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Porous pavement in a cold climate 

A porous pavement, which had been in operation for 4 Y, years, had a (sufficient) infiltration rate 

of 65 mm/min (Hogland et al., 1987). In Haparanda, in Northem Sweden, a porous pavement 
construction with porous asphalt has been functioning for 9 years. No maintenance operations 
were carried out <luring this period (Bäckström and Forsberg, 1998). 

Pratt et al. (1995) suggest that a permeable pavement construction may need to be renovated after 
15 to 20 years of operation. A permeable pavement situated in a parking area in the UK had 
infiltration rates in excess of 1000 mm/hour after 9 years of operation. 

3 .5 Porous asphalt as road surfacing material 

Porous asphalt has been used as road surfacing material on highways and urban roads in many 
countries. In the case of roads with high traffic density, porous asphalt is often placed on top of an 

impermeable base. Camomilla et al. (1990), Isenring et al. (1990), Wågberg (1991), Swedish 
National Road Administration (1994) and Noort (1996) have reported the main advantages and 
disadvantages of porous asphalt. 

The main advantages of porous asphalt are traffic noise reduction, reduction of hydroplaning and 
spray, absence of reflection from road surface, good skid properties, and good resistance to 
permanent deformation. The main disadvantages are high maintenance costs for unclogging 
operations, sensitivity to oil spills, and different winter maintenance strategies are needed (i.e. 
specialised use of salt and friction material for slipperiness control). 
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Porous pavement in a cold climate 

4. FULL-SCALE POROUS PAVEMENT IN LULEÅ, SWEDEN

A full-se ale porous pavement construction was built in 1993/ 1994 in a residential area on the 
outskirts ofLuleå, Northern Sweden (N:65°36', E:22°13') (figure 3). A description of the field site 
can be found in Stenmark (1995). The stmcture that was built was similar to the porous pavement 
construction shown in figure 2. The thickness of the porous asphalt, the adjustment layer and the 
macadam sub-base was 45 mm, 30 mm and 600-1000 mm respectively. The porosity of the 
porous asphalt and the sub-base material was 15-20% and 35-40% respectively. The width of the 
grassed roadside swales was increased to create a larger area for stormwater infiltration. For 
comparison, one stretch of road in the area was surfaced with impermeable asphalt and one stretch 
of road was constructed with a sub-base of blast furnace slag. The underlying soil consisted of sil ty 
moraine (frost susceptible) with a permeability of 1-10·• to 4-10-s ml s. A view of the road area after 
construction is presented in figure 4. 

! Gcotcxtilc I 
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Figure 3. The full-scale porous pavement during construction. 

4.1 Field studies 

Measurements of ground temperature, frost heave, groundwater levels and runoff were performed 
between 1994 and 1997. Climatic conditions, including air temperature, precipitation and snow­
pack thickness, were monitored during the same period. Details on the methodology of the in-situ 
measurements were presented in Paper I-Il. 
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Porous pavement in a cold climate 

4.2 Laboratory studies 

Two 0.4 x 0.4 m' pieces of porous asphalt were cut out from the field site road in December 
1996. Each asphalt piece was mounted on a grid of reinforcement steel in a test box. Infiltration 
capacity and draining behaviour of the porous asphalt were measured at different ambient air 
ternperatures in the range -10 °C to +20°C. The methodology of the laboratory experiments was 
described in Paper 111. 

Figure 4. A view of the field site <luring rainfall in September 1994. The road in the foreground is 
surfaced with porous asphalt. A wet impenneable road surface can be seen in the background of 
the picture. 
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5. MAJOR RESULTS

5 .1 Runoff control 

The critical runoff volumes arose when the snow melted during a few weeks in late March and 
April (Paper I). At this time, the runoff reduction by the porous pavement was 50-60%. The 
typical runof

f

hydrograph during the snowmelt period had its highest peak at the beginning of the 
runoff event. The highest flows from the porous pavement occurred during the first part of the 
snowmelt period. Between 1994 and 1996 only two rainfall runoff situations were observed. The 
rainfall intensity was high in both cases. Long periods of rain with low intensity did not cause any 
runoff. 

The porous asphalt retained its draining function during the snowmelt period, even though the 
infiltration capacity was decreased at low temperatures (Paper 111). The results from the 
laboratory studies showed that the infiltration capacity at freezing point was approximately 50 % of 
the infiltration capacity at +20°C. Simulation of melt-freeze cycles for 2 days showed that ice 
clogging of the porous asphalt reduced the infiltration capacity by approximately 90%. 

Ocular inspections revealed that the porous pavement became free from ice and snow on the 
surface earlier than impermeable asphalt surfaces. No water ponding or puddles occurred, as 
shown in figure 5. Due to the absence of water on the porous asphalt surface, no ice layer was 
formed during cold nights in springtime. 

Porous pavement Impermeable pavement 

Figure 5. A comparison of porous pavement and a nearby impermeable pavement during the 
snowmelt period (17

th 

April 1995). 
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Porous pavement in a cold climate 

The groundwater leve! below the porous asphalt pavement rose one month earlier <luring spring, 
compared with the groundwater levels under the impermeable asphalt and the grass-covered 
ground (Paper I and 11). Furthermore, the infiltration of stormwater seemed to produce a 
groundwater recharge in the porous pavement in summer and autumn. The groundwater leve! 
was higher below the porous pavement than below the impermeable pavement. 

5.2 Ground temperature 

During the winter months, normally October to Febrnary, ground temperatures in the porous 
pavement decreased linearly with time in the first 1.0 m of soil below the sub-grade (Paper Il). 
Temperatures in the sub-base were sensitive to changes in ambient air temperature, especially at a 
point 0.2 m below the asphalt surface (figure 6). The sub-base temperatures responded even more 
quickly to variations in air temperatures when the layer of ice and snow on the porous asphalt 
surface disappeared in the spring. The ground temperature at 4.0 m below the asphalt surface 
varied between 3°C in mid-spring and 8°C in autumn. 
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Figure 6. Comparison of ambient air temperatures and ground temperatures at three different 
levels in the porous pavement construction (September 1995 to July 1996). 

The porous pavement was more resistant to frost penetration (i.e. downward movement of the 
0°C-isothem1) than the impem1eable pavement <luring the cold winter of 1995/1996 (Paper I 
and Il) (figure 7). The porous pavement and the impem1eable pavement sections were frozen 
clown to 1.4 m and 1.6 m below the asphalt surfaces respectively. However, there were no 
significant differences between the ground temperatures in the two pavement sections <luring a 
mild winter (1994/1995). 
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AN ALTERNATIVE ROAD CONSTRUC TION FOR STORMWATER 

INFILTRATION IN A COLD CLIMATE 

Alternativ gatukonstruktion för dagvatteninfiltration i kallt klimat 

by MAGNUS BACI<STRÖM and CARIN FORSBERG 
Luleå University o/Technology S-971 87 Luleå, Sweden 

e-mail: Magnus.Backstrom@sb.luth.se, Karin.Forsberg@sb.luth.se

Abstract 

By using an alcernacive road conscruccion wich permeable asphalc over an open-graded aggregace base, che 
scormwater is infilcrated inco the ground. No regular stormwater pipes and manholes are needed. A full scale 
scudy of an alcernacive road construction in a cold climate is presenced in this article. T wo roads in a housing 
area in Luleå, Sweden were rebuilt in 1993. The construccion costs for an alternacive road conscruction and a 
conventional road construccion were comparable. 

Stormwater runoff, groundwacer levels, frosc heave and frost penecracion have been scudied. The runoff re­
duction <luring che snowmelt period was 50-60 %. Frost heave was uniformly distribuced over che road surface. 
No darnage caused by frost heave was observed. The cype of asphalt, permeable or impervious, did not influ­
ence the frost penecration. 

Key words - srormwacer, runoff, permeable asphalt, cold climate, snowmelt, alternative road construction. 

Sammanfattning 

En alternaciv gatukonstruktion med dränerande asfalt och enhecsöverbyggnad av makadam är en metod for in­
filcration av dagvatten. Med den alternativa gatukonstruktionen behövs inga dagvattenledningar och brunnar. 
En full-skale försök i kalle klimat presenceras i denna artikel. Två vägar i etc bostadsområde i Luleå byggdes om 
1993. Kostnaden for byggande av den alternativa gacukonstruktionen var jämförbar med anläggningskosma­
den for en konvencionell gatukonscrukcion. 

Dagvattenavrinning, grundvattennivåer, tjällyft och tjälnedträngning har studerats. Avrinningen under snö­
smältningen reducerades med 50--00 %. Tjällyft var jämne fördelade över vägytan och inga tjälskador har upp­
stått. Resulcacen antyder att tjälnedcrängningen ince påverkas av asfalttyp. 

lntroduction 

Stormwater management of today is mainly based on 
drainage systems with !arge pipes and manholes, often 
placed in conjuncrion with roads and other impervious 
surfaces. The aim of these systems has been to ac­
complish rapid conveyance of rain and melt water to the 
nearest recipient. Although the transport of stormwater 
is fi.mctioning well enough in many cases, there are pro­
blems with the convenrional systems. Overflows are 
common, scormwater causes pollution in receiving 
waters and the costs for maintenance of the !arge scale 
systems with pipes and manholes are rising. Further­
more, frost heave damage and ice blockage of pipes and 
gutters often occur within or nearby the stormwater sys­
tems in cold climare regions. As a consequence of these 
problems researchers have been investigating alternative 
solutions for scormwater management, such as methods 
for decemion and local disposal. 

The main advantages of stormwacer infiltration are 
runoff control, source control, groundwater cultivation, 
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conservation of water resources and improvement of the 
water environment (Fujita, 1994). However, scorm­
water infiltration systems have not been applied at a lar­
ger scale in urban areas. One of the reasons for this is the 
risk for soil and groundwater pollucion (Mikkelsen et al., 
1993). 

One of the scormwater infiltration methods is an al­
ternative road consuuction with permeable asphalt over 
an open-graded aggregate base. No regular stormwater 
pipes and manholes are needed as the stormwater perco­
lates into the subgrade and down tO the groundwater. 
Previous studies have shown that the alternative road 
construction with permeable asphalt reduces peak flows, 
runoff volumes and stormwater pollution load to re­
ceiving warers (Hogland & Wahlman, 1990; Pratt et al., 
1988). 

Stenmark (1992) reported that rhe alternative road 
construcrion works well under cold climare condirions 
with respect to minimizing frost heave. Some prelimi­
nary results showed that the construction had a capaciry 
to reduce the snowmelt runoff (Stenmark, 1995), which 
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Figure 2. Cross section oj the alternative road 
comtruction. 

Geotextile/ 

srormwater runoff from rhe srudy area. A pressure probe 
connected ro a logger measured the warer leve! of the 
weir in the manhole and the data were used ro calculare 
the flow. Samples were taken every fifth minute and 
srored in che logger. 

The peaks in runoff were compared with weather data 
in order ro spot the crirical situations and ro understand 
the flowpaths of water within rhe area. Runoff is defined 
as the flow of water ro the oucflow manhole (location F), 
i.e. excess water from road base and ditches.

Groundwater 

Groundwarer levels have been measured approximately 
rwice a month at locacions A-E. 

Frost heave and frost penetration 

Road levels were measured in spring and surnmer/ 
aurumn ro be able ro campare frost heave for differem 
road surfaces and road bases. 

T emperature probes were installed in the sub-base 
and rhe underlying soil at locations A-D. Temperarures 
were measured approximately rwice a momh. The tem­
perature data were pur together in frost penetration pro­
file cham. 

Cost analysis 

The cosrs for building and maintaining rhe alternative 
road construction were investigated by personal contacts 
with the local aurhoriries in Luleå. 
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Results 

Climate 

The winrer of 1994/1995 was warm and had more 
precipitation than average (1961-1990). The period 
berween September 1995 and April 1996 was on the 
other hand colder and had less rain and snow than nor­
mal (Figure 3). 

Stormwater runoff 

The critical runoff volumes arose when rhe snow melted 
during a few weeks in late March and April. The runoff 
from heavy rains was very small compared with the 
snowmelt runoff. Berween 1994 and 1996 only rwo 
rainfall runoff situations were observed. In both cases 
the rainfall intensity was high ( 4-5 mm/h). On the other 
hand, long periods af rain with quite low intensiry did 
not cause any runoff. 

There were same backwater problems in the outflow 
manhole during the snowmelt periods. Therefore, the 
evaluation af the snowmelt runoff was done both quan­
titatively and qualitatively. Flow measurements in the 
oucflow manhole were imerprered together with the in­
formation from ocular observations. 

The measuremems in spring 1995 showed that 
30-40 % of the snowmelt in the road area ended up as 
runoff during the snowmelt period (Stenmark, 1995). 
Thus, the main part of the water took other ways than 
the drainage pipe, most likely it was stored in the road 
base and/or infiltrated inta the ground. 
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Figure 3. Winter cLimate 94195 and 95196 compared with long-term average (1961-1990). 
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Figure 4. Runojf, air temperature, precipitation and mowpack thickness during the period 960414-960505. 

The snowmelc runoff in the spring of 1996 together 
with climace conditions is presented in figure 4. The 
maximal snowpack thickness during the winrer of 
1995/1996 was 35 cm, which is less chan normal. 

The snow and ice on the permeable asphalt surface 
melted in the first days of April and gave the first runoff 
evem bur due ro some problems wich the measuring 
equipmem at that time no flow rare could be calculaced. 
Between April 14rh and May 5,h (1997) there were ap­
proximately 14 days with runoff and the runoff started 
generally in the afternoon. 

It is possible to see a strong correlarion between high 
air temperature and high runoff. The highest runoff 
peaks occurred when both day and night temperatures 
were high. Between April 2Qrh and April 24rh chere were 
runoff events in series (figure 4). This indicaces that che 
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snowmelc runoff was scarced as a consequence of a hoc 
day and chen continued several days. During chis period 
there was also a small rain evem which contribuced co 
the runoff and acceleraced che snowmelt. 

The high peaks in figure 4 mighc be misleading be­
cause the outflow structure did noc have enough capa­
cicy. Nevercheless, figure 4 gives a good indication when 
che runoff events appeared. 

The cypical runoffhydrograph shows thac che highesc 
flow race is reached ac che beginning of che runoff event 
and thac che flow decreases slowly (figure 5). 

The total precipication becween November 1995 and 
April 1996 was 118.1 mm. This precipitation were 
scored in che snowpack. Assuming chat it was only che 
road area (road surface and swales) thac concribuced co 
che runoff, the total meltwacer volume could be calcula-
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The alternative road consrruction seems ro be resis­
ranc co frost heave, even if rhe underlying soil consisrs of 
frost susceprible soil and rhe groundwater is quite high. 
However, the roads in this srudy are not yet so old, so it 
is not possible ro draw any final conclusions concerning 
rhe long term frost damage. 

More investigations are needed co be able co statisri­
cally confirm rhat the frost penetration is less under a 
permeable asphalt surface compared with an impervious 
asphalt surface. If rhese indications are correct, per­
meable asphalt must be considered suitable as road sur­
face material in cold climare regions. 

If frost heave damage is reduced as the preliminary re­
sults indicate, then the alternative road construcrion will 
have low costs for maincenance in the future. One cost 
rhar probably will be imporcanr for the total economy of 
the construcrion is rhe price of cleaning rhe asphalt (for 
example by vacuum-cleaning) and how ofren it needs ro 
be done. There is equipmenr available for rhis roday, bur 
rhere is as yet not so much experience of operaring it. 

The road base of the alternative road consrrucrion 
consists of coarse material, either macadam or blast fur­
nace slag. At Luleå U niversicy ofT echnology, laborarocy 
experiments on leakage from roads with blast furnace 
slag as ballast have been done withouc finding any !arge 
meta! or sulphur leaching (Lindgren, 1992). Macadam 
is not a limired resource bur great amouncs of energy are 
needed in its producrion. Natura! grave! is a limited re­
source and imporcanc for rhe formation of groundwarer. 
A system for local disposal of stormwater uses less ma­
terial and resources than a convencional system with 
pipes and manholes. Furchermore, rhe natura! water ba­
lance is mainrained. 

Scormwater pollutants originate from craffic, indus­
try, corrosion etc. Experiments done in Lund show that 
rhe concencrarions of suspended solids, metals and phos­
phorous are reduced when rhe srormwater flows through 
rhe alternative road conscrucrion (Hogland et al., 1987). 

Neverrheless, as long as rhere are pollutancs in the 
srormwater rhey will end up in the construction or in rhe 
underlying soil. There is inevirably a risk for ground­
water concaminarion on a long term basis. 
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Conclusions 

The alternative road construction with permeable 
asphalt and open-graded aggregate base was functioning 
sarisfacrory in cold climare regions. The runoff reduc­
tion during the snowmelr period was 50-60 %. 

Frost heave was uniformly disrribured over the road 
surface. No damage caused by frost heave was observed. 

The consrruction cosrs for an alternative road con­
strucrion and a convencional road construcrion were 
comparable. The alternative road construcrion reduced 
the frost damage which probably will give lower cosrs for 
maincenance. 
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