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Sound Absorption and Winter 
Performance of Porous Asphalt Pavement 

GABRIELE CAMOMILLA, MAURO MALGARINI, AND SANDRO GERVASIO 

ound-absorbent porous asphalt pavement have b en used 
extensively on ltalian motorways to reduce traffic noise; improve 
kid resistance in ca e of precipitation by eli minating aquaplaning 

especially in zone with limited runoff; and eliminate the ri k of 
the spray effect. The Auto trade >mpany carried om large- calc 
tesc for safeiy, economy, maintenance, and ound ab orption 
over some 1,200 ,000 m1 or porous a ·phalt pavcmenr . Laboratory 
control measurements and snO\ simulation were al o tudie<.I . 
The darn indicate why porous a phalt attenuate noise , which 
may lead to new ways to develop porou · asphalt p11vement mixes. 
The measures that should be taken ro remove now and ice are 
also reported. 

On such fast-transit roads as motorways, highways, ring roads, 
bypasses , and so on, traffic conditions generally are such that 
one main source of noise is "rolling noise," that is, the com
plex of vibrational and fluido-dynamic phenomena that arises 
from the interaction between vehicle tires and the road sur
face. Indeed, it has been ascertained that tire-on-road noise 
is the predominant source of noise for passenger cars traveling 
more than 50 to 60 km/hr and for industrial vehicles traveling 
at more than 60 to 70 km/hr (Figure 1) (I, 2). 

The Autostrade Company has become increasingly inter
ested in analyzing this phenomenon to develop a pavement 
that can reduce rolling noise, and simultaneously maintain 
good safety and durability characteristics. Research has clar
ified many, if not all, aspects of the problem which, in 
summary, is affected by the following parameters: 

• Aerohydraulic vorticity phenomena that result from the 
rota-translational movement of wheel itself, 

• Tire vibrations caused by impacts between the grooves 
of the tread and irregularities in the pavement surface (micro
and macro texture) , and 

•Air-pumping phenomena, that is, the sudden lamination 
of the pressurized air trapped in the spaces between the tread 
grooves and the road surface. 

The various simulation models developed so far are approx
imate, such that it is not possible today to theoretically deter
mine the combinations or solutions which will ensure low 
noise levels. 

SOUND ABSORBING PAVEMENTS: HOW THEY 
FUNCTION 

In recent years , experts have paid increasing attention to 
"porous asphalt pavements." The Autostrade Company has 
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carried out extensive experiments involving porous asphalt 
pavements , and in 1988 conducted large-scale test fo r saf ty , 
economy, maintenance, and sound absorption over ome 
1,200,000 m2 of pavement. The tests on sound absorption have 
yielded some interesting data which may well open up new 
horiz ns for the development of this type of mix . 

Numerous hypotheses have been advanced to explain the 
noise attenuation produced by porous asphalts. The more 
feasible are as follows: 

•The porosity of the road surface strongly limits the air
pumping effect, and insofar a there is communication between 
the cavitie in the pavement, and therefo.re the air between 
the tread grooves and pavement is not compressed. 

•The macrotexture of the porous pavement is character
ized by optimal wave length and roughness , so as to minimize 
tire vibrations. See Descornet's theory (3). 

• The sound absorption coefficient is such that along the 
path of ·ound propaga ti n between the sou nd source and the 
point affected by the noise, an additional. attenuation occurs 
because of the reduced acou tic reflection from the road 
surface. 

Among these hypotheses the l a t important is usually con-
ide red to be sound ab orption (4) . Passing from a mean valu 

of 10 percent (traditional pavement) to an am coefficient f 
60 percent (porou · pavement), the maximum theoretical ver
all alt nuarion i abou t 1.3 dB(A) (Figure 2)-a figure con
siderably lower than the 4 to 6 dB(A) generally obtained 
experimentally. 

Tests and Results 

The test program included both measurements taken on site 
and measurements taken in the laboratory on samples. 
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FIGURE 1 Rolling noise as a function of vehicle speed. 
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FIGURE 2 Sound absorption. 

On-site Measurements 

he on- ite measurement were carried out 011 tbe Adriatica 
Motorway in the vicinity of Vasto Nord where severa l sec
tions were paved with traditional and ound-ab orbent 
materials under identical environmental and wear conditions. 

Tuo similar microphone arrangement wc::n: sel up at point! 
lOO m apart as mea uring positio11s , on the two types of pave
ment. Mea urements w re taken at 3.S and 7.S m from the 
axj of the normal traffic lane and in uch a way a LO obtain 
free field acoustic c nditions . 

The following noise sources were used: 

• Tw standa rd vehicles: a Fiat Uno and an OM 130 truck, 
b th in transit at constant speed , first in gear and again with 
the engine turned off. 

• A noi e generator: A loudspeaker mounted on the roof 
of a car powered with white noise from 100 to 5,000 Hz, 
producing a l.oudness that exceeded the vehicle nois by at 
least 10 dB. 

TABLE 1 TESTS WITH STANDARD VEHICLES 

Vehicle 

FIAT UNO 

OM 130 

60 

Speed 
km/h 

40 
60 
80 

120 
engine 

40 
80 

off 

60 engine off 

MEAN 

TABLE 2 TESTS WITH NOISE GENERATOR 
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Propagation of Sound in the Case of 
Traditional Pavement (a..= 10 i.) 

Hypothesis for Porous Asphalt Pavement: 
Simple Attenua1ion = 71 .5 only on the 
Source/Receiver Path 

•Actual motorway traffic. Given th proximity of th two 
microphone units and the type of road ection in question 
(slight negative slope and traight path) , it cou ld be as -umed 
that there would be no significant vadati 11 in the parameters 
affecting noise, (i.e., traffic composition, average speed of 
vehicles, engine speed, and weather conditions) between re
cording positions. Consequently , any attenuations would b at
tributable exclusively 10 the djfferent nature of the pavement 
urface . 

The te t results are ummarized in Tables 1- 3 (each atten
uation value i the average of three tests). Figure 3 shows 
db(A) levels measured using the standard vehicles a t the dif
ferent test ·peeds and conditions. Figure 4- 6 how th ta
tistical param ters measured at the two receiving units, and 
specifically spectra (mt:m1 value) , probability distribution, and 
the cumulative distribution. Figure 7 show the development 
of the sound l vet as a function of its position relative to the 
measuring point and the noise spectra recorded for one of 
the vehicles in transit. The time windows included either the 

Attenuation 
3.5 m 

dB(A) 

3.2 
3.1 
2.6 
2.8 
1. 8 

3.8 
2.2 
3.1 

2.8 

Attenuation 
7. 5 m 

dB(A) 

6 
3.6 
4. 5 
4.5 
3.3 

6 
3.3 
2.6 

4. 2 

Test No. Attenuation 
at 3.5 m, dB(A) 

Attenuation 
at 7 . 5 m, dB ( A ) 

1 
2 
3 

MEAN 

0.8 
0.3 
0.4 

0.5 

0.2 
0.3 

0.1 
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TABLE 3 TESTS WITH REAL TRAFFIC 

Attenuation, dBA (on 15 minutes of analysis) 
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FIGURE 3 DB(A) levels for standard vehicles. 
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FIGURE 5 Probability distribution of dB(A) for porous 
asphalt and traditional pavements. 
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entire approach and departure period (top) or ju t the instan t 
of pa ·sage past the pickup microphone (0.125 ec) (bottom). 

The following ob ervation can b deduced from these fi.g
ures and table : the overalJ effect of the pavement cannot be 
attributed solely to the reduction in rolling noise. In f< ct. a 
shown in Figure 3 and Tables 1-3 the attenuation i almost 
constant and independent of the vehicle peed, whereas, a. 
previou ·ly indicated, the· weighr" of tJ1e rolling n is increases 
rapidly with the rise in speed. In other w rds, a modification 
that would affect only t11e rolljng noise will not result in auen
uatioos of 4 to 5 dB(A) even at 40 km/hr (i.e. in condition · 
in which the primary noi e. ources are the engi1Je and exh11us1). 

This observation i. further . upported by comparing the 
measurements performed when ve hicles were in gea r with the 
measurements performed when the vehicles' e ngines were 
shu t off. For both standard vehicle in both test modes, reduc
tion of the same magnitu.de were · btainecl. In theory, when 
the rolling noise is the only ource f l'IOise (the test with the 
vehicle engine turned off), the attenuation should have been 
much more evident. 

All this led to Lhe formulatio n of the hypothesi ·flown in 
Figure 8, which can be expressed a fo llows: the 'overa ll effect 
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FIGURE 6 Cumulative distribution of dB(A) for porous 
asphalt and traditional pavements. 

of the porous asphaJr pavement is cau eel by an attenuation 
obtained by soupd ab orption, operating first on the no.ise 
genera ted by all ource (mot r exhaust , fans. tire ) and 
successively rebounding between the floor pan and pavem nt, 
and then alo ng th s urce and receiver propaga tion pa th . A 
noise reduction from 3.5 to 4.7 dB(A) follows from this 
hypothesi depend ing on the number of succe sive reb unds 
between floor pan and cabin and pavement. T he approxi
mation between the theoretical data and the experimental 
results is good . (Detai ls about the theory of sound propagation 
between the tw parallel urfaces and mod I calculations are 
available by contacting the authors.) 

A first partial verification of thi thesi · is f und in the field 
mea urements, which show (Figure 7) that the attenuation at 
the approach and departure tages i greater compared ' ith 
the reduction rel ated to the transit only. ln add ition , pa -
senger cars are more sen ilive to the effect of the porou 



4 

FREQUENCY ANALYSIS •••••••• 
90 POROUS 

ASPHALT 

=--t------- - ------ -- - - -
80 TRADITIONAL 

c( 
CD 

60 

50 

ATTENUATION 

' ' 
~4~0.,...-....... _------------~ 

31,5 63 125 250 500 1K 2K 4K BK 

-50 0 
100 

APPROACH +TRANSIT+ 
DEPARTURE 

50 

VEHICLE POSITION WITH 
RESPECT TO MICROPHONE m 

c( =--t----1-- --.--.-----t----'8 90 
..J 
w =----+--._1--......,.~~"""',..--.--t----
ii'.J 80 
..J 
0 =--1-......... ~i:,:e.;;__-+-+--='iiHlffft+;+i..:::,..,.,..._ 

§ 70 ..•. ~tt$ . 
..J ~60--+-"------'-.._------~ 

~ 
8 

~50.,.._~------;-~------------~ 
'"·"' oNLY TRANSIT PAST + MICROPHONE STATION 
+ 

90 

80 

70 

FREQUENCY ANALYSIS 

fl •• "/ 
•\ ·••• 
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asphalt than are trucks and industrial vehicles as shown in the 
following table. 

Vehicle Type Test Conditions Mean Allenuation 
(dB(A)) 

Passenger car Approach, transit, 5.2 
and departure 

Passenger car Transit only 3.4 
Industrial Approach, transit 3.4 

Vehicle and departure 
Industrial Transit only 2.4 

Vehicle 

Laboratory Measurements 

Sev ra1 control mea. urem ~nt · were ul· equently taken in the 
laboratory. The fu'st step was Lo use the tanding wave appa
ratus (Figure 9) to determine ound ab orpt ion coefficients 
on normal incidence of different pavem nr ample . Differe nc 
measuremen t were taken n each type of mix to accounc f r 
dispersions owing to differences in production and laying of 
the materials . 

The resul ts are shown in Figure IO. Porou pavements have 
much higher values than traditional pavement , particularly 
in the fr quen y range where the mean n i e pectra begin 
to vary igni ficantly. 

A econcl c ntrol test was conducted in the Fimit-Ipse sem
ianechoic chamber (Figure 11). An automobile on the roller 
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FIGlJRE 9 Standing wave apparatus. 
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FIGURE 10 Sound absorption coefficients of pavement 
sa1oplcs determined in laboratory. 
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FIGURE 11 Fimit-Ipse semianechoic chamber. 

bench wa driven at 120 km/ hr in direct gear under condition 
simulating a flat road. Subsequently a thin layer of sound
ab orbing material wa · placed on the chamber floor directly 
beneath the floor pan , and external noi em asuremcnts were 
taken to evaluate the effect of u h treatment. The polar dia
gram hown in Figure 12 fu ll y confirms the level of attenuation 
recorded on the motorway section. 

Implications for Further Research 

The work undertaken and the positive results obtained cannot 
be thought to solve the problem of vehicle noise, but certainly 
they represent an encouraging starting point for further re earch 
into the more important physical phenomena affecting the 
overall noisiness of vehicles-the comp nents of rolling noise 
as well as that of the engine and the drive-line. 

T he hypothesi. on porous asphalt pavem nts must be exam
ined and checked further. Some of the important implications 
include the following: 

• Porous asphalts could be used successfully in urban envi
ronments, insofar as the sound-absorbing effect is not linked 
to vehicle speed. Indeed, in theory, the z.ttenuation could be 
even greater in the cases of idling vehicles (at stoplights) or 
slow or "hiccuping" traffic. 

• When noise barriers are combined with porous asphalt 
pavement, it might be necessary to review the various 

5 

- - - - - REFLECTING PAVEMENT 
••••••••• ABSORBANT PAVEMENT 
;$,&:~~ ATTENUATION 

V=120 Km/h 

FIGURE 12 Attenuation in Fimit-Ipse semianechoic chamber. 

insertion-I ss calculation model . In fact. for example. the 
effect of the sound-absorbing urfacc could alter the conven
tional height of the noi e ource today ·et at 0. m above 
ground level. 

•The ound-ab. orbing pavement substantially modific the 
mean noise pectrum . ignificantly attenuating the frequ ncies 
from 500 to 6,300 Hz. 'This could also lead to a tandardized 
road noise ·pectrum rather diff ren from that cstabli hed , 
~ r example in the French and German standard · (5, 6). 

Future research should also be directed along the following 
lines: 

• Eva luation of the eventual deteri ration f acoustic prop
erties resulting from the pos ible compact.ion of the asphalt 
under traffic loads· reduction of porosity caused by dirt, dust , 
or cbemical action ( ·alts, ils. hydrocru·bons etc.)· and behav
ior under wet surface condi tions. 

• Developm nt of pavement · which offer better sound
absorption characteristics, mainly at low frequencies. 

• Development of ound-abso.rbent pavements with low 
rolling noise characteristics. 

PERFORMANCE OF POROUS ASPHALT 
PAVEMENTS UNDER WINTER CONDITIONS 

The advantage of porous asphalt pavement · require clo er 
attention to their performance u.nde.r winter condition , e pe
cially because their porou tructur may lead to changes in 
ice formation and in ice and snow elimination. Over several 
winters, it ha been noted that on everal motorway sections 
paved with porou. asphalt now attaches more easily and 
last longer, often with very rapid ice formati n. 

ln order to tudy thi phcnomen n and determine valid 
criteria for winter maintenance intervention it wa decided 
to conduct a series of test with the following ·pecific aims: 
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•To study 111 re th roughly the phy ical process which , 
under cert ain specific weather ondition , re ults in the for
mati n of ice on porous asphalt surfaces and 

•To analyze the phenomenon by means of Jab ratory te ·ts 
to determine the cause of ice formation from now. 

Winter Conditions Testing 

The tests were conducted on two different pavement sam
ple - porou asphalt surface and normal surface- having ih 
characteristic hown in Table 4 . For each test, th temper
atu re variation was 1·ecorded for increasingly longer time 
intervals at the surface, - 1 m, - 3 cm, and binder levels. 

The tests were conducted using (a) four digital thermom
eters with microprocessor temperature control. (Each ther
mometer was equipped with two external K-type thermocou
ple sensors. Temperature indication conformed to National 
Bureau standards.), (b) a thermostatic chamber for temper
atures ranging from 00 to + 350°C, and (c) a thermostatic 
chamber for temperatures ranging from + 7° to - l5°C. 

The porous and normal samples responded differently to 
physical transformation stresses occurring on the surface. In 
particular, the porous sample 

• Cooled more rapidly because of its high porosity and high 
specific surface area; in fact, road tests show that porous 
pavements are often colder than normal pavements; 

• Showed high wettability; 
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• Showed significant thermal resistance throughout, with 
significant delay in warming as envir nm ntal temperatures 
ro e; 

• As urned a high thermal capaci ty because of the presence 
of the melt water which oaked it and the thermal capaci ty 
appeared to vary a· a funetion of the concentratioa of the 
olution and the quantity of olvent; 

• Used little if any of the thermal re erves of the underlying 
pavement layers; 

• Proved relatively unaffected by normal preventive 
treatment. 

To obtain performance approaching that of the normal sam
ple it wa nece sary to apply almost triple tile am unt of 
NaCl. The main reasons for this are the following: (a) the salt 
is deposited in the voids and only partially comes into contact 
with the snow, and (b) the saline solution resulting from the 
melting of the snow is lost through drainage , and in its descent 
partially leaches out the salt deposited in the pores, thus 
increasing its concentration as it flows. 

Increasing the quantity of Na 1 is not recommended. In 
addition to delaying the rise in temperature, it could also have 
the effect of further chilling the drain water that re ult fr m 
the high concentration of salt solution which, in washing over 
the vast internal surfaces, subtracts additional heat from the 
deeper layers of the porous asphalt wearing course. Ice removal 
treatment with NaCl is also of little effect, because the frozen 
surface becomes "cratered" around the salt granule. In pass
ing over these craters, tht: salt solution is thus only partially 

TABLE 4 CHARACTERISTICS OF SAMPLES EMPLOYED 

WEARING COURSE 

BINDER POROUS ASPHALT NORMAL 

1) Thickness of Layer 5 - 7 4 cm 5 cm 

2) BitumPn Content 4.7 % 5.8 % 4.9 % 

3) Aggregate Specific Weight 2.68 gr/cm2 2.80 gr/cm2 2.73 gr/cm2 

4) Volume Weight 2396 gr/cm2 2260 gr/cm2 2403 gr/cm2 

5) Percentage Voids 4.56 % 11. 57 % 5.08 % 

6) Sample Weight 7.88 kg 8.94 kg 

7) Sample Diameter 200 mm 200 mm 

8) Samvle Height 115 mm 115 mm 

9) Granulometry According to Technical Standards 

10) Thermal Coefficient Values to be Determined 

11) Thermal Conductivity " II II " 

12) Thermal Capacity (C.S.) " ti It " 

13) Specific Surface " " ti " 
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deposited on the attack surface. The remainder is lost through 
drainage, and consequently the ice layer is only altered in 
certain zones (Figure 13). 

Conclusions Regarding Winter Performance 

• In conditions of intense cold and sharp frosts, the porous 
pavement presents several di advantages 

• Preventive treatment given the grnnulometric character
istics of salts currently used is not particularly effective, but 
certainly not useless 

• Ice removal treatment can perhaps be more effective using 
liquid chloride solutions, 

POROUS ASPHALT 

NORMAL 
ZONE INVOLVED 

SN\'W IN MEIIINf' PROCESS 

COMPRESSED 
SNOW, 

' \ 

' 

FIGURE 13 Preventive treatment and snowploughing process 
on wearing course. 
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• The pa age of th sn wplough blade compresses and 
pre es Lhe sn w into the pores of the p rous a phalt, and 
subsequent traffic brings to the surface part of the snow in 
the form of semi-liqu id slu h which easily freezes under low 
temperatures. 

• Attention must be given to the problems which arise at 
the transition points between the normal pavement and the 
porous asphalt pavement, because of the different behavior 
of the two mixes. 

Given current knowledge, and pending results of more 
detailed studies, the ~ llowing winter operations are advisable: 

1. In the case of porous asphalt pavements, it is necessary 
to provide strong preventive treatments consi ling of almo l 
three times the amount of salt used for normal pavement. , 

2. To facilitate accurate dosing on the p<trl of the alt- preacler 
operator, it is m;eful to po t si.gn al the beginning and end 
of the porous asphalt sections, 

3. It is necessary to alert staff in ample time to ensure 
immediate and rapid snow removal operations before the snow 
can penetrate to depth, and 

4. Once the snowploughs have cleared the snow. it is nec
essary to proceed immediately with successive and repealed 
treatments with reduced quantities of NaCl. 

Research should be continued to devise new specifications 
for both preventive treatments (granulometric characteristics 
of the salts) and ice removal treatments. 

Laboratory Simulation Tests and Results 

A simulation test was conducted on porous asphalt pavement 
in a thermostatic snow precipitation chamber and simulated 
outside weather conditions, which occur, for example, along 
the eastern coast of Italy prior to snowfalls. (See Figure 14.) 

I 

4 
180' 240' 

FIGURE 14 Snow simulation in climate-control chamber on porous asphalt wearing course at low 
temperatures. 
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Overall, the test included simulation of the preventive treat
ment, the snowfall itself, snowploughing, and snow removal 
treatment with NaCl and CaCl; recording the development of 
temperatures on the sample pavement and visual observation 
of the behavior of the now and the sample. 

The step-by-step test procedure was as follows. The sample 
was first kept at r om temperature for 24 hr, subsequently 
insulated with a thick layer of poly tyrene foam (except for 
the upper surface of the wearing course), and finally placed 
in the climate control chamber at a temperature of - S0 C. 
The demonstration value of the test required a precise chron
ological description to pinpoint the critical moments of a "snow 
operation." 

Because of the cold winter winds from the northeast and 
east, the normally brief snowfalls occurring on Italy's east
ern coast are preceded and followed by sharp temperature 
drops causing sudden frosts. In view of this, the sample was 
gradually cooled by applying an air temperature of - S0 C. 

At the instant when the ·urface temperature reached - 2°C, 
a preventive treatment was applied, using 3 gr of Na Cl ( e4uiv
alent to 90 gr/m2). At that moment, temperatures within the 
sample were recorded as follows: + 0.4°C at a depth of -1 
cm, and + 2.3°C at - 3 cm . 

Ten min after the salt was applied a snowfall was sinru lared, 
maintaining an air temperature of - 5° . T he lower lay rs 
of lhe we.1ring cour e were still above 0° ', and he11ce in 
condition to contribute warmth to the surface. 

It was assumed that the snowploughing operation occurs 
within 30 min of the snowfall. About 2S min after the simu
lated snowfall , i'he snow was tran formed into ice, attaching 
itself to the. urface (p int (1) in Figure 14). The preventive 
trearment proved to be of little effect, although the temper
atures in the lower layers of the porous asphalt wearing course 
had not yet reached values such as those encountered on the 
road and reported in Figure 14. After the ice was removed, 
the air temperature was returned to - 2°C. 

Some salt still remained in the pores, so the sample was 
given another preventive treatment with O.S gr of NaCl 
(equivalent to lS gr/m2). Another snowfall was then simu
lated, compacti ng the existing snow. The process of melting 
began, with both surface ::irid -1 cm depth temperatures 
remaining stable at around - 1°C. The temperature at - 3 
cm, however, continued to fall to about zero. After 30 min, 
the snow was removed, using a brush which pressed the snow 
into the surface pores and removed the exces (Figure 14, 
point 2). 

Temperature variations continued to occur such that after 
about 10 min, the surface temperature reached a maximum 
of -2.8°C and that at -1 cm reached - 2.2° . The physical 
process thus also involved the deeper layers. It was observed 
that the snow remaining in the surface pores took the form 
of semiliquid slush, without liquefying compklely. 

After 25 min, it was decided to perform another treatment 
operation with NaCl (90 gr/cm2). The air temperature remained 
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at - 2°C. At this point , the surface temp raturc fell to - 3.3°C 
and then ro e lowly to - 2°C. At - 2° , an ther ·nowfall 
was simulated, again compre · i:n tile existing snow. fter 10 
min (Figure 14 , point 3), the upper ·urface of the snow began 
to ice ove r, but the now in contact with the pavement tended 
to melt , witJ1out attaching ro the urfacc. About 20 percent 
of the snow melted. 

After 15 min the snow froze wmpletely. It was then decided 
to bring th air temperature down Lo - 7° and t effect an 
ice removal treatment using a 27 percen t aCl solution with 
a temperature of 0°C. For the entire observation time of SS 
min, the ice, which had formed earlier, remained in a semi
liquid state, certainly at the borderline between t he solid late 
and liquid state. The ice solidified when the sample was kept 
at - 7°C for a longer period. 

The following observations can be added to the advisable 
snow operations given previously. Because the noncompacted 
snow reacted very little with the alt dep si ted in the pores it 
i advisable to u e a quantity of NaCl no more than 90 gr/m1 

for the fir t treatment. The quantities l'O be used for ub ·e
qu nt treatment depend on the percemage of sa lt remaining 
undi olved. Finally, at low temperatures , the n w lush is 
particularly dangerou because of its rapid freezing potential. 

DISCUSSION 

TI1e analytical model for sound propagation empl yed here 
i not ' uitabl for u · in predicting the noise pollution pro
duced by traffic, for its application would require a real mea
sure of all pos ible noi. e ources (different motors , tires , muf
flers , and etc.) both a lev 1 and a a spectra l composition. 
Further analyt ic studies and experimentation, however. can 
lead to better knowledge of vehicle noise gen ration and prop
agation phenomena. Additional re earch hould be directed 
towaJ·d the variation f the ound absorbing coefficient f 
porous asphalt pavements as a function of the angle of inci
dence, effect of the thicknes of lh rnrnu a phalt, effect of 
the porosity effect of peci[ic r i'tance to 1he pa sage of ai r, 
and effect of the shape factor . 
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