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Abstract.  Some particular aspects such as the improvement methods of technological parameters for hot bitu-
men storage in a pipeline transport system, transportation and dosed supply to batch asphalt mixing plant (AMP) 
are evaluated in this paper. Bitumen in asphalt concrete binds together the material of mineral particles into a strong 
conglomerate of a complicated structure, capable of withstanding the destructive effect of vehicles and the factors 
on the road pavements. The optimal amount of bitumen determined by calculation and laboratory testing should be 
maintained in mix batches of hot-mix asphalt (HMA) obtained from AMP mixer. In the periodic type of the asphalt 
concrete blender mass of the weighted matrix in the all merging batcher’s tanks should correspond in percents equally 
in the HMA to the designed amount of the job-mix formula (JMF). The bitumen batcher does not always weigh bi-
tumen portions precisely. Their mass deviations from the amount determined by JMF and its variation impair HMA 
composition and performance. In addition, , an additive model for calculating the effect of factors causing the variance 
of bitumen content in the produced HMA mixture is presented in this current paper as well. The data on statistical 
evaluation of bitumen batcher’s modernization performed at certain Lithuanian Enterprise are discussed. The differ-
ences in structures of reconstructed and not reconstructed bitumen batching systems (BBS) are analysed and methods 
of determining modernization effectiveness are presented. The effectiveness of BBS is analysed too, defining the devia-
tions of bitumen content in subsamples, taken and extracted everyday for two seasons (before and after the batcher‘s 
modernization) of HMA mixture production from the value of JMF and comparing them to the values of tolerances. 
The analysis of column charts and histograms shows that the made modernization helped to increase the precision 
of supplying the required amount of bitumen to HMA mixture insignificantly. However, the control of BBS has been 
considerably increased.

Keywords: pipeline transport, bitumen pump, asphalt mixing plant (AMP), bitumen batching system (BBS), hot 
mix asphalt (HMA), mixture, job-mix formula (JMF), tolerance, accuracy, precision.

1. Introduction 

Pipeline transport system integrated into asphalt mixing 
plant (AMP) must not pump hot bitumen from tank to 
mixer. This type of construction and technological pa-
rameters must prohibit bitumens ageing from oxydation, 
cooling down, overheating and also sediment formation 
in the coil. Techonological transport system must ensure 
the compliance of bitumen dose weight to its projective 
amount in a hot mix asphalt (HMA), provided in a job 
mix formula (JMF). Continually, growing number of 
traffic flows, especially, heavy transport on Lithuanian 
and Ukrainian roads (Junevičius and Bogdevičius 2007, 
2009; Sivilevičius and Šukevičius 2007; Beljatynskij et al. 
2009) causes the appearance of more residual deforma-
tions on the asphalt road pavement, thereby impairing 
driving conditions (Vansauskas and Bogdevičius 2009). 

Due to insufficient pavement strength, depending not 
only on the increased number of axles, running over a 
particular road section, but also on their heavier weight 
and the changing asphalt properties, ruts, waves, slips 
and pot holes which appear on the road surface. The 
unevenly distributed loads on vehicle’s axles differently 
affect road pavement. Moreover, the roughness of road 
pavement causes higher disbalance of loading applied 
to the axles of a running vehicle (Sriramula at al. 2007).

Plastic deformations and premature failure of the 
road pavement are often caused by the insufficient or ex-
cessive amount of bitumen as well as by the use of the 
old or inappropriate grade bitumen in the newly mixed 
asphalt (Witczak and Foncesa 1996). Applying Marshall 
and Hweem methods (Mix design methods… 1993) or 
according to the absorption of the mineral aggregates 
in the HMA composition based on laboratory methods 
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(Королёв (Koroliov) 1986) or by the calculating propor-
tionally optimal amount of used mineral fillers in the bi-
tumen and amount in HMA should be fixed and con-
stant. 

The deviations of bitumen content in HMA mixture 
if we take it from the amount specified by the JMF are 
inevitable, taking into account the HMA mixing tech-
nology errors, emerging on account of a particular AMP 
structure, the state of a used equipment, drawbacks of 
the control system, the operator‘s work, HMA segrega-
tion, as well as the errors made in taking HMA samples 
and their testing (Petkevičius and Sivilevičius 2008). Due 
to HMA segregation, the amount of bitumen in samples 
and asphalt pavement is unevenly distributed (Stroup-
Gardiner and Brown 2000). The particles of mineral fill-
er and fine aggregate absorb more bitumen than coarse 
aggregate particles (Brown et al. 1989; Wu and Romero 
2005).

HMA making requires precise batching of mineral 
materials (hot fractions of mineral materials, reclaimed 
dust and imported filler), as well as bitumen, an organ-
ic binder. The composition and properties of any HMA 
grade are specified by the Lithuanian Technical Require-
ments ‘TRA ASFALTAS 08’ (2008). The amounts of the 
constituent HMA materials are defined in their design 
composition and JMF. Thus, batchers of mineral materi-
als and bitumen are used at the AMP to ensure the de-
sign of HMA composition in industrial HMA produc-
tion.

Batching is a technological operation of industrial 
HMA production aimed at measuring off the required 
amount of the material. Liquid bitumen may be meas-
ured either in mass or in volume. A batcher and the 
whole bitumen supply system (tanks, pumps, piping sys-
tem, filters, valves, cocks, heaters, etc.) should satisfy the 
following requirements:

 – to be able to measure off the amount of mass bi-
tumen specified by the JMF, not exceeding the 
admissible batching error;

 – to allow the amount of bitumen to vary in a wide 
range, maintaining high accuracy and precision 
of batching;

 – to allow to change the mass of a bitumen dose, if 
required, quickly and accurately;

 – to be able to pour out the weighed and meas-
ured (in volume) amount of bitumen from the 
bituminous material bucket into the mixer, i.e. to 
return it to a zero position (zero return bitumi-
nous material ±0.1% total batch weight of paving 
mix – ASTM D 995 – 95b);

 – do not allow hot bitumen to cool in the system 
to the temperature lower than it is specified for 
its grade;

 – do not allow hot bitumen to oxidize, age or 
change its chemical composition and properties 
due to overheating;

 – to ensure fire, labour and environment protection.
If the actual amount of bitumen in the produced 

HMA mixture satisfies JMF requirements and does not 
exceed the tolerances, its performance may worsen be-

cause of the changes in its chemical composition due 
to the aging. Vaskovsky and Poradek (Васьковский и 
Порадек 2005), Poradek (Порадек 2007) showed by 
experiments that bitumen’s properties begin to change 
when it is stored in tanks and when it is heated. Bitumen 
is aging not only in the processes of HMA manufacture, 
storage, transportation and placing, but also during 
the long-term use of a road pavement made of it (Said 
2005). Destructive aging processes are continually tak-
ing place in bitumen binders and asphalt concrete layer 
(Radziszewski 2007). Aging was simulated in the labo-
ratory by Huang et al. (1996). Some scientists claimed 
that viscoelastic properties of the aged and unaged bitu-
men binder differ considerably (Masad et al. 2008).

Scientific experiments conducted in Lithuania 
(Sivilevičius and Vislavičius 2008) and in other coun-
tries (Abdullah et al. 1998; Witczak and Fonseca 1996; 
Hunter 1994; Hurley and Prowell 2005) have shown that 
reliability and durability of asphalt road pavement de-
pends on the number of HMA components determining 
the structure and properties of the mixture. Too large or 
too small amount of free bitumen impairs the structure 
of HMA mixture, physical and mechanical properties of 
asphalt pavement layer made of it. When the amount 
of bitumen is excessive, the plasticity of pavement and 
its roughness increases, while its resistance to rut for-
mation and strength decreases, particularly in summer, 
when the temperature is high (Park 2007). However, 
when the amount of bitumen is insufficient, residual po-
rosity of asphalt is increasing (Obaidat et al. 1998), while 
its resistance to frost and surface shelling is falling.

A micromechanical modelling method of steady-
state deformation of bitumen was offered by Deshpande 
and Cebon (2004). The adhesion between bitumen 
and mineral materials was studied by Bhasin and Little 
(2009), El Hussein and El Halim (1993). Zolotariov et al. 
(Золотарев и др. 2007) stated that the higher the poly-
mers content in bitumen, the higher its adhesion. Bond-
ing, mixture and polymer differently affects the adhesion 
between bitumen and aggregates and asphalt resistance 
to the action of water. Bitumen binder modified by elas-
tomers is less sensitive to average and high temperatures 
(Elseify et al. 2003).

Some studies were made to define the influential 
factors on the bitumen properties. Li et al. (2009) in-
vestigated the influence of the thickness of bitumen film 
around the particle of mineral material on HMA prop-
erties. Airey et al. (2008) studied the damaging effect of 
moisture on the asphalt mix, depending on the perform-
ance of mineral aggregates, mineral filler and bitumen. 
Essentially, the damage is caused by loss of adhesion be-
tween aggregate and bitumen and/or bitumen-filler mas-
tic due to the presence of moisture in the asphalt mix-
ture.

Lee et al. (2009a, 2009b), Mučinis et al. (2009), Doh 
et al. (2008) analysed the causes of the changes in bi- analysed the causes of the changes in bi-
tumen performance and the extent of these changes in 
recycled asphalt pavement after short-term oven aging, 
using gel – permeation chromatography for investigat-
ing the structure and properties of bitumen film.
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The higher the percentage of bitumen, mineral filler, 
coarse aggregate and fine aggregate in the produced HMA 
mixture deviates from the design (optimal) amount, the 
worse is its structure and properties (Sivilevičius et al. 
2003; Petkevičius and Sivilevičius 2008). The content of 
bitumen in the produced in huge quantity of the HMA 
mixture  always varies to some extent, therefore more 
precise batching of bitumen and mineral materials can 
improve the quality of the product.

A complex value indicating the quality of HMA 
mixture produced by an AMP largely depends on the de-
viations of the content of HMA mixture components due 
to the errors in materials batching (White and Brown 
1977; Brown et al. 1989; Stroup-Gardiner and Brown 
2000; Sivilevičius et al. 2008). The improvement of ma-
terial batchers at the enterprises producing HMA mix-
ture allows us not only to decrease the deviations of the 
amounts of HMA components from the values specified 
by JMF, but also to decrease bitumen oxidation and in-
crease the reliability and durability of equipment, as well 
as simplifying its control, maintenance and repair (Brock 
1986).

HMA mixture is produced by AMP of various 
structure and capacity which use various technological 
schemes. A batch – type AMP has become most popular 
(Sivilevičius and Šukevičius 2009; Brown et al. 1989).

The present paper aims to determine the moderni-
zation effectiveness of the elements of plant BBS, based 
on the statistical data on the deviations of bitumen con-
tent in the produced HMA mixture from that of JMF.

2. A Impact of the Bitumen Doses Mass on its 
Amount in HMA Mixture Models
All AMP operating in Lithuania roads transport com-
panies are of batch type (Sivilevičius and Šuškevičius 
2009; Sivilevičius et al. 2010). At this type of AMP HMA 
mixture components are obtained from three weighing 
batchers which weigh: additionally screened hot frac-
tions of aggregates 73 ...AA , cold reclaimed dust 2A  
and imported filler 1A , whose mass, %, is denoted by 

1 7...M M  (Fig. 1), as well as hot bitumen BA .
The mass of a bitumen dose Bq  (kg), ensuring the 

optimal amount of bitumen in percent  
 
in a HMA 

mixture which is specified in JMF, also depends on the 
actual mass maQ , of HMA mineral aggregates and is cal-
culated by the equation:

100B
B Bp

ma

q
x x

Q
= ⋅ = . (1)

Based on it, the required bitumen dose mass (kg) is 
obtained as follows:

 (2)

Mineral aggregate mass maiQ  of the i-th mix batch 
of HMA mixture makes the sum of dose masses of the 
cold batched imported filler Ifiq , reclaimed dust Rdiq  and 
finally batched hot fractioned aggregates 1 5,...Fr i Fr iq q :

1 5...Ifi Rdi Fr i Fr i maiq q q q Q+ + + + = . (3)

When the content of bitumen in HMA mixture is 
calculated over 100 percent of mineral aggregates maiQ , 
their mass in per cent is calculated as follows:

1 2 3 4 5 6 7 100M M M M M M M+ + + + + + = , (4)

where: 1M  and 2M  denote mass %, of imported fill-
er and reclaimed dust in HMA mixture, respectively; 

3 7,...,M M  is mass, %, of the first, ..., fifth hot fraction 
in HMA mixture, respectively. 

The mass of the i-th bitumen dose Biq  (kg) should 
be such that its mass ratio to the i-th mix batch of HMA 
mineral aggregates mass maiQ  would be constant and 
equal to the design mass in per cent, Bpq . Both these 
technological parameters ( maiQ  and Biq ) vary because 
of  the inevitable random errors. When mass maiQ  is in-
creased or decreased, mass  is not always increased 
or decreased proportionally. Usually, the bitumen dose 
mass Biq  is not changed in accordance with the actual 
mineral aggregate mass maiQ  of HMA batch mix. There-
fore, even if the bitumen is ideally batched, but the pa-
rameter maiQ  of the JMF has changed, the amount of 
bitumen, Bix  in the produced HMA mixture deviates 
from the design value BpM , to equal Bpx .

Batched bitumen of HMA mixture, enveloping its 
mineral particles of various sizes, should form unique 
films of (oriental and bulk) bitumen on their surface. 
The conversion of the bitumen batch, corresponding to 
its optimal amount, which is poured in mixer into bitu-
men films, takes place due to the intense interchanging 
of particles positions, when mineral materials are mixed, 
and due to their adhesion with bitumen (Королев 1986). 
When mixing bitumen binder, coarse aggregates, fine 
aggregates and mineral filler of HMA mixture, it is also 
sought that their particles of various size should evenly 
distribute in the mixer’s body in the shortest possible 
mixing time (Asphalt Plant Manual 1979; The Asphalt 
Handbook 2007; Hunter 1994).

Technological parameters of HMA mixtures pro-
duction should be such that the actual bitumen amount 
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Fig. 1. A cross section of weighing batchers at AMP for 
bitumen and mineral aggregates
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determined in its sample Bx  would match its design 
amount Bpx , i.e. the difference between them Bx∆ , 
should be smaller than the tolerance Btolx∆  depending 
on the number of samples (the number of test results) N  
and having the sign of either plus or minus:

B B Bpx x x∆ = − . (5)

The absolute value of the difference between actual 
Bx  and design Bpx  bitumen amounts should be smaller 

than Btolx∆  the absolute value:

B Bp Btolx x x− < ∆ . (6)

The tolerance Btolx∆  is higher, when the standard 
deviation of bitumen content in the lot Bσ  is higher and 
the number of the samples tested N  is smaller:

( ),Btol Bx f N∆ = σ . (7)

The tolerance of bitumen content in a particular 
subsample of HMA mixture (when N = 1) differs from 
that of JMF, given in specifications of various countries 
(Table 1). It has also changed the process of improving at 
the existing standards.

The value of tolerance may be calculated based on 
the confidence interval’s average value Bµ  of HMA mix-
ture’s population (general set), when the variance 2

Bσ  is 
known. The coordinated unbiased and effective estima-
tor (in points) of parameter Bµ  is the empirical aver-
age value Bx . Its distribution is also normal. When the 
confidence level is probability α−1 , the error ε  of the 
estimator Bx  is calculated from the equation:

, (8)

for the equivalent equation:

. (9)

Denoting p-th quantile of standard deviation  (the 
solution of the equation ( )pz pΦ = ) by pz , we get:

p Bz

N

σ
ε = . (10)

Now: 

, (11)

and the confidence interval is as follows:

. (12)

 The values of quantile pz  are taken from the ta-
ble of function ( )xΦ  values. For example, if con-
fidence level is , then 0.975ρ =  and 

( )1
0.975 0.975 1.96z −= Φ = .

The analysis (Sivilevičius and Vislavičius 2008; 
Sivilevičius et al. 2003; Mučinis et al. 2009) shows that 
the number of components in HMA mixture lot is dis-
tributed according to the normal Gaussian law. The vari-
ation of bitumen content may be determined by standard 
deviation of its population Bσ  or variance 2

Bσ . When 
the variation is ascertained from data gained from ex-
periments, than sample standard deviation Bs  and vari-and vari-
ance 2

Bs  are used. 
The variation of bitumen amount in the produced 

HMA mixture depends on stochastic factors determined 
by using the parameters of mixture‘s production technol-
ogy, a method of sampling and accidental or systematic 
errors of laboratory testing. When mass of the bitumen 
dose in HMA mixture’s lot is not changed in the proc-
ess of production (i.e. there are no systematic errors), 
the variance 2

Bσ  of its content in the mixture’s samples is 
made up of variances whose interrelation is shown in the 
model presented in Fig. 2.

Table 1. Bitumen content weight, %, deviation from 
mixture tolerances provided in JMF of various  

countries transport systems

Literature or standard Permissible deviation 
from JMF Btolx∆

Asphalt Plant Manual (1979), USA ±0.4
ASTM D3515-01 (2009), USA ±0.5
PANK 4102 (Finnish Asphalt... 
1995), Finland 
mixture class: A

±0.3

mixture classes: B, C, D ±0.4
BS 594-1 2005, UK ±0.6
ČSN 73 6149, Czech Republic +0.4; -0.3
ZTVT-StB 95, Germany ±0.6
Statybos rekomendacijos R 35-01 
(2001), Lithuania ±0.5

ĮT ASFALTAS 08 (2008), Lithuania 
mixture type: AC P ±0.6

mixture types: AC A, AC V, SMA, 
MA, PA, AC PD ±0.5
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The variance of the bitumen content in HMA lot 
2
Bσ , determined based on the data of its samples’ extrac-

tion, is calculated by the equation:
2 2 2 2 2 2

. .. . . . maB IB mB t e Bb e B b e Qσ = σ + σ + σ + σ + σ ,  (13)

where: 2
IBσ  is inherent bitumen content variance in 

HMA lot, depending on the highest possible uniformity 
of the particles and thickness of the enveloping films; 

2
. .b e Bσ  is variance caused by batching error of the bi-

tumen mass; 2
. . mab e Qσ  is variance caused by the total 

batching error of mineral aggregates mass in HMA mix 
batches; 2

mBσ  is variance caused by the error in mixing 
the materials of HMA mix batch due to mixing draw-
backs and mixer‘s defects; 2

. .t e Bσ  is variance caused by 
HMA sample testing errors.

The sum of the inherent variance 2
IBσ  and variances 

due to testing errors of samples in the laboratory is the 
variance 2

. .t e Bσ , of bitumen amount in HMA mixture 
lot caused by experimental error make bitumen content 
variance 2

EBσ  in HMA lot. Adding to it ( 2
EBσ ) the vari-

ance depending on the quality of mixing the materials in 
the mixer 2

mBσ , we get bitumen content variance 2
MBσ , 

showing the homogeneity of HMA mix batch accord-
ing to this factor. The sum of the variance in bitumen 
content in HMA lot caused by random bitumen batch-
ing errors 2

. .b e Bσ  and the variance, depending on the to-
tal variance of final batching of mineral materials’ mass 
in a mix batch 2

. . mab e Qσ  shows the effect of preparatory 
operations, expressed by the variance 2

. . map o BQσ (Fig. 2).
Decreasing the variances described by the mod-

el (13), the variance of bitumen content in HMA lot 
2
Bσ , can be decreased, and more homogenous mixture 

of higher quality can be obtained.
Producing more homogenous HMA mixture (with 

respect to its bitumen content) with a lower Bσ  value 
due to higher matching of bitumen dose mass to JMF al-
lows us to reduce the deviation of Bix  and  from the 
design value Bpx . Ensuring the required HMA mixture 
quality, determined by the economic potential of the 
state, the tolerance Bekx∆ , is added to the right side of 
equation (14), increasing the value of Btolx∆ :

p B
Btol Bek

z
x x

N

σ
∆ = + ∆ , (14)

where: Bµ  is the population mean of bitumen content 
in HMA mixture lot.

By decreasing the value of tolerance Bekx∆ , AMP 
bitumen batcher and its system can be more effectively 
used, but the operator‘s work becomes more complicated 
as well and requires higher responsibility.

3. Structural changes in bitumen batching system 
(BBS) and their effect on HMA mixture composition

A batch-type BBS, operating at the discrete-type AMP 
of the Concrete Lithuanian Enterprise, was used in test-
ing before and after its reconstruction. In 2007, the BBS 
of AMP Amomatic VS 180 S was reconstructed. Some 
structural elements (e.g. frequency converter of bitumen 

pump‘s electric motor was installed) were replaced, and 
modern control systems and the elements, determin-
ing bitumen dose mass, were installed. Modernization 
was aimed at making HMA mixture production more 
precise, stable, simple and energy efficient, which would 
allow the production of higher quality HMA mixture.

Other parts and devices of BBS such as cables for 
heating, a monitoring device of bitumen pump revolu-
tions, bitumen tanks and the piping system were also im-
proved. The devices were computer-controlled and auto-
mated (e.g. pneumatic valves were used).

The bitumen batcher operating in 2006 (Fig. 3) was 
unstable and difficult to control. The lack of bitumen 
made the production of HMA mixture with polymer - 
modified bitumen (PMB) a difficult process. The part of 
the system which was completely replaced is shown by a 
dotted line. Let us consider the sequence of technologi-
cal operations of the system before reconstruction.

The operator’s assistant opens a manually operated 
gate valve of a bitumen tank before starting the work 
(three tanks for various grade bitumen were used un-
til 2007). When the bitumen pump 4 is turned on, hot 
binder is pumped at no-load: the binder flowing out 
from tank 1 is pumped through the pumping pipe 2 to 
three-way valve 5. Then, it returns to the tank via the 
return pipe 3. At the beginning of the weighing cycle, 
the three-way valve is switched over to another posi-
tion. The flow of bitumen is reversed and it starts to flow 
into weigh bucket 6 at the same flow rate until the re-
quired bitumen dose is obtained, which is signalled by 
the weigher. After that, the signal is sent to three-way 
valve 5, which, changing its position, sends the bitumen 
back to the tank 2. The weighed bitumen (which is in the 
weigh bucket) is pumped out from the weigh bucket 6 by 
pumps 8 and sprayed via system 9 into HMA mixture’s 
mixer 7 by high-pressure sprayers. Bitumen batcher, op-
erating till the end of 2006, had quite a few defects, as 
well as being difficult to control and imprecise.
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Fig. 3. The diagram of structural elements of the 
weighing discrete bitumen batcher in 2006 before system’s 
reconstruction: 1 – bitumen tanks; 2 – pumping pipeline;  
3 – recycling pipeline; 4 – bitumen pump; 5 – three-way 

valve; 6 – weigh bucket; 7 – mixer; 8 – the pump for 
pumping the weighed bitumen to mixer; 9 – the system of 

injecting bitumen into mixer
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It was expected that bitumen batcher with some 
new structural elements (Fig. 4), which was introduced 
into operation in 2007, would allow to obtain higher 
quality HMA mixture and make the process of its pro-
duction more easily controlled.

In the process of reconstruction, the additional 
fourth bitumen storage tank for separate storing of bi-
tumen for the main four grades was installed. With the 
help of pneumatic storage tank valves, regulating bitu-
men flowing in and out, the operator, pushing the control 
buttons on the panel, can quickly change the grade of the 
pumped bitumen (i.e. to open the valves of one tank and 
to close the valves of another). Bitumen can be pumped 
from one storage tank to another through pumping line 
2 and return line 3. New heating elements 11 and ther-
mal insulation materials 10 of the equipment help to 
maintain the same bitumen temperature throughout the 
system. The most important device which was changed, 
was bitumen pump and the electric motor 4 rotating it.

The cyclograms of the pipelines transport system 
before (in 2006) and after (in 2007) reconstruction dif-
fer to some extent (Fig. 5). In 2006, a gear-wheel pump 
with the capacity of 600 l/min driven by an asynchro-
nous three-phase electric motor was used. A portion of 
bitumen was pumped for about 20 sec, while the reverse 
pumping to a storage tank initiated by switching over a 
three-way valve was performed with the same capacity 
of 600 l/min.

In 2006, the pump and three-way valve of a batch-
weigher were installed about in 3.5 m high over the 
weigh bucket to decrease the deviations of bitumen dose 
weight (when the distance between the three-way valve 
and weigh bucket was minimal). The improved pumping 
system allowed the bitumen pump unit and distributing 
valve to be placed lower, thereby shortening the path of 
the free bitumen flow by 8 meters. This improvement 
allowed the reduction of power consumption (because 
the pipeline shorter by 8 m than the previously used one 
should be heated).

In 2007, frequency converter, allows changing the 
engine rotation, was installed into the electric motor 
driving the pump. The frequency of the engine, pumping 
bitumen in the weigh bucket, is 30Hz (Q = 640 l/min). 
When weighting tank is filled with approximately 85% 
of the required mass dose of the bitumen, engine’s fre-
quency decreases gradually and when tank is filled by the 
100% and shifted to the three-way valve, torque should 
be around 11Hz frequency. 

The change of frequency takes about 2 sec after 
switching over to the batching mode, and about 3 sec are 
needed for slowing. The changing parameters of the en-
gine mentioned above allows more accurate pouring of 
bitumen into a weigh bucket as well as reducing heat en-
ergy consumption for free bitumen flow.

4. Statistical analysis of the produced  
HMA mixture composition

Three direct and indirect methods are used to determine 
the actual batch which was weighed out and poured into 
the mixer which is based on:

 – examining the data recorded by the computer 
control program about the masses of the bitu-
men doses or the indication of a dial indicator 
observed during HMA mixture’s production;

 – taking a representative sample of the produced 
mix poured out from the silo to the truck body 
as specified by LST EN 12697-27.

At present investigation, the data obtained from the 
third method, determining the compliance of the bitu-
men amount in HMA mixture with the JMF were used. 
A representative sample of the produced HMA mixture 
grade was taken in every working day during the whole 
production period (in 2006 and 2007). Then, bitumen 
was separated from it in the laboratory and its grading 
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was determined. The actual bitumen amount in the i-th 
sample Bix  (percent by mass) was compared to its de-
sign quantity Bpx  and the difference (deviation) Bix∆  
was calculated by the equation:

Bi Bi Bpx x x∆ = − . (15)

The modulus of this difference Bix∆  should be 
smaller than tolerance Btolx∆ , specified for a subsample 
(Table 1), i.e. Bi Btolx x∆ < ∆ .

During the work seasons of 2006 and 2007, HMA 
mixtures of various types and grades, with a range of 
optimally designed bitumen contents were produced 
(Fig. 6). It can hardly make sense to calculate the stand-
ard deviation Bσ  of bitumen content Bix  in HMA mix-
tures of various design compositions because it would 
be too large and would show not only bitumen content 
variation due to accidental actions. Therefore, the values 

Bix∆  of bitumen content deviation from each project 
Bpx  in separate samples were chosen to analyse.

According to a new Lithuanian Technical Rules ‘ĮT 
ASFALTAS 08’ (2008), the content of liquid bitumen 
found in the subsample of HMA mixture after extraction 
should not differ from the design content by more than

  0.5%Btolx∆ = ± . The closer the actual bitumen content 
Bix  to its design amount Bpx , in HMA mixture samples, 

the more precisely batched the bitumen is. The
 
actual 

percentage of this organic binder
 

Bix  
 
in the HMA mix-

ture sample, taken and tested according to the respective 
LST EN standards, largely depends on the bitumen dose 
mass Biq  weighed out by the batcher. The actual bitumen 
content Bix , %, also depends on the mass of the mineral 
part of HMA mix batch

 
maQ  (when maQ  is increased, 

Bix  is decreased) and on incomplete mixing of the com-
ponents in the mixer (when small particles in the sample 
covered by bitumen membranes of larger area are taken,

Bix  is increased).
The effectiveness of bitumen batcher’s improvement 

is assessed based on the deviations of the bitumen con-
tent Bix  determined in separate HMA mixture subsam-
ples after extraction from the design content Bpx  value 

Bix∆ . The parameters, including the arithmetic mean of 
subsamples taken in the work season, , and variation 
of deviations, i.e. standard deviation 

Bxs∆  of particular 
subsamples  Bix∆ , were calculated:

 (16)

and

, (17)

where: n is the number of HMA mixture subsamples 
taken and tested during the work season.

The statistical analysis of HMA mixture produced 
in 2006 and 2007 (Fig. 6) has shown that technological 
parameters of batch weigher’s quality,  and 

Bxs∆ , 

have not changed considerably. In 2006, the deviation of 
bitumen content Bx∆  in only one subsample out of 209 
exceeded the permissible value  which 
made 0.48% of the total number of taken subsamples. In 
2007, six HMA mixture subsamples, not satisfying the 
requirements, were found among 232 examined subsam-
ples (which makes 2.5%).

Comparing the statistical parameters of the po-
sition and variation in two periods we can see that the 
values of the batched bitumen content deviations from 
the design arithmetic mean  and standard deviation 

Bxs∆  have changed insignificantly, making  = 0.023% 
and 

Bxs∆  
= 0.205%, in 2006, and  = 0.056% and 

Bxs∆  
= 0.208% in 2007, respectively. Standard deviation, 

based on the data obtained in the laboratory for all sub-
samples analysed, was actually of the same order and 
even slightly higher. However, a distribution histogram 
of bitumen content deviations Bix∆  (Fig. 7) in the inter-
vals (Table 2) allows us to state that there was a smaller 
amount of values, showing a considerable lack of bitu-
men, and a much smaller number of values, indicating 
the average shortage of bitumen in HMA mixture sub-
samples after reconstruction.

In 2006, 46.9% of HMA mix batches were made 
with insufficient amounts of bitumen, while 5.7% of mix 
batches lacked more than 0.30% of binder. In 2007, HMA 
mix batches with a low content of bitumen made 40.1%, 
while 5.2% of mix batches were made with the higher 
than 0.30% deviations from the specified amount. The 
improvement of a batch weigher resulted in the higher 
rate of production of HMA mix batches with excessive 
bitumen content, however, the amount of mixes with 
the highest permissible excess of the binder decreased 
from 9.6% to 8.6%. It was observed that in July 2-3, 
2007, HMA mix batches with high and even inadmis-
sible amount of bitumen were produced. However, this 
should be considered to be the operator‘s rather than 
batch weigher‘s error.

Table 2. The rate of deviation of bitumen content in the 
produced HMA mixture from the JMF  

in distributional intervals

Intervals of deviation of 
bitumen content in HMA 

mixture from JMF, %

In 2006, before 
reconstruction

In 2007, after 
reconstruction

Rate of deviation in percent

≤ (–0.50) 0.48 0.43
(–0.50 – (–0.30)] 5.26 4.74
(–0.30 – (–0.10)] 24.40 18.53

(-0.10 – 0] 16.75 16.38
(0 – 0.10] 21.05 16.81

(0.10 – 0.30] 22.49 32.32
(0.30 – 0.50) 9.57 8.62

≥ 0.50 0 2.15
Total 100 100
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5. Conclusions

1. Calculation model of mixture lot dispersion of bitu-
men amount in hot-mix asphalt (HMA) provided 
allows determining the influence of some factors af-
fecting its size. Dispersion of the bitumen amount in 
mixture lot in HMA mainly depending on technical 
parameters of batcher has been identified till now and 
only after taking and investigating several numbers 
of separate samples. Sample taking and investigating 
method is expensive and time consuming process.

2. Investigation of HMA mixture samples revealed that 
deviation of the amount of bitumen in mixture from 
JMF arithmetic average and standard deviation were 
similar. Before modernization they were 0.023% and 
0.205% and after modernization 0.056% and 0.208% 
respectively. Standard deviation from deviation from 
JMF shows precision of batcher dosing and mainly 
depends on technical and technological parameters of 
bitumen system and operator’s action.

3. The results of testing HMA mixture subsamples have 
shown that the deviations of bitumen content from 

the job-mix formula  (JMF), i.e. standard deviation 
and arithmetic mean, actually remained in the same 
order. When all the deviations were divided into de-
viation intervals, it was found that, in 2006, 46.9% of 
all mix batches were made with the lower bitumen 
content than required, while 5.7% of the mix batches 
were lacking more than 0.30% of bitumen. In 2007, 
HMA mix batches with lower than specified bitumen 
content made 40.1%, while 5.2% of mix batches were 
lacking more than 0.30% of bitumen. 

4. The reconstruction of a bitumen batching system 
(BBS) slightly improved the quality of HMA mixture. 
The process of its production became more easily to 
control. The use of the elements of automatic control 
helped to make the operation of system‘s equipment 
more precise and effective.

5. When modernized BBS was put into operation the 
content of bitumen in HMA mix batches approached 
the optimal amount, and this is one of the most im-
portant tasks in HMA mixture production. An op-
timal bitumen content in HMA mixture means that 
asphalt pavement will be more durable and its resist-
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ance to temperature changes will be increased. The 
pavement will also be stronger and have higher resist-
ance to shear (rut formation) and corrosion (shelling 
caused by low frost resistance).

References
Abdullah, W. S.; Obaidat, M. T.; Abu-Sa’da, N. M. 1998. Influ-

ence of aggregate type and gradation on voids of asphalt 
concrete pavements, Journal of Materials in Civil Engineer-
ing 10(2): 76–85. 

 doi:10.1061/(ASCE)0899-1561(1998)10:2(76)
Airey, G. D.; Collop, A. C.; Zoorob, S. E.; Elliott, R. C. 2008. The 

influence of aggregate, filler and bitumen on asphalt mix-
ture moisture damage, Construction and Building Materials 
22(9): 2015–2024. doi:10.1016/j.conbuildmat.2007.07.009

Asphalt Plant Manual. 1979. Manual series No 3 (MS-3). Mer-
yland: Asphalt Institute. 164 p.

ASTM D3515-01. 2009. Standard Specification for Hot-Mixed, 
Hot-Laid Bituminous Paving Mixtures. 

 doi:10.1520/D3515-01
Beljatynskij, A.; Kuzhel, N.; Prentkovskis, O.; Bakulich, O.; Kli-

menko, I. 2009. Th e criteria describing the need for high-The criteria describing the need for high-
way reconstruction based on the theory of traffic flows and 
repay time, Transport 24(4): 308–317. doi:10.3846/1648-
4142.2009.24.308-317

Bhasin, A.; Little, D. N. 2009. Application of microcalorim-
eter to characterize adhesion between asphalt binders and 
aggregates, Journal of Materials in Civil Engineering 21(6): 
235–243. doi:10.1061/(ASCE)0899-1561(2009)21:6(235)

Brock, J. D. 1986. Oxidation of Asphalt. Technical Paper T-130, 
Astec Industries, Inc., Chattanooga, Tennessee. 20 p.

Brown, E. R.; Collins, R.; Brownfield, J. R. 1989. Investigation 
of segregation of asphalt mixtures in the state Georgia, 
Transportation Research Record 1217: 1–8.

BS 594-1:2005. Title Identifier Hot rolled asphalt for roads and 
other paved areas. Specification for constituent materials and 
asphalt mixtures.

ČSN 73 6149. 1991. Asfaltový betón na kryty vozoviek [Asphalt 
concrete for roads construction] (in Czech).

Deshpande, V. S.; Cebon, D. 2004. Micromechanical modeling 
of steady-state deformation in asphalt, Journal of Materials 
in Civil Engineering 16(2): 100–106. 

 doi:10.1061/(ASCE)0899-1561(2004)16:2(100)
Doh, Y. S.; Amirkhanian, S. N.; Kim, K. W. 2008. Analysis of 

unbalanced binder oxidation level in recycled asphalt mix-
ture using GPC, Construction and Building Materials 22(6): 
1253–1260. doi:10.1016/j.conbuildmat.2007.01.026

Elseifi, M. A.; Flintsch, G. W.; Al-Qadi, I. L. 2003. Quantitative 
effect of elastomeric modification on binder performance 
at intermediate and high temperatures, Journal of Materials 
in Civil Engineering 15(1): 32–40. 

 doi:10.1061/(ASCE)0899-1561(2003)15:1(32)
El Hussein, H. M.; El Halim, A.O. A. 1993. Diff erential ther-Differential ther-

mal expansion and contraction: a mechanistic approach 
to adhesion in asphalt concrete, Canadian Journal of Civil 
Engineering 20(3): 366–373. doi:10.1139/l93-051

Finnish Asphalt Specifications 1995. Finnish Pavement Technol-
ogy Advisory Council – PANK. Finland: Helsinki. 67 p.

Hunter, R. N. 1994. Bituminous Mixtures in Road Construction. 
London: Thomas Telford. 441 p.

Huang, S. C.; Tia, M.; Ruth, B. E. 1996. Laboratory aging meth-
ods for simulation of field aging of asphalts, Journal of Ma-
terial in Civil Engineering 8(3): 147–152.

 doi:10.1061/(ASCE)0899-1561(1996)8:3(147)

Hurley, G. C.; Prowell, B. D. 2005. Refinement of the hot-mix 
asphalt ignition method for high-loss aggregates, Transpor-
tation Research Record 1907: 128–134. doi:10.3141/1907-15

ĮT ASFALTAS 08 – Automobilių kelių dangos konstrukcijos 
asfalto sluoksnių įrengimo taisyklės. 2008. [ĮT ASFALTAS 
08 – The installation rules of the roads pavement asphalt 
layers] (in Lithuanian).

Junevičius, R.; Bogdevičius, M. 2007. Determination of traffic 
flow parameters in different traffic flow interaction cases, 
Transport 22(3): 236–239.

Junevičius, R.; Bogdevičius, M. 2009. Mathematical model-
ling of network traffic flow, Transport 24(4): 333–338. 
doi:10.3846/1648-4142.2009.24.333-338

Lee, S.-J.; Amirkhanian, S. N.; Kim, K. W. 2009a. Laboratory 
evaluation of the effects of short-term oven aging on as-
phalt binders in asphalt mixtures using HP-GPC, Construc-
tion and Building Materials 23(9): 3087–3093. 

 doi:10.1016/j.conbuildmat.2009.03.012
Lee, S.-J.; Amirkhanian, S. N.; Putman, B. J. 2009b. Charac-

terization of recycled aged RAP binders containing crumb 
rubber modifier using gel permeation chromatography, 
Journal of Materials in Civil Engineering 21(8): 382–391. 
doi:10.1061/(ASCE)0899-1561(2009)21:8(382)

Li, X. J.; Williams, R. C.; Marasteanu, M. O.; Clyne, T. R.; 
Johnson, E. 2009. Investigation of in-place asphalt film 
thickness and performance of hot-mix asphalt mixtures, 
Journal of Materials in Civil Engineering 21(6): 262–270. 
doi:10.1061/(ASCE)0899-1561(2009)21:6(262)

Masad, E.; Huang, C.-W.; Airey, G.; Muliana, A. 2008. Nonline-
ar viscoelastic analysis of unaged and aged asphalt binders, 
Construction and Building Materials 22(11): 2170–2179. 
doi:10.1016/j.conbuildmat.2007.08.012

Mix design methods for asphalt and other hot-mix types. 1993. 
Manual series No 2 (MS-2). Lexington: Asphalt Institute. 
141 p.

Mučinis, D.; Sivilevičius, H.; Oginskas, R. 2009. Factors deter-Factors deter-
mining the inhomogeneity of reclaimed asphalt pavement 
and estimation of its components content variation param-
eters, The Baltic Journal Road and Bridge Engineering 4(2): 
69–79. doi:10.3846/1822-427X.2009.4.69-79

Obaidat, M. T.; Al-Masaeid, H. R.; Gharaybeh, F.; Kheday-
wi,  T.  S. 1998. An innovative digital image analysis ap-
proach to quantify the percentage of voids in mineral ag-
gregates of bituminous mixtures, Canadian Journal of Civil 
Engineering 25(6): 1041–1049. doi:10.1139/cjce-25-6-1041

Park, T. 2007. Causes of bleeding in a hot-in-place asphalt 
pavement, Construction and Building Materials 21(12): 
2023–2030. doi:10.1016/j.conbuildmat.2007.06.008

Petkevičius, K.; Sivilevičius, H. 2008. Necessary measures for 
ensuring the quality of hot mix asphalt in Lithuania, The 
Baltic Journal of Road and Bridge Engineering 3(1): 29–37. 
doi:10.3846/1822-427X.2008.3.29-37

Radziszewski, P. 2007. Modified asphalt mixtures resistance to 
permanent deformations, Journal of Civil Engineering and 
Management 13(4): 307–315.

Said, S. F. 2005. Aging effect on mechanical characteristics of 
bituminous mixtures, Transportation Research Record 1901: 
1–9. doi:10.3141/1901-01

Sivilevičius, H.; Karalevičius, I.; Gailius, A. 2003. Naujo kom-
piuterizuoto asfaltbetonio maišytuvo medžiagų diskretinių 
dozatorių technologinių rodiklių statistinis vertinimas 
[Statistical evaluation of technological indicators of the 
new computerised asphalt concrete mixing plant materi-

http://dx.doi.org/10.1061/%28ASCE%290899-1561%281998%2910:2%2876%29
http://dx.doi.org/10.1016/j.conbuildmat.2007.07.009
http://dx.doi.org/10.1520/D3515-01
http://dx.doi.org/10.3846/1648-4142.2009.24.308-317
http://dx.doi.org/10.3846/1648-4142.2009.24.308-317
http://dx.doi.org/10.1061/%28ASCE%290899-1561%282009%2921:6%28235%29
http://dx.doi.org/10.1061/%28ASCE%290899-1561%282004%2916:2%28100%29
http://dx.doi.org/10.1016/j.conbuildmat.2007.01.026
http://dx.doi.org/10.1061/%28ASCE%290899-1561%282003%2915:1%2832%29
http://dx.doi.org/10.1139/l93-051
http://dx.doi.org/10.1061/%28ASCE%290899-1561%281996%298:3%28147%29
http://dx.doi.org/10.3141/1907-15
http://dx.doi.org/10.3846/1648-4142.2009.24.333-338
http://dx.doi.org/10.1016/j.conbuildmat.2009.03.012
http://dx.doi.org/10.1061/%28ASCE%290899-1561%282009%2921:8%28382%29
http://dx.doi.org/10.1061/%28ASCE%290899-1561%282009%2921:6%28262%29
http://dx.doi.org/10.1016/j.conbuildmat.2007.08.012
http://dx.doi.org/10.3846/1822-427X.2009.4.69-79
http://dx.doi.org/10.1139/cjce-25-6-1041
http://dx.doi.org/10.1016/j.conbuildmat.2007.06.008
http://dx.doi.org/10.3846/1822-427X.2008.3.29-37
http://dx.doi.org/10.3141/1901-01


Transport,  2010,  25(3): 325–335 335

als discrete dosing units], Journal of Civil Engineering and 
Management 9(suppl 2): 131–140 (in Lithuanian).

Sivilevičius, H.; Podvezko, V.; Vakrinienė, S. 2010. The use of 
constrained and unconstrained optimization models in 
gradation design of hot mix asphalt mixture, Construction 
and Building Materials, (article in press). 

 doi:10.1016/j.conbuildmat.2010.06.050
Sivilevičius, H.; Vislavičius, K. 2008. Stochastic simulation 

of the influence of variation of mineral material grading 
and dose weight on the homogeneity of hot-mix asphalt, 
Construction and Building Materials 22(9): 2007–2014. 
doi:10.1016/j.conbuildmat.2007.07.001

Sivilevičius, H.; Šukevičius, Š. 2009. Manufacturing technolo-
gies and dynamics of hot-mix asphalt mixture production, 
Journal of Civil Engineering and Management 15(2): 169–
179. doi:10.3846/1392-3730.2009.15.169-179

Sivilevičius, H.; Šukevičius, Š. 2007. Dynamics of vehicle loads 
on the asphalt pavement of European roads which cross 
Lithuania, The Baltic Journal of Road and Bridge Engineer-
ing 2(4): 147–154.

Sivilevičius, H.; Zavadskas, E. K.; Turskis, Z. 2008. Quality at-
tributes and complex assessment methodology of the as-
phalt mixing plant, The Baltic Journal of Road and Bridge 
Engineering 3(3): 161–166. 

 doi:10.3846/1822-427X.2008.3.161-166
Sriramula, S.; Menon, D.; Prasad, A. M. 2007. Axle load vari-Axle load vari-

ations and vehicle growth projection models for safety 
assessment of transportation structures, Transport 22(1): 
31–37.

Statybos rekomendacijos R 35-01: Automobilių kelių asfaltbe-
tonio ir žvyro dangos. 2001. [Construction recommenda-
tions R 35-01: Asphalt concrete and gravel pavements of 
automobile roads] (in Lithuanian)

Stroup-Gardiner, M.; Brown, E. R. 2000. Segregation in hot- 
mix asphalt pavement. NCHRP Report 441. National Acad-
emy Press, Washington, D.C. 95 p.

The Asphalt Handbook. 2007. Manual series No 4 (MS-4), Lex-
ington: Asphalt Institute. 788 p.

TRA ASFALTAS 08 – Automobilių kelių asfalto mišinių 
techninių reikalavimų aprašas. 2008. [TRA ASFALTAS 08 – 
The description of the technical requirements of roads as-
phalt mixture’s] (in Lithuanian).

Vansauskas, V.; Bogdevičius, M. 2009. Investigation into the 
stability of driving an automobile on the road pavement 
with ruts, Transport 24(2): 170–179. 

 doi:10.3846/1648-4142.2009.24.170-179
White, T. D.; Brown, E. R. 1977. Statistical quality control pro-

cedures for airfield pavement materials and construction, 
Transportation Research Record 652: 36–42.

Witczak, M. W.; Fonseca, O. A. 1996. Revised predictive model 
for dynamic (complex) modulus of asphalt mixtures, Trans-
portation Research Record 1540: 15–23. 

 doi:10.3141/1540-03
Wu, J. X.; Romero, P. 2005. Performance testing of segre-Performance testing of segre-

gated hot-mix asphalt samples to evaluate segregation 
models, Transportation Research Record 1907: 118–127. 
doi:10.3141/1907-14

ZTVT-stB 95. 1995. Zusätzliche technische Vertragsbedingun-
gen und Richtlinien für Tragschichten im Straßenbau. Bun-
desministerium für Verkehr [Specification for unbound 
granular materials used in pavement constructions] (in 
German).

Васьковский, В. В.; Порадек, С. В. 2005. Можно ли хранить 
битум? [Vaskovsky, V. V.; Poradek, S. V. Whether it is pos- [Vaskovsky, V. V.; Poradek, S. V. Whether it is pos-

sible to store up bitumen], Наука и техника в дорожной 
отрасли [The Science and Engineering in a Road Sphere] 
38(1): 18 (in Russian).

Королев, И. В. 1986. Пути экономии битума в дорожном 
строительстве [Koroliov, I. V. Ways of economy of bitu-
men in road construction]. Москва: Транспорт. 149 с. (in 
Russian).

Порадек, С. В. 2007. Е�е раз о деградации битума при на-Е�е раз о деградации битума при на- раз о деградации битума при на-раз о деградации битума при на- о деградации битума при на-о деградации битума при на- деградации битума при на-деградации битума при на- битума при на-битума при на- при на-при на- на-на-
греве [Poradek, S. V. Once again about degradation of bi- [Poradek, S. V. Once again about degradation of bi-
tumen at heating], Наука и техника в дорожной отрасли 
[The Science and Engineering in a Road Sphere] 40(1): 27 
(in Russian).

Золотарев, В. А.; Кудрявцева, С. В.; Ефремов, С. В.; Аге- В.; Ефремов, С. В.; Аге-В.; Ефремов, С. В.; Аге- В.; Аге-В.; Аге-
ева, Е. Н. 2007. Совместное влияние полимеров и 
поверхностно-активных ве�еств на сцепление би-
тумов и водостойкость асфальтобетонов [Zolotari-Zolotari-
ov, V. A.; Kudrjavceva, S. V.; Efremov, S. V.; Ageeva, E. N. 
Joint influence of polymers and surface-active substances 
on adhesion of bitumens and water resistance of asphalt 
concretes], Наука и техника в дорожной отрасли [The 
Science and Engineering in a Road Sphere] 40(3): 33–35 
(in Russian).

http://dx.doi.org/10.1016/j.conbuildmat.2007.07.001
http://dx.doi.org/10.3846/1392-3730.2009.15.169-179
http://dx.doi.org/10.3846/1822-427X.2008.3.161-166
http://dx.doi.org/10.3846/1648-4142.2009.24.170-179
http://dx.doi.org/10.3141/1540-03
http://dx.doi.org/10.3141/1907-14



