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Preface

This report presents the results of a condition survey performed on

taxiway 3 at March AFB, Riverside, CaliP , -nia, in June 1955 in accordance

with addendum 3 to Instructions and Out.ine, "Condition Surveys for Ex-

isting Pavements." This report is one of a series of reports entitled

Condition Surveys of Pavements Subjected to Channelized Traffic, prepared

in connection with research studies of flexible pavements.

This survey is a continuation of a condition suivey conducted by the

U. S. Army Engineer District, Los Angeles, CE, in June 1954 on taxiway 3

(designated as taxiay 11 at the time of the Los Angeles survey). The

data obtained by the Los Angeles District were presented in the report,

Flexible Pavement Failures, Taxiway 11, March Air Force Base, Riverside,

California, dated September 1954, and are incorporated in this report.

The work by the Los Angeles District was under the general supervision of

M1r. E. G. Knight.

The field work for this survey at March AFB was accomplished by a

'daterays Experiment Station field party during June 1955. The party was

composed of Messrs. P. J. Vedros and C. L. Rone, soils and pavement engi-

neers; and Messrs. R. A. Andress, L. L. Steen, and W. J. Harper, soils

technicians. This report was prepared by Mr. Vedros. The investigation

was performed under the general supervision of Messrs. W. J. Turnbull,

C. R. Foster, 0. B. Ray, and J. F. Redus (formerly of WES).

Acknowledgme4nt is made to the officers and men of March AFB and to

the personnel of the Los Angeles District who assisted in the field

studies.
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CONDITION SURVEYS OF PAVENENTS SUBJECTED TO CHAIWELIWED TRAFFIC

MARCH AIR FORCE BASE. RIVERSIDOE, CALIFOLNIA,

Inroduction

.urpose of investigation

1. ?mar report presents the results of field and laboratory investi-

gations conducted to obtain data regarding pavement conditions on taxiway 3

(de$L8=tedtaxiway 11 prior to 1955) at March Air Force Base. Thece in-

vestigations were made in connection with a series of investigations of

the effects of channelized traffic on various flexible pavement elements.

March AFB was included in this series because the pavements there had been

subjected to channelized traffic and taxilay 3 had shown signs of distress

along the channelized traffic lane. /A

Description of site, A
climate, and facilities

2. March APB is located on a slightly undulating alluvial plain

about six miles southeast of Riverside, California (s, vicinity map, plate

1). This plain is broken by occasional outcroppinas of small areas of

eroded igneous rocks. The nearest highlands, the Box Springs Mountains,

whose peaks reach an elevation of 3000 ft, are less than four miles north

of the base. The western half of the base is covered with residual soil

except for a few small areas where granitic bedrock is exposed. The soil

type is described as a brown micaceous soil varying from a reddish to

grayish brown, low in humus, and containing small angular particles of

quartz and granite which render it more or less gritty. The surface and

near-surface deposits that cover the eastern half of the base are tl.-

uppermost layers of a vast body of old alluvium which was derived chiefly

from granitic rocks of mountains to the north and east. Elevation of the

field is approximately 1500 ft above mean sea level. The water table is

about 160 to 190 ft belov the ground surface. The climate in this area

is semiarid, with long, hot summers, and short, cool winters. Over a 34-yr

period, monthly maximum and minimum temperatures of 118 F and 21 F have

been recorded. The average annual rainfall is about 11.5 in. with the

rainy season occurring in the winter.
4 j A
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3. Pavement facilities at the base in June 1955 consisted of $wo

runways, parking aprons, warm-up aprons, and connecting taxiways (plate 1)

surfaced with both flexible and rigid pavements.

Construction and draLna&
4. The original pavements at March AFB were constructed prior to

190 under the supervision of the Quartermaster Corps, and subsequent con-
struction was designed and supervised by the Los Angeles District, CE. The

history of this construction has been presented in previous reports (see

paragraph 7) and is not discussed here. An extensive paving program was

undertaken in 1951. Runway 2, warm-up apron 2, taxiway 3, southeast and

of taxiway 2, and a large apron northeast of taxiway 1 were constructed of

flexible pavement (plate 1). Taxiway 2, which was originally 9-6-9
portland cement concrete, was overlaid with about 5 in. of asplaltic con-

crete. A long parking apron parallel to runway 1 (adjacent to the existing
concrete apron) and a warm-up apron northeast of the northwest end of run-
way 1 were constructed of 13-11-13 portland cement concrete. The new

flexible pavement consisted of 4 in. of asphaltic concrete (2-1/2-in.

binder and 1-1/2-in. surface), 7 in. of dry-bound macadam base course

(1-1/2-in. maximum size crushed granite), 6 in. of pit-run gravel (3-in.

maximum size, uncrushed), and 14 in. (except 11 in. on interior of runway)

of disintegrated granite over a 6-in. compacted layer of subgrade. Taxiway

3 was repaired in 1954 with a leveling course where needed in the channel-

ized areas and a surfacing of 4 in. of asphaltic concrete. At the time of

th13 survey, a leveling course was being placed on the southeastern end of

runway 2 with a 2-in. asphaltic-concrete overlay, and a 3000-ft extension

to the southeast end of runway 2 with connecting taxiimy was also being
constructed. The design of the pavement was the same as that used on taxi-
w1ay 3 (1951 construction) except deeper subgrade compaction was required.

5. Drainage installations were inspected and seemed to be func-

tioning properly. No complaints of structural trouble or settlement of
backfill were reported.

Traffic history

6. The traffic history prior to 1953 has been presented in previous

reports (paragraph 7). The first B-47's were delivered to March APB in

February 1953, and by July 1953 B-417 traffic on taxiway 3 had reached the
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present load intensity. The type, average gross weight, and number of air-

craft utilizing taxiway 3 during March, April, and May 1954 were as

follows:

Type of Aircraft Average Gross Weight, lb Total Number Movements

B-47 165,000 1785
KC-97 155,000 )
B-50 158,000 )743
B-29 128,000 )c -124 150,000

The number of other aircraft utilizing taxiway 3 is unknown; however, it

Scan be assumed that taxiway 3 was used by approximately 200 to 300 aircraft

with gross weights varying from 8900 to 70,000 lb. From these data it is

estimated that approximately 5000 coverages of 33-47 and 1000 ccverages of

KC-97, B-50, etc., had been applied to taxiway 3 during the 18-month

period, February 1953 to July 1954. Runway 2 and taxiway 3 were to be re-

opened to traffic within a week efter the completion of this survey. Run-

way 1 was the only active runway at the time of this survey.

Previous studies

7. The first pavement investigation at March APB was reported by

the U. S. Army Engineer District, Los Angeles, CE, in Airfield Pavement

Evaluation, March Field, Riverside, California, dated June 1944. Evalua-

tions of facilities built or- reconstructed since 1944 were published in

Airfield Pavement Evaluation, Addendum No. 1, March Field, Riverside,

California, dated October 1947. The pavements at March AFB were inspected

by a representative of the kES in May 1954 and results of this inspection

are on file at the WES. Failures on taxiway 3 were investigated by the

Los Angeles District, and the results were reported in Flexible Pavement

Failures, Taxiway No. 3, March Air Force Base, Riverside, California,

dated September 1954.

Description of Survey

Condition of pavements

8. The Los Angeles District stated in the 1954 failure report that

depressions on taxiway 3 were first noted about 1 April 1954 by March AFB

personnel. The areas affected were small in extent and not over 1 in. in
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depth. In the WES inspection report of May 1954, the depressions on taxi-

way 3 were stated to be very pronounced and to consist of grooves confined

to the center 10 ft of the taxiway. The depressed areas were of variable

lengths, and cracking was confined to the edges of the grooves. The taxi-

way pavement was overlaid in December 3.954; and at the time of this inves-

tigation (June 1955), the taxiway pavement generally appeared to be in

satisfactory condition. In one area on the taxiway cracking had just

started, apparently as a result of slippage of the overlay on the original

pavement. Runway 2 was being heater-planed and overlaid at the , ie of

these tests. It was reported that about 3500 ft of pavement on the south-

east end of the runway was rough and uneven. The work consisted of planing

the uneven areas of the runway and then placing an asphaltic-cl..crete lev-

eling course varying in thickness from 3/4 to 1-1/2 in. An asphaltic-

concrete overlay approximately 2 in. thick was then placed in the center

1CO ft cf the runway. The overlay pavement was soft, and not well com-

pacted, and appeared to be rich in asphalt content. On taxiway 2, cracks

from the underlying portland cement concrete pavement had progressed up

through the overlay and movement of the underlying broken pavement was

evident. The pavement on all other facilities appeared to be in a satis-

factory condition.

Test locations

9. The Los Angeles District performed tests in two trenches on

taxiway 3. Field testing and sampling in connection with the 'ES investi-

gation were performed in three test pits so located on taxiway 3 as to

supplement the Los Angeles District tests, and in one test pit located in

the southeast end of runway 2. Locations of all test pits are shown in

plate 1 and are listed L2lOw with reasons for their selection.

Testing Test Hole
Agency No. Location Reason for Selection

LAD Trench 1 Taxiway 3, Sta Considerable deformation. Trench

29+39.5 extends acrooz arca traveled by

B-47 planes and into untraveled
area.

(Continued)
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Testing Test Hole
Agency No. Location Reason for Selection

LAD Trench 2 Taxiway 3, Sta Area of very slight distress. Trench
30+78.5 extends across area where chan-

nelized traffic of B-47 planes has
occurred.

WES Ptt 1 Taxiway 3, Sta In area of considerable deformation
29+31 on in channelized B-47 traffic lane
center line and 8 ft from trench 1, to supple-

ment data from trench 1.

WES Pit 2 Taxiway 3, Sta Outside of channelized traffic lane
29+31, 11 ft and opposite pit 1 for comparison.
northwest of
center line

WES Pit 3 Runway 2, 152 ft In lane of B-47 travel on runway
from southeast where small deformation of pavement
end of runway has occurred.
and 4 ft
northeast of
center line

WES Pit 4 Taxiway 3, Sta In channelized B-47 traffic lane
12+29 on where pavement deformation has
center line occurred.

As indicated in the above table, testing was performed in areas where chan-

nelized traffic occurred and outside the areas of cbannelized traffic so

that pwvement behavior under different traffic conditions could be studied.

The TAD tests were performed on the original taxivay pavement which con-

sisted of about 4 in. of asphaltic concrete. WES test pits 1 and 4 were

in areas where a leveling course had been placed prior to the overlay,

while test pits 2 and 3 were in areas that had not required a leveling

course but had been overlaid with only about 2 in. of asphaltic concrete.

ES testing extended into the subsoil layer to a somewhat greater depth

than the TAD test trenches. Data from test pit 3 were not intended for

comparison of test results but were an attempt to determine the cause of

the pavement depression that had occurred in the southeastern portion of

runway 2. The deformation that had occurred on the taxiway is indicated

on the pavement cross sections, plates 2 and 3.

In-place testing and sampling

10. In-place testing enid sampling performed by both LAD and the WES

are described on the following page.
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a. LAD. In-place density and moisture content were determined
on the surface of the base course materials. In-place CBR,
density, and moisture content were determined on the surface
of subbases 1 and 2, 6 in. below the surface of subbase 2,
on the surface of the compacted subgrade, and 6 in. below
the surface of the subgrade.

b. WES. The only test performed on the base course was a
moisture content determination at test pit 1. The surfaces
of subbases 1 and 2, the surface of the compacted subgrade,
and the subgrade at depths of 0.5, 1, and 2 ft were tested
for in-place CBR, density, and moisture content.

11. Disturbed samples of the base, subbases, and subgrade materials

were taken by the LAD and WES for laboratory testing. Core samples of the

pavement were also obtained from each test trench and test pit for labora-

tory testing. Detailed results of the pavement tests are summarized in

table 1, logs of test pits are shown in plate 4, and profiles of test

trenches 1 and 2 in plate 5.

Laboratory testing

12. Pavement. The cored specimens were separated along the inter-

faces between the various courses and tested for unit weight, Marshall

stability, and flow; and the voids relationships were determined. Extrac-

tion and gradation tests were also perfor-id on most of these specimens.

Specific gravity tests were conducted on representative samples of the

asphalt and aggregates. Representative chunk samples of the asphaltic-

concrete overlay and surface and binder courses were reheated and compacted

using 50 and 75 blows on each side of the specimen. These recompacted sam-

ples were tested for unit weight, stability, and flow, and voids relation-

ships were computed. The LAD also performed similar tests on pavement

samples obtained in the 1954 investigation. Results of the 1954 and 1955

pavement tests are given in table 1. Gradation of the pavement aggregates

is shown in plates 6 and 7.

13. Base course. No laboratory tests were performed on the base

course material by either the LAD or the WES.

14. Subbases 1 and 2 and subgrade. The subbase materials were non-

plastic, and the subgrade materials varied from a slightly plastic sandy

clay to a nonplastic silty sand. Results of Atterberg limits tests are

shown in table 2. Gradation tests were conducted by the LAD and WES on

the subbase and subgrade materials, and the results are shown in plates



8, 9, and 10. A complete series of laboratory CBR tests was conducted by

the LAD on most of the subbase and subgrade materials encountered and

supplementary tests were performed by WES as needed. The results of these

L itests are shown in plates 11 through 17 and are summarized in table 2.

Analysis of Data

General

15. Thc 1954 investigation by the LAD indicated that thie deforma-

tion that occurred on taxiway 3 was a result of compression of the subsoil

layers. The 1954 testing extended to a depth of only 40 in. beneath the

pavement surface or to a 6-in. depth in the subgrade. As stated previous-

ly, the WES investigation was intended to supplement the LAD investigation,

and testing was to be extended into the subsoil layers. As the investi-

gations are comparable, results from the 1954 tests are also used in this

analysis. Prior to the 1955 tests, taxiway 3 had been patched and over-

laid as described in paragraph 4; therefore, cross sections made in 1954

are presented in plates 2 and 3 to show the extent of the settlement that

bad occurred in the pavement surface. The profiles of test trenches 1 and

2 are shown in plate 5. Fig. 1 shows the type materials and magnitude of

I

Fig. 1. Test trench; bottom string and wood blocks
indicate deformation of subgrade surface
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settlement of the individual layers. The 1954 report and the 1955 tests

indicated that densification of the subsoil caused the distress; therefore,

thi.- analysis discusses primarily the compaction of the subsoil. Also in-

cluded is a brief analysis of the paving mixes. Other data procured are

reported herein but are not analyzed.

Pavements

16. The follouing table from the 1954 report of the Los Angeles

District shows the relationship between the design criteria, the job-mix

formula, and the average test results actually obtained during construc-

tion of the binder and surface courses.

Voids Voids Stabil ity Flow

Filled, Total Mi.:, J b 1 100 in.

Surface Course

Design criteria - 75-88 4-6 1000+ 16-
Job mix 6.5 80 4.0 2500+ 10
Actually obtained 6.2 89 1.9 24h16 10

Binder Course

Design criteria - 65-72 5-7 1000+ 16-
Job mix 5.2 74 4.2 1000+ 11
Actually obtained 5.2 83 2.4 2645 8

17. The aggregate used in both the binder and surface courses uas a

crushed granite. The gradations of the extracted aggregates from the 1954

and ]955 tests are shown in plates 6 and 7. Studies at WES (unpublished)

have indicated that the density of recomnacted specimens closely approxi-

mates that determined at the construction-control laboratory. In order to

study the degree of compaction developed under traffic, the 75-blow recom-

pacted density is uscd as a reference value. The only recompacted density

values available were those determined on samples from the traveled lane

(TP-1) in the 1955 tests, but these are believed to be reasonably represen-

tative of all the test locations. Average in-place density in percentage

of recompacted density, asphalt content, and voids in the total mix are

presented in the following table for surface and i)inder courses.



9

In-place
Recompacted Density, % Asphalt Voids

Density 75-blow Content Total Mix
lb/cu ft Recompaction dP

Surface Course

Job mix - 6.5 4.0

Construction control - 6.2 1.9

Untraveled areas

(1954 cond survey) 150.3* 99 6.4 2.0

Traveled areas
(1954 cond survey) 150.3* 97 6.3 4.0

Untraveled areas

(1955 cond survey) 150.3* 99 6.2 3.8

Traveled areas

(1955 cond survey) 150.3 99 6.5 3.5
Binder Course

Job mix - - 5.2 4.2

Construction control - - 5.2 2.4

Untraveled areas
(1954 cond survey) 151.6* 99 5.2 2.7

Traveled areas
(1954 cond survey) 151.6* 100 5.3 1.8

Untraveled areas
(1955 cond survey) 151.6* 99 5.9 2.7

Traveled areas

(1955 cond survey) 151.6 101 4.9 3.0

* Assumed reaompacted density values.

A comparison of densibies in the traveled and untraveled areas indicates an

average of 98% of recompacted density in the surface course in the traveled

area and 9% in the untraveled. In the binder course an average density of

slightly more than 100% of recompacted density is shown in the traveled

area and 95 in the untraveled. No densification of the surface course

and only slight densification of the binder course are indicated. The

voids in the total mix were generally above the minimum allowable of 3 per
cent (1955 criteria) for the surface course, but were less than the mini-

mum allowable of 5 per cent for the binder course. No evidence of distress

was noted in the surface or binder course.
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18. Data in table 1 indicate that the penetration of the asphalt in

the surface course in 1955 was about 50, while that in the binder course

was about 25. It is presumed (values are not available) that the material

originally had penetration values between 85 and 100. Softening points of

132 F and 141 F were founu for the asphalt in the surface and binder

courses, respectively.

19. Cores taken from the pavement in 1955 indicated that the appar-

ent slippage described in paragraph 8 was partly due to lack of bond be-

tween the overlay and original surface course. The data in table 1 show

that the stability in the overlay in the untraveled area was 250 1b, the

degree of compaction 92%, and the voids in the total mix 11.9%. In the

traveled area the stability had increased to over 400 lb and the compac-

tion to 95%, and the voids had decreased to about 9.5#. The data avail-
able on the leveling course were from the traveled area only and showed

an average stability of about 700 lb and voids in the total mix of a little

over 12%. These data indicate that traffic vill tend to increase the

strength of both the leveling and overlay courses; however, it is doubt-

ful that the bond between layers will be improved.

Densification

20. In this analysis it is assumed initially that the density ob-

tained during construction was about the same inside and outside the

tracking lane. The plot of in-place density versus depth in plate 18

sho,.rs that below depths of about 32 in. at trench 1 and 40 in. at trench

2 considerable densification is indicated to havc occurred in the tracking

lane over that outside the tracking lane. From 40 in. to about 60 in. the

den ity outside the tracking lane averaged about 81 per cent of modified

AASHO maximum density; that inside the tracking lanes averaged about 86

per cent. Below 60 in. the data indicated about the same density inside

and outside the tracking lanes. Assuming that the density of the material

between 40 and 60 in. has increased about 5 percentage points, an inch of

deformation would be expected. Actually, the dcformation amounts to

nearly 4 in. This has three possible explanations: (1) the original as-

sumption of equal construction densities is in error and the tracking lane

was less dense than the untraveled area, (2) the dcnsification extended to

considerably more than rO in., oi, (3) a combination of (1) and (2).



21. It was stated that during construction the subsoil was rather

dry (see reports mentioned in paragraph 7). It is seen in plates 15, 16,

and 17 that the optimum moisture content for the 10- or 12-blow compaction

efforts for the subgrade materials ranges from 10 to 13 per cent. In-place

moisture contents in the uncompacted subgrade ranged from 5.9 to 15.6 per

cent. As stated in the LAD failure report of 1954, it appears that at

least a portion of the deformation is explained by the fact that the dry
subsoil gathered appreciable moisture after it ims covered by subsequent
construction and was then capable of accepting more compaction from the

imposed traffic.

Significant Facts and Conclusions

22. No measurable change in thickness occurred in the pavement. base

course, and subbase layers; therefore, the compaction at the time of this

investigation appears adequate for these materials for the imposed traffic.

23. The densification which accounted for an appreciable portion of

the settlement occurred at depths below 40 in.

24. As the moisture content of the subsoil increased toward optimum
after construction the matexial densified under B-47 ai-plane loadings.

25. Design studies should include moisture, density, and CBR data

in the subsoil to a depth where the design wheel load will have little

4effect.

.!I
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