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The perfo1·mance of highway pavements is adversely af
fected by the presence of Lree water witl1in the pavement 
structure. This water may come from the s ides or be
neath the pavement structure in areas having high water 
tables, 01· it may infiltrate into the sb:ucture Uu·ough the 
surface of the pavement during periods of rainfall. The 
problems associated with the free water in high water 
table areas have been long recognized and dealt with, 
but those or the water that enters the pavement structure 
by infiltration through tho ~urface have been ignored. 
However, recently the obsenation that many highway 
pavement structures ai·e showing symptoms of distress 
due to free water in locations where a high waler table 
is not a factor has brought about the realization that 
water infiltration tJu·ough the pavement surface is also 
a problem, and there have been sevenl studies of this 
p1·oblem (!_, _; !1 ~ . 

This paper describes tests on existing pavements to 
determine the quantity of free water that infiltrates 
through the pavement surface and presents some sug
gested criteria for subdninage design. 

Permeability measurements on uncracked specimens 
(5) of portland cement concrete (PCC) and dense-graded 
bituminous concrete (BC) have shown that the amowtt of 
infiltration through uncrackecl areas is insignificant when 
compared to the infiltration that occu1·s through joints 
and the cracks that appear in the pavem.e11t surfaces. 

• ielcl tests were made on existing highway pavements 
to determine how much free wate1· enters the pavement 
structure through the c.racks and joints. Data were col
lected on five BC pavement sections 8 to 15 years old 
and two PCC pavement sections 5 ru1d 34 years old. 

The cross sections of the BC pavements were similar. 
They all had very open-graded broken stone bases under . 
the driving surface, a i·olled sand and gravel base under 
the shoulder, and a suhbase material wider the entire 
section. 

The older PCC pavement has a 20-cm (8-in) cement 
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concrete surface placed directly on a clean, fine-to
meditun sand subgrade. The newer one has a 23-cm (9-
in) PCC pavement on a well-graded sand and gravel sub
base that varies from 15 to 25 cm (6 to 10 iru 1n thickness. 

Tbe amount of water that enters the pavement struc
ture through the cracks or joints depends on (a) the water
carrying capacity of the crack or joint, (b) the amount of 
cracking present, (c) the area that drains to each crack 
or joint, and (a) the intensity and duration of the i·ainfall . 

W,A.TER-CARRYING CAPACITY OF A 
CRACK OR JOINT 

Calculations based on laminar flow theory and laboratory 
measurements (6) have indicated that pavement cracks 
a.re capable of infiltrating almost all or the rainfall that 
reaches the pavement surface under normal precipitation 
conditions. To determine whether the field carrying ca
pacity of cracks approximates tJ1e theoretical and labo
ratory amounts, the water that infiltrated tlu·ough cracks 
in the pavement surface was measu.red in several ways. 

The primary method or measurement on BC pavements 
was to place a bottomless wooden box sealed with clay 
around its edges on a square area of the pavement. The 
surface dimensions of the cracks inside U1e 'box were 
measured, and enough water was added to the box to 
maintain a thin layer ove · the enclosed pavement. The 
basic parameter collected from these data was the quan
tity of water infiltrating the pavement structure !Jer unit 
length of crack. The validity of these measlu-ements 
was verified by comparison with the results of the fol
lowing other methods of measurement. 

1. The rate of rainfall, the length of crack, the area 
of pavement that drains to a particular catch basin, and 
the flow into the catch basin were measured and an inde
pendent estimate of the infiltration per unit length of 
crack was made. 

2. Water was sprayed over a known area of pavement 
and the amount of water applied per minute was measured. 

3. Short sections of crack were isolated and their ini
tial infiltration rates were measured. 

None of these presents as controlled or accurate a 
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Table 1. Infiltration rates for cracks in Infiltration Rate (cm'/h/cm of crack) 
bituminous concrete pavements. 

Test Box Method" 
Crack Rain Spray Short 
Length Summer Fall Method Method Sect ions 

Test Site (cm) 1974 1974 (Summer) (Summer) (Summer) 

Conn-195 (1) 160 9 28 19 
Conn-19 5 (2) 107 620 230 9 
Conn-32 (1) 183 100 56 84 186 
Conn-32 (2) 24 1 56 37 56 
Conn-275 152 2 2 0 
Conn-89 208 37 37 
North Eagleville 147 19 84 19 

Note: 1 cm = 0 39 in 

JMean = 100; standard deviation= ±170, b Repaved 

Table 2. Infiltration rates for joints in 
portland cement concrete pavements. site 

!..ongth of 
Jo nt (cm) 

lnfiltrnlion Rate• 
(cm ' / h/ cm of crack) Site 

Length of 
Joint (cm) 

Infiltration Rate" 
(cm'/ h/ cm of crack) 

Conn-2 (1) 
Conn-2 (2) 
Conn-2 (3) 
Conn-2 (4) 
Conn-2 (5) 

823 
1188 
9 14 
427 
427 

Note: 1 cm = 039 in 

·•Mean = 28; slandard deviation= :!:26. 

method as the box method, but they evaluate a much 
larger area of pavement. 

9 
19 
74 
37 
0 

Infiltration measurements on the PCC pavements 
could not be made using the box method because suffi
cient lengths of joint or crack could not be enclosed. 
However, the joints and cracks in the PCC pavement 
were large enough to allow a free water surface to be 
maintained in the joint or crack itself. Thus, a free 
water surface could be maintained in the joint or crack 
until the joint was saturated and the infiltration rate ap
peared to be constant and then the rate could be deter
mined by meas uring the amount of water that was needed 
to maintain the free water surface. 

The results of the infiltration tests on BC pavements 
and PCC pavements are shown in Tables 1 and 2. 

The entrance of water tlu·ough the cracks in the BC 
pavement vru:iecl from 1.86 to 920 cm)'h/ cm (0 .002 to 
0.67 it3/h/ft) of crack with a mean value of 100 cm3/h/cm 
(0.11 ft3/ h/ ft) of crack. All of the BC pavements sampled 
had open-graded, broken stone bases so that dw·ing tile 
period of the tests the flow through the cracks was not 
restricted by the ability of the base to r emove the water 
from the area at the base of the crack. 

In many pavements under dry conditions a majority 
of the cracks, regardless of size, are choked with sand 
and other debris. This means that, while a few of the 
cracks are capable of carrying almost all of the water 
that they receive, in the majority of the cracks the flow 
is restricted by the debris. 

Observation of roadways during rains has confirmed 
this. Most cracks receive more water than they can 
carry during moderate rainfall intensities, but there are 
occasional cracks that are capable of carrying more 
water than is supplied to them. 

The entrance of water through the joints and cracks 
in the PCC pavements varied from approximately 0 to 
74 cmo/h/ cm (O to 0 .08 ft3/h/It) of crack. Infiltration 
rates up to 47 cmo/h/ cm (0.05 ft3/h/ft) of crack were ob
served in sealed transverse cracks. The subbase under 
these pavements was dense-graded material. The trans
verse cracks were sealed, and the longitudinal edge 
cracks were filled with sand and other debris. The 
cases observed showed that the infiltration through a 
debris-filled crack is approximately the same whether 

Conn-2 (6) 427 
Conn-2 (7) 670 
Conn-32 (1) 305 
Conn-32 (2) 2011 

0 
28 
56 
47 

the material beneath the crack is dense graded or open 
graded, but the denser bases did not develop the very 
high flows through the open cracks that occasionally oc
curred over the open bases. 

FREQUENCY OF LONGITUDINAL AND 
TRANSVERSE CRACKS 

PCC pavements that are not continuously reinforced have 
a rectangular grid pattern of cracks built into the design, 
and no cracking beyond these was observed at the test 
sites. 

After several years, thermal changes cause many 
structurally sound BC pavements to develop a pattern of 
longitudinal and transverse cracks that is similar to that 
found in PCC pavements (7). The transverse crack spac
ings in the vicinity of the test sites varied from 4. 6 to 27 
m (15 to 90 ft) with a mean of 12 m (40 ft). 

AREA THAT WILL DRAIN TO EACH 
CRACK OR JOINT 

The amount of water that will enter a crack is partially 
dependent on how much water reaches the crack. On a 
crowned level roadway the only cracks that theoretically 
should receive water, other than that which falls on the 
cracks themselves, are the longitudinal cracks at the 
edge of the pavement, which will receive the rainfall 
from one-half the pavement width. On grades with super
elevated cross sections, the entire pavement area will 
drain in one direction to the transverse and longitudinal 
cracks. The total amount of water available to a crack 
is equal to the amount of water that falls on the area 
draining to the crack minus that which has entered pre
vious cracks. 

RAINFALL INTENSITY AND DURATION 

The intensity of rainfall is important up to the point at 
which the pavement cracks are carrying their capacity. 
Beyond this point, the duration of the rainfall is more 
important. Under conditions in which cracks carry a 
large quantity of water, high-intensity, short-duration 
storms are the more important, but under conditions 



100 

in which the water-carrying capacity of the crack is 
low, the duration of the rainfall is more important than 
its intensity. 

At a mean infiltration rate of 100 cm 3/h/cm (0.1 ft3/ 
h/ft), the longitudinal edge cracks of a level crowned 
roadway will carry their capacity at the fairly low rain
fall intensities of 0 .2 5 cm/h (O .1 in/h) indicating that a 
rainfall of long duration will be more critical than a 
short intense rainfall. 

CONCLUSIONS 

1. The PCC and dense-graded BC used in pavement 
surfaces are virtually impermeable, but they cannot be 
constructed without joints, or without cracks forming 
long befo1·e their desired life is attained. 

2. Pavement structure design should include criteria 
for the removal of water that infiltrates through the 
pavement surface. 

3. Rainfall duration is more important than rainfall 
intensity in determining the amount of free water that 
will enter the pavement structure. 

4. For design purposes, the amount of water that 
will enter a pavement structure can be estimated by 
using a predicted acceptable amount of cracking and an 
infiltration rate of 100 cm9/h/cm (0 .1 ft:Yh/ft) of crack. 

PROPOSED CRITERIA 

Highway pavement structures should be designed to drain 
the following amount of free water that will enter the 
structure through the pavement surface: For PCC pave
ments, 

Q=O.l[N+J +(W/s)) 

and for BC pavements, 

Q=O.J[N+l +(W/40)] 

where 

Q = amount of infiltration (ft:Yh/linear ft of pave
ment), 

0.1 =infiltration rate (ft)'h/ft of crack), 
N = number of lanes, 

W = pavement width (ft) 

(I) 

(2) 

S = PCC slab length (ft~, and 
40 = average distance between transverse cracks (ft). 

(sr units are not given for the variables in these equa
tions, inasmuch as they were derived for U.S. custom
ary units .) 

The above criteria are based on observations of the 
data collected on Connecticut highways. They may be 
applicable in some areas, but not in others where infil
tration rate or crack spacing is different. 
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