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on the soft subgrade. It had developed an 11—in, rut after 200 coverages of
t r a f f i c .

Item 1 consisted of an M8A1 mat road that was placed on and tack welded to
parallel mat runners placed along the truck wheel paths . The runners were very
effective in strengthening and anchoring the mat road over the soft subgrade.
This item withstood 514,000 coverages with no damage.

Item 2 contained standard 1—ft—thick commercial wire gabions , filled with 3— to
7—in, rock, and surfaced with 2 in. of crushed stone . The performace of this
item was extremely good. After 514,000 coverages , the average rut depth was
on ly 7 in.

A major finding of this investigation was the potential use of sand—confinement
systems for base courses over soft subgrades. Both a large—volume confinement
system 4~~~~ —~4~~ nd a small—volume system . -#~~outperforrned the crushed
stone control item by a substantial nargin.~~~~~~~_~~

This in vestigation also showed that the placement of a fabric or membrane be-
tween a soft clay subgrade and crushed stone base can offer substantial savings
in the desi gn thickness of a road. Item 6 was identical with the control item
except that a pervious polyester fabric was placed between the base and sub—
grade. This item withstood 2500 coverages before developing an 11—in, rut .
This represented a savings in design thickness of approximately 27 pe rcent.

• Item 7 was also identical with the control item except that an impervious coated
nylon membrane (T—l6 ) was placed between the base and subgrade. This item

• sustained 37 ,000 coverages before developing an 11—in, rut. This represented
a design thickness savings of 148 percent.
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PREFACE

This report was prepared as part of the work authorized by the

Office , Chief of Engineers, under Pavement Systems and Lines of Communica-

tions, Project No. 14A762719AT14O, Task A2, Work Unit 015, “Rapid Construction

of Tactical Bridge Approaches ,” and Task A3, Work Unit 005, “Develop Con-

struction Techniques Compatible with Adverse Conditions.” The invest4gation

reported was conducted from September 1975 to June 1976.

Personnel of the Soils and Pavements Laboratory , U. S. Ari~ Engineer

Waterways Experiment Station (WES), who were actively engaged in the

planning and execution of work that led to the preparation of this report

were Messrs. A. H. Joseph , P. J. Vedros, S. L. Webster, and J. E, Watkins.

This project was under the general supervision of Messrs. J. P. Sale and

IL G. Ahivin , Chief and Assistant Chief, respectively,  of the Soils and

Pavements Laboratory. This report was prepared by Messrs. Webster and

Watkins. OCE technical monitor for this study was Mr. R. E. Barnard.

Directors of WES during the conduct of the work end preparation of

this report were COL G. H. Hilt, CE , and COL J. L. Cannon , CE. Mr. F. B.

Brown was Technical Director.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASU REMENT

U. S. customary units of measurement used in this report can be converted

to metric (SI) units as follows:

Multiply By To Obtain

inches 25. 4 millimetres

feet 0.3048 metres
square inches 6.4~i6 square centimetres
pounds (mass) 0.14535924 kilograms

pounds ( force ) 4 .4148222 newtons
ki ps (mass) 453.5924 kilograms

tons (2000 lb) 907.1847 kilograms

ounces (mass) per
square yard 33.90575 grams per square metre

pounds (mass)  per
square foot 14 .8821428 kilograms per square metre

pounds ( mass) per
cubic foot i6.0i8146 kilograms per cubic metre
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INVESTIGATION OF CONSTRUCTION TECHNIQUES FOR TACTICAL BRIDGE

APPROACH ROADS ACROSS SOFT GROUN D

PART I : INTRODUCTION

Background

1. In many instances, the construction of tactical military bridges

is greatly affected by the construction of their approaches. Since rivers

flow through low—lying areas which are subject to flooding, bridge approaches

will often have to cross floodplains , swamps , or mud flats. The time re-

quired to construct approaches is often the controlling factor in selection

of a bridge site.

2. Using current technology, the construction of bridge approaches

across soft groun d requires a great deal of manpower, construction materials ,
and time. Removal of the soft ground is generally not a practical solution

due to effort and time involved. Therefore , approach roads will generally

have to be constructed over the soft ground. One problem that develops is

that the construction materials used in the foundation keep sinking into

the soft ground or allow the soft ground to penetrate into the construction

material . This weakens the structure and requires that more fill  material

be used. This problem often continues during the service life of the

structure, and a considerable amount of maintenance must be continuously

performed to render the approaches tactically useful.

Ct lye

3. The objective of this study was to investigate and test the

feasibility of various new techniques for constructing approach roads

across soft ground from an existing roadnet to a tactical bridge site.

5
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Sco~pe

14~ The objective was accomplished by constructing a test section
containing seven test items and subjecting the section to accelerated
traffic using various loads on a 5_ton* military dump truck. This report

describes the materials used, test section , construction techniques , tests
conducted and results, and an analysis of the results. Some conclusions

are also presented.

* A table of factors for converting U. S. customary units of measurement
to metric (SI)  units is presented on page 14 .

6

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



PART II: TEST SECTION

Description

5. The test section was constructed under shelter at the U. S. Army

Engineer Waterways Experiment Station (WES) in order to control the subgrade

strength and test conditions.

6 . A plan and profile of the test section are shown in Plate 1.
The test road was 2014 ft long and 12 ft wi de and consisted of seven test

items. Items 2 and 3 (gabion items) were each 27 ft long; all other items
were 30 ft long. Item 1 consisted of M8A]. mat , spot welded to runners ,

placed directly on the subgrade . All other items had a tot al thickness

of 114 in. All items were constructed directly on the heavy clay subgrade ,

which had an initial strength of 0.7 to 1.0 CBR for a depth of 10 in .

The strength of the remaining 114 in, of subgrade below this 10—in, depth
ranged from approximately 1.0 to 2 .3  CBR. The vest and east shoulders

of the test sect ion were 14 ft and 3 ft  wi de , respectively . The shoulder

material for items 5, 6 , and 7 was the sane crushed stone as used in the

base course for these items . The shoulder material for items 1 through 14
was sand. All items except item 1 contained a 2—in, wearing surface con-

sisting of the same crushed stone as used in the base crurse for items 5,

6 , and 7.

Materials

Subgrade soil

7. The subgrade of the test section was constructed using heavy

clay ( CH ) 1 having a liquid limit of 68, a plastic limit of 23 , and a

plasticity index of 45. Classification data for this soil are shown in

Plate 2.

Base course
8. Crushed stone. The material used as base in three test items

and also as the surface course for six test items was a crushed limestone

that met the military base course requirements described in paragraph 7—17

i t  
_ _  

_  _  
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of TM 5—330 (Reference 2). A gradation curve for this material is shown

in Plate 2. Also , a crushed limestone ranging in size from 3 to 7 in.

was used as base in one test item.

9. San d. A washed sand (sp) was used as base material in two sand—

confinement test items . A gradation curve for this materi al is shown in

Plat e 2. The sand contained approximately 6 percent gravel that ranged

in size up to 1 in.  It was thought that this small amount of gravel would

not a f fec t  the general performance of the sand.

Landing mat

10. M8A1 steel mat was used in one test item. This light—duty mat

was chosen for study because ( a )  a large amount of M8A1 was s tockpiled

ir~ the Army inventory and (b )  problems with this mat were encountered in

Vietnam when it was used for expedient roads over soft soils.

11. M8A1 panels are solid planks, with no pierced holes. The end

connections are made by four sliding steel pins , driven into place with a

hammer or bar. The side connectors are bayonets and slots. The mat panel

is 11.6 ft long , 1.6 ft wide , and weighs 1114 lb or 7.5 psf.

Gabions

12. A standard commercial gabion was used in two test items. The

gabions were compartmented rectangular containers made of galvanized steel

hexagonal wire mesh and are normally filled with 3— to 8—in, stone. They

are commercially available in various sizes.  The gabions used we re 9 ft
long, 3 ft wide , and 1 ft deep. Each gabion had three compartments or

cells , each 3 ft by 3 ft by 1 ft deep. The gabions were supplied folded

and packed in compressed bundles. A soft O. 09 1414—in , galvanized tie wire

was supplied for t ie ing the indivi dual gabions together and also for lacing

the lids and sides together. The hexagonal mesh openings were approximately

3 by 14 in. The mesh was made using 1l—gagL galvanized steel wire.

Plastic tubing

13. A 6— in . —di am corrugated plastic drainage tubing was used to

form a sand—confinement system in one test item. The polyethylene tubing

had an average wall thickness of approximately 0.050 in.  and was supplied
in 100— ft coils . This tubing was chosen for test purposes because it was

* 
weak in compression . It would probab ly not be considered for use in actual

8
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r’ :ztd construction . A 50—lb weight placed on a standing empty 1— ft section

~~t ’ t ub ing  caused the tubing to compress 14 .5 in . a f t e r  5 m m .  However , a

:L:~n d i ng  1— ft section of tubing f i l led w i t h  sand held an 8000—lb load and

: m j .r e J s eJ  only 1.75 in.

h~1ye~ ter fabric

114. The fabri c used was a spunbonded , nee d lepunched  polyester non—

w~ ver ~ called “Bidim. ” Bidim is reg istered as a ~hnsanto trademar 1~ in the

United States.  Test supplies of the fabri c we re furnished by the Monsanto

1~ xt11es Company , St. Louis , Missouri . The fabric used had a weight  of

12 oz per ~q yd.  Some physical properties of a s imi la r  “Bid im ” f ab r i c

wei ghing 9.6 oz per sq yd are as follows :

Thickness ( i n . )  0.106

Breaking strength (lb )
Machine di rection 23 14.3
Cross machine direction 213.0

Elongation at break (percent )
Machine dire ction 6o . 14
Cross machine direction  56.6

Tear strength (lb )
Machine direction 92.14
Cross machine direct ion 99.5

Pervious to water

T—l6 membrane

15. T—16 is a neoprene—coated one—ply wove n nylon membrane which

has been tes ted and reported on in many studies conducted at WES. Some

physical properties of T—l6 membrane are as follows :

Weight (oz per sq yd)  . 18.5

Breaking strength (lb )
Warp 1458 .0
Fill 1412 .0

Elongation at break (percent )
Warp  29.0
Fill 33.0

Tear strength (lb)
Warp 148. 0
Fill 52.0

Impervious to water

9

~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •



Design

16. Since the objective of this study was to invest igate  new

techni ques for constructing bri dge approach roads across soft groun d , the

test section was desi~~ied to allow study of the following:

a. The performance under traffic of a crushed—stone base
placed directly on a soft subgrade.

b. The effect of a pervious separator fabric placed between
a crushed—stone base course and soft subgrade.

c. The effect of a relatively high—strength impervious membrane
placed between a crushed—stone base course and soft sub grade.

d. The feasibili ty of using confined sand as a base course
material over a soft subgrade .

e. The performance of rock—fil led gabions as a base course ove r
a soft subgrade.

f .  The benefi ts derived by t ack—welding M8A1 mat runners under-
neath an M8A1 mat road placed on a soft subgrade.

17. Soil selected for construction of the soft subgrade was the

heavy clay described in paragraph 7. At a moisture content of 35 to 140

percent , th is  soil can be compacted to obtain strengths of approximately

1.5 to 0.7 CBR. For this study a soft siib grade was de fined as one having

a strength of 1.5 CBR or less.

Const ruct ion

Subgrade

18. First, an area 210 ft long and 20 ft wide was excavated to a

depth of approximately 2 14 in. below the existing ground. The walls and

bottom of the excavation were lined with polyethylene to protect the sub—

grade from drying. The subgrade material, which had been processed to the

desired moisture in a processing area, was p laced and compacted in 6—in.

l i f ts ( Phot o 1). The water content of the subgrade ranged from 35 to

37 percent . Howeve r , CBR test pits in the subgrade indicated higher CBR

strengths than desired; the strengths generally increased with depth and

ranged from 1.5 to 2.3 CBR. Therefore, the top 10 in. of subgrade was re—

processed in place usin€ a pulvimixer. The water content of th is  material

10
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was increased to 38 to 140 percent , and the soil was recompacted using

a D— 14 tractor with street plates. Ai r f i e ld  penetrometer measurements

indicated very uniform strengths for the top 10 in. of the subgrade. The

CBR strengths for the reprocessed subgrade ranged from 0.7 ~ e 1.0. These

data are shown in Table 2 under zero traffic coverages.

Item 1 (M8A1 mat)

19. A section of T—l6 membrane was placed over the subgrade of

item 1 to keep the surface of the subgrade from dry ing. r~ext , two parallel

runners of M8A1 mat were placed. The end connectors of the mat were used

to join each panel to form a continuous runner of mat underneath each wheel

path. M8A1 mat was then installed on top of, and perpendicular to , the

paral)el runners as shown in Photo 2. After each panel of the overlying

mat was installed, the front edge was welded to each runner (Photo 3).

Item 2 (gabions and large size rock)

20. The gabions were preassembled and wired together according

to manufacturer’s instructions as shown in Photo 14. The gabions were

then placed on the soft subgrade and filled with limestone rocks 3 to 7 in.

in diameter as shown in Photo 5. The surface layer of rocks was arranged

by hand to form a relatively smooth surface, and the lid of each gabion

was wired shut. No attempt was made to compact the rocks in the gabions.

21. The 2—in, crushed—stone wearing surface was placed and compacted

using a vibratory plate compactor. Some of the wearing surface material

penetrated approximately 2 in. into the surface voids of the gabions.

Item 3 (fabric—lined gabions
filled with sand)

22. The gabions used in item 3 were preassembled as in item 2.

Each gabion compartment was then lined with polyester fabric as shown in

Photo 6. The fabric—lined gabions were then placed on the subgrade and

ruled with sand as shown in Photo 7. The sand was compacted using a

vibratory plate compactor , and then the gabion lids were wired shut sealing

the sand in the gabion compartments. The 2—in, crushed—stone wearing sur—

face was then placed and compacted as in item 2.

11
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Item 14 (plastic tubes
filled with sand)

23. The 1—ft—long sections of plastic tubing used in this item were

assembled and fastened together in a honeycomb arrangement as shown in

Photo 8. This arrangement was then placed on the sub grade and f i l led with

sand as shown in Photo 9. The vibratory plate compactor was used to vibrate

the sand into and between the sections of tubing. The 2—in ,  crushed—stone
wearing surface was then placed as in items 2 and 3.
Item 5 (crushed—stone base)

214, Item 5 was considered as a control item and was constructed by

placing and compacting (using the vibratory plate compactor) three equal

thickness l i f ts of the crushed—stone base material . Photo 10 shows this

item as the first lift of material was being placed on the subgrade.

Item 6 (polyester fabric
under crushed—stone base)

25. This item was constructed identical with item 5 except that the
polyester fabric was placed between the crushed—stone base and subgr ade

as shown in Photo 11.

Item 7 (T—l6 membrane
under crushed—stone base)

26. This item was constructed identical with items 5 and 6 except
that T—l6 membrane was placed between the crushed—stone base and subgrade
as shown in Photo 12.

Shoulders

27. Shoulders were constructed using materials and dimensions as
described in paragraph 6. The completed test section with shoulders is

shown in Photo 13.

12
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PART III : TRAFFI C TESTS AND RESULTS

A~~ 1ication of Traf f ic

• 28. Test t r a f f i c  was applied during January and February of 1976 .

Traf f i c was app lied using the 5—ton , tandem— axle, mili tary dump truck

shown in Photo 114, The test section was t r a f f i cked  as a one—lane road.

The truck was driven in forward and then reverse ove r the entire length

of the test section . Traffic was recorded in terms of coverages of equiva-

lent 18—kip single—axle , dual—wheel load operations. The front single—axle ,

single wheels of the test vehicle did not contribute significantly to the
• test traffic;* therefore , only the rear tandem— axle , dual wheels were used

in the computing of traffic coverages.

29. The operations per coverage factor for tandem— axle, dual wheels

having a load range of 20—50 kips and normal wander of 37 in. is l.03.**
Howeve r , wander for the test traffic was less than that of normal truck

traffic; therefore , the operations per coverage factor for the tandem—

axle, dual—wheel test traffic was assumed equal to 1.00. The sequence

of loading in which the test t r a f f i c  was applied and the resulting coverages

of equivalent 18—kip single—axle, dual—wheel load operations are presented

in Table 1.

30. Normal tracking procedure was to allow test traffic to continue

4 ~ on an item until an 11—in, rut developed, at which point the differential

on the truck would drag. The item would be considered failed at this time ,

and test data would be taken. The ruts in a failed item were lined with a

runner of landing mat (Photo 33) to allow traffic to continue on unfailed

items.

Behavior of Test Section Under Traffic

Tests and observations

31. Visual observations , photographs , and cross—section level read—

ings were recorded at intervals throughout the traffic test period. At

* Based on Table 7 and Plate 9 of Reference 3.
** From Table 7 of Reference 3.

13



the conclusion of traffic , trenches were excavated across the traffic lane

to determine the condition of the sub grade and test i tem mate r i a l s .  The

performance of the test items and data obtained are presented in the

following paragraphs .

item 1 (M8A]. mat)

32. During the first 500 coverages of test traffic , the M8A1 mat

item with runners tended to seat itself into the soft subgrade. P2~-i~.e 3

shows a typical cross section showing the elevation of the mat surface

be fore t r a f f i c  and after seating at 500 coverages. Photo 15 shows the

mat in excellent condition after 1000 coverages. The mat was very stable

during t r a f f i c  and did not sh i f t  or requi re any anchoring. After 15,000

coverages , the mat was still in excellent condition and showed no signs

of damage .

33. Since it appeared that the mat would handle a large amount of

additional traffic without damage, the mat runners were removed from half

the item to compare the item performance with and without the runners.

The portion of item 1 without runners was designated item 1A. Since initial

t ra f f i c on item 1A caused substantial movement in both the mat and sub—

grade , lead weights were used to anchor the end of the mat on item lA.

Af ter  39,100 cove rages (Photo 16), item lA was considered fai led.  One

mat panel was broken and many of the bayonet side connectors had broken

off .  Plate 3 shows a typical cross section of the mat surface at zero

and at 39,100 coverages. Approximately 2 to 3.5 in. of subgrade soil

had been displaced under each wheel path.

• 
314, The remaining portion of item 1 remained in excellent condition

at the conclusion of traffic after 514,000 coverages (Photo 17 and Plate 3).

Item 2 (gabions with rocks)

35. This item performed quite well throughout the 514 ,000 coverages,

Photos 18, 19, and 20 show this item after 100 , 5500 , and 514 ,000 coverages ,

respectively. Plat e 14 shows typical cross—section data of the surface of

the Item at various cove rage levels and also the contour of the bottoms

of the gabions after 514,000 coverages. Slight upheaval of the gabions did

occur at both edges of the item and also at the center line between the

wheel paths.

- 
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36. A cross—section excavation of the Item showed that no gabion

wires were broken, The surface wearing course had filled the surface

voids in the gabions to a depth of approximately 2 in. The subgrade

material had entered from the bottom of the gabions and filled all remain-

ing voids within the gabions.

Item 3 (fabric—lined gabions
filled with sand)

37. Performance of this large—compartment sand—confinement item was

suprisingly good. A total of 11,500 coverages were applied before an 11—in.

rut developed in the west wheel path. At 100 coverages (Photo 21) the

item was in excellent condition and had an average rut of 2.2 ~n. At 5500

coverages (Photo 22), the average rut was 7.3 in. and signs of upheaval

and shifting of sand within the compartments could be seen. Photo 23

shows the item after 11,500 coverages when 11 in. of rutting had finally

developed in the west (foreground) wheel path. Typical cross—section dat a

for this item are shown in Plate 5. The gabion wire and the polyester

fabric were still in excellent condition at the conclusion of traffic.

Item 14 (plastic tubes
• filled with sand)

38. This small—compartment sand—confinement item perfo rmed extremely

well during the first 500 coverages. After 100 coverages (Photo 214), the

average rut depth was 1.5 in. Visual observation showed this item to be

very stable during the first 500 coverages. However, after 500 coverages,

the tandem—axle load was increased from 25,000 to 35,000 lb , and the item

performed si~ iificantly different with the new traffic load. Additional

traffic caused a spot type failure to start to develop in the west wheel

path. Photo 25 shows the item after 1000 coverages when the potential

failure was noticed. Photo 26 shows the item after 2500 coverages when

the average rut depth was slightly over 6 in. At this coverage level ,

the plastic tubing became visible as the spot failure continued to develop.

After 5500 coverages (Photo 27), an 11—in, rut had developed at one spot,

and the differential of the truck began to lift the plastic tubes from

the item. It should be noted in Photo 27 that although half the item

had developed an 11—in, rut, the remaining portion had an average rut of

15



only approximately 6 in. Typical cross—section data are shown in Plate 6.
Photo 28 shows a typical cross—section view after the wearing surface

was removed after 5500 coverages. The individual sand—filled plastic tubes

along each wheel path had been pushed into the subgrade.~ This caused the

subgrade to upheave between the wheel paths and along the outer edge of
each wheel path.

39. The west shoulder along this item was 14 ft wide at the surface

while the east shoulder was 3 ft wi de at the surface . It should be noted

that the 3—ft —wide sand shoulder was not strong enough to conf ine  the l—ft—

long vert ical  sections of plast ic tubing.  The plastic tubes along the

outer east wheel path tended to shift outward a few inches during traffic;

however , the 14— ft shoulder on the west side did not permit the tubes to

shift laterally during the traffic period.

Item 5 (control)

140. Performance of the control item was slightly better than pre-
dicted. After 100 coverages (Photo 29), the average rut depth was 14.5 in.

By 200 coverages (Photo 30) an 11—in, rut had developed. Plate 7 shows
typical cross—section data for this item during traffic. A trench excavated

across the item showed that the crushed—stone base had penetrated approxi-

mately 3 in. into the subgrade. The trench also showed that the subgrade
material had migrated 10 in. upward into the base near the center line

between the wheel paths. This subgrade material had migrated from the west

wheel path , indicating that the sub grade was sli ghtly weaker on this side.
141. Failure of this item probably resulted as follows. The first

coverages of t r a f f i c  resulted in an intermixing of the base and subgrade

materials until the subgrade had penetrated approximately 3 in. into the

bottom of the base. Additional traffic caused some slight rutting in the

subgrade which caused the subgrade material to migrate outward and upward

on both sides of the wheel path. This outward and upward migration of

the subgrade caused some upheaval in the base layer—most pronounced at

the inner edge of the west wheel path. This, in turn , caused a shearing

action near the bottom of the base, and the base material began to move
-• laterally and upward——most pronounced at the inner edge of the west wheel
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path. Additional traffic accelerated the base movement , causing additional

rutting.

Item 6 (polyester fabric
under crushed—stone base)

L~ , Performance of this item was signi fi cantly bet ter  than that of

the control item. After 100 coverages (Photo 31), the average rut depth

was 1.8 in. After 200 coverages (Photo 32), the average rut depth was

only 2.6 in. Photo 32 shows some transitional rutting resulting from

failure of the control item and also some spot rutting at two locations.

A test hole was dug into the larger spot rut to see if the polyester fabric

had been damaged. The fabric was found to be in good condition but did

show some signs of stretching.

143. After 2500 coverages (Photo 33), an 11—in, rut had developed

in the west wheel path. The rutting was less in the east wheel path .

Plate 8 shows cross—section data where the test trench was excavated in
th is  item. The polyester fabric had absorbed a lot of clay particles and

had stretched to the configuration shown in Plate 8. The fabric did not

tear and was successful in separating the base and subgrade during traffic.
1414. Failure of this item was caused by rutting and upheaval of the

subgrade. This caused the base to shear and move outward and up.

Item 7 (T—16 membrane
under crushed—stone base)

145. Performance of this item was outstanding. Photo 314 shows this

item after 5500 coverages. Average rut depth was only 1.8 in. An 11—in .

rut did not develop until 37,000 coverages, Traffic on this item was

continued to 514 ,000 ccverages (Photo 35) to see if the T—l6 membrane would

tear. However, after 514,000 coverages , the membrane was still in good

condition . Plate 9 shows cross—section data for this item. It is interest—

ing to note that failure was caused by subgrade rutting and was not accom—

panied by base flow from under the wheel paths.

‘ 
146. The base remained 14 in. thick except where it was stretched to

conform with the subgrade or where it was disturbed by the differential on

the truck. Plate 10 shows how the membrane was deformed during traffic.
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The membrane was stretched 6 in. to confo rm with the subgrade , but it did
not tear or pull in from the sides.

Summary of Test Results

After—traffic subgrade tests

147. Water content , density , and CBR data taken from within the

remaining portion of the top 10 in. of subgrade are shown in Ta~1e 2. In

general, the data were taken in the west rut. However, in items 6 and

7 data were also taken from the east rut in an attempt to explain the

difference in performance that occurred between the east and west traffic

wheel paths in these two items.

148. The rated subgrade CBR values shown in Table 2 are based on the

numerical average of the CBR values measured immediately after construction

(zero coverages) and after traffic. The rated CBR is based only on the

top 10 in. of subgrade material that was reprocessed during constructIon .
Coverages versus rut depth

49. Plates 11 and 12 show plots of coverages versus rut depth for

test items 2 through 7. These plots were developed from cross—section

measurements taken in the west wheel path of each test item. The data

points shown represent the average rut depth calculated from three cross

sections per test item at each indicated coverage level.

18
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PART IV : ANALYSIS

Design Criteria Versus Control Item 5

50. A mathematical expression for determining the required thickness

of cover material for unsurfaced roads and airfields was developed and pre-

sented in Reference 4 . The equation is as follows:

t = (0.176 log C + 0.120) 
~J8.l(cBR) 

—

where

t = design thickness , in.

C = coverages

P = single or equivalent single—wheel load, lb

A = tire contact area , sq in.

Using this equation and the results of this investigation , a comparison of

design estimated coverages and actual cove rages was made • First , the
design estimated coverages for the control item 5 were calculated as

follows:

t = (0.176 log C + 0 . l2 0) % J 8 l(~ BR) —

where

t ll4 in.

P = 147 percent* (18,000 lb) = 8460 lb

A 8S sq in.**
Rated CBR = 0.9

C = design estimated coverages for 3—in. rut

* Equivalent single—wheel load in percent of axle load versus depth
obtained from single—axle , dual—wheel curve in Plat e 7 of Reference 3.

** Tire contact area for one wheel of 18,000—lb single—axle , dual—wheel
loading.
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Therefore, for control item 5:

114 (0.176 log C + 0.120) ‘
~8 i(o 9) -

c 146

This indicates that after 148 coverages the control item should have about

a 3—in, rut. From Plate 12 the actual rut depth after 48 coverages was
2.14 in , and a 3.0—in, rut depth occurred at 68 coverages. Thus, the equa-

tion predicted with reasonable agreement what the performance of the control

item would be,

Test Section Performance

51. The thickness equation was then plotted in terms of coverages

versus design thickness for an 18,000—lb single—axle, dual—wheel load. The

results are shown in Plate 13 using subgrade CBR’s of 0.9, 1.0, and 1.1

(rated subgrade CBR’s for west wheel paths of items 2 through 7) .  Plate 7

of Reference 3 was used in computing the equivalent single—wheel load for

the 18,000—lb single—axle , dual—wheel load .

52. Using the actual traffic coverage data from the test section

(Plates 11 end 12), a performance thickness in in. was determined for test

items 2 through 7 using the CBR design plots shown in Plate 13. A per—

formance thickness was determined using coverage data obtained at 3— , 6— ,

and 11—in, rut depths . These dat a were plotted as shown in Plate 114 . The

CBR design criteria for the 3—in, rutting failure criteria were also plotted

and extrapolated for the 6— and 11—in, rutting failure criteria using the

performance of the control item 5 as a guide . This extrapolation was

necessary since no mathematical expression of C~R design relations presently

exists for the 6— and 11—in, rutting failure criteria.

53. It should be noted that tht 3—in, rut design cr i ter ia  were

developed based on the results of 59 test items (Reference 4 ) .  The sub—

grade cove r material for 39 of the 59 test items had a strength of < 20

CBR . The subgrade cover material for control item 5 for this test section
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was approximately 100 CI3R. This could exp lain t1~ - slightly better ~er—

form ance of i tem 5 when compared wi th  the  pre sen t 1r~~i gn c r i t e r i a .

Design Thickness Savings

514 , From the analysis presented in Plate i14, design thickness

savings were calculated for each i tem. For example , based on the  ~~~~~
ru t t i ng  fa i lure  cr i ter ia, the performance of i tem 7 was equivalent to a

29—in.—thick pavement instead of its actual thickness of 114 in. There-

fore , a desi gn thickness savings of 15 in. resulted (29 ir~. minus l~4 in.).

This represents a desi gn thickness savings of 52 percent  (15 in .  d iv ided

by 29 in. times 100 percent). Based on the 6—i n, rutting failure ~r it e r ia ,
the performance of i tem 7 was equivalent to a 31,14—in.—thick pavement

instead of the extrapolated design performance thickness of ‘6 in. There-

fore , a desi gn thickness savings of 15.14 i n .  (31 .14 i n.  minus 16 i n .)  or

149 percent resulted, Table 3 shows the design thickness  savings in percei~t

for test items 2 through 7 using 3— , 6— , and 11—in, rutting failure cri—
teria. It should be noted that the data presented in Table 3 may be

applicable only for soft subgrades having a strength of approximately

1 CER. Additional tests woul d be necessary to relate design thickness

savings to higher strength subgrades.

. . - 
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PART V: CONCLUSIONS

55. Based on this investigation , the following conclusions are

believed warranted:

a. The performance under traffic of a crushed—stone base pla’~eddirectly on a soft subgrade can be predicted using the
following equation :

t = (0.176 log C + 0.120) Sf8 1(cBR) —

1. An M8A1 mat road that is placed on and tack welded to
parallel mat runners placed along the wheel paths can be
used as a very effective bridge approach road over soft
ground. The runners tend to effectively anchor the road
so an additional anchoring system should not be required.

• Construction of the mat road could be performed during
adverse weather conditions.

c. The performance of rock—filled gabions as a base course
• for approach roads over soft ground is extremely good.

The rock—filled gabions are free draining and would be ideal
for low areas that have little or no drainage. Also , the
gabions could be used for submerged approach roads if desired.
The standard commercial gabions used in this investigation
appeared to be overdesigned. strengthwise and were tine—
consuming to install.

d. The potential use of’ sand—confinement systems for base
courses over soft subgrades is a major finding of this in-
vestigation. Both the large—volume confinement system
(item 3) and the small—volume system (item 14) out—perfo rmed
the crushed—stone control item by a substantial margin.
A send—confinement system could be developed that would
provide an expedient construction technique for building

• approach roads over soft ground. The construction and
performance of the sand—confined base system would not be
adversely af fec ted  by wet weather conditions.

e. The hori zontal placement of fabrics or membranes between
a soft clay subgrade and crushed—stone base can offer sub—
stantia.l savings in design thickness. These materials are
light—weight and thus would be ideal for theater—of—operations
use. They act as separators by keeping the subgrade material
from entering and thus weakening the bcttom portion of the
base. They also offer  tensile reinforcement at the inter-
face between the base and subgrade. This serves to reduce
the amount of rutting that occurs in the subgrade . Two
fabric or membrane properties that are closely related to

• field performance are breaking strength and elongation.
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Table 1

Tandem—Axle , Dual—Wheel Test Traffic

No, Equivalent 18—kip , Sing1e—ax1e~ Dual Wheelof Load Coverages No. Cumulative
• Passes 1~ p~ ’ Pass* Coverages Coverages

500 25,000 1 500 500

‘toO 35,000 5 2,000 2,500

300 ~7,0OO 30 9,000 11,500

500 55, 000 85 142 ,500 514 ,000

* From Plate 9 of Reference 3.
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Ii
Table 2

- f I ~rad e C}FF , Water Cont ent , u z . 1  ~~I.I  •

~ft te r  ~-ry
Traf f ic e~ t L  rl~~nl :rr - ity ha te d

• t a t ~ c ,t i - 
~~~~~~~ 1 1 , .  i l  

_______ ______

• 1 — —  Genera l 0 I I — i f l  0. ‘ 78.0 1.1

• . ;.5 ~es~ runner ‘,~ ,fl ) C 0 1..
F 1. 3 ~~~~~ ‘T .~

2 - -  General 0 0—10 0.1 
~~~~~ 

‘
~~.3  0. 3

~~ • . E t  rut ‘,~ ,ooc 0 1.0 ~~~~ 7~~.1

3 — — General 0 G—1~ 0.7 ~3 . ’ ‘p .3 0.9

~~~~ r~~t : ~~~~ 1.2 ~~~~ 
•-‘ .7

• F l . •
~ l~• .5 . F

1. —— 0 C — l U  0.9 ~~~~~~ ~& .3  0,9

5 -- General 0 0—10 0.8 ~~~~~~ 79.1 0,9
j + F ~ West rut 200 3 1.2 38.1. ~~~~

8 0.9 ~~~~~ F~~ •~

• —-  Gener a, 0 0—10 0.9 ~~~~ 70 .1
i+ ’r.5 West rut 2,7~Cfl 0 1.9 3~~.2 ~~~~~~ 1. 1

West rut ? ,~-Uc 6 1.: ~~~~~
past r~ t ~~~~~ 0 1.2 38 .1 ‘8 . ~’ ~ .i
East rut .500 € 1.7 3 6 €  8 .~

7 -- General 0 0—10 1.0 ~8 .
1+~~~.5  ~~~~ rut  ,000 0 0.0 ~~~~ ‘F ~~~ 1.0

East rut cL , cc ~ 0 • S 
~7 • ~ 9 . 5  1 . 3

The — ~o 1f l— ~~~. ~1H t a i ~e 1  ~~ surface CER ~ i - -
~ r . r 1~~ ’ - - and ~ i r f i e  I

J er Ir l , . rne~~er  dat a.
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Table 3

Design Thickne si .  Sav i r igi ;

Desi~~ Thickness Savings , %
Test Rutting Failure Criteria , in.

• I tem 3 6 11

2 1414 53 58

3 30 141 148

ii 140 14i 140

5 8 8 6

6 18 20 27

7 52 149 148
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