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Abstract: This paper presents the data analysis obtained using
piezoelectric Weight-In-Motion measurement system. Data were
collected for a six-month period. Statistical analysis showed that
the vehicle loads of a particular Latvian highway have a
considerable number of heavy weight vehicles and also presence
of extremely heavy vehicles with a total weight more than 120t.
Processed data of the vehicle gross and axle weight distribution
as well as traffic intensities are remarkably different from the
prototype data in current design codes. Vehicle’s time and space
distribution also shows the distinction from the existing Latvian
and European design experience. To develop the practically
viable methodology for assessment procedures for new and
existing bridges it is necessary to study bridge design loads, their
character and trends. WIM systems have proven themselves to be
the most effective tool for this type of study.

Keywords: WIM (Weight-In-Motion), traffic load, traffic data,
load analysis, bridge.

1. INTRODUCTION

Many structural engineers apply the load models given in
Eurocodes for evaluation of load carrying capacity of existing
bridges. These load models are provided for design of new
bridges and are conservative in order to be valid for a wide
range of bridge types and loading conditions. They often cover
real and future traffic loading and in many cases provide
significant load carrying reserves. Evaluation of existing
structures could be based on actual data of structural condition
and actual traffic load data [8].

The development of traffic loading rules for bridge design
or assessment purposes requires up to date information on axle
and vehicle's loads and also on the distribution of vehicle
types within the traffic lines and between them of a multilane
bridge.

Traffic action usually is the quantity with a great
uncertainty due to the lack of statistical data. With the
introduction of Weight-In-Motion systems, it is possible to
collect vehicle information without interruption of the traffic.
This includes the data on the number of axles, wheelbase,
speed and axle loads, which altogether shapes the picture of
actual loading degree on roads and bridges [7]. Many
European countries are already using WIM equipment to
support bridge design procedures and load evaluation [1], also
in China [12], Brazil [4] and Venezuela [2] WIM equipment
has been used. Some data of the traffic loads on Latvian and
Lithuanian roads could be found in [5].

This paper analyses the traffic data which Latvian Road
Administration collected from 2002 till 2008 and which could
be used for evaluation of actual traffic loads on Latvian
bridges and that could be taken into account studying target
safety level of the existing bridges.

2. TRAFFIC DATA COLLECTED BY WEIGHT-IN-MOTION
SYSTEM

The traffic data directly obtained by the WIM system are
mainly axle load and wheelbase. However, data used in this
study contain data on date, time, channel, direction, gap,
vehicle speed and length. Collected field data was exported
into Microsoft Excel files for further analysis.

Location for data collection was chosen at the crossroads of
A4 and A6 roads. Two piezoelectric WIM sensors were placed
into both traffic lanes as well as four inductive loops two in
each lane, see Fig.1.

Fig.1. Installed piezoelectric WIM sensors and inductive loops.

Data collecting station was established in 2002 and
remained functional for 6 years until 2008. However, data
quality decreased significantly in 2005 due to deterioration of
asphalt and sensors, caused by traffic loads. In 2011, sensors
were found to be almost completely destroyed Fig.2.

Fig.2. WIM sensors in 2011.

It is also established that WIM sensor failures are assumed
to be 5% in year one, 15% in year two and 25 % in year three
[10]. Therefore, data from 2005, 2006, 2007 and 2008 were
disregarded and year 2004 was chosen for in-depth statistical
analysis due to its relative record stability. 2002 and 2003
were dismissed due to the limited period of data collecting.
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3. TRAFFIC LOAD ANALYSIS

3.1. Vehicle distribution according to their weight and

type

The WIM system recorded data of 1.172.842 vehicles on
two lane two direction highways in total. 449.218 of them
were vehicles with gross weight less than 3.5t and 663.101
vehicles with gross weight larger than 3.5t. Unreliable and
false data of 60.523 vehicles were filtered and removed. The
statistical result of different vehicle types according to the
number of axles is shown in Tablel.
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Fig.3. Weight distribution of two-axle vehicle.
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TABLE 1
PERCENTAGE OF DIFFERENT VEHICLES ACCORDING TO THEIR AXLE
NUMBER
Number of Number of Vehicles Percentage
Axles
2 861165 79.82%
3 23064 2.14%
4 33962 3.15%
5 134656 12.48%
6 10320 0.96%
>6 15733 1.46%
Total: 1078900 100.00%

The statistical analysis shows that there are 861.165 two-
axle vehicles, which is the largest proportion of traffic, i.e.,
79.82% of the total. Second largest traffic group (12.48%) is
formed by five-axle vehicles. Three-axle, four-axle and six-
axle vehicles have a striking influence on load standard value,
which constitutes 6.25% in total.

The frequency of two-axle vehicles is shown in Fig3, with
0.2t as the minimum vehicle weight, 56t as the maximum and
3.4t as the average; the majority of two-axle vehicle weight is
less than 6t, with 765.041 such as vehicles constituting
88.86% of this group. Gross weight of 95% probability is 11t
Fig.4. The frequency of three-axle vehicles is shown in Fig5,
with 0.42t as the minimum, 105t as the maximum and 22t as
the average; the majority of three-axle vehicle weight is less
than 54 t, with 20.737 such vehicles constituting 90.02% of
the particular group. Gross weight of 95% probability is 61t
Fig.6. Three statistical populations can be identified here, that
is at 4-5t, 21-22t and 37-38t. The frequency of four-axle
vehicles is shown in Fig.7, with 0.8t as the minimum, 105t as
the maximum and 22t as the average. The statistical
population weights of four-axle trucks are mainly concentrated
between 9t and 38t with bimodal distribution. There are
32.271 vehicles weighting less than 78t, which constitutes
95% of the total vehicle number, average gross weight is 39t
Fig.8. The frequency of five-axle vehicle weight is shown in
Fig.9, with 0.9t as the minimum, 155t as the maximum and 73t
as the average, the distribution of which is also bimodal, with
the two peaks in the range of 38-39t and 89-90t respectively.
Similar bimodal distribution of five axle vehicles was obtained
by [12]. Gross weight of 95% probability is 78t Fig.10. The
frequency of six-axle vehicle weight is shown in Figll, with
1t as the minimum, 213t as the maximum and 75t as the
average.
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Fig.4. Cumulative weight distribution of two-axle vehicle.
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Fig.5. Weight distribution of three-axle vehicle.
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Fig.7. Weight distribution of four-axle vehicle.

Fig.11. Weight distribution of six-axle vehicle.
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Fig.8. Cumulative weight distribution of four-axle vehicle.
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Fig.10. Cumulative weight distribution of five-axle vehicle.

Fig.12. Cumulative weight distribution of six-axle vehicle.
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Fig.13. Weight distribution of vehicle with more than six axles.

100,00%
80,00%
60,00%
40,00%
20,00%

Probability

0,00%

0-1
22-23
44-45

T

66-67

88-89
110-111
132-133
154-155
176-177
198-199
220-221
242-243
264-265
286-287

Gross Vehicle Weight (Tonnes)

Fig.14. Cumulative weight distribution of vehicle with more than six axles.
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The figure of weight frequency clearly indicates statistical
populations at least of two peaks at 51t and 96 t respectively.
Gross weight of 95% probability is 138t Fig.12.The weight
frequency of vehicles with more than six axles is shown in

15t. Major axle loads are concentrated within the upper limit
of 3.8t, which constitutes 60.66% of the total axle number.

TABLE 2
VEHICLE DISTRIBUTION IN DIFFERENT GROSS WEIGHT RANGES

Fig13, with 1.2t as the minimum, 296t as the maximum and Weight Range (t) Number of Vehicles Proportion
. o A
ISillgt izthe average. Gross weight of 95% probability is 138t 0-20 859720 79,7208%
2.2 Vehicle distribu i 4 ad 20-40 58836 5,4558%
.2. Vehicle distribution according to gross and axle
: gtog 40-60 53359 4,9479%
weight
In 1.078.403 vehicle weight samples obtained by WIM in 60-80 36115 3,3489%
33 weeks, the minimum weight is 0.2t, the maximum 302t, the 80-100 49729 4,6113%
average 4t. Gross Welght of 95% p.I’Obab.I|Ity.IS 87t Fig.16. The 100-120 11443 1,0611%
numbers and proportions of vehicles in different ranges of .
weight are given in Table 2 and displayed in Fig 15. 120-140 4626 0,4290%
140-160 2819 0,2614%
0,3500 160-180 1371 0,1271%
0,3000 180-200 288 0,0267%
g 0,2>00 200-220 45 0,0042%
§ 0,2000
= 220-240 28 0,0026%
&0,1500 -
£ 0,1000 240-260 13 0,0012%
0,0500 260-280 6 0,0006%
0,0000 - 280-300 0,0005%
o B ' T = T T T e O O o o TR = T ¥ T B o o B =
=AM s 00— NT OO >300 10 0,0009%
T S e i IR -
S mTo®anN®T20d® Total: 1078413 100,000%
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Fig.15. Total gross weight distribution. 0.1200
L i . . 0,1000
The statistics indicates that the majority of vehicle weights z
are concentrated in the range of 3-8t, which is approximately g 0,0800 -
75.7% of the total traffic. It can be concluded from the 3 0,0600 -
diagram of weight variability that the distribution of vehicle 2 0,0400 -
weight is quite large and for more refined data analysis it may = 0,0200 -
be worth looking at different vehicle subgroups, and the data 0.0000 - ————
is rather discrete. ! NNNNNNNNNNNAN
Mmoo dSF~S o d
N - I ST S L U U
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g
% 60,00% Fig.17. Total axle weight distribution.
-]
-é 40,00% 100,00%
& r
20,00% 80,00%
E r
0,00% - = 60,00%
TR0 23235 RyS 3
RS S g Uil i 8 40,00%
TS e®eaXIZIRIB & 9000%
Lo T B T B O e Y o | !
Gross Vehicle Weight (Tonnes) 0,00%
Fig.16. Total cumulative gross weight distribution. '; ﬁ i £ g ; 22 ; ~ ﬁ S g : - $
SoamT oo I ooggmeom
Statistical results of 2.776.078 axle load samples are presented oA ;*- 4 .,”'f, % & § < % ﬁ 2 3
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0.2 and 2.4t respectively. It is shown that three statistical
populations can be highlighted at 1.4-1.6t, 5.2-5.4t and 14.8-
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During this research, it became clear that there were many
limitations of sample handling tasks using Microsoft Excel
platform. It was impossible to assemble all samples in one file,
because of unmanageable size; it was impossible to generate a
weight distribution graph without manually entering the
weight range.

TABLE 3

VEHICLE DISTRIBUTION IN DIFFERENT AXLE WEIGHT RANGES

3.3. Data quality analysis

Filtering and processing vehicle data have been one of the
biggest challenges in this research. Although year 2004 has 33
weeks of traffic data, there are some gaps concerning
information in September, October and November.
Nevertheless, data collected until July is quite extensive and
certain correlations can be found.

First of all, some research [12] has pointed out that traffic
flow on highways and their load characteristics are found to be

Weight Number of Proportio | related to workdays and holidays. To analyse this phenomena
Range (t) Vehicles n graph of two weeks Fig.19, one-month Fig.20, three-month
0-5 1773822 63,893% !:lg_.21 and six-month trgfflg data_ Fig.22 were cre_ated. Graphs
. indicated some fluctuation in daily recorded vehicle numbers
5-10 274113 9,874% as well as indicated a relapse of traffic flow maximum and
10-15 307659 11,082% minimum values. Return period of maximal traffic value
_ o encores in seven days, peaking on Friday. Second peak can be
15-20 276110 9,946% identified on Tuesday, although it is not absolutely certain.
20-25 101194 3,645% This kind of information may be useful when planning and
25-30 35114 1,265% scheduling infrastructure related events such as maintenance
) o work, transportation of dangerous goods, etc. In the particular
30-35 6978 0,251% analysis it was determined that traffic flow on Saturdays, for
35-40 1088 0,039% instance, was approximately 23% less and on Saturdays 31%
>40 140 0,005% less compared to Fridays.
Total: 2776218 100,000%
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Fig.19. Two weeks of traffic data.
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Fig.20. One month of traffic data.
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Secondly, not all traffic measurements are aimed at 3000
Sjetern_wination of loading. In the simplest case, it is just traf_“fic & 7500  0.7515% - 611
intensity that has been measured. However, once correlation i ¥ 'n2 p
patterns are established between different traffic variables it w2000 =t
becomes relatively easy to quantitatively interpret them D 1500 #’
against each other. In this study correlation between total and = 1000
heavy (Fig.23, Fig.24, Fig.25 and Fig.26) as well as total and g 500
light (Fig.27, Fig.28, Fig.29 and Fig.30) traffic has been @
searched. At first, it presented data for two-week period, then e 0
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Fig.23. Correlation applying Two weeks of traffic data.
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Fig.26. Correlation applying Six month of traffic data.
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Fig.30. Correlation applying Six month of traffic data.

Analyzing the findings it can be stated that by adding more
data tendencies of a regression coefficient, the model of these
samples can be described as a function:

y = 0,6874x — 401,71

For regression of gross weight, heavy traffic coefficient of
regression R=0.9691 is achieved using the following linear
model.

4. CONCLUSIONS

Applying Weight-In-Motion system it is possible to collect
vehicle information without interruption of traffic. The
collected data must be filtered due to feasible unrealistic
sample values caused by deterioration of sensors. For
acquisition of reliable data, it must be collected during first
three years of service if piezoelectric sensors are used.

The statistical analysis shows that the traffic load on A6
road mainly consists of the two-axle vehicles (79.82%). The
second group comprises the five-axle vehicles (12.48%), and
in the third group there are three-axle, four-axle and six axle
vehicles (7.71%). The statistics indicates that the majority of
vehicle weights are concentrated in the range of 3-8t.

During the study the vehicle weight and axle load
accumulative distribution was obtained.

The traffic flows on the motorway were analyzed in relation
to their distribution on workdays and holidays. It was
determined that traffic flow on Saturdays was approximately
23% less and on Saturdays 31% less than on Fridays. If traffic
measurements are oriented towards detecting peaks, then in
particular regions Fridays are found as an appropriate day of
the week.

Fairly good correlation patterns were found between heavy
vehicle gross weight and total vehicle gross weight as well as
between light vehicle gross weight and total vehicle gross
weight.

The obtained results could be used for evaluation of actual
traffic loads on Latvian bridges and could be taken into
account studying target safety level of the existing bridges.
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Andris Paeglitis, Ainars Paeglitis, Raitis Lacis. Latvijas autocelu slodZu analize péc ,,\WWeight-in-motion” mérijumu sistémas datiem

Latvija esoSo tiltu un celu nestsp&ja galvenokart ir atkariga no satiksmes slodzu lieluma. Pieaugot satiksmes intensitatei, ipa$i smaga transporta kustibai, svarigi ir
noteikt, kadas slodzes un cik bieZi ir sastopamas uz Latvijas Valsts celiem un tiltiem. Agrak transportlidzeklu ass un kopigo svaru nebija iesp&jams fikset, un §is
lielums tika uzskatits ka nenoteiktiba, kas jaizverte, izmantojot drosibas koeficientus un vienkarSotus modelus. Pielietojot transportlidzeklu monitoringa sisteému
“Weight in motion”, tika vakti dati laika posma no 2002. lidz 2008. gadam. legtita informacija aptvéra gan laiku, kad transportlidzeklis parvietojies, gan ta
atrumu, parvieto$anas virzienu, attalumu starp asim, ka arT katras ass svaru. legiitie dati tika analiz&ti, izvertgjot satiksmes sastavu, konstrugjot slodzu sadalijuma
histogrammas atseviski 2,3,4,5,6 un >6 asu transportlidzekliem. Tika izvertéts iesp&jamais intensitates maksimums un minimums, ka arT apliikota korelacija starp
kopigo intensitati un smagsvara transportlidzeklu skaitu. leglito rezultatu statistikas analize liecina, ka satiksmes slodze uz A6 cela galvenokart sastav no divasu
transportlidzekliem (79.82%). Otraja grupa ietilpst piecu asu transportlidzekli (12.48%) un treSaja grupa — trisasu, etrasu un seSu asu transportlidzekli (7.71%).
Statistika liecina, ka lielakajai dalai transportlidzek]u svars sastada 3-8t. P&tTjuma rezultata iegiits transportlidzeklu masas un ass slodzes kumulativais sadalijums.
Pétijuma analizéts satiksmes plismas sadalfjums darbdienas un brivdienas. Konstatéts, ka satiksmes pliisma sestdienas bija aptuveni par 23 % mazaka un
svetdienas par 31 % mazaka neka picktdienas. P&tot satiksmes intensitati, tika konstatéts, ka visintensivaka satiksme ir picktdienas. leglitos rezultatus var
izmantot, lai novertétu faktiskas transporta slodzes uz Latvijas tiltiem un to droSuma limena novértgjumam.

Anpapuc [Masrautuc, Aiinape Iadrimrue, Paiituc Jlanuc. AHaM3 TPAaHCHOPTHOH HATPY3KH HA ABTOMOOWJIBHBIX I0porax JIaTBUM 110 JaHHBIM CHCTEMBbI
,»Weight-in-motion”

Hecymas cocoOHOCTh CyLIECTBYIOIIMX MOCTOB U Aopor JlaTBuM, B OCHOBHOM, 3aBUCUT OT BEIMYMHBI HArpy3KH OT TPAHCIIOPTHOTO CPEACTBA. YBENIUUCHHUE
HMHTEHCHBHOCTH TPAHCIIOPTA, B YACTHOCTH, TSKEJIOTO TPAHCIOPTA, BAXKHO OIPENENUTh, KaKHE CYNIECTBYIOT HAarpy3KM M KaK 4YacTO OHM BCTPEYAIOTCS Ha
JIATBUICKUX JI0pOTax U MocTax. PaHbllie He ObIIIO BO3MOXKHOCTH OINPEIENUTh BeC Ocell W o0IIuMii Bec aBTOMOOMIIEH BO BpeMs ero ABxeHus. Bec aBromoOus
cuuTalcs Kak HeolpeNeleHHOCTb, KOTopasi IPUHUMANach BO BHUMaHHE ¢ KOd((HIEHTOM 0€30IIacHOCTU U YIPOIIEHHUMBI MopemsiMu. [Ipu ucnonb3oBaHum
CHCTEMBI MOHHTOPHHTA 3a TpaHcropToM “Weight in motion”, 6buti ToTy4eHs! JaHHbIE B ieprof ¢ 2002 - 2008 rox. ITomydyenHas nHpoOpMAaIHs OXBaTHIBAET KaK
JaTy OBIKEHUS TPAHCIOPTHOTO CPEICTBA, TaK B €0 CKOPOCTh, HAIPABIEHUE ABIDKECHMS, PACCTOSHHME MEXIY OCSIMH U Bec Kaxgoi ocu. Ilo momydeHHBIM
JIAaHHBIM OBLT MPOAHAIM3UPOBAH COCTAB TPAHCIOPTHOTO MOTOKA, UCTIONb3YsI THCTOIPAMMBI paclpeieNieHus] Harpy3KH OT/EIbHO AJist aBToModwei ¢ 2,3,4,5,6 n>
6 oceil. Beut orieHeH BO3MOXKHBIA MaKCHMyM M MHHMMYM HMHTEGHCHBHOCTH ABIDKEHHS, a TAaK)KE PacCMaTPUBANIACh B3aHMMOCBS3b MEXIy OOIIEH MHTEHCHBHOCTIO
JBIDKEHUSI U KOJIMYECTBOM TSDKEIBIX TPAHCIIOPTHBIX CPEACTB. AHANM3 CTATHCTHKU IOIYYCHHBIX PEe3y/IbTAaTOB IIOKA3bIBAET, YTO TPAHCIOPTHAs HArpy3ka Ha
nopore A6 TIaBHBIM 00pPa30M COCTOUT U3 ABYXOCEBOIO TPAHCIOPTHOro cpexactsa (79.82%). Bo BTopylo rpymiy BXOAST HATHOCHBIE TPAHCIIOPTHEIE CPEICTBA
[12.48 (%),] u B TpeTbeii rpymIe — TPEXOCHBIE, YSTBIPEXOCHBIC U IIECTHOCHBIC TPaHCTIOPTHBIE cpeacTBa (7.71%). CTaTHCTHKA MOKa3bIBAeT, YTO GOJIBLUIMHCTBE
CIIy4aeB BeC TPAHCIIOPTHBIX CPEICTB COCTaBISIeT 3-8 t. B pesynpTaTe HccIenoBaHus MOTyYeHHO KyMYJIITUBHOE pacHpe/eleHIe MacChl TPAHCIIOPTHBIX CPEACTB.
B mccnemoBaHuH H3ydeHO paclpezeleHHe TPAHCIOPTHOTO IOTOKA B pabodde U BBIXOIHBIC JHH. YCTAHOBIEGHO, YTO TPAHCIIOPTHBIA MOTOK B Cy0OOTYy OBLI
npUOIM3KUTENBHO Ha 23 % MeHblIe, a B BOCKpeceHbe Ha 31 % MeHbIIe, 4eM B ISITHHILY. M3ydMB HHTEHCHBHOCTH COOOIIEHHS, OBIIIO YCTAHOBJICHO, YTO CaMoe
HMHTEHCHBHOE COOOIIeHne HabmogaeTcs B matHuIy. [lomydeHHsle pe3ynbTaThl MOTYT OBITh MCHOJIB30BAHBI M OLEHKH (PaKTUUECKUX HAarpy30K TPAaHCIOpTa Ha
MOCTHI JIaTBUY U OIICHKH YPOBHS 0€3011aCHOCTH.
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