 0.7 87.2 0.4 6.6 2.2 0.7 1.7 0.5 

Waikato 23 1.0 82.0 1.3 5.5 3.5 1.8 4.5 0.4 

Bay of Plenty 12 0.5 84.9 0.3 4.8 4.5 0.7 3.7 0.6 

Gisborne 1 4.3 78.5 0.0 7.6 4.7 0.7 2.8 1.4 

Hawkes Bay 11 0.5 85.9 0.7 4.5 1.7 2.3 3.7 0.7 

Taranaki 5 0.2 88.3 0.4 6.4 2.1 0.4 1.1 1.1 

ManawatulWanganui 9 1.0 89.5 0.3 3.0 1.4 0.9 3.7 0.2 

Wellington 9 0.5 86.5 0.7 5.3 2.4 1.5 2.4 0.7 

Nelson/MarJborough 11 0.7 89.3 1.0 4.3 1.3 0.6 2.5 0.3 

West Coast 4 5.4 84.2 1.4 4.7 0.8 0.0 3.1 0.4 

Canterbury 18 0.4 86.0 0.9 5.4 2.4 0.8 3.6 0.5 
• 

Otago 5 1.1 87.8 1.7 3.0 1.3 0.0 1.7 3.4 

Southland 8 1.7 84.5 0.5 3.0 3.0 1.4 5.3 0.6 

OVERALL 160 1.4 85.8 0.8 4.8 2.4 0.9 3.1 0.8 
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1. Analysis of LTSA 3-Hour Vehide Composition Data for al/ Road Categories 

Table 1.7 Vehicle percentages for rural strategic/other and rural feeder roads by region (State Highways). 

Vehicle Classes 
Local 

Government Total Sites Truck with 
Region Motor- . 3-4 axle SU Articulated one or more 

cycle Light Vehicle Bus or Coach 2 axle SU Truck Truck Truck trailers Other 
% % % % % % % % 

Northland 41 0.7 86.6 0.8 4.4 2.1 1.1 4.2 0.1 

Auckland 22 0.4 87.5 0.6 6.2 1.8 1.1 2.4 0.0 

Waikato 117 0.5 85.1 0.9 4.1 1.9 2.3 5.0 0.2 

Bay of Plenty 91 0.5 87.6 0.7 4.4 1.3 1.3 4.0 0.2 

Gisborne 14 1.0 82.0 0.7 4.6 2.3 1.4 7.7 0.3 

Hawkes Bay 26 0.6 84.4 1.0 3.7 1.8 2.2 6.1 0.2 

Taranaki 31 0.7 87.1 0.6 4.7 1.5 1.2 4.0 0.2 

ManawatulWanganui 66 0.8 86.7 0.8 4.0 1.8 1.8 4.0 0.1 

Wellington 24 0.6 89.6 0.7 4.7 1.4 1.1 1.8 0.1 

Nelson/Marlborough 27 1.1 86.2 1.2 4.3 1.5 1.5 4.1 0.1 

West Coast 33 1.0 87.2 1.9 3.1 1.4 1.4 3.8 0.2 

Canterbury 53 1.0 85.4 1.4 4.0 1.8 1.9 4.4 0.1 

Otago 51 0.8 88.1 1.7 3.1 1.2 1.0 4.0 0.1 

Southland 24 0.9 88.2 1.1 3.2 1.8 1.0 3.6 0.2 

OVERALL 620 0.8 86.6 1.0 4.2 1.7 1.4 4.2 0.1 
'------- ._- .-

27 



DERIVATION OF TRAFFIC & LOADING DATA, AND PARAMETERSFOR ROAD ASSET MANAGEMENT 

1.5 Comparison with other Sources 

The vehicle percentages obtained from the visual surveys were compared with the 
percentages provided by other sources such as the Project Evaluation Manual (PEM), 
National Traffic Database (NTD) and earlier research work undertaken by Mr Dave 
Wanty of Traffic Design Group in 1998. In order for valid comparisons to be made, 
the various vehicle classifications have to be consistent over specific road categories. 
These comparisons are shown in Table 1.8. 

Table 1.8 Comparison of vehicle class percentages from various sources. 

Vehicle Classes 
Road 

Source Time Period Light 
Category Vehicle MCV BCVI BCVII 

% % % % 

Urban 
Project Evaluation Manuae Daytime interpeak 95.0 2.0 1.0 2.0 

Arterial National Traffic Database 24 hour 95.5 2.5 1.5 0.5 

Dave Wanty Compilation Not specified 94.5 3.0 1.5 1.0 

L TSA Visual Surveys Daytime interpeak 94.3 3.7 0.7 1.3 

Project Evaluation Manuae Weekday 94.0 3.0 2.0 1.0 
Urban 
Other National Traffic Database 24 hour 94.9 2.8 1.5 0.8 

Dave Wanty Compilation Weekday 85.2 11.4 3.0 0.4 

L TSA Visual Surveys Daytime interpeak 94.9 3.6 0.7 0.8 

Project Evaluation Manuae Weekday 88.0 3.5 4.0 4.5 
Rural 
Strategic/ National Traffic Database 24 hour 91.0 3.6 2.3 3.1 
Other 

Dave Wanty Compilation Weekday 88.8 3.8 3.2 4.2 

L TSA Visual Surveys Daytime interpeak 87.2 5.6 2.4 4.8 

Table 1.8 generally shows consistent results over the various road categories from 
the four sources. However the following differences are noted: 

• For the 'Urban Arterial' category, the PEM is underestimating the proportion 
ofMCV's and slightly over-estimating the proportion ofHCVIIs. 

• For the 'Urban Other' category there is relatively close consistency apart from 
the Dave Wanty compilation which is only a very small sample of two sites in 
the Seaview, Wellington, industrial area and is therefore not representative. 
The proportion of HCVIs reported by the PEM is high in relation to the LTSA 
surveys. 

• For the 'Rural Strategic/Other' category, the NTD for Light Vehicles and 
HCVIIs differs most from the other three sources for which there are a number 
of potential reasons, including that the NTD summary results incorporated 24 
hour surveys undertaken during the weekend periods as well. 

3 Table A2.! - Traffic Composition (%), Transfund Project Evaluation Manual 
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1. Analysis of LTSA mour Vehicle Composition Data for all Road Categories 

1.6 Summary & Recommendation 

The analysis of the L TSA visual surveys has provided reasonable and consistent 
estimates of the typical weekday inter-peak vehicle composition for different types of 
roads. It is suggested that the resulting values can be used as a check on the validity 
of future surveys. 

It is recommended that the PEM (Table A2.1) be updated to reflect the L TSA results 
reported by this research. The following revised table is suggested. 

Table A2.1 Traffic Composition (%) 

Vehicle Class 
Road Category and Time 

Car LCV 
Period 

MCV HCI HCVII 

% % .. % % % 

Urban Arterial 

Morning Commuter Peak 85 10 3 1 1 

Daytime Inter-Peak 84 11 4 0.7 1.3 

Afternoon Commuter Peak 84 11 2 2 1 

EveninglNight-time 85 9 2 1 3 

Weekday All Periods 85 10 2 1 2 

WeekdayfHoliday 87 8 3 1 1 

All periods 85 10 3 1 1 

Urban Other 

Weekday 87 8 3.5 0.7 0.8 

WeekendfHoIiday 87 9 2 1 1 

All Periods 87 8 3 1 1 

Rural Strategic 

Weekday 75 12 5 3 5 

WeekendfHoliday 83 5 5 4 3 

All Periods 78 10 5 3 4 

Rural Other 

Weekday 76 11 6 3 4 

WeekendfHoIiday 84 6 4 4 2 

All Periods 80 9 5 3 3 
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2. The Classification of Vehicles from Surveys at 
Weigh-in-Motion Sites 

2.1 Objective 

The objective of Stage 2 of this research was to examine and quantify (if possible) 
the relationships between the various methods of classifying vehicles, in order to 
determine the validity of using such identified relationships to derive ESAs in a later 
stage ofthis research. 

An additional objective was to establish axle spacing criteria which could distinguish 
between the main vehicle types. A particular focus was how to distinguish between 
articulated vehicles and truck and trailer units. 

2.2 Methodology 

Initially, the data from the four Transit New Zealand WIM sites (at Te Puke, 
Tokoroa, Waipara and Drury) and the corresponding visual survey data was analysed 
for the three-hour period of the visual survey. The visual surveys were undertaken at 
each of the WIM sites, to record all heavy vehicles by type, in each direction, 
together with a visual assessment of the commodities carried. The surveys were 
undertaken during February 2000. 

The following three vehicle classification methods were used for the comparisons: 

• TNZ Length (4 Categories: 0.0 m - 5.5 m, 5.5 m - 11.0 m, 11.0 m - 17.0 m, 
> 17.0 m) 

• TNZ Standard (13 Classes, refer to the table in Appendix A) 

• PEM (the heavy vehicle classes as defined by the Transfund Project Evaluation 
Manual, i.e. MCV, HCVI & HCVII) 

A table showing the relationships between these classification methods has been 
supplied by Transit New Zealand and is appended as Appendix A. 

TNZ Length Category data is collected continuously at 65 telemetry sites distributed 
across the State Highway network, under the management of Transit NZ. 
Accordingly, small samples of these data were used as the prime variable. 

2.3 Analysis 

2.3.1 Correlation of Visual Surveys with Machine Counts 
A comparison was made between the visual surveys and the data collected by the 
WIM equipment at each of the four sites. 
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2. The Classification of Vehicles from Surveys at Weigh-in-Motion Sites 

The results showed the following successful matches between the two survey 
methods at the respective sites: 

TePuke 89% 
Tokoroa 
Waipara 
Drury 

94% 
76% 
65% 

Similar surveys undertaken for Bartley Consultants Ltd (2000), reported 98% 
correlation. 

2.3.2 Commodity Survey 
The commodity survey component produced disappointing results. The main 
problems were the difficulty in visually assessing many of the commodities carried, 
and the difficulty of determining the load status (empty, part, or full). 

Open trucks such as logging and stock trucks were easy, as were tankers such as milk 
or fuel tankers (except for load status), and, for these obvious types, much valuable 
data were collected. For the most part however, the details of the remainder of the 
truck fleet could not be assessed with any certainty. Accordingly, subsequent 
analysis excluded the visual survey data because of the lack of representation. 

A strong correlation was established between the vehicle types identified in the 
visual survey and those recorded by the weigh-in-motion equipment, i.e. that the 
WIM equipment provided reliable output. Accordingly, it was decided that the three 
hour visual surveys would limit the available data for statistical analysis, and that a 
larger sample ofWIM data might be more useful. 

2.3.3 Correlation of Vehicle Length with Wheelbase and Vehicle Class 
Initially, one complete day's data of all vehicles with a gross weight of2 3.5 tonnes 
for the same day (13th March 2002) from each of the four WIM sites, was randomly 
selected and examined. 

However, in view of the limited number of vehicles associated with some of the 
vehicle types, and to establish a more accurate comparison between sites, a further 
six months continuous data for the period 1 January 2002 - 30 June 2002 were 
analysed. The site at Tokoroa was excluded because of known site (and therefore 
data) problems. 

2.3.4 Axle Spacing Analysis 
A consistency check was introduced for the first axle spacing, as at least one 
observer was coding B-trains differently, and occasionally short 4-axle articulated 
A122 vehicles were not picked up but were coded as twin steer T22 trucks, and vice­
versa. 
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Table 2.1 Vehicle analysis codes. 

Code Description Examples 

T2 2 axle trucks Tll, Rll 
B2 2 axle buses Bll 
X2 Excluded 2 axle vehicles 
B3 3 axle coaches (non-twin steer) B12 
TR 3,4 axle trucks, non-twin steer T12 
TS 4 axle twin steer truck without trailer T22 

3 axle twin steer truck with single axle trailer T21-1 
TL 2 axle truck with 1 or 2 axle trailer TII-2 

3 axle non-twin steer truck with single axle trailer T12-1 
AR Non-twin steer tractor with single semi-trailer A123, A122 
AT Non-twin steer tractor with semi-trailer and trailer A122-12 
BT Non-twin steer tractor with two semi-trailers B1232, B1222 
TT Non-twin steer truck with trailer, 5-8 axles altogether T12-22 
TH Twin steer truck with trailer, 5-8 axles altogether T22-22 
XX Excluded vehicles A222 

2.4 Results 

2.4.1 Sample Size 
The sample sizes for each site (full day) are shown in Table 2.2, for vehicles 2: 3.5 t: 

Table 2.2 Sample sizes per lane. 

Lane Number of Vehicles 

Drury Lane 1 (southbound, slow) 2,164 

Drury Lane 2 (southbound, fast)' 175 

Drury Lane 3 (northbound, fast) 146 

Drury Lane 4 (northbound, slow) 2,116 

Te Puke Lane 1 (southbound) 1,088 

Te Puke Lane 2 (northbound) 965 

Tokoroa Lane 1 (southbound) 888 

Tokoroa Lane 2 (northbound) 960 

Waipara Lane 1 (southbound) 467 

Waipara Lane 2 (northbound) 454 

Generally, a close similarity between lanes within individual sites was observed. An 
exception was Drury (Auckland Southern motorway) where the following two 
problems were encountered: 

• Only about 10% of heavy vehicles use the 'fast lanes', so they have been 
excluded from any further analysis. The graphs are included only for 
completeness. 
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• The observation of a significant difference between the vehicle lengths 
recorded in lanes 1 and 4. Lane 4 recorded longer lengths at the higher end of 
the heavy vehicle fleet. It is considered that a minor problem with the 
calibration of the equipment caused this. 

2.4.2 Relationship between Vehicle Length and Wheelbase 
A comparison of the vehicle length versus vehicle wheelbase shows three distinct 
clusters at all sites. 

These clusters typically occur around the 5.5 m - 11 m, 15 m - 17 m, and 18 m -
22 m length points. Usefully, these clusters are consistent with the TNZ Length 
Categories, i.e. 11 metres being the maximum allowable length of a rigid truck, and 
17 metres being the maximum allowable length of a truck/semi-trailer combination. 
Although some variability occurs in the data, it is considered to lie within the bounds 
of the equipment accuracy. 

2.4.3 Comparative Relationships with TNZ Axle Classes 
Graphs in Appendix B, resulting from analysis of the continuous 6 months data for 
all vehicles over 3.5 tonnes, show the following differences between sites: 

• Graph 1 : Comparison between each site of the proportion of vehicles in each 
TNZ class. 

• Graphs 2-12 : Comparison between sites of the relationship of each TNZ axle 
class (3-13) with vehicle length. 

• Graphs 13-16 : Comparison between sites of the proportion of vehicle types in 
each of the four TNZ length categories. 

The comparison of vehicle length with vehicle class between sites highlighted two 
outcomes, as follows: 

1. the one-to-many relationship, or overlap between vehicle length and vehicles 
class, 

ii. the slight variability between sites. 

This is further illustrated in the Class Relationships tables in Appendix C. 

2.4.3.1 The One-to-Many Relationship 
It is assumed that this outcome results from the fact that there are many types of 
truck which carry light but bulky loads. An example is the car-transporter, which 
typically carries 6-8 cars. Therefore, this load only requires 3-5 axles. Another is the 
truck-and-trailer combination (4 axles total), which carries a commodity such as 
bread. This assumption is examined in Stage 4 when the axle loads (as ESAs) are 
examined in detail. 

2.4.3.2 The Variability Between Sites 
This outcome suggests some sort of site dependence which could be related to the 
limitations of the equipment calibration and/or to the assigned road use category. 
Again the more comprehensive data set used for the Stage 4 analysis clarifies this 
Issue. It is also possible that there are 'local' variations in heavy vehicle traffic 
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patterns within the road use categories that were developed from total daily traffic 
flow patterns on any road (i.e. for which light vehicles typically dominate). The 
current road use categories assume that the heavy vehicle use patterns are the same 
or similar within the same road use category. Although this research was 
predominantly on Rural Strategic roads, there was sufficient variation in heavy 
vehicle use patterns between sites to show that this assumption is invalid. 

The following are the current road use categories for the respective WIM sites: 

• Drury RurallUrban fringe 

• Te Puke Rural strategic 

• Tokoroa Rural strategic 

• Waipara Rural strategic 

Although there is an obvious relationship between vehicle length and wheelbase, 
neither of these measures is a reliable predictor of number of axles. Since the PEM 
classes are based on number of axles, a potential problem exists in deriving PEM 
classes from length or wheelbase. Currently, it is assumed that the 11.0 - 17.0 m 
length category equates to PEM class HCVI, and the> 17.0 m length category 
equates to PEM class HCVII. This relationship between PEM classes and TNZ 
length category is therefore only a coarse approximation. There is also an element of 
site dependency which complicates the issue. 

The analysis in Stage 3 provides additional information from which to draw more 
definitive conclusions. 

2.4.4 Separate Identification of Articulated Trucks from Truck and 
Trailers 

The primary focus of this analysis related to deriving a more objective threshold for 
the first axle spacing, which is used in distinguishing between articulated vehicles 
and truck and trailers. 

A secondary focus was to determine the threshold for distinguishing between twin 
steer trucks and non-twin steer vehicles. 

The result ofthe analysis is summarised below: 

Table 2.3 Axle spacings for truck and trailers and articulated vehicles. 

Mean of 1st Standard 

Vehicle 
Number of Axle Spacing Deviation 

Vehicles 
(m) (m) 

Non-Twin Steer Truck and Trailers 582 4.10 0.62 

Semi-Trailers 496 3.63 0.44 

B-Trains 248 3.66 0.38 

A-Trains 24 3.82 0.51 
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On this basis, the distributions of the first axle spacings are not statistically different 
among non-twin steer truck and trailers, semi-trailers and B-trains. Given that a first 
axle spacing threshold is required, a nominal value of3.8 m appears to be reasonable 
in distinguishing truck and trailers from semi-trailers and B-trains. 

However, it is to be noted that this threshold value is inappropriate for distinguishing 
A-trains from truck and trailers. Generally though, A-trains are able to be 
distinguished as they typically have 5 axle sets compared to 4 axle sets on other 7 
and 8 axle vehicles. 

2.4.5 Identification of Twin Steer From non-Twin Steer Vehicles 
With respect to the threshold for distinguishing twin steer vehicles, the minimum 
first axle spacing for rigid trucks was in the range 2.3 m to 2.4 m. Higher minima 
occurred for the semi-trailer, truck and trailer, A-train, and B-train vehicle codes (see 
above). 

The figures from the manual surveys of twin steer vehicles and units in this analysis 
are as follows: 

Table 2.4 Axle spacings for twin steer truck and trailers and twin steer trucks. 

Number of 
Mean of 1st 

Standard Typical 
Vehicle Axle Spacing Deviation Maximnm 

Vehicles 
(m) (m) (m) 

Twin Steer Truck 
600 1.71 0.14 2.0 

and Trailers 

Twin Steer Truck 167 1.65 0.21 2.1 

Accordingly, it would be reasonable to adopt a threshold of 2.2 m for distinguishing 
twin-steer vehicles from non-twin steer heavy vehicles. 

2.4.6 Identification of Bus/Coach from Other Trucks 
The results for non-twin steer single unit vehicles were also examined to determine if 
there potentially was a threshold to distinguish buses from trucks as follows; 

Table 2.5 Axle spacings for bus/coaches and other trucks. 

Number of 
Mean of 1st Standard 

Vehicle Axle Spacing Deviation 
Vehicles 

(m) (m) 

Two-axle buses 83 4.9 0.92 

Three-axle buses 71 5.60 0.22 

Two-axle trucks 808 4.02 0.89 

Three- (or Four-) axle non-twin steer 
305 4.56 0.83 

trucks 
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The results confinn the long held view that 2 axle buses in particular cannot be 
distinguished from trucks based solely on their first axle spacing (or wheelbase). 
However, a threshold of between 5.3 m and 5.4 m is potentially reasonable in 
distinguishing (with a certain degree of the likelihood of success) between 3 axle 
coaches and 3 axle trucks. 

Where loops are used, vehicle length is likely to be a better discriminator. Precursory 
examination suggests a threshold of around 10.3 m is reasonable for the Drury 
southbound site, but a longer threshold of around 11.7 m is reasonable for the Drury 
northbound site. This indicates that the threshold is site dependent, consistent with 
research that has shown that the length of a vehicle as derived by loop sensors, is 
dependent on the sensitivity of the sensors and the approach speeds. 

Alternatively, angled axle sensors might be able to identify the single-tyredldual­
tyred rear axles configuration invariably used by coaches in New Zealand but not by 
trucks. 

2.5 Conclusion 

The length categories, based on the legal lengths of rigid and combination truck 
types, are verifiable at the WIM sites. 

Although it may ultimately be possible to develop an algorithm to predict the 
detailed vehicle composition and ESAs from the length categories, the usefulness of 
such an algorithm is considered marginal in relation to the current accuracy 
requirements of pavement design and modelling. 

There are two complications: 

• The 'one-to-many' relationship (length versus class). 
• The variability in heavy vehicle patterns between sites belonging to the same 

road use categories. 

Preliminary indications are that it would not be appropriate to attempt to develop 
relationships between vehicle length and TNZ vehicle classes, since the variability 
between sites is greater than expected. 

It can be expected that the examination of a whole year's data from each of the WIM 
sites as proposed in Stage 4 of this research will assist in more clearly identifying the 
significance or otherwise of the one-to-many problem. At present, this phenomenon 
suggests that, although vehicle length is a useful indicator of heavy vehicles 
generally, it is not a good predictor of vehicle type, although Stage 4 of the research 
might demonstrate that this doesn't actually matter. 

While the distributions of first axle spacings are not statistically different, a nominal 
threshold of 3.8 m has been found to differentiate between non-twin steer truck and 
trailers (> 3.8 m) and B-trains and semi-trailers « 3.8 m). 
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A-trains cannot be distinguished from truck and trailers based on first axle spacing. 
Rather, they can be distinguished by their number of axle sets (typically 5) as 
compared with the 4 axle sets of other 7 and 8 axle vehicles. 

A nominal threshold of 2.2 m has been found to distinguish twin steer trucks 
« 2.2 m) from non-twin steer trucks, truck and trailers etc (> 2.2 m). Accordingly, 
these relationships will be helpful in differentiating between different types of heavy 
vehicle using machine counts, only. 
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3. Identification of Heavy Vehicle Composition from 
3-Hour Counts 

3.1 Introduction 

Stage 3 comprises the derivation of relationships between the commonly adopted 
vehicle classification systems in New Zealand, using the data collected by different 
traffic counting devices. Each device counted the same vehicle stream over a three 
hour period at representative traffic count stations. A number of specific 
relationships are examined, including vehicle length and wheelbase, and vehicle 
length and vehicle type (class), in order to establish a relationship between the PEM 
vehicle classes, length categories, and axle classes. 

3.2 Methodology 

Three sites were chosen to compare the relationship between different count 
classifications. They were chosen on the basis of reliable telemetry equipment for 
recording a wide range of vehicle types, and restricted to sites where traffic volumes 
could be manually surveyed by an individual person (which, therefore, excluded 
higher volume sites). The most suitable sites were identified at Manawatu, Clareville, 
and Ohau. Each was noted to be in the most common State Highway 'rural strategic' 
category, providing a basis to compare results between roads of the same category. 
At each site, three different types of vehicle classification were used to record traffic 
movements. The different methods of measurement were all undertaken concurrently 
during a three-hour period: 

• Telemetry measurements, as output from the permanent TNZ count station at 
the site. 

• Recordings from a temporary classifier, supplied by Maverick Services (,Peak 
ADR' classifier). 

• Manual observation, using either a hand-held Psion organiser or a video 
recording. 

3.2.1 Permanent Telemetry 
Each of the permanent telemetry sites is administered by Transit and continuously 
record vehicles by means of loops cut into the road, which record both the speed of 
the vehicle and the length of the wheelbase. All of the vehicles were then assigned to 
one of the following five 'length' categories: 

CAR 
LCV 
MCV 
HCVI 
HCVII = 

Cars 
Light Commercial Vehicles 
Medium Commercial Vehicles 
Heavy Commercial Vehicles - Type I 
Heavy Commercial Vehicles - Type II 
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3.2.2 Temporary Classifier 
The more detailed classified data was obtained using 'Peak ADR' equipment in 
conjunction with tubes across the roadway, as supplied and operated by Maverick 
Traffic Services for the duration of the survey. This equipment classified vehicles 
into the categories shown in Table 3.1. 

Table 3.1 Relationship between peak ADR classification and axle configuration. 

Class Axles Vehicle Types In Class 

1 2 0-0 (short vehicle) 

2 3 0-0-0 (short vehicle towing) 
0-0-00 (short vehicle towing) 

3 2 0--0 (long vehicle) 

4 3 0--00 

5 3 0-0--0 

6 4 00--00 

7 4 0--0-0--0 

0-0--00 

8 5 0--00-0--0 

0-00--00 

9 6 0-00--000 

10 6 0-00-0--00 

11 7 0-00-00-00 (B-train) 
0--00-00--00 (T & T) 

0-00--00-0--0 (A-train) 

12 6,7,8 00--00-0--0 

00--00-0--00 

00--00-00--00 

13 8,9 0-00--000-00 (B-train) 
0-00-000-0--0 (B-train) 
0-00-00-0--00 (A-train) 
0-00--000-000 (B-train) 

14 Everything else 

3.2.3 Manual Observation 
A hand-held Psion organiser was used to manually record each heavy vehicle in the 
traffic stream, by vehicle type, over the same three-hour period as the tube counts 
were undertaken. This relied on the observer correctly identifying each vehicle in the 
vehicle stream by type, and manually entering that vehicle type into the Psion 
register. The software automatically recorded the time of the data entry, which could 
subsequently be down-loaded for comparison with the timed records of each of the 
automatic classifiers. 

Alternatively, a video camera was used to record the traffic stream in real time. The 
video had an inbuilt time setting, and all of the vehicles (other than light vehicles) 
were identified in time sequence as a desk-top exercise after the event. The benefit of 
the video was that it could be re-played, as necessary, to verify the identification of 
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the type of vehicle/number of axles of any particular heavy vehicle. The manual 
records (Psion and video) identified all vehicles (other than motor cycles), by type, as 
follows: 

Table 3.1 Classification of vehicles recorded manually. 

Type Vehicle 

A Car and Car with Trailer 

B Van and Van with Trailer 

C Bus and Bus with Trailer 

D Rigid Truck and Rigid Truck with Trailer 

E Rigid Truck with Heavy Trailer 

F Truck with Articulated Trailer 

G A andB Train 

H Other 

The surveys were undertaken during the months of October and December 2000. 

3.2.4 Additional Analyses 
In order to obtain a more representative sample of the truck composition at each of 
the sites, the researchers also reviewed the detailed telemetry data for each site over 
the whole of the 24-hour period for which the three-hour counts were a part. These 
results were then compared for each site, as an extension to the research as initially 
envisaged. 

3.3 Analysis 

The output data for each classification system was incorporated into a single 
spreadsheet for each site. This data was then carefully examined to match the 
vehicles recorded over the three-hour period. The information so obtained was 
analysed graphically to investigate a range of relationships between the data recorded 
by the different classifiers at each site. 

3.3.1 Classification 

Table 3.2 Relationship between different classification systems. 

Manual Telemetry* Temporary Classifier 

(psion) Vehicle Type Length(m) (No. of Axles) 

Psion 'B' LCV 5.5 - 11 2,3,4 

Psion 'c' LCV/Bus 5.5-11&11-17 2,3 

Psion 'D' LCV/Bus 5.5-11&11-17 2,3,4,6,8 

Psion 'E' Bus/HCVII 11 - 17 & 17 - 35 3,4,5 

Psion 'F' LCV /BusIHCVII 5.5 - 35 4,5,6,7,8 

Psion 'G' Bus/HCVII 11- 35 5,6,7,8 
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(* Note that the telemetry equipment also output numerical 'vehicle code(s)', 
however these codes are meaningless in the New Zealand context.) 

Comparison of data between one system and another was complicated by the overlap 
between the different systems in use. 

3.4 Results 

The results have been plotted separately for each of the three sites manually 
surveyed. There were problems with the data from both the Manawatu and Clareville 
sites in that satisfactory correlations between all three counting devices were not 
possible as a result of technical failures. The problems included possible interference 
caused by opposing traffic at the Manawatu site, requiring this survey to be repeated 
after the permanent station had been moved to a more appropriate location where 
accurate data could be recorded. 

3.4.1 Clareville 
There was good correlation among the three counting methods in the southbound 
direction. However the correlation was unsatisfactory for the northbound direction. 
Accordingly, more detailed analysis was only undertaken using the data for the 
southbound direction. The results are represented graphically in Figures 3.1 and 3.2. 

Figure 3.1 shows the relationship between vehicle length (as measured by the 
telemetry) and wheelbase (as measured by the temporary classifier) for all heavy 
vehicles for which a match was obtained. It will be seen that there are essentially 
three clusters of data in relation to overall vehicle length, as follows: 

• Vehicles between 5.5 and 11.0 metres. 

• Vehicles between 11.0 and 17.0 metres. 

• Vehicles between 17.0 and 21.0 metres. 

Figure 3.2 shows the relationship between vehicle length (as measured by the 
permanent telemetry classifier) and vehicle class as reported by the Temporary 
Classifier. Considerable overlap is noted for classes 2, 3 and 4 in terms of length. 
There are too few vehicles in the sample from classes 5 and 6 to draw any 
conclusions, and classes 7 and 8 show length similarities. Again the data broadly fits 
into the three length categories 5.5 m - 11.0 m, 11.0 m - 17.0 m and above 17.0 m. 

A total of 71 heavy vehicles were recorded during the 3-hour sample. It was 
particularly noted that neither the telemetry equipment nor the temporary classifier 
was able to correctly identify buses. In this instance, 11 buses were recorded 
manually. 

An analysis of the data from the Clareville site for the three different measurement 
systems indicates that, for this site, the telemetry classifier produced significantly 
more errors than the temporary classifier or the manual count. 
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Figure 3.1 Clareville site -length comparisons. 
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Figure 3.2 Clareville site - length versus class. 
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3. Identification of Heavy Vehicle Composition from 3 Hour Counts 

3.4.2 Ohau 
Correlation of the three classification methods was relatively successful at the Ohau 
site, with only around 3% of data unable to be used. This was the best of the three 
survey sites and provided relatively close matches between all three classification 
systems for the northbound direction, with very little missing data. 

For the Ohau site, the telemetry and manual surveys missed fewer vehicles than the 
temporary classifier for both directions. The southbound direction showed good 
matches between the manual and telemetry classifications, although fewer matches 
with the data from the temporary classifier. The data for both increasing and 
northbound directions has been tabulated and combined for the Ohau site to provide 
a usefully larger sample, as shown in Figures 3.3 and 3.4. 

Figure 3.3 shows the comparison between vehicle length (as measured by the 
telemetry classifiers) and wheelbase (as measured by the temporary classifiers). 
Clustering is again evident for the commercial vehicle length classes 5.5 m - 11.0 m 
and above 17.0 m. 

Figure 3.3 Ohau site - length comparisons. 
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Figure 3.4 shows the comparison between the temporary classifier 'class' with the 
telemetry classifier length. It is evident classes 2, 3 and 4 show similar length ranges 
as do classes 7, 8 and 9. Classes 12 and 13 exhibit a more distinct cluster around the 
20 metre mark. 

As with the Clareville data, the telemetry counter erroneously classified a number of 
6 axle HCVs and 4 axle LCVs as buses. 

Figure 3.4 Ohau site - length versus class. 
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3.4.3 Manawatu 

At the Manawatu count station, there was evidence of inconsistencies in the 
telemetry data during the initial survey. For the northbound direction there was 
relatively good correlation between the manual and temporary classification count 
data throughout the full period of the survey, but no matches with the telemetry data. 
A close examination of this data indicated that some vehicles were missing from the 
manual classified record, i.e. the surveyor recording the vehicles with the Psion 
machine occasionally missed a vehicle. 

The southbound direction showed no clear matches between any of the three 
different counting systems. 

Due to the problems encountered at this site, the survey was repeated at a later date. 
For the repeat survey, the duration of the survey was again three hours, and a video 
camera was used to provide a continuous record that could be interrogated at a later 
date. 

The relationship between vehicle length and wheelbase for all of the matched 
vehicles from the telemetry and temporary classifiers was plotted as shown in 
Figures 3.5 and 3.6. 
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Figure 3.5 Manawatu site - length comparisons. 
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As seen in the Clareville and Ohau results, in Figure 3.5 there is evidence of 
clustering, more particularly in relation to the two length categories of 5.5 m- 11.0 m 
and over 17.0 m. 

Figure 3.6 Manawatu site - length versus class. 
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Figure 3.6 illustrates the relationship between the temporary classifier 'class' with 
the telemetry classifier length. Again, as at the Clareville and Ohau sites, classes 2, 3 
and 4 all exhibit closely similar length ranges measured by the telemetry classifier. 
Vehicles recorded as class 5 to 13 show more distinct length ranges, although some 
overlap is still evident. 
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3.4.4 All Sites 
The figures collected during each survey were examined in order to derive 
relationships between the temporary classifier, telemetry classifier and the manual or 
video record. Of particular interest were the differences in vehicle length and number 
of axles recorded by the two automatic classifiers. 

3.4.4.1 Vehicle Classes 
Matching of the data was carried out by matching the time records on all of the three 
devices used in the survey. Once the data were matched, relationships between the 
different classifications, number of axles, and vehicle length were developed. The 
correlation between the output from the temporary classifier and the telemetry 
classifier at the Manawatu site (repeat survey) are shown in Table 3.4 for the 
eastbound and westbound directions combined. 

Table 3.4 Manawatu site temporary and telemetry classification matching. 

Westbound & eastbound combined 

Temporary classifier 

1,2 
TNZClass (CAR & 

LCV) 

1 972 

2 5 

3 11 

4 

5 

6 2 

7 2 

8 1 

9 2 

10 

11 2 

12 4 

13 

Total 1,006 

*Telemetry eqUipment refers to as 'LGV' 
**Telemetry equipment refers to as 'BUS' 

Continuous (Telemetry) classifier 

3 4 

(MCV*) (HCVI)** 

7 

252 2 

1 1 

5 1 

1 

1 

2 

1 

15 

1 

266 24 

5 
(HCVII) 

3 

12 
4 

7 

47 
5 

78 

As can be seen in Table 3.4, there is a relatively good correlation between Class 2 
(short vehicles with three or four axles) and MCVs as recorded by telemetry. 
Similarly, there is some correlation between Class 9 and the HCVI class recorded by 
telemetry. 

The HCVII class correlates well with the respective classification of the temporary 
counter (classes 8 to 13 inclusive), the majority of these vehicles being identified as 
12, i.e. four axle trucks with two, three, or four axle trailers. 

3.4.4.2 Length Recordings 
Also derived from the Manawatu survey was the comparison of the length recordings 
between the permanent telemetry and the temporary classifiers. While the permanent 
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telemetry classified by length in accordance with 4 standard length categories (i.e. 
0.0 m - 5.5 m, 5.5 m - 11.0 m, 11.0 m - 17.0 m, 17.0 m - 35.0 m), the temporary 
classifier reported length in terms of axle spacing and wheelbase. The wheelbase 
lengths of each vehicle were accordingly somewhat shorter than the actual lengths as 
reported by telemetry. These results are illustrated in Table 3.5 for each of the 
Eastbound and Westbound directions. 

As can be seen from this table, the differences between the telemetry site average 
vehicle length and the temporary classifier average vehicle wheelbase are highly 
correlated for both westbound and eastbound directions. This suggests that reliable 
data is gathered from both classifying systems for length measurements. Also evident 
is that the continuous (telemetry) equipment successfully classifies vehicles by 
length, noting that the length classes are reasonable approximations to the PEM 
classes. 

3.5 Further Classifier Analysis 

Additional data was analysed for each of the telemetry sites over the course of a 
typical week. 

Figures 3.7, 3.8 and 3.9 illustrate a range of relationships for each of the sites Ohau, 
Clareville and Manawatu respectively. 

All three sites showed similar proportions of vehicles across a typical week, i.e. 
where length bin '1' = 0.0 m - 5.5 m, '2' = 5.5 m - 11.0 m, '3' = 11.0 m -17.0 m 
and '4' = over 17.0 m. 

Figures 3.7, 3.8 and 3.9 also show, for each site, the percentage spread over a full 
day for each length class. Both the Manawatu and Ohau sites exhibited similar 
trends. However, for the over 17 m length class, the highest percentage (8%) 
occurred at 1200 at Manawatu, whereas at Ohau the highest percentage (7%) of these 
longest vehicles was recorded between 0600 and 0700. Similarly, 5% of the daily 
total of these large vehicles were recorded at the Manawatu site over the same hour. 
Both Manawatu and Ohau showed completely different trends to the Clareville site, 
which recorded consistent percentages throughout the day, and for each length class. 

In addition, the Figures illustrate the percentage of each 'length class' for each hour 
of the day. Again, the Ohau and Manawatu sites showed similar trends of decreased 
car proportions and increased heavy vehicle proportions during the early hours of the 
day. By contrast Clareville again showed very little variation throughout the day, 
with constant percentages for each hour and length class. 
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Table 3.5 Correlation of overall length with wheelbase length. 

Direction Westbound Eastbound 

Class MCV HeVI HeVIl MeV HeVI HeVIl 
(length) (5.5 m-llm) (11m-17m) (17m-35m) (5.5m-11 m) (11 m-17 m) (17m-35m) 

Continuous classifier site average vehicle length 
(m) 

8.26 15.49 19.63 8.55 14.43 19.36 

Temporary classifier average wheelbase 
5.71 12.03 16.41 5.71 10.93 16.82 

length (m) 

Sample size 22 14 43 27 10 34 

Difference 2.55 3.46 3.22 2.84 2.84 3.50 

Correlation between continuous and 
99.85% 99.65% 

temporary classifier 
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3.6 Observations and Conclusions 

A number of general observations can be drawn from the analysis of the 3-hour 
count records at the various sites and are summarised, as follows: 

• Provided that an appropriate site is chosen for the location of recording 
equipment, i.e. away from bends or other factors that would affect the ability of 
the equipment to accurately measure the length/wheelbase/axle spacing of 
individual vehicles by direction, there is relatively good correlation between 
length data recorded by either telemetry or traffic classifier over a 3-hour 
period. 

• Manual surveys (Psion or video) can be usefully classified, but are not suitable 
for measuring length (and are restricted to traffic volumes less than about 
7,000 vpd). 

• Temporary classifiers provide a comprehensive range of vehicle types, likely to 
be more useful for obtaining the necessary parameters for pavement design. 

• Telemetry data is limited in its usefulness, since the sites are almost all 
restricted to State Highways - and therefore principally to 'rural strategic' and 
'rural fringe' road categories. 

• The 3-hour count data is not necessarily representative ofthe day or week. This 
is further explored in the next stage of this research project. However, it is 
evident that there is variation between sites of the same road category. In this 
regard, it is to be noted that the road category types have been identified on the 
basis of overall traffic flow patterns (i.e. ofthe whole traffic stream inclusive of 
cars and other light vehicles). Therefore, if useful relationships are to be 
developed between vehicle length and road categories for pavement design 
purposes, then 'specific heavy vehicle road categories' may have to be defined. 

• While a very good correlation is found between the overall length and 
wheelbase length for any given vehicle (> 99% correlation), there is generally a 
wide variation oflength for each 'Vehicle Class'. However, the vehicles in any 
specific class (TNZ Class 1 to 13) generally fall within either one or two 
particular length bins, e.g. 

Vehicle Classes 2 - 6 

Vehicle Class 7 

Vehicle Classes 8 & 9 

Vehicle Classes 10-13 

Length bin 5.5 m - 11.0 m 

Length bins 5.5 m - 11.0 m and 

11.0 m - 17.0 m 

Length bins 11.0 m - 17.0 m and> 17.0 m 

Length bin> 17.0 m 
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Figure 3.7 Relationships for the Ohau site. 
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Figure 3.8 Relationships for the Clareville site. 

'0 
II 

"'-!!!! 
s: 0 
II l-e 
II 
a.. 

.: 
III 
II ., 
<; III 

.s: .!! .. 0 
> .s: 

0 

!! .. 
0 .. 
I-
;II. 

Proportions - All Vehicles 

• 
Length Bins 

3 

___ Monday --A-Tuesday ~Wednesday ____ Thursday -+-Friday 

___ Saturday __ Sunday _7 Days 

10% 

8% 

6% 

4% 

2% 

0% 

2 

--II-- Monday 

--+- Saturday 

100% 

Proportions - Long Vehicles 

--.-Tuesday 

__ Sunday 

3 
Length Bins 

~ Wednesday --.- Thursday -e- Friday 

__ 7 Days 

Hourly Variations 

Length Bins 1-+--1 __ 2 -.-3 __ 41 

Hourly Variation 

• 
4 

4 

.: 
II) 80% • • • • • • • • • • • • • • • • • • • • • • • • 
II " 2 ~ 60% .s: II .. a. > .. 40% 
!! g 
0 20% I-

;II. 
0% 

3 5 7 9 11 13 15 17 19 21 23 

Time Period (Hour) 

51 






































































































































































































































































































































































































