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ABSTRACT

A society's future economic opportunities dependhenefficiency of its transportation system. Aégent, road
problems are manifested in the form of deficienéiesmoothness, skid resistance, deformation eesist and
layer adhesion. Thinner top layers are more registadeformation but, at the same time, they aceeiasingly
difficult to compact in compliance with requiremsgntRichter has achievethe solution by developing
COMPACTASPHALT technology. It has been possible to reduce trekileiss of the top layer because it shares,
through the simultaneous paving with asphalt bintter latter's heat potential. In this manner,dffect of bad
weather conditions is reduced, and a safe, reqeimecompliant compaction, combined with additional
intensive interlocking of both layers becomes pguassi Considerations on cost effectiveness pointhi®
advantages of the technology, both for the clisnwell as for the contractor.

1 The road network of the Federal Republic of Germay

The guarantor of mobility in the Federal RepublidGermany is its road network, measuring appro),6a0
km in length and having a gross fixed capital ofrenthat € 470 billion and which, compared interoagily, is
well built. 91% of passenger transportation and@®f goods transportation are carried out over .|®fdthis
amount of traffic, 70 % occurs over highways, fedlenads and state roads which, in 2003, compaseaverall
road network share of approx. 25 %. 95 % of thel noeetwork is built of asphalt. This network of regdrms
the backbone of the economic power of Germany.

A road must provide a user with functional quasitmich as road grip, smoothness, noise reductihtbess,
navigability and driving comfort during a pre-deteéned service life which will require, in turn, autstanding
and enduring structural quality. The structuralgenties to be achieved, i.e. weather-resistancestatduility
under load in high temperatures, elasticity anditghid release stress in low temperatures, wesistance and
ample fatigue resistance are, next to the buildiraderial properties and the dimensioning of thel rearface's
individual layers (calculated on the basis of tkpeeted traffic load), in direct correlation to theocessing of
the building materials at the construction siteeyfalso affect the possible service life of thesgepments
whereby, according tdhurner[18], the quality of a road structure will be,an ideal case, so homogeneous that
no repairs will be necessary, and the structurkomily require thorough maintenance at the endsovéry long
functional period.

A country's economic chances for the future depdinectly on the capabilities of its traffic systeand the
competitiveness of its mobility industry. The ovaelmingly empirical science of road constructiochigology
has been developed from a multitude of practicakernces acquired from diverse branches such teriada
technology, machine construction technology, autbreoengineering or, for instance, human reliapilit
According toHuschek[12], the next step is,especially in the spirit of empiricism (...), to akle same basic
question repeatedly, whether what has been trietHame until now can be perpetuated under new, bard
conditions, or whether it appears advisable to eomplate new concepts

In the mid 1990s it became clear that the fedemdbbts would only find relief in the medium-terngifowing
demands were countered with the continuous furtthevelopment of both asphalt materials and their
compositions, as well as of paving technology. Tdisto the development ofdMPACTASPHALT® technology.



2 The idea of the Compactasphalt

As pertains to layers, the classic constructionhighly-stressed traffic surfaces in Germany is cosepul,

pursuant to theGuidelines for the Standardization of the Pavingradffic Surfaces — RstO 0]16], of 4 cm

asphalt upper layers 0/11 mm and 8 cm asphalt blagiers 0/16 or 0/22 mm. The upper layers preaesptecial
problem, being that the multitude of tasks, suchampacting the subjacent layers which are rictavities, the
smoothness, road grip, brightness, weather-resistaand stability through flexibility, stability der load, and
wear- and fatigue-resistance, require making tdilerse conceptual decisions. As a result, taskh as

compacting and stability under load work againatheather. Conditional upon the compacting functite

upper layer is the layer that is richest in bindingterials, while also experiencing the highestperatures and
stresses. Due to the thermoplastic propertieseobthding material, the top-layer asphalt possegsefowest-
possible shear strengths in summer. Increasingdh@action by 1% increases the deformation-resistdny

approx. 15-20 % which, in combination with a redletin layer thickness, as well as compaction degpel00

%, leads to an even clearer improvement.

To be able to achieve the required compaction @egmethe field of at least 97 %, taking into acdoun
unfavorable weather conditions that can be expeemruple heat capacity is needed. Under this coreide,
and especially to avoid the shattering of particlesng the compaction process, the effect of émeperature is
met with a standard layer thickness of 4 cm.

High compactness can only be achieved with adeqaatimg thicknesses. In order to guarantee the eotiny
function of the upper layer, thinner layers wouldffise, but due to compactibility atop a cold bageis
necessary to adapt the paving thickness of thargjathaterial-rich upper layer, which thus has aucedl shear
strength, to the compaction willingness, which hssin an increased tendency of the asphalt tordefender
traffic loads. By using increasingly harder bindigents, the mixing and paving temperatures inetesasl the
final compaction to be achieved is influenced muwravily by unfavorable weather conditions.

In 1997,RichterandDietrich [14] observed that one in every five upper laytbeg were applied in the months
of October through December showed reduced congectiLow compaction degrees and higher cavity
contents negatively influence the deformation ditgband favor the quick aging of the upper layeredto,
among other things, the separation of the bindgenafrom the rocks and the formation of thermicéiduced
cracks. The durability of asphalt upper layers I@sn a growing problem ever since asphalts thattecacted
the formation of grooves were created in the 1990ish the axial creep testjuschek10] had already shown,

in 1980, that the compaction state of an asphakrlanfluences quite considerably, together witk thix
composition, the mineral materials and the visgositthe binding agents, the resistance to thedistbrtion: If

the compaction degree increases from 97 to 10h&brdsistance to thermal distortion will decreagalmost

50 %.

In 1988,Huschel{11] discussed a new road construction design lwhias to take into account increased traffic
loads. However, the thinning of the upper asplagiet, needed to further increase the resistandeftermation,

in favor of a thicker lower layer, often failed dteethe fact that thin upper layers made of defdionaresistant
mixtures are only compressible upon a cold baseeswfavorable weather conditions, and the increase i
temperature of the mixture at the time of supplgubject to limitations due to the increasing otimta of the
binding material.

In a laboratory study using the Marshall hamnf&ighter [8] documented the correlation between compaction
(number of impacts) and asphalt temperature inRM®A1, B 65 mixture (Figure 1).

It is possible to see from the red curve that & XB0nixture can be compacted with 100 impacts toentban
100 %. By reducing the temperature by 30° C to 12(blue curve), compaction degrees of approx. 98ntb
void contents of 4 Vol.-% are achieved using thmesaompacting energy — a result that could actuadly
satisfactory. It is important to notice, howevenatt the same compaction level is reached at thbehig
temperature after only 25 impacts, meaning ¥ ohgreessary energy!

This is the reason for which the compaction onfile starts, under adequate temperatures, wilkrowith a
low line load, and the risk of deformations andasheracks can be clearly reduced by gradually asirg to
heavier rollers. If the temperature drops to 10G8n@ below, the required compaction degree of Maxshall
can no longer be achieved, even with four timestitapacting energy, and the void content approa8héal.-
%. In this very normal case, an asphalt upper layanferior quality could result under unfavorableather
conditions.
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Figure 1: Correlation between compaction and asphemperature in AB 0/11, B 65 mixture [8]

The mix temperature, regarded alone, is not ableotee the problem. Another decisive factor is time

available for the final compactioBainess[6] reported that the layer thickness affectsdbeling time with the
exponent 1.8. Thus, when the thickness of the ulayer was reduced in half, less than 1/3 of theethormally
available for final compaction was available. THere, it was necessary to find a solution thatomdy enabled
the application of a deformation-resistant uppsfeiamixture of low thickness, but that also affectie
mechanical properties of the asphalt laid in sugositive manner, that a markedly longer durabitibuld be
expected. This is how the idea abi@ACTASPHALT was born.
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technology. In contrast to standar ——12.C; sunny; 6 cm depth —— 22.C; sumny, windy; 6 omdepth

construction methods (8+2) cm this leads
to a tripling of the thickness of the upper laysince a monolithic layer with a thickness of 12 mmow
present. This results in a more than 7-fold inceéaghe time available for final compaction, whiehables the
safe achievement of the required compaction dedtigeire 2 shows an excerpt from a series of tenipera
measurements during 2004 and 2005, during apglitati Compactasph&ltusing modular finishers [20]. It is
possible to recognize the gradual decline in thre temperature and to infer, based on the sinmglaaperature
progression during weather conditions favorablpawing, that a targeted sinking of the mixture teragure by
10-15° C, for example, under consideration of thejget-specific conditions, would be absolutely sibke
without the need to use viscosity-reducing addgive

With this innovative construction method, not omythe time available for the final compaction nexily

extended but, above all, a contribution is madeatovthe vertical compaction homogeneammpresents in
[7] a comparison of the thickness progression thhotihe depth when applying two layetsof upon cold and

»hot upon hdt (Fig. 3) and commentsin the first case, the thickness progression thiotige depth, following
pre-compaction, is not homogeneous and is not fidiypensated with the subsequent roller due tdodein

temperature: Thereby, the decrease in thicknessutiir the cold base is especially detrimental. Tiesents
clear disadvantages to the stability of the ensiystent.
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The service life of an asphalt pavement is neghtiafected by the influx of air (embrittlement tfe binding
material) and water (stripping).

At presentit is possible to purposely place the void conteihboth layers at the lower limit, without being
exposed to the risk of groove formation under vawronstant deformation, because a higher inndidnican
also be mobilized with a higher compactness ohtireerals.
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intensive interlocking is actually a positive sigféect that guarantees the safe deflection of tigausforces from

the traffic load toward the binder layer are8ince the upper layer cannot swerve sideways tegetith the

base due to the interior interlocking, the formatiof a groove due to defective layer adhesion @aextludet

(Damnj [7]. A monolithic layer is formed, which is cldarshown in Figure 4. The layer borders become

interleaved.

Due to the stronger compaction, the intensive lagiresion, and the somewhat lower binding-matedatent,
the asphalt's coefficient of elasticity is improveil thinner upper layer increases not only thestasice to
thermal distortion (of the entire system), it aleables the economical, unerring use of high-gradeeral
materials in terms of brightening and polishings&sice, since an enduring road grip cannot beagteed by
every stone.

The successful technical implementation of the ephavas tied to the multi-stage development of i§jgec
machine- and process engineering (comp. [21]).

In 1993 Richter [8] had already described, in his patent spedifica the simultaneous application of two
differently-composed asphalts, in a heating prooedising only one finisher. The first Compactasppaving

was produced in October 1995, at the highway Ah witotal length of 480 m. In the absence of theessary
technology, makeshift solutions were initially sbtigut.

Figure 4: COMPACTASPHALT® drill core — to
demonstrate the intensive interlocking of thd
courses, a thin aluminium sheet was laid upo
the binder prior to applying the upper-laye
material.

A modular finisher that meRichtefs requirements
was first used in December 1998, at the highway
near Kirchheim, over a length of 5800 m. T -
advantages of this requirement-satisfying processaime immediately evident: Stable paving condition
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guaranteeing the consistent thickness of the ulayer, since both screeds are attached to thehéris frame
and it is the controllable quality of the base smuthat affects the smoothness and uniformity ef ltyer
thicknesses for both layers. The overall flow oftenizal was considerably easier to control. Eveariniptions in
the paving process did not necessarily lead tatiaris in the thickness of the upper layer. Subsety despite
the diverse construction methods used, cross singerown profile changes did not pose any problarising
from the closeness of the two paving screeds. Tthesprocedural requirements necessary to guardahée
process stability were met.

After the Hermann Kirchnerconstruction company was able to verify the preceafety with a plenitude of
paving actions, the following economically-importatep was to make Compactasphatichnology available
to the general public, with the help of an indugtaytner.

By spring of 2004 DYNAPAChad developed a modular finisher of tHé generation for the application of
Compactasphdlf with the max. paving width of 11.75 m. Guarameghe consistent thickness of the top layer,
paving widths of up to 13.25 m were achieved usiigy modular machine combination.

At present, three such units are used in Germangsi& and China own one unit each — and furtharesq for
quotations are pending. Overall, approx. 5 milliohof Compactasphé&ithave been applied to date in Germany,
4 million n? of these were applied usifiyyNAPACtechnology.

3 Advantages of this construction method

The Highway Research Institute of the TU Darmstf]t carried out various studies to assess the tetmp
Compactasphditsystem with regard to its deformation propertied gesistance to cracking.

Drilling cores (test specimens 1 - 4) were takenmfithe highway A5 after paving with Compactasphaitt
order to study its complete structure with regardi¢formation resistance. A core (test specimeliség figure
6) was also taken from a conventionally-paved sactio be able to compare the stability of Compstalf to
that of conventional asphalt. Table 1, below, libis types of mixes and the layer thicknesses reduor the
various construction methods.

Each of the rut formation tests was carried outesh specimens from the complete system (asphalebiayer
and top layer), in a rut formation device at 50uUi@ler water. lllustration 6 shows the results &f tdsts. The
test specimens 1 - 4 for Compactasghaliowed less rut depth after 19,200 passes thaspesimen 7 for the
conventional construction method, which reachedt @epth of 8.0 mm. With the Compactasphatinstruction
method, the individual values for test specimensiiwere between 3.4 mm (test specimen 2) and 5(test
specimen 3). A comparison of both construction méshshows that the rut depth of 5.5 mm for the
conventional asphafgrey) was achieved after 8,300 passes, thus d&nating in the rut formation test that it is
significantly more susceptible to deformatitvan the combined layers of Compactashalt

Tab. 1: Types of mixes and target layer thicknesses regdifor the various construction methods used in
the highway A5 [5] segment

Paving method

Type of mix »hot on hot" »hot on cold"
Compactasphdlt conventional asphalt

Top layer SMA0/8 S (2 cm) GAO0/11 s (3.5cm)

Binder layer ABi 0/22 S (10 cm) ABi 0/22 S (8.m)

The fatigue strength of asphalt layers can be dessing the tensile/swelling test. Here, the ldtstiain is the
decisive criterion as concerns the formation afyfet cracks. Tests byou [9] have shown that strain rates are
the most significant characteristic when assesfiagesistance of asphalt to crack formation. T¥ghalt layer
can only bear a large number of stress cycles witany damage, at low strain rates.

All values for Compactasph&land conventional construction methods were ableetitical lateral strain rate
of 15 * 10°. It can be concluded from this fact that nonehef toad surface pavements is prone to the formation
of cracks.
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Fig. 6: Rut formation test on the test
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asphalt paving. Structural data and test resutidoeafound on table 2.

Rut depth in mm

Tab. 2: Structural data for the highway A 8 Contwig-Walshaennt, and average shear
forces ascertained at the top/binder layer leved$ [

Paving methods

“hot on hot" “hot on warm* “hot orold”
Compactasphdlt conventional constion method
Top layer 2.0cm SMA0/8 S 2.0 cm SMA 6/8 3.5cm SMA0/8 S
Binder layer 8.0cm ABi 0/16 S 8.0cm ABi6 S 8.5cm ABi 0/16 S
Base course 120cm ARB0/32CS 12.0cm ARRBCS 10.5cm ARB 0/32 CS
O Shear force 37.6 kN 32.8 kN 32.6 kN

Top/Binder layer

The cores associated with the ,hot on hot* pavingthmd (Compactasph8)tshow, on average, the highest
shear force with 37.6 kN. With the ,hot on warm“daconventional paving methods, average shear fates
32.8 kN and 32.6 kN were still ascertained. In tggdate to the Fact Sheet on the Construction of
Compactasphalt Pavements [13], a recommendatidrb&igiven on the extent to which a determinatibthe
bond between both inner interlocked layers is dgtwaquired, using the testing technology avaiatd date.
Overall, test results have documented the excebatility of Compactasphélt In terms of deformation
resistance and layer adhesion, the method is gleaperior to conventional construction methods.

Based on laboratory and process engineering téssfollowing are the advantages of the Compactfph
construction method:

e savings on material costs,

< significant extension of the time available fordimompaction,

» reduction of bad weather influences,

e possibility to reduce the mix temperatures,

e better durability through the intensive interlodakiof both layers,

« higher heat stability compared to conventional pgvnethods, as well as
* a marked reduction in paving times.

In consideration of the high paving qualities agbii comprehensively by using modular finishers, and
process safety that has been extensively testechandn over a period of many years, the manufactdr

Compactasphdlt pavements has been integrated inZi¥’ Asphalt-StB 0f22]. With this method, driving over
the lower hot layer is fundamentally forbidden.
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Focus on maintenance

Under the point of view of minimizing the life-cyclcosts of traffic roads, the advantageous apjiicatf
Compactasphdlt [19] should not only be reserved for highwayd &deral roads. This is only possible when
more competition is made possible in the markett) wo restrictions, at the quality level that hagib achieved
to date. HereDYNAPACwiIll make a technically and economically innovatigontribution with a 2.55-m
module that is compliant with regulations:

Compactasphdlt can be offered and applied in conformity witk tequirements cZTV Asphalt-StB 07
[22]: no passing over the hot sub-layer

The machine's technical solution to paving with @actasphalt is applicable without limitations, and is
not limited by problems resulting from changes melination or paving widths, or by problems that
diminish the safety of the process.

Both paving screeds are coupled in successionddrdme of the modular finisher. This meets the
identically-defined conditions whereby it is pogsilio achieve a consistent thickness of the upggearl
applied, independent of the load-bearing perforraaiche hot base.

In recognition of the studies Byappert[17] andArand[1,2], the use of higher compacting screeds should
continue to be carried out in moderation, sincertaffect on the mechanical properties of the binder
layers applied has not been scientifically secured.

The support frame is a minimally-modified seriahi$iher that is predominantly used for standard
construction methods and which can be converted antnodular finisher, when necessaay low cost.
This guarantees a high degree of utilization.

Both material containers, which are arranged in édigite succession, facilitate the mixture logistiod
minimize the risk of interruptions during paving.

The use of a modular paver allows for the use simgaimproving additives and/or low-viscosity asfiba
in the binder area.

When paving with Compactasplfala second paver is not blocked, and can be useidHer activities.
Only one crew is needed to operate the modulasteri

The purchase of a DF 145 CS paver is linked, as#me time, to the possibility of being able togav
Compactasphdlt Optionally, the paver can be prepared, prior &livery or at any later time, for
attaching of the modular components at low cost.

Fig. 7: Compactasphalft paver DF 145 CS + TP2500 module

The modular paver shown in Fig. 7, with a pavingltivistarting at 2.55 m has the same basic prineiplthe
3,0m module, which has already provided valuablewkedge. The concept is rounded off with very short
equipping times, a compact assembly, and very gisilbility.



5 Forecasted service life

Richter [15] considers the durability of conventional wiegrcourses to be about 12 years. Compactasphalt
built with modular finishers and subjected to hedwgds for years display outstanding stability.céin be
expected that by applying this construction methoder comparable conditions, the useful life of riven
courses can be doubled.

DYNAPAC had the opportunity to lay newly-developed operspe asphalt (popcorn), two-layered, in
thicknesses of 35 and 20 mm, with grain diametérs2c6 and 9.5 mm, respectively, for tBéate of Georgia
Department of Transportatiorat the testing site of thidational Center of Asphalt TechnologMCAT). The
paving field used is part of a 2.7 km long circaitd had a width of 5.40 m and a length of 65 rg.(Eiand 9).

Fig. 8: View of the testing site of NCAT. 24 Fig. 9: View of the NCAT test section (Photo:
months of constant loads atop the testing fields. =~ NCAT)
(Photo: NCAT)

The objective was to achieve the maximum possibid gontent during paving, from a technical viewyoi
In the most extreme case, 18 vol.-% was achievél thve conventional method. This challenging pavaotion
worked perfectly. After completing the test sectianid contents between 22 and 24 Vol.-% were a&tev

Following completion of all individual fields usirthe most diverse mixture compositions, the tesg@m was
launched in September 2006, in the course of whithaffic load produced in 15 years would be sinada
within 2 years. To this end, trucks loaded withebtglates, each pulling 2 trailers, drove over tibgting area
daily (Fig. 9).

After 24 months of applying constant loads, thedwodntents and the initial evenness in this fietenjust the
same as on the first day. Two additional fields evpaved during the application process, using Hmes
materials and a “hot upon cold“ method, but thegults were less promising.

The results reinforce the prediction that, with Qaatasphaft technology, it is possible to adapt the usefel |
of the top layer to the useful life of the bindayér. The economic considerations in the followdhgpter are
guided by this assumption.



6 Economic considerations for using a modular pavewith a basic working width of 2.55 m

The benefits of the Compactaspfaltonstruction method have operational and econaspects.

While the operational benefits manifest themseltlesugh the effective use of personnel, technolagyg
materials, the economic efficiency lies primaritythe extension of the lifespan of traffic surfaaasd therefore
in the clear reduction of lifecycle costs. In ttese of operator models, there are direct beneidiing paving as
well as benefits that arise in the long term.

Based on a simplified cost calculation, fiechnical University Darmstad6] concluded that Compactaspffalt
technology becomes operationally effective staréga paving area measuring approx. 12,4601m2004,
Bippen [3] compared the Compactaspfialpaving method with conventional paving, using aecific
construction project as an example (the GermarnwaghA31) and calculated the operational benefitdéirthe
specific construction site conditions, and takintpiconsideration that the building company hadiubés new
technology for the first time, he reported saving<s/5,900 € for this project, emphasizing that @guld have
been possible to increase the benefit to 170.208tl€ changes in the technological process. Theutatied
breakeven point for Compactaspfiakchnology for this construction project was appridl,000 .

Construction site parameters Material costs

free to construction site
Crogs-section R 20
Constr. catergory | ShA 11 top l. €1 75,00
pa\.’ing width T 780 AC 22 hinder 1| €f 48,00
pa\ting |ength T 2000 AC 32 base c. £ 32,DD
pav. thicknesses conventional CA Elgneﬂt frolm %, a0
SMA 1T top L[ cm 40 20 rix substitut.
AL 22 binder [ cm g0 100
A 32 basec.| om 18,0 180
sep. hase c. 2 2

Available mix quanti . . .
T Fig. 11: Construction-related parameters of the calation

spec. Weight | kg/m? 2400 |
conventional | CA
SMA 1 tap | th 120 55
ACZ2 binder .| t/h 200 275
AL 32 base c.| th 300 300
Times for setting up and shutting down Transportation expense
convent. CA Simple transportation costs, simple trip
Setting up
workers 3 4 € 1.000,00
hs 50 50
total hs 150 200 _ . Convent. CA
Delivery unit 5 4
Shutting down Return transp. unl.t 3 4
workers 3 A total unit 6 8
hs 40 40
total hs 120 160
Total sum hs [ 770 | 30 Fig. 12_. Equipment-related technical parameters dhe
calculation
Crane expenditure
Time expend. hs 30
Hourly rate Efhs 150,00




Within the scope of this treatment, the possiblenemic advantages will be presented using a fictsi
construction project by way of example. Figures-113 are based on the corresponding calculatioptip
documents.

constr. comp. PPP project
conventional CA CA
Unit total  [per m? total per m’ total  |per mj
Planned paving area m’ 15.000
Equipment.related costs (performance-dependet)

Equipment costs € B.406 0,56 [ 6845 046 6 845 0,46

Fuel costs, total € 4671 031 [ 4272 028 4272 028

Labor costs for paving, total € 14.784 053 [ 10218 0 B8 10.218 08

Set-up costs, total € g10 0os [ 1530 010 1.530 0,0

Transportation costs £ 5.000 040 [ s.000 053 8.000 053
Sum of performance-dependent costs| € 34.670 2.1 30.866 2.06 30.866 2.06

[ 097w ] [ 097% |
Special effects @l

Material costs (savings from side offer) £ Il -15.552 -1,04 -15.552 -104
Application costs top layerbinder layer € [ 1 ] -3.000 020 3000 020

Speed-up premium £ :l 0,00 0,00
Functional construction method € Il 177845 1186

Mo renovation of top layer after 12 yrs £ Il -T77 845
Mo traffic safety costs after 12 yrs £ :l

Sum of special effects| € -18.552 -1.24 -196.397 13,09

Sum of performance-dependent costs minus special effects € 34670 231 12.314 082 [ 165531 11,04
Discounted cost attenuation £ ‘ 22357 ‘ 149 | 200.201 | 13,35

Fig. 13: Economic consideration from the point ofexw of the contractor and PPP
project

The assumed construction-related parameters arensimoFig. 11. In construction category |, two ding lanes

totaling a width of 7.50 m are to be renovated glartlength of 2,000 m. The assembly of the asjidnadrs adds
up to (18+8+4) cm under the conventional constanctnethod. In a Compactasphalt construction chwig as
a side offer, the layer thicknesses for the biradet top layers were modified by 2 cm each. It wasymed that
the contractor can achieve a benefit of 80 % frbenrhixture substitution for the top layer. In thieample, the
mixture quantities available are identical for eaehiation. As pertains to the discounts to be uadken, an
annual price increase of 2.0 % and an inflatioe &ft1.0 % are assumed. The renovation of theayperlthat
will be required after 12 years when using a cotieeal construction method is presently estimatedpgprox.

11.00 €/m.

The paving and compaction technology was class#iecbrding toBGL 2001[4]. For space reasons it is not
possible to include an illustration here. The medwhs classified as a comparable paver, thoughavith %
reduction since an undercarriage is not necessary.
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In order to determine the calculatory equipmentts;050 % each was selected for depreciation andirsep
Personnel costs are assumed at an average of 8M0Based on experience, the effective utilizatidrthe
paving technology increases with the use of a feddam 45 min/h to 55 min/h. In the present exaenahd
based on practice, no feeder was taken into acdoumbnventional paving. When Compactaspghakving is
carried out, it is to be assumed that the corredipgnfeeding technology is also used when applyirggbase
layer.

The average fuel consumption was assumed at G\ |

According to experience, conventional paving reggiimne trip less each for transportation of thertelogy.

Preparation of the modular paver requires the is@® crane (approx. 3.0 hours), and is linkedn@aditional
manual expenditure of approx. 9.0 man-hours (R2g. 1

Figure 13 provides the results of the economic id@nations from the point of view of the constroatifirm and
in special cases fromRPP project.

The shortened paving times provide the contradiespite the necessary additional expenditures éguipping
and transportation costs, and without taking irdooaint special effects, with an approximate codticéon of
11 % when using the Compactasphalibnstruction method. Based on the example, anwti®n of costs by an
additional 1.24 €/% to 1.49 €/ compared to 2.31 €mwith conventional construction, is to be expedfed
special effects should be attained from materibkstution and from the costs saved on applicatiorthe top
area. The breakeven point for the Compactasplalbstruction method lies, in the present cas®,220 n
(840 linear m), and it lies at 1,628 (217 linear m) under consideration of the speeifgcts.

If the project should be considered under the damti of a PPP project, an additional special effect
(discounted) would also play an important rolenvdtuld not be necessary to renovate the top layegrea®s after
paving. The savings from road safety costs cana@xXpressed as a round sum and thus have notdieamihto
consideration. The result of the examination yigldiscounted cost attenuation of approx. 200,200 €

The profitability of this method already becomewality after the first few meters have been paved.

The advantages of the Compactasphalt constructiethad present themselves differently for the client
depending on whether the project was tendered arded as a side offer. In both cases, the berefgsafrom
the non-necessity to renovate the top layer dutfimguseful life of the binder layer. If the constion was
tendered, the client also enjoys the advantagesedadrom the mixture substitution and from the aation
savings.

7 Conclusions

The paving of CompactaspHalising modular pavers was accompanied in yearshyasbnsiderable research
expenses. The asphalt-related technological adyestare undisputed. Now it depends on opening uhigo
procedure the possibility of broad application, exsally in the area of maintenance. The economiclyst
conducted for a fictitious construction site alloiwsthe expectation of above-average operationdleconomic
efficiencies. In concrete cases, project-speciicrépancies will occur by necessity.

In addition to the savings in blocking costs, tkermmic advantages arising from having less cocistnu sites
has not been included in the considerations:

» less traffic jams,

- fewer accidents,

e reductions in time loss and
* alower CQ burden.
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