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Simulation of Climatic and Vegetation 
Effects on Pavements on Expansive Clays 

M. P1coRNELL AND MOHD Asm B. ABD RAHIM 

The flow of moisture through a continuum cannot explain the 
very wet conditions present under pavement in emiarid and arid 
climates. A possible major cause i the presence of shrinkage 
cracks. In this manner, the water infiltrates through the crack 
where it is slowly absorbed on the crack walls. Thjs water is , then 
effectively trapped within the soil ma because the prevailing 
suction gradients are not large enough or do not act for sufficiently 
long time to remove ignificant amounts of mol ture. A simpli
fied model to imulate the infiltration of rainfall through the crack 
fabric and the removal of soil moisture by soil evaporation and 
plant transpiration alo11g the sides of a pavement is described. 
The moisture movement through the crack fabric is simulated as 
an open channel flow. The moisture transfer fr m the crack to 
the s ii on the crack walls is assumed to be one-dimensional 
absorption. The re ults of simulations for several climatic regions 
of Texa are pre ented. For all these regions , the model predicts 
steady closing of the crack fabric under the pavement. The time 
to closing ranges from less than 1 yearfor the climatic conditions 
of Houston to more than 8 years for the climatic conditions of 
El Paso. In contrast, the shrinkage cracks under the edge of the 
pavement and within the soi l adjacent to the pavement clo e 
during wet periods and then reopen again during extended dry 
periods. or the wetter climates, the crack are generally clo ed 
and nly open during periods of consistent dry weather. For the 
drier climates, the cracks remain open al all times. 

Pavements build on expansive soils are known to develop 
roughness not associated with traffic. This type of pavement 
roughness has been attributed to the presence of shrinkage 
cracks in the subgrade soils (1). Rainfall can penetrate very 
fast through the crack fabric. The water, impelled by gravity 
and under positive pressures, goes where the crack directs it. 
The water in the cracks has little exposure to the atmosphere, 
which allows ponding time for the water to seep into the soil 
matrix on the crack walls. This seepage causes concentrated 
surface heaving along the trace of the crack and consequently 
the development of roughness. 

Pavement roughness reduces the serviceability index sig
nificantly and thus requires periodic maintenance, such as 
releveling and overlays, to restore riding quality. The Texas 
State D partment of Highways and Public Transporta tion has 
been trying for some time to reduce the expenses as ociaced 
with tbis periodic maintenance by installing vertical mo,i ture 
barriers . Field test sections have been implemented in San 
Antonio, Texas, on IH-37 (2) and along IH-30 in Greenville, 
Texas (3). Additional test sections have been recently estab
lished and are being monitored. 
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The purpose of the moisture barrier is to isolate the subgrade 
soils from seasonal climate change . In the fir t trials (2), the 
moisture barrier was placed to a depth of 8 ft, on the basis 
of moisture content monitoring data for the region. Later on, 
it was recognized ( 4) that one of the main functions to be 
performed by a vertical moisture barrier is to prevent rain
water from accessing the crack fabric within the subgrade 
soils. This need led to choosing the depth of the barrier on 
the basis of the expected maximum possible depth of shrink
age cracks at the ite. 

Field monitoring data obtained on several test sections in
dicated that the role of the vertical moisture barrier can be 
different at different sites . In the test sections of IH-37 in San 
Antonio, Texas, suction measurements on both sides of the 
barrier indicated (5) that the soils enclosed by the barrier 
remained at a nearly constant suction during more than 2 
years. Meanwbile, the soils outside the barrier were experi
encing significant suction changes. Field measurements al o 
indicated lack of roughness development in the test sections, 
whereas in the adjacent control section roughness was de
veloping at a steady rate. In this case, the moisture barrier 
had protected the soils under the pavement of the moisture 
changes ob erved in the soil on the side of the pavement. In 
contrast, pavement roughness measurements at the trial sec
tions on IH-30 have indicated (3) that the test sections ex
perienced higher rates of roughness development than adja
cent control ections. At this site, the barrier actually retained 
moisture inside rather than keeping it outside. 

These results suggest that the barrier can play different roles 
depending on site-related condition . Among the mo t influ
ential factors are the climate, pavement surface conditions, 
initial moisture conditions of the subgrade soils, and moisture 
barrier depth. Furthermore the site location, such as on a 
hill, on a lope, or in a cut will also affect the role played by 
a moisture barrier. 

These considerations illustrate the need of a physically based 
model that would account for the movement of moisture through 
the shrinkage cracks, and the seepage of this moisture into 
the soil matrix, together with realistic models for the replen
ishment and removal of moisture from the subgrade soils. 

REVIEW OF EXISTING LITERATURE 

Infiltration into expansive soil deposits has long been consid
ered to be affected by the presence of shrinkage cracks. There 
is ample evidence (6,7) in the literature that rainfall percolates 
through crack and then slowly seeps into soil peds. As the 
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soil matrix gains moisture, it swells and progressively closes 
the cracks. 

The presence of shrinkage cracks in expansive soil deposits 
is apparent. In very dry soil , profuse urface cracks form on 
the ground surface. Cracks with openings on the ground sur
face up to about 1 in. and several feet deep (8) have been 
reported. Furthermore, the crack patterns and frequency have 
been observed (8,9) to depend on the vegetative cover. The 
crack opening decreases from a maximum at the soil surface 
to zero at the crack tip. The variation of the crack opening 
with depth has been described with curves of linear sJlTinkage 
versus deptl1 (9). Morphological studies (JO) bave revealed 
the presence of approximately rectangular blocks of soil formed 
by aggregation of soil peds. These studies also revealed that 
infiltration of rainwater into the crack fabric is determined 
by the soil surface microrelief. The water is directed towards 
the cracks through surface depressions. Then the water runs 
down the crack faces, wetting only a small fraction of the 
exposed crack surface. This effect causes the bulk of rainwater 
that is penetrating the cracks to move directly to the tip of 
the cracks. 

The presence of cracks in aquifer-bearing formations results 
in two distinctive flows taking place: one through the cracks 
and the other through the porous medium between cracks. 
The water inside the cracks is more mobile than the water 
within the matrix of the porous medium. Traditionally, the 
modeling of this type of flow has been approached with Bar
enblatt's (11) double porosity concept. However, this ap
proach is not appropriate in the present application under 
unsaturated conditions. An additional complication is the fact 
that cracks in expansive soil deposits close as the soil matrix 
gains moisture; thus the porosities do not remain constant. 

The first known attempt to include the effect of shrinkage 
cracks on infiltration was by Richards (12). In this work, the 
subsoil was divided into blocks and two permeability coeffi
cients were used, one along the cracks and the other through 
the soil matrix. This model did not account for changes caused 
by the swelling and shrinkage of the soil. 

The moisture accumulated inside the crack fabric and in 
the soil blocks can be depleted as a result of evaporation at 
the soil surface and plant trnnspirution. Soil evaporation has 
been proved to be an ineffective mechanism of moisture re
moval from the soil by a number of investigators (13- 15). 
The consensus i that even a mall amount of soil evaporation 
forms a dry soil crust at the oil urface that prevents further 
evaporation from taking place. Existing field monitoring data 
(15) suggest that soil evaporation might affect only the soil 
within the upper foot of the soil deposit. 

Plant transpiration, by way of contrast, is a much more 
effective mechanism of moisture removal from the soil. The 
native vegetation, such as roadside grasses, removes water 
from the soil through the root system. Nevertheless, when 
the ojl suction reaches the wilting point of the vegetation, 
all transpiration ceases. Because of the extremely small 
permeabilities of expansive soils, the removal of water by the 
root system is confined to the rooting depth of the vegetation 
(16). 

These considerations suggest that a model that could 
approximate field behavior would have to consider the 
following: 

TRANSPORTATION RESEARCH RECORD 1307 

1. The infiltration of rainfall into an expansive soil deposit 
takes place primarily through the crack fabric, 

2. The soil mass is divided into approximately parallelepi
pedic blocks by the crack fabric, 

3. The moisture transfers from the cracks to the soil blocks, 
4. The gain in moisture causes swelling of the soil blocks 

and thus modifies the crack fabric, and 
5. The removal of water from the soil mass is primarily 

determined by the transpiration of the native vegetative cover. 

MAIN FEATURES OF THE MODEL 

The model considers a fixed length of highway. The sub grade 
soils arc considered divided into parallelepipt::Jit: blot:ks. The 
model formulates several water balances within this section, 
when subjected to a sequence of climatic conditions. 

The rainfall on the pavement is subdivided into infiltration 
through the pavement and runoff to the side drainage ditch. 
The model adds the rainfall infiltration to the volumes of 
water stored in the cracks. For this purpose, the model keeps 
track of two total volumes of water stored in the crack fabric 
of the subgrade soils: one for the soils under the pavement 
and inside the barrier, and the other for the soils outside the 
vertical moisture barrier. 

The water stored in the crack fabric is lost to seepage into 
the soil blocks, to transfers of water under the barrier, or to 
transpiration through the root systems of roadside vegetation. 
The water balances for the soils on both sides of the barrier 
are formulated on a daily basis, except during rainfall events 
when the water balances are formulated every minute. 

Every time that the water balance is formulated, the volume 
of water transferred to the soil blocks is used to reconsider 
the block sizes and, thus, the geometry of the crack fabric. 

Climatic Conditions 

The regional climatic conditions are summarized in two daily 
parameters: rainfall depth and potential evapotranspiration. 
On days with rainfall larger than trace, a third parameter is 
needed: rainfall duration. The daily time series with these 
parameters can be actual weather data or based on stochastic 
simulation for the regional climatic conditions. A more thor
ough description of the weather data and analysis needed has 
been provided by Abd Rahim and Picornell (17). 

Rainfall Depth Assignment 

The rainfall depth on the pavement surface is subdivided into 
two parts. The first part corresponds to the infiltration through 
cracks and fissures of the pavement. The second part is the 
remaining rainfall depth that is assigned to runoff to the side 
drainage ditch. 

The infiltration through the pavement is added to the water 
stored in the crack fabric beneath the pavement. If the crack 
fabric within the subgrade fills with water, the remaining rain
fall depth is assigned to runoff to the side drainage ditch. 
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The infiltration into the soil outside the barrier is the result 
of direct rainfall in the area plus the runoff coming from the 
pavement surface. The runoff from the pavement surface is 
multiplied by a factor selected by the user, to account for 
runoff coming from higher areas of the pavement and drainage 
ditch. 

The infiltration into soils adjacent to the pavement is as
sumed to replenish the water within the crack fabric. The 
maximum depth of water that the model allows to pond within 
the drainage ditch can be arbitrarily selected. If the water 
level within the crack fabric accumulates to this limit, the rest 
of the potential infiltration is lost. 

The combined possibilities offered by the depth of water 
ponding within the drainage ditch and the multiplying factor 
of the runoff from the pavement cover all possible cases of 
drainage conditions. 

Cross Section Definition 

Input for the model includes the characteristics of the pave
ment surface, the moisture barrier, and the crack fabric within 
the subgrade soils. The model only contemplates one-half of 
the pavement surface split along the centerline of the highway. 
A typical cross section is shown in Figure 1. 

The surface of the paved subgrade is considered to be hor
izontal. The program starts by fitting a series of soil blocks 
of specified dimensions from the subgrade surface down to 
the actual crack depth for the three soil regions labeled Un
covered , Pavement, and Edge in Figure 1. All the distances 
and slopes labeled in this figure can be arbitrarily specified. 
The thickness of the base and subbase, the depth and width 
of the vertical moisture barrier, and the rooting depth of the 
roadside vegetation can also be specified. On the basis of the 
relative depth of the barrier and the rooting depth of the 
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roadside vegetation, the cross section is subdivided into the 
three zones: Pavement, Edge, and Uncovered indicated in 
Figure 1. The zone Edge consists of the soils enclosed within 
the barrier near the edge of the pavement. The width of the 
Edge zone is selected to be equal to the distance from the 
bottom of the barrier to the bottom of the root zone of the 
roadside vegetation. The model then considers that the road
side vegetation can develop roots within this zone, and thus, 
evapotranspiration can remove soil water from the cracks and 
from the soil blocks within this soil region. 

SHRINKAGE CRACK FABRIC 

The geometry of the crack fabric is specified by a list of block 
sizes with depth . Morphological observations (10) in dry clayey 
soils indicate that the soil Q18SS is divided into parallelepipedic 
blocks of increasing sizes with depth. Figure 2 shows some of 
the block sizes typical for several soil conditions. 

The model can accept a user supplied sequence of blocks 
from the subgrade surface to the crack depth. The model uses 
this sequence to divide the subgrade soils into blocks. Then 
the model shrinks these blocks on the basis of the initial 
moisture conditions specified. During the simulation, the model 
keeps track of the position of the centroid and the sizes of 
each block. On the basis of the positions of all blocks and 
their sizes, the crack volume available for storage of rainfall 
can be calculated. 

Initial Subsurface Conditions 

The properties of each soil block in the size list can be spec
ified. Thus, it is possible to define as many soil layers as block 
sizes are included in the set of soil blocks. The input needed 
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FIGURE 1 Main features of highway cross section. 
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FIGURE 2 Soil block sizes for several different soils. 

includes the initial state of the subsurface soils and the flow 
properties of each soil type specified. The initial state of the 
subsoil can be described by the shrinkage and suction profiles 
with depth. 

Holmes (18) has shown that clayey soils remained essen
tially saturated to very high suctions, such as 100 bars. For 
the subgrade soils, the soil suctions of interest range from a 
field capacity of 0.3 bar to the wilting point of the vegetation 
around 15 bars. Thus il is rt:asunable to assume that the vol
ume change of a soil block is identical to the volume of mois
ture gained or lost by the sbil block . This volume of water is 
controlled by the specific moisture capacity, that is, the slope 
of the moisture characteristic curve of the soil. 

The flow properties of the soil matrix can be specified inde
pendently for each block. In this sense, the specific moisture 
capacity and the permeability for each soil type have to be 
specified for a range of suction from 0 to over 15 bars. 

Development of Block Curves 

The rate of moisture transfer from the cracks to the soil blocks 
is approximated with a master block curve developed for each 
block size and soil type. This curve is derived by modeling a 
one-dimensional unsaturated water flow within the soil block. 
The soil inside the block is assumed to be at a constant suction 
initially . The water flow i a urned to rake place along the 
·mallest side of the block. The full master curve is developed 
in two step : a wetting and a drying phase. 

In the wetting phase. the soil block is subjected to a zero 
ucti n at the two exposed faces. For every time step , the 

volume of water flowing into the block is calculated for both 
exposed faces. The volume of water absorbed by the block 

is assumed to be equal to the volume heaved by the block; 
thus allowing to calculate the variation of the block's volume 
with time. 

In the drying phase, the block at the same initial suction is 
exposed to a soil suction of 15 bars at both exposed faces. 
The volume of moisture extracted from the block at each time 
step is calculated using the same one-dimensional water flow. 
Again, the volume change of the block is assumed to be equal 
to the volume of water lost through both exposed faces. The 
simulation proceeds until the flow (intake or release) at the 
two exposed surfaces is smaller than 0.01 cm3/day. 

The results of the two phases are incorporated into a single 
master curve for each block. Examples of master curves for 
several block sizes are shown in Figure 3. These curves are 
used during the simulation to determine the rate of moisture 
transfer from the crack fabric to the blocks and the change 
in sizes of the soil blocks on gaining or releasing soil water. 

Pavement Surface Conditions 

Rainfall infiltration through the pavement surface is estimated 
with the same procedure outlined by Liu and Lytton (19) . 
This procedure allows two alternative ways to estimate the 
infiltration rate through the pavement surface depending on 
the information available. When there is no information about 
the type of pavement or the length of cracks and joints on 
the pavement surface, the infiltration is estimated on the basis 
of the worst of several published cases (20). If the pavement 
surface conditions are known, then the infiltration through 
the pavement surface is determined on the basis of the pave
ment type and length of cracks and joints as proposed by 
Ridgeway (21). 
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FIGURE 3 Examples of master block curves for several block sizes. 

Roadside Vegetation 

The native vegetation growing along the roadside provides 
the most effective mechanism for removing moisture from the 
subsurface soil within the rooting depth of the vegetation. 
The amount of water removed by the plants is determined by 
the environmental demand imposed on the plants, the po
tential evapotranspiration, and to some degree the exposure 
of the plants to the environment. This exposure is measured 
by the leaf area index (LAI). This index measures the leaf 
surface area exposed per unit of ground surface area. 

The taller the vegetation, the larger is the LAI. Mowing 
roadside grasses is a common practice. The result of mowing 
is a large sudden decrease of the LAI, which reduces exposure 
of the vegetation to the environment and , thus, reduces the 
water removal from the soil mass. Any desired sequence of 
LAI for a 365-day year can be used by the model to assess 
the actual evapotranspiration. 

Moisture Removal Assignment 

The actual removal of water from the subgrade soils is de
termined by the potential evapotranspiration and the storage 
of moisture in the soil profile. The actual evapotranspiration 
is estimated using a simplified procedure (22) verified for the 
climatic conditions of central Texas. The difference between 
the water depth stored in each block from field capacity to 
the wilting point is taken as the total storage possible in the 
block . The sum of the storage for all the blocks in the block 
sequence is the maximum storage for the soil profile. 

The potential evapotranspiration is subdivided into poten
tial soil evaporation and plant transpiration on the basis of 
the LAI. The effect of the stage of drying is then evaluated 
independently for the two components. Soil evaporation is 

evaluated from the matrix properties of the soil as summarized 
in a diffusion parameter. Plant transpiration passes through 
several stages, but in all cases the actual plant transpiration 
is estimated on the basis of the LAI and monthly averages of 
actual evapotranspiration. After the two components have 
been evaluated, they are added together to determine the 
actual evapotranspiration. 

After the actual evapotranspiration is known, it has to be 
determined from where the water has to be removed. The 
first choice is whether the water has to be removed from the 
cracks or from inside the soil blocks. A second choice has to 
be considered: whether the water should come from the soil 
mass adjacent to the pavement or from the soil mass under 
the pavement. The evaporation from the soil surface can take 
place only at the Uncovered soil surface outside the pavement 
area. However, plant transpiration removes water from the 
soil inside the rooting depth of the vegetation. Thus, if the 
vegetation can spread roots under the pavement, plant tran
spiration can be supplied by soil water stored in the soils under 
the pavement. 

For this purpose, the soil mass has been subdivided into 
the three regions shown in Figure 1. The soil region Pavement 
is not accessible to the roots of the roadside vegetation, im
plying that the moisture in these soil blocks cannot be re
moved. In this sense, the soil blocks in this region can only 
swell, but there is no mechanism to permit shrinkage or re
moval of moisture from these blocks. In contrast, the moisture 
in the crack fabric can flow from the Pavement to the Edge 
and to the Uncovered soil region in response to differences 
in water levels. The soil region Edge is assumed to be acces
sible to the root system of the roadside side vegetation, and 
thus, soil water can be removed from this region. The Un
covered soil region is the most exposed, and soil water can 
be removed from this region by the two mechanisms soil 
evaporation and plant transpiration. 
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In summary, the actual evapotranspiration is removed from 
the soil in the Edge and Uncovered regions. Therefore, the 
soil blocks in these two regions can experience swelling and 
shrinking, implying that the cracks could close during wet 
periods and open again during consistently dry periods. This 
process contrasts with that of the cracks in the Pavement 
region that are only allowed to close. 

The rooting depth of the roadside vegetation has a large 
influence because the shrinking under the edge will open cracks 
allowing rainfall water to bypass the barrier, if the barrier did 
not extend to the rooting depth of the roadside vegetation. 
Most commonly, the roadside vegetation is grass. There is a 
wealth of information (16) indicating that grasses have max
imum rooting depths of 8 to 9 ft. However, when shrubs or 
trees grow in the vicinity of the pavement, much larger rooting 
depths should be expected. 

The actual evapotranspiration depth is taken from the water 
stored in the cracks. When the cracks do not hold enough 
water to satisfy all the actual evapotranspiration, the remain
ing is taken from the soil blocks in the Edge and Uncovered 
regions . The water stored in the crack fabric of the Uncovered 
region is the first source of water, followed by the Edge region. 
When the water in the crack fabric has been depleted, the 
actual evapotranspiration is taken from the soil blocks. The 
moisture from the blocks is removed from the soil block that 
is under the wettest conditions. The decision of which block 
is the wettest is based on the relative positions of the blocks 
along the master block curves. 

Block Absorption and Desorption 

The model keeps track of three sets of blocks; one on each 
of the three soil regions: Pavement, Edge, and Uncovered. 
For each block, and at every time step, the coordinates of 
the center of the block, the width, length, and height of the 
block, and the total volume of each block are recorded. 

The total volume of the soil block at any time indicates the 
position of the soil block along the master block curve. This 
position also determines the rate of volume increase for any 
period of time that the soil block is submerged. This increase 
is obtained from the master block curve, increasing the time 
step desired and finding the corresponding new volume of the 
block. 

The rate of desorption of the soil blocks subject to water 
removal by the root system of the vegetation is determined 
by the actual evapotranspiration. The water removal will cause 
the blocks to slide down along the master block curve . On 
rewetting, the block will start from a lower position along the 
master block curve. 

Crack Fabric Reconsideration 

The crack fabric depth is evaluated and tracked for each of 
the three soil regions: Pavement, Edge, and Uncovered. The 
program keeps track of one set of soil blocks for each region. 
Each set consists of the number of soil blocks of different 
sizes at increasing depths specified by the user . The changes 
occurring in this set of blocks times the number of soil blocks 
fitted within the corresponding region are used to calculate 
crack opening changes within the region. 
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The soil within the second and third soil regions are subject 
to drying by the root system of the vegetation. Thus the crack 
depth in these zones is subjected to closing during wet spells 
and crack opening during dry spells. The program keeps track 
of one set of blocks for each region and assumes that the rest 
of the blocks within each region behave identically to the set 
of blocks tracked. Thus the changes recorded for the set of 
blocks times the number of blocks fitted inside the region are 
used to calculate crack openings within the regions. 

Water Transfer Underneath the Barrier 

The program considers one water level on each side of the 
barrier. The transfer of water from one side to the other is 
assumed to take place through the shrinkage cracks in the soil 
underneath the vertical moisture barrier. If these cracks close, 
all transfer of water between the two sides is stopped . 

The water transfer when the cracks are opened is impelled 
by the difference in elevation between water levels. The flow 
of water through the cracks is estimated using Manning's for
mula. The hydraulic radius is calculated at every time step 
taking into account the wetted perimeter of all shrinkage cracks 
included in the highway section being analyzed. 

RESULTS OF TRIAL RUNS AND DISCUSSION 

The model has been used in several trial runs to illustrate the 
effects of the more relevant parameters on the infiltration of 
rainfall into the subgrade soils. The first few runs were in
tended to illustrate the effect of the climatic conditions. Sto
chastically generated weather data for Houston, San Antonio, 
Dallas-Fort Worth, and El Paso, Texas, were used for these 
runs. Several extra runs were performed for the climatic con
ditiuns uf San Antonio for different moisture barriers to il
lustrate the effect that the barrier has on the wetting process 
of the subgrade soils . Thorough documentation of all the 
results of these runs has been provided by Abd Rahim and 
Picornell (17). 

Effects of Climate 

The first set of runs was performed for the same subsurface 
soil and pavement conditions. Specifically, the crack fabric 
was assumed opened to 1.20 m below the subgrade surface 
and the moisture barrier extended 0.70 m below the subgrade 
surface. The initial subgrade moisture conditions, the block 
sequence , and the flow properties of the soil used have been 
provided by Abd Rahim and Pico me II (17) . The period of 
simulation was 5 years for the climatic conditions of Houston, 
Dallas-Fort Worth, and San Antonio; for El Paso the simu
lation extended over 10 years. The results of the simulation 
at each site are summarized in annual plots of water levels 
within the crack fabric and elevations of the crack tips in the 
Pavement, Edge, and Uncovered soil regions. 

The plots obtained from the first year of the simulation for 
Houston, Texas, are shown in Figure 4. The crack tip at the 
beginning of the simulation has been used as the reference 
point for the elevations shown in all figures. Figure 4 shows 



Picorne/l and Abd Rahim 

120 

i 
~ 
z 
0 
j:: 
<C 
> w ..... 
w 

60 

KEY: 

UNDER PAVEMENT 
OUTSIDE PAVEMENT 

SUBGRADE 

287 

WATER LEVELS 

0 100 200 

TIME (DAYSI 

300 

120 

i 
~ 
z 
0 

~ 
> w ..... 
w 

60 

KEY: 

- - - UNDER PAVEMENT 
UNDER EDGE 

----- OUTSIDE PAVEMENT 

SUBGRAOE 

j 
ll 

, ... ,. 
l 
i 

CRACK TIPS 

o~------t---+---t---+---1--1---+--+---+---+---r---1----+-__J 

0 100 200 

TIME (DAYSI 
300 

FIGURE 4 Results of simulation for first year in Houston, Texas. 

that the water levels in the crack fabric fill the cracks on both 
sides of the barrier in about 4 months. Thereafter, the cracks 
remain full during the rest of the simulation, with the excep
tion of a few short summer periods. The cracks under the 
moisture barrier close in a month and never open again. In 
the three soil zones, all the cracks close to the subgrade surface 
in about 4 months. Thereafter, the cracks open annually for 
periods of 1 to 2 months, and then close again for the rest of 
the year. 

The results of the simulation for San Antonio, Texas, ex
hibit similar patterns. The plots for the first and second years 
of the simulation are presented in Figures 5 and 6. The water 
levels in the crack fabric exhibit a general increasing trend 
with occasional fluctuations during the first 2 years . In gen-

eral, the water level in the Uncovered region lags behind the 
water level within the Pavement region. The crack tip ele
vations indicate that about 2 months after the beginning of 
the simulation the cracks under the barrier close, and about 
18 months from the beginning, the cracks in the Pavement 
r gion have closed to the subgrade urface . During the first 
2 years, all crack tips exhibit a general increasing elevation 
trend with the cracks in the region Uncovered lagging some
what. After the first 2 years, the cracks in the Edge and 
Uncovered regions have closed and only open occasionally 
during the summer month ·. 

The results of the simulations for Dallas-Fort Worth are 
similar to the results for San Antonio . The water level in the 
Pavement soil region reach the top of the subgrade in less 
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the period of the simulation. The results of these simulations 
indicate that when the pavement is era ked or fissured, a large 
fraction of the rainfall infiltrates through the pavement and 
into the subgrade. The result is that the subgrade soils in the 
Pavement region can swell faster than the soils in the Uncov
ered region. These results could explain the observed behavior 
(3) in IH-30 that exhibited faster roughness development in 
the sections with moisture barrier than in control sections. 

SUMMARY AND CONCLUSIONS 

A computer program has been assembled to simulate the 
movement of water under a pavement on a cracked swelling 
soil subgrade. Specifically, it was desired that the program 
could account for the infiltration of rainfall through cracks 
and joints on the pavement surface and the horizontal water 
flow through the shrinkage crack fabric. 

The basic assumption has been that the crack fabric displays 
a simple geometric configuration of superimposed parallel
epipeds. The water is assumed to flow through the cracks 
under positive pressure, and then is slowly absorbed by the 
soil blocks. As the water is absorbed, the blocks swell and 
the geometry of the crack fabric changes . The water absorbed 
by the blocks is assumed to be immobilized unless the road 
side vegetation has established roots within the blocks. 

Trial runs for some climatic conditions of Texas exhibit a 
wide range of possible behavior; under the wetter conditions 
of Houston the cracks close in a matter of a few months, while 
for the drier conditions of El Paso the cracks remain open 
during the 10 years of simulation. 

These results have shown that the shrinkage crack fabric 
under the pavement steadily closes even under the dry con
ditions of the El Paso climate. The wetter the climate, the 
faster the cracks close; from a minimum of 4 months in Hous
ton to a maximum of 7 years in El Paso. 

Trial runs performed with several moisture barrier depths 
have indicated hat if the pavement surface has cracks and 
joints that allow water infiltration, the moisture barrier can 
cause faster swelling under the pavement than the surrounding 
soils. 
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