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8. The prediction ¡nodels have been obtained fron
data collected on pavenent sections in cut and at
grade with no protective measures to reduce svrell-
ing. On the other hand, research is now under way
on some test sections where ponding was conducted
prior to construction or vertical ¡noisture barriers
have been implemented. The models can help in the
evaluation of these ¡neasures by comparing the actual
roughness developed with that predicted. In the
future, when more data are available, the nodels can
be improved to account for the effects of protective
neasures, pretreatments, presence of fi11, or re-
bound of deep excavations.
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Deep-Vertical-Fabric Moisture Barriers in Swelling Soils

MALCOLM L. STEINBERG

A deep-vert¡cal-fabric moisture barrier has been placed on two Texas highways
that have been severely damaged by swelling-soil subgrade, Prev¡ous test¡ng
of a ponding section has ¡nd¡cated the depth of the zone of activity. By devel-
op¡ng additional mechan¡sms and making maximum use of prior developments,
the Texas State Department of Highways and Public Transportation is us¡ng
fabric on two San Antonio freeway rehabilitat¡on pro¡ects: an 0,8-km (0.5-

mile) test section on lnterstate Highway Loop 410 and a 3.2-km (2-mile) sec-

t¡on of l-37, DuPont EVA-coated Typar T063 fabric has been placed 2.4 m
(8 ft) ¡nto the zone of activity. The goal is to m¡n¡m¡ze destruct¡ve pavement
movements over expansive clays by minimizing moisture change. Testing in-
cludes mo¡sture-sensor readings, profilometer measurements computer con-
verted to serviceability indexes, photologging, elevat¡on readings, and pave-

ment surface inventor¡es. There are no reportable results for the recently com-
pleted l-37 project. However, after a two-year testing span on Loop 410, profil-
ometer serviceability indexes and other favorable measurements ind¡cate a bet-
ter riding surface on the fabr¡c-protected lanes than on the adjacent control
section. The results are viewed with guarded optimism.

Expansive soils are estimated to cause between fl7
and $9 bíI1íon,/year in damages in the United States
(1, p. 596). More than half of these damages are to
transportation facilities, highways, railroads, air-
ports, pipelines, canals, and sidewalks (2).

The problems of swelling soils are worldwide.
Expansíve soils occur in Australia, South Africa,
South America, rndia, Israel, Poland' Canada, and in
the United States' where they occur from border to
border and coast to coast.

These soits have spawned many tests, reports,
papers' internatíonal conferences, neetings, and
cures. One of the more cornplete literature reviews
was part of a study done by the U.S. Army Engineer

v'¡aterways Experiment Statíon (WES) for the Federal-
Highway Administration (FHWA) (3).

Texas has its share of swelling soils. Like many
other agencies, universities, and consultants, the
Texas State Department of Highways and Public
Transportation (TSDHPT) has tried many cures and
methods and has reported on then (4). The depart-
ment has continued to work cooperatively with Texas
A&M University, the Texas Transportation Institute
(TTI), the University of Texas, the Center for
Transportation Research, FHWA, and the wES projecÈ
to seek solutions to this problem.

Another significant contribution of the WES study
was the development of national and regional naps
that show the relative occurrence of swelling soils
(5). These are inval-uabl-e data. They must be
viewed, however, vrith an awareness that they provide
generalized information rãther than a rigíd rul"e.
For example, if one examines the WES map of Texas,
the E1 Paso area in the far western corner is noted
as being lightly impacted by swelling soils (see
Figure 1). Yet, in one residential development in
this area, more than 100 homes were severely damaged
as a result of expansive soiJ-s. These builders and
buyers did not feel "lightly inpacted"l

Tests with the deep-vertical-fabric moisture bar-
rier (DVFI'4B) are being conducted by TSDHPT, in coop-
eration with Texas A&M University and TTI, in the
San Antonio area of south-central Texas (see Figure
21. The city is in Bexar County, 200 km (125 miles)
fron the GuIf of Mexico. Since meteorologic and
geologic conditions are so cJ-osely related to the
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Figure 1. Swelling-soil areas in Texas (from WES study). Figure 3. Bexar County geology.
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Figure 2. San Antonio/Bexar County DVFMB test sites.

INGRAM RD.

EP VERIICAL FÂBRIC

VALLÈY HI OR
NCHING TEST

DEÊP VERTICAL
FABR IC

activity of swelling soils (predominantly clays in
this area), San Antoniors subtropical climatic zone
is of significance. Tt averages a daily ¡naximum
temperature between 30o and 35oC (87o - 90oF) from
June through September. Between November and March,
it sustains nininun readings of l0oC (40oF). The
record hígh and 1or{ are 42oC (107oF) in August 1909
and -32oC (8oF) in .Tanuary 1949, respectively.

on a yearly average, on If6 days the temperature
is 32oc (90'F) or above' and on 21 days the minimum
is 0oc (32oF) or below. July 1980 broke all pre-
vious records for average monthly temperatures in
San Antonio. The average temperature during the
rnonth was 31oC (88oF), compared with the previous
high of 30"c (87oF), and average afternoon highs
were 38oC (99.9oF).

Yearly prêcipitation avêrages 70 cm (25 in).
Between 1892 and L979, 14 years had drought periods
that varied from 42 to 74 months. Rains are nost
likely in August and November and least likely in
February, April, June, or JuIy. In JuIy 1980, rain-
fall totaled 0.06 cm (0.26 in).

ceologically, Bexar County Iies in two rnajor
provinces. The northwestern part is on the Edwards
plateau--usualIy hard limestone formations of the
cretaceous age with surface elevations up to 450 m

(1500 ft) above sea l-evel-. The Edwards plateau is
sèparateal from the Gulf Coastal Plains by the Ba1-
cones fault, an escarpment that passes through the
county in a northeast-southwest direction' defining
the arears rêgional dip and its large faults. To
the south are the softer c1ays, sandy clays, and
sand deposits in the Midway, wilcox Hills, Carrizo,
and Gulf series (see Figure 3). The clays are fre-
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quently montmorillionites, iIlites, and bentonites.
Elevations in the southern part of the county range
from 150 to l-80 m (500-600 ft). Stream terrace de-
posits cover much of the Gulf Coastal Plains and are
usually of the Tertiary and Cretaceous ages. The
county has 12 significant qeological faults (6).

The WES map of Texas indicates that Bexar County
has active expansive soi1s. An examination of the
county map prepared by the Soil Conservation Ser-
vice, however, emphasizês their diversity ín the San
Antonio area (see Figure 4) (6). This nonunifor-
nity, as opposed to the desired hornogeneity, should
be remembered throughout these operations.

Earlier TSDHPT testing on US-90 in southhrestern
San Antonio involved pondÍng an expansive-clay sub-
grade. Water vras held in dikes about 1 m (3.3 ft)
high for 30 days to cause the clay to swell prior to

Figure 4. General soil map of San Antonio and Bexar County.
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Figure 5. Subsurface profile of lnterstate Highway Loop 410, Valley Hi Drive.
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Table 1. Atterburg l¡mits at selected sensor locations.

Hole No. Depth (m) Liquid Limit Plasticity Index

Note:1m=3.3ft.

pavement placenent. Observations over afmost a de-
cade indicated the "zone of activity¡r to be 2.4-3.1
n (8-I0 ft) deep. Maximun moisture changes and el"e-
vation test-rod movenents occur there. Beneath this
zone. these changes appear minimal. Pavenent sur-
face maintenance was less over the pondecl areas than
in the adjacent control section (7).

LOOP 410

Description of Test

The first Texas highway test of deep vertical fabric
as a noisture barrier was located on Interstate
Highway Loop 410 in the vall-ey Hi Drive Interchange
area in southwestern San Antonio. The questions to
be answered included could the fabric be placed anil
would it do any good. If it hèlped' significant
energy and dollar savings on maintaining transPorta-
tion facilities could be achieved.

In this area, I,oop 410 crosses an intermediate
physiographic area' the Blacklands prairie. It is
in bhe Taylor and Navarro group, Iying between the
Edwards to the north and the GuIf Coastal Plains to
the south. The soils are the Houston Black and the
Houston Àssociation--deep calcareous, gravelly clays
(see Figure 5). Their surface layers are usually
bl-ack to grayish brown, about 35 cn (14 in) thick'
with 8-15 percent gravel in the upper horizonsi the
depth in some profiles is 50-100 cm (20-40 in).
There is a gradual change to a yellow-to-gray cal-

Table 2. Moisture contents by depth of sensor placement.

Moisture Content (/a)

42
46
42
46
43
38
43
43
48
44
38
36
4T
29
28
33

70
74
72
79
76
68
73
71
72
70
74
70
71
56
50
6t

0.6
t.5
2.4
0.6
2.4
1.5
2.4
0.6
1.5
2.4
1.5
2.4
0.6
2.4
1.5
2.4

Hole No. 0.6-m Depth 1.5-m Depth 2.4-m Depth

1

2
3
4
5
6
7
8
9

l0
1l
T2

l3
t4
15

l6
l7
l8

8.6
27.6
30.5
24.1

7.7
32.5
32.7
28.2
t2.8

30.8
t5.4
,)q q

33.7
34.1
23.9
_a

â

3 1.3
28.6
_a

2'7.7
28.7
_a

28.3
30.4
28.4
29.3
30.8
29.7
29.1
26.9
-a

25.1
_^
a

28.9
¿b-o
27.8
27.2
29.6
29.3
28.7
32.2
29.2
28.8
29.7
30.8
26.5
30.4
23.6
3t.2
_Ã

21.7

Note: lm=3.3ft.
âNot reported.

careous clay subsoil 75 crTr (30 in) thick. It has
medium-sized peds of natural aggregate that are an-
gular and blocky and have shiny surfaces. Small,
rounded quartzite gravel occurs in the surface 1ay-
ers. These clays are firm when moist and very
sticky and plastic when wet. Atterberg limits, from
sa¡nples taken when the sensor test holes werê
drilled, indicated liquid limits from 50 to 79,
plastícity indexes from 28 to 48, and ¡noisture
contents from 7.7 to 34.1 percent (see Tables I and
2).

This Loop 410 section, built in 1960, is a four-
lane divided highway constructed on 40 cm (16 in) of
foundatíon course, 20 cm (8 in) of flexible base,
and 7.5 cm (3 in) of type A and 5 cm (2 in) of type
C hot-mix ãsphaltic concrete (ITMAC) pavements. Both
the northbound and southbound rnain lanes have two
3.6-m (f2-ft) driving lanes,3.9-m (IO-ft) outside
shoulders, and 1.2-m (4-ft) inside shoulders sepa-
rated by a 13.2-¡n (44-ft) grassed median. Access
roads paralleI the main Lanes (see Figure 6).

Since the constructÍon of the Loop 410 section,
swellÍng-soil-s activity has been reflected in this
area in repeatêd asphaltic concrete level-ups, fol-
lowed by more pavenent distortions, more 1eve1-ups,
"heater planner" work, irregularity ín the curb pro-
files, and attemped pressure injection of lime.

NATURAL GROUND (1960)
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Figure 6. Typical section of Loop 410.
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When rehabilitation plans were being considereil
for Loop 410, TSDHPT decided to try so¡nething dif-
ferent. The WES projectrs Expansive Soils Technical
Advisory Group, looking at potential cures for the
clay problem, examined South Dakotars limited suc-
cesses with the shallow-fabric moisture barrier
(8). The decision was made to try placing the fab-
ric through the zone of activity, as observe¿l on the
ponding project a few miles to the west. (It seems
possible that this DVF¡48 nay provide a basis for
examination of the frost-heave problem.)

The Loop 410 rehabilitation contract awarded in
June 1978 was 24.4 km (15.2 niles) Iong. It in-
cluded an asphalt seal coat, 3.1 cm (I.25 in) of
type C H!,IAC as a level-up, to be followed by 1.8 cm
(0.75 in) of type D HMAC. The level-up actuåIly
placed varied from 2.5 to 30 cm (1-12 in). This
Iow-bid lN3.8 million contract included a 0.8-km
(0.S-mile) test section for the DVFMB.

The fabric was placed along the northbound 1ane.
DuPont Typar (sty1e T063) coated with ethylene-vinyl
acetate (EVA) v¡as specified and used. A spun
bounded poJ.ypropylene with the EVA coating is 15.5
mits thick anil weighs 34 g/m2 17.5 oz/yd2). The
DuPont fabric was placed 2.4 Ír (8 ft) deep at the
edges of the outside and inside shoulders. Instal-
lation included tâcking 0.6 m (2 ft) of the fabric
to the pavecl shoulder with asphalt emulsion. The
Ð¡par is delivered in rolls 300 cm (117 in) wide.
The dia¡neter of each ro11 is 27 cn (]-0.75 in), and
that of the core is 7.5 cm (3 in). A sand backfill
was selected as being easily placeil and cornpacted in
a narrow trench.

ConstructÍon problems presente¿l thenselves. The
contractor's initial attempt to place the material
in December 1978 was not successful. À smalI, rub-
ber-tired, tractor-type backhoe with outriggers and
a D14 caterpillar maintainer with a special attach-
ment for fabric placenent were used. The maintainer
carried the fabric ro11 horizontally and was able to
rotate the rnaterial into the vertical position for
trench placenent. Unfortunately, it never placed
any fabric on the project. After 6 m (20 ft) was
excavated to a 3-m (10-ft) depth, a slide occurred
that fil"led the trench (the clay contained consiiler-
able gravel). This serves as a reminder that site
soils are frequently not uniform and the unexpected
can always occur.

A second effort was nade by a subcontractor on
February l-9, L979. A larger crawler-tyPe John Deere
690-8 backhoe with a 0.6-n (2-ft) bucket was used.
A Deere 920-930 front-end loader place¿l the sand
backfitl and loaded the excavated ¡naterial on dunp
trucks to be hauled to a waste síte. On the first
dây, 36 n (120 ft) of excavation had been co¡npleted
when a slide occurred. À slidíng steel shoring that
used a 0.6-cm (0.25-in) platè that held the fabric
ro11 vertically and was pulled by the backhoe was
used to solve the problen. Placement' including the
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cutting and filling of a 0.9-m (3-ft) wide trench
2.7 m (9 ft) deep, averagecl 105-120 m/dây (350-400
fl/daVl. Fabric placement was completed on March
28, 1979. rhe $66lm (t2o/f.tl bid price reputedly
did not cover costs.

After fabric placementr TSDHPT personnel placed
moisture sensors inside and outside the protected
area of the northbound lane and the adjacent south-
bountl-lane control section on May 30 and 31 and June
28, 1979. Holes 30 cn (12 in) in diameter were
drilled 2.4 m (8 ft) ¿leep by using a Texona Rotary
rig at 18 locations--16 along the northbound main
lane anil two along the southbound control section
(see Figure 7). In the fabric sections' the holes
were located 0.9 n (3 ft) on either side of the
material.

Two or three of the 46 Soil Test rnoisture cell
(MC 374) sensors erere placed at each location at
depths ranging from 0.6 to 2.4 m (2-8 ft). The
wires of the sensors were then extended, and the
hole was backfilled. Slots for the wires were sawed
in the pavement. The sensor wires were gathered in
plâstic bags at control sites drilled 0.9 ¡n (3 ft)
deep. A section of 20-c¡n (8-in) polyvinylchloritle
pipe provided a housing for the wire recovery and
for reading with a Soil Test ohrnmeter (model 305 B).

The sensors are 2.5 cm x 5 cm x 22 gauge (I in x
2 in x 22 gauge). They have tv¡o stainless steel
plates separated by a processed fíberglass pad that
attracts moisture to the fiber surfaces. The mois-
ture accumulates until an energy equilibrium is
reached between the fibers and the soil' which
reduces the electrical resistance of the fiberglass
material between the plates. The resistance reading
was made with a battery-operated, 9o-cycle, Ac-type
meter. The sensors were calibrated at TTI in a po-
tassiun chloride solution so as to relate resistance
(in oh¡ns) to suction. These efforts were felt to be
unsuccessful since they yielded nonuniform results.

Postconstruction problems have also appeared.
The backhoe trench was 0.9 m (3 ft) wide. Tr.ro trac-
tor-trailer trucks and a trailer house have sunk
into the shoulderrs soft sand. "Soft-shoulder"
signs were used to no avail.

Observations

Moisture-sensor readings, cross sections, roadway
surface inventories, and photologging have been con-
ducted, and regular testing schedules are planned.

For moisture-sensor readings, the wires from the
sensors are attached to the ohmmeter and resistivity
is recorded. The higher the reading, the greater
are the resistance and the suction. This reflects a
reduction in the moisture content of the soil sam-
pled or a drying condition conpared with the in-
itial, possibly saturated, situations.

Readings were taken in May, June, August, and
November of 1979 and in June ãnd JuIy of 1980. The
subgrade was generally in a wet condition when the
sensors were placed in 1979. In a wet condition,
ohmmeter readings register IittIe resistance to the
passage of the current. As drying occurs' ohruneter
resistance readings increase (seè Table 3).

The May 30. 1979, readings followed sensor place-
ment in holes that could be drilled fron the pave-
ment because the shoulder subgrade was too wet from
recènt rains to support the equipment. The readings
indicated fairly high values, a reflection of suc-
tion conditions, which indícated that the sensors
had not yet been saturated by the surrounding soil.

All May 31 readings for the sensors placed the
previous day decreased. The sensors were absorbing
the moisture of the soil around then, and the read-
ings reflected less suction and a higher moisture
content. Sensors newl-y placed that day showed sini-
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Figure 7. Senso¡ locations for Loop 410.
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Table 3. Ohmmeter readings on l'410,
Ohms (000s)

I 9801979

8/l s
Hole So¡sor Depth
No. No, (m) s/30 s13t 6128

Southbound Lane

64
44

40 600
0 1500
0 1500
5 1000

0
0

63
0
5

1l

00"
004
004
004
00â
004

260 20
289

280 10
120 0
300 0
165 0

01
02
03
04
05
06

800 11
4s9

220 0
350 0

250
175 0
200 6

00
280 0
425 0

150 0
800 80

00
00

2.1
1.5
0.6
2.2
0.9
0.6

Northbound Lane

00
00
02r
00
02
00
00
00
00
00
00
0 240
0 l0
00
00
09
00
00
00
00
5 1500
0 1500

t2 1500
02
00
42
0 300
00
00
00
0 350
o4
00

1500 5s
00
32
00
00
00
049

50000
45 0 1500
000
000
000
000

4700
5000
70 0a 10

150 0â 0
130 0a 0

0040
0040
0040
0d0
0040
0040
0040

38040
196 0a 1500
300 0a 7
450 0' 0

50840
004 1

0040
0044
0040
0040
0043

282 0a 0
720â0

775 0a 0
60000
450 0a 40

000
0042
0040
0000
000

260 0a 6

07
08
09b
10b
11b
t2b
l3
14
15
16
17
l8b
19b
20b
?lb
22b
23b
24
25
26
27
28
29
30b
31b
32b

34b
35b
Jô
5t
38
39
40
4tb
42b
43b
44b
45
46

2.4
0.6
2.1
0.6
2.1
0.6
2.1
0.6
2.4
1.5
0.6
1.5
1.2
0.6
2.1
1,5
0.6
2.4
1.5
0.6
2.4
1.5
0.6
1.8
0.9
0.6
2.1
1.2
0.6
2.4
1.5
0.6
2.4
0.6
2.1
0.6
2.1
0.6
2.4
0.6

3

4

5

6

7

0
0
0
0
0
0

10

11

t¿

13

t4

l5

l6

T7

l8

Note:1m=3,3ft.
aAssumed. bsensor rot outslde fabric.
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lar ohn readings and indications of high moisture
content.

After a drying period, the portable rig was able
to drill the rest of the test-hole sites on ,fune 28,
1979. These newly placed sensors were all located
along the northbound lane outside of the fabric-pro-
tected subgrade. The significant ohmmeter readings
obtained reflected the dry placemenb condition of
the sensors and delay in absorbing soil noisture.

The August 15, 1979, observations followed a
rainy spel1. All- sensors that r,rere read indicated
no resistívity values, a high-noisture condition.
The Novembex L979 and June 1980 observations were
regularly scheduled. The July 1980 observations
followed a month of record-breaking high tempera-
tures.

The unprotected southbound lane showed a higher
percentage of increased resistivity readings than
the fiber-protected northbound 1ane. This is
attributabl-e to possible subgrade drying fron the
in- itial saturated condition. Sensors outside the
fab- ric along the northbound lane also reflected
less drying than the sensors along the unprotected
L anes .

The ohruneter observations are summarized below:

Sensors Showing Increased
Resistivity (t)
November .Iune JuIy
1979 r9qo 19Io

50 66 100

Location
Southbound lane

( unprotected )

Northbound lane
Tnside fabric
(protected)
Outside fabric
(unprotected)

This summary shows increasing resistivity in the
southbound lane. By Juty 1980' 100 percent of the
sensors in that tane indicated resistance readings
wherêas 35-45 percent of the sensors in the north-
bound lane showed resistance readings.

The movenent of r,¡ater through a pavenent is a

problem to be considered (9,10). Use of rubberized
asphatt on the I-37 project rnay reduce the in-
trusion, or loss, of ¡noisture from above the sub-
g rade .

were the moisture variatíons reflected in reduced
pavement movements? These movements vJêre measured
in two ways: by readings with a profilometerr coÍl-
puterized to a serviceability index (SI), and by
taking elevations over time with a level and a rod.

On the profilomêter index, 5.0 is the perfect'
smooth-riding pavement. As the ride becomes
rougher¡ the readings become lower and the sIs de-
crease. The profiloneter readings are taken for the
inside and outside lanes of both the northbound and
southbound l-anes. The readings were taken in .fune
1979, November 1979, and August 1980. Thê best mean

reading--an Sr of 4.I2--was taken in June 1979 on
the protected northbound outside lane. The compar-
able reading for the southbound lane was 4.07.

The later readings, in November 1979 and August
1980, reflect continued "better" SIs on the pro*
tected northboun¿l lane: The readings for this lane
vrere 4.00 and 3.83 compared wÍth readings for the
unprotected lanes of 3.66 and 3.34. The increased
roughness of the unprotected southbound lane is much
more pronouncêd than that of thè protected lane.

The mean SIs are given below:

June Novernber August
Lane L979 1979 1980
Northbound

(protected) 4.12 4.00

Transportation Research Record 790

June November August
Lane 1979 1979 1980
Southbound

(control) 4.07 3.66 3.34

In the second method of neasurement, field read-
ings of pavement elevations were taken at the north-
bound and southbound-lane centerlines and crown
points at the stations and their midpoints in June
of. 1979 and 1980. If one averages the changes, dis-
regarding the signs of a plus or ninus variation'
l-ittle variation between the pavenents is indi-
cated. The southbound lane had average variations
of 0.92t 1.22, anâ 1.53 cm (0.037, 0.046' and 0.055
ft) at left crown, centerline' anal right croh'n, re-
spectively; average variations for the northbound
lane were L.23, I.22, and 1.25 c¡n (0.047r 0.046, and
0.049 ft), respectively. The protected lane \'/as
showing a l-ittle more averaged pavenent movement'
but the "unprotected" southbound lane had greater
variations (see Table 4). The variations are mini-
mal and not decisive at this time.

Movenents were measured at 55 stations and, of
the 165 total readings on the northbound and south-
bound lanes, only 116 were in the 0- to 1.5-cm (0.0-
to 0.04-ft) range. The naximum change was 7.6 cm
(0.25 ft) (there were only three readings in that
range), and there were only 9 and 13 reãdings be-
tween 4.9 and 6.1 cn (0.1-0.20 ft).

Photologging was done in JuIy 1980. Pictures
were taken with a Nikkon canera mounted on a frame
2.4 m (8 ft) above the pavement. The frame was on a
trailêr pulled by a sedan. A PhotograPh was taken
every 2.4 m, and these were later projected on a

screen and the areas of pavement cracking were com-
puted.

The photologging reflected pronounced dif-
ferences. The northbound' protected pavement had
cracking in 0.01-0.07 percent of its surface arear
and thè southbound lane had cracking in 0.24-0.73
percent of its surface area.

The visual- pavement inventory was also conducted
in July 1980. The majority of the cracking seemed
Èo be taking place over the outsidè shoulder of the
northbound lane over the sand-backfilled trench. No

significant crack patterns have become apparent in
the riding lane (see Figure 8).

The fabríc was placed on the Loop 4I0 project at
a rate of 105-120 n/day (350-400 ft/Aayl and was
completed on March 28, \979. The entire project was
finished on July I9t 1979. There was concern about
the rate and the cost of placement, partly because
expectations were higher and also because the con-
tractor voiced the sentiment that the $66,/¡n (ç20/tr.)
received on the Loop 410 project did not cover t.he
cost.

Trenching-Machine Test

The use of a trenching machine in place of a backhoe
had been suggested. An area equipment supplier of-
fered its Vermeer 600 for. use in a free demonstra-
tion, clairning that it would place 1515 ¡nlday (5000
ft,zday) in a pure clay to a depth of 2.4 rn (8 ft).
A test section was chosen on I-37 about 1.6 kn (L
mile) south of Loop 13 in southeast San Antonio.
The supplier built a spècia1 boon attachnent to hold
a ro11 of the Typar EVA fabric vertically, 2.4 m

into the trench. A steel-plate sliding shoring was
used with a boom-pivoted frame. The roll was held
in a vertical position in the trench, an¿l the na-
terial spread out behind it as the machine ad-
vanced. A narrower trench width than the backhoe
provided--30 cn (l ft)--was maintained. The first
afternoonr s trial averaged 0.6-0.9 n/min (2.3
ft/min). The second dayrs average increased to
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20
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0.9-1.05 tnlnin (3-3.5 ftlmin) in a clay that had
considerable gravel. A slide 6 n (20 ft) 1ong, with
a 20- to 25-cm (10- to 12-in) vertical roadway
shoulder drop, occurred about 6 ¡n behínd the machine
on the second day. Fabric placement was not in-
peded. Representatives providing the demonstration
felt that in a clay wíthout gravêI they could ex-
cavate 2.4 m in depth at a rate of 1.8 n/nín (6 ft/
min), for a fo-h-workday rate of l-080 m (3600 ft),
considerably bêtter than the backhoe provided.

r-37

The Largest placement of a deep vertical moisture
barrier on a Texas highway has recently been com-
pleted on I-37 in San Antonio (see Figure 9). North
of the trenching test, the project area has been
experiencing a substantial swelling-clay movenent
since its construction 12 years ago. The novements
have been reflected in severe distortions in the
riding surface, ¡nedian guardrail, and curbs and some
slope slides.

These I-37 sections are generally in very active
clays of the Houston Black series. Their plasticity
indexes average 54 and their liquid limits 86.

In the contract area, I-37 is an eight-lane
divided highhray. The ¡nain 1ânes are separated by a
sodded median 8.4-10.8 m (28-36 ft) wide that has a
0.9-n (3-ft) concrete median ditch and a steel
¡nedian barrier guardrail. Each Lane is 3.6 m (12
ft) wide and has a 3.0-m (10-ft) outside and a 1.8-m
(6-ft) inside shoulder.

The main lanes were constructed on 15 cm (6 ín)
of lime-stabl-ilized subgrade, 20 cm (8 in) of
cenent-stabílized base, and 20 cm of concrete

Table 4. Changes ¡n pavement elevat¡on.

Number of Readings

Southbound Lane Northbound Lane
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pavement. The vertical- alignment of the main lanes
varies fron a 6-m (20-ft) embankment to a 6.6-m
(22-1.t) excavation below natural ground. The clays
have caused repeated asphaltic concrete level-ups,
heater planner work, and construction of retaining
walls to contain the slicles. The present
rehabilitation contract includes a rubberized
asphalt seal coat, asphaltic concrete level-ups, and
finish course and reconstruction of the neëlian to
provide positive drainage fro¡n a built-up section
with a concrete jersey-type median barrier. It also
includes placement of a DuPont Typar T063 EvA-coated
waterproof DVFMB placed 2.4 ¡n (8 ft) deep in trench-
es outside the shoulders of the northbound and
southbound lanes. A l-S-cm (6-in) perforated under-
drain pipe is placed in some areas outside of the
fabric. The fabric trench is backfill-ed with
gravel, and the top 0.9 n (3 ft) is ce¡nent stabi-
lized. The project contract called for the place-
ment of 19 000 n2 (23 753 ydz ) of the fabric.

À testing schedule has begun v¡ith the first pro-
filo¡neter run prior to contract hrork. The profilo-
meter tests will be suppfemented by the use of psy-
chrometêrs (Moisture Control- Systems series 6000)
for moisture readings both inside and outside the
fabric-protected sections and by cross sections,
roadway surfacê inventoríes, and photologging. The
area monitored will be within the contract Ii¡níts as
r.¡ell as adjacent sections to serve as control e1e-
nents.

The contract bids were opened on October 26,
1979. The low-bid price for the fabric work was
$25/nz (fi2l/ya2 ¡ . This conpared not unfavorably
with the $66/n (620/ft) bid for this work on Loop
410 two years previously. The successful low bídder
and contractor, Houston Bridge Conpany, engaged as a
subcontractor for the placement work of the fabric
Utilities Consolialated, fnc. (UCI), the same organi-
zation that did the Loop 410 work.

This time, UCI used a Parsonrs 500 trenching ma-
chine e¡ith a special attachnent to nove the ex-
cavated ¡naterial directly from the trencher to a
dump truck. The boon of the trenching machine was
fitted with a sliding shoring to hold the Typar rotl
vertically in the excavation and unroll- it as the
machine progressed. A portable paving machine
batched the one-sack cenent-stabilized base that
topped the trenchrs gravel backfill.

UCI began placing the DVFMB on February 4, 1980,
and completed it on May 2I; 1980. On their best
day, they placed 147 m (485 ft) of fabric. Soil
conditions, several locations in sandstone rock and

Change
(cm)

Left Right
C¡own Centerline Crown

Left
Crown Centerline

Right
Crown

0.G1.5
1.8-3.0
3.3-4.6
4.9-6.0
6.3-7.6
>7.9

37 40 39
845
665
445
0ll
000

44 37 35
3 10 8

648
144
100
000

Note: 1 cm = 0,39 iû.

Figure L Pavement surface inventory for Loop 410.
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Figure 9. Existing and proposed sections of l-37.

boulders, utilitiesr drainage structuresr and pos-
sibly the psychological effect of trying to meet the
goal of I07-I20 m/day (350-400 ft,zday) all retarded
productivity. Thère was little downtime due to
weather conditions or machinery breakdown. UCI
averaged 106.75 m,/day (350 ft,/day), no better than
the production on Loop 410.

The subcontractor has saicl that if the specifica-
tions for the backfill- were less rigid the work
could be done for perhaps $50,/m ($15 or ûI6/fl).
This would represent a considerable cost reduction.
A pl-anned placement on US-90 in southwest San
Antonio vriÌl provide an additional- opportunity to
make the performance of this work more economical.

CONCLUSIONS

The DVFMB holds promíse as a possible solution to
the problem of swelling soil or expansive clay.
Moisture barriers may provide energy an¿l dollar
savings for transportation facilities including
roadways, railwaysr runways, canals, and other
structures built in swelling soi1s. The Loop 410
highway section on which the DuPont Typar T063
EvA-coated fabric was used as the deep barrier has
shown better riding qualities (as measured by ser-
viceability indexes) and l-ess pavement cracking (as
revealed in photologgíng tests). The moisture sen-
sors also indicated greater changes on the control
section than in the Typar-protected subgrade. Re-
sul-ts to date show that the fabric can be placed'
and its inpacts continue to be assessed with guarded
optimi sm.
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