BRITTON—FLEXIBLE PAVEMENTS

Easy Maintcnance: Wear Resistance:
(b) R over 40 percent V. Good.
R 2040 percent Good.
R 10-20 pereent Less satisfactory.
R Under 10 percent Poor.
Stability against Corrugation, rutting and
ravelling:
(e) Total T substituting 65 for 60 in com-
puting excesses D, E and F, not to ex-
ceed 5.
(d) Neither A, B nor C to be less than 45.
(e) Unper Solid Limit not to exceed (20 4
3 PI).
(f) Plastic Index not to exceed 15.
(g) Max. Dry Compression Strength not
to be less than 400 lb. per sq. in,

5. SHALE AND OTHER SOFT ROCKS

The test results on the product from the arti-
ficial weathering test are treated as for soil if
material is for a subgrade or base course. If
the material is to be used as a top course it
should comply with the requirements for gravel
cte. It may happen in the latter case that the
grading tends to the hungry side, i.e. ratios 4,
B and C tending to 40 or less, with PI zero and
Max. Dry Compression Strength low. In such
cases the material will be satisfactory as top
course with the addition of a little fine blending
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material which, if the amount required is small,
may even be supplied by the dust created by
the grinding action of traffic on the material
itself. In some of these cases the U.S.L. ex-
ceeds the permissible value of 20. It is then
necessary to determine whether this is due to
the open grading and the angular shape of the
sand sizes (in which case the material is accept-
able and the upper solid limit will fall below 20
with the extra fines) or due to the presence of
mica etc. (in which case the material is
inferior).

6. SANDSTONE, ETC.

Loss by British Crushing Test, conducted on
wet 3- to }-in. material after soaking for 24
hours, is to be within the following limits—

If to receive a thin bituminous surface course
only :—from 30 to 55 but preferably 35 to 50.

If to receive thicker surface course or
courscs :—from 30 to 60 but preferably 35 to 55.

(Note: Loss less than 30 means material too
hard for this type of construction but suitable
for broken stone construction).

In addition the material should stand ten
cycles of alternate wetting and drying without
distintegration. This test need only be con-
ducted if poor resistance to weathering is sus-
pected.

PAVEMENT EVALUATION BY LOADING TESTS AT NAVAL
AND MARINE CORPS AIR STATIONS

L. A, Parmer, Principal Engineer
AND
James B. THoMPsON, Assistant Engineer

Bureau of Yards and Docks, Navy Department

SYNOPSIS

This paper is a second progress report of an extensive pavement evaluation
study, sponsored jointly bv the Bureau of Yards and Docks and the Burcau of

Aeronauties of the Navy Department.

Pavement cvaluation data have been obtained for 54 airfields.

The total thick-

nesses of the flexible type pavements are, with few exceptions, between the limits,
6 and 12 in. This seems remarkable in view of the fact that thesc pavements
have accommodated planes having wheel loads varying from 2,500 to 60,000 1b.
for the most part without serious damage to the pavements and without excessive

maintenance costs.

Complcte subgrade data for both asphalt surfaced and concrete pavements are

presented for 32 airfields.

This extensive study has indicated beyond doubt that

under the pavements that have been in use, the in-place subgrade moisture con-
tent has been less and the in-place subgrade density has been greater for most
soil tvpes than has been generally assumed in design.

It has been observed that triaxial shear data obtained with undisturbed sub-
grade samples provide a good index to the bearing value of the subgrade.
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The Bureau of Yards and Docks of the
U. S. Navy Department has found by ex-
perience that data obtained by loading with
various sizes of steel plates, both on trial
sections of flexible pavements and on sub-
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DESIGN

Descriptions of the field and laboratory
procedures have already been published!*
and will not be repeated here. Figures 1, 2.
and 3 are self-explanatory and show the
general procedures for obtaining the soil
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CRETE , TAKE SAMPLE ALONG EDOE

ALONG CONGRETE PAVED RUNWAYS, SAMPLES SHALL BE TAKEN AT EAOH EDSE
ALONG TAXIWAYS TAKE ONLY ONE SAMPLE Motl. EAGH 1000 FT WHEN PAVEMENT 1S GON-

TYPICAL LAYOUT FOR SAMPLES 8 TEST PITS.

NOTES

EACH SAMPLE AND TEST PIT.

WHEN PAVEMENT i3 CONGRETE ,STATE ON WHICH SIDE OF RUNWAY
OR TAXIWAY SAMPLES WERE TAKEN GLVE EXAGCT LOGATION.

Figure 1. Typical Location Plan—Soil Borings

grades, provide a reasonably good basis for
design. Following the war, it was proposed
to evaluate both flexible and concrete pave-
ments at fifty or more airfields for two
purposes; first to rate the fields for upper
limits of wheel loading and second to obtain
general and detailed information concerning
pavements and subgrades to serve as a basis
for the future design of new pavements with-
out the necessity for further loading tests.

profile data and for locating the field loading
tests. Figures 4 to 11, inclusive, illustrate

L. A. Palmer, “The Evaluation of Wheel
Load Bearing Capacities of Flexible Types
of Pavement,”” Proceedings, Highway Research
Board, Vol. 26 (1947).

2 L. A. Palmer, ‘“Field Loading Tests for the
Evaluation of the Wheel Load Capacities of
Airport Pavements,”” Proceedings, Am. Society
for Testing Materials, Vol 47 (1.47).
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the field procedures for loading and sampling.
Figure 11 shows a part of a typical field labo-
ratory required for classification, density, and
moisture tests of subgrade, sub-base and base
course materials.

The Corps of Engineers of the War Depart-
ment has made and are making practically all
of the laboratory tests that cannot be made
in the field. These include compaction and
grain size tests, Atterburg limits, shrinkage
characteristics, ete., of subgrade, sub-base
and base course materials. They also include
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airfields, prompt and effective maintenance
has served to maintain dryer conditions of
subgrades than those normally assumed in
design when statistical data are lacking.
Complete or nearly complete subgrade satu-
ration was realized in a few instances where
the surfacing failed and surface water entered
the subgrade or where the ground water was
within two feet of the pavement. In the
latter case, the unfavorable ground conditions
were also reflected by the relatively low
bearing in plate loading tests. In the former
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OFFICER IN CHARSE OF
OPERATING UILT NO 1

Figure 2. Typical Soil Profile

triaxial tests on undisturbed tube samples of
the top two feet of subgrade, stability tests of
the®asphalt surfacing and flexural tests of
beams sawed from concrete pavements.
Laboratory data are complete and reports
have been rendered for 38 airfields as of Oc-
tober 1, 1947 and field data as of this same
Jdate are complete for 54 fields.

ANALYSES OF DATA

Analyses of data in this paper have par-
ticular reference to subgrade conditions :s
actually found at the various airfields located
mainly in coastal areas in the U. S. At most

case subgrade saturation varied widely, de-
pending on the climate, season of the year, ete.

Table 1 gives the average, maximum, and
minimum values for the maximum compacted
dry density, the in-place dry density, op-
timum moisture, in-place moisture, plas-
tic limit, in-place voids ratio, in-place
percentage saturation (rercentage of total
volume of voids filled with water), and the
A. Casagrande soil classification. Except as
otherwise stated in the footnotes at the end
of Table 1, the maximum dry density and
optimum moisture were determined by the
standard USED procedure. The number of
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individual observations averaged in this
table vary from 8 to 41, the number being
from 15 to 25 for most of the 32 air stations.

At the New Orleans Air Station the water
table was practically up to the pavement.

DESIGN

Observe from Table 1 that the average -
place moisture content of the top 9 in. of
subgrade below flexible pavements did not
exceed the average laboratory determined
optimum at 17 airfields out of a total of 26 for

|

R

TYPICAL LOCATION PLAN

LOAD TESTS

MAKE LOAD TEST SROUPS EVERY 1,000 FEET OR LESS, ALONS RUNWAYS AND TAXWAYS,
WITH A MINIEUM OF 5 GROUPS FOR EACH RUNWAY. INDIGATE STATIONING AND SROUP
NUMBER. MAKE ALL LOAD TEST GROUPS WHERE PAVEMENT APPEARS WEAKEST TO
GONFORM WITH TYPICAL LAYOUT INDIGATED HEREON.

e EDGE_OF RUNWAY OR TAXISAY "y

STATION
GROUP NO,

1970 20’

LOAD TEST LOAD TEST “8"
w" e pLATE

PAVEMENT BANPLE 3'x 3"

kY X3 1
TEST G
30°PLATE

4 UNDISTURBED SUBGRADE SANPLES.

TYPICAL LAYOUT FOR LOAD TEST GROUP

TEST'K,

Wan0"c Wit

SAMPLE DETWEEN
“8"anp“c”

Figure 3. Typical Location Plan—Load Tests

At all other fields the water table was never
less than 3 feet below the pavement. At
Rodd, Cuddihy, Clinton, New Orleans, and
Cabaniss Fields the asphalt surfacing was
cracked and broken extensively, permitting
free infiltration of water. Elsewhere, the
surfacing was generally intact.

which the laboratory optimum moisture data
are available. Note also that of 19 fields
where plastic limits were obtained for sub-
grades under flexible pavements, only in one
case, Cabaniss Field, was the average sub-
grade moisture above the average plastic
limit. Even at the aforementioned fields of
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high water table and broken surfacing the
average subgrade moisture was less than the
average plastic limit.

At 5 out of 27 fields the average in-place
subgrade dry density exceeded the maximum
laboratory compacted dry density. In these
five instances the subgrades were sandy (SW,
SC, and SP soils) and the pavements were all
flexible. These high densities of sandy sub-

Figure 4. Typical Trailer used for Loading on
Pavement and Subgrade

Figure 5. View under Trailer, Showing Loading
Plates, Jack, Dials and Dial Support

grades could have been caused by dynamic
compaction through .the pavements by plane
wheel loads.

Considering those fields having both flexible
and concrete pavements, the average in-place
moisture of the subgrade under the concrete
exceeded that under the asphalt surfaced
pavements at nine fields of a total of 12.

The average in-place percentage saturation
of subgrade exceeded 90 at four of the 32 fields
(Table 1). One of these, New Orleans, had an
unusually high water table. The other three,
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Rodd, Cuddihy, and Cabaniss had very
extensive cracking and chipping out of the:

e W
Figure 6. Loading on the Subgrade with the 30
inch Plate after Removing Flexible Pavement

Figure 7. Pavement Sampling at a Spot not
Previously Loaded. Removal of the Asphalt
Surfacing

asphalt surfacing. For flexible pavements,
the average percentage saturation of subgrade
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was less than 50 at 14 out of 27 fields, and for
concrete pavements the number was six of a
total of 15 fields.

Figure 8. Determining the In-Place Density of

the Subgrade (Sand Method)—Same procedure

is used in obtaining in-place densities of base
course and Sub-base.

Figure 9. Driving an Open Pipe, 2 feet long, 4
inches inside Diameter, for Undisturbed Sub-
grade Samples

Subgrade Moisture and Pavement Bearing—
Figure 12 shows the relation between sub-
grade and flexible pavement bearing (unit
load on the 30-in. diameter plate to produce
0.2 in. of settlement) and the subgrade
moisture expressed as percent of the optimum.
Note that variations in subgrade moisture

« DESIGN.

affected pavement bearing to a lesser extent
than subgrade bearing. The flexible pave-
ment bearing was not reduced more than 16
percent when the in-place subgrade moisture

s ey

Figure 10. Removing, Capping and Sealing
Tubes Containing Undisturbed Subgrade

Figure 11. Field Laboratory for Making Me-
chanical Analyses, Soil Classification Tests and
In-Place Density and Moisture Tests

increased from 80 to 190 percent of the opti-
mum. Unfortunately, it was not possible to
obtain sufficient data for but one type of
subgrade to show such relationshirs.

Figure 13 shows the decrease in subgrade
bearing with increase in percentage subgrade
saturation, the subgrades being predominantly
clay.



TABLE 1
SUBGRADE CONDITIONS UNDER PAVEMENTS OF 32 AIRFIELDS

l Max In Place Soil
Field | Compacted Density | Qptimum | Inplace | Plastic InPlace | InPlace | Classifica-
Density (Dry) Moisture | Moisture Limit Void Ratio | Saturation | tion (Casa-
(Dry) 4 | grande)
b per 1b. per percent of | percent of
cu. ft. cu. fb. dry wi. dry wt. l percent I
Memphis, Tenn. . | !
Concrete Pavement :
av. 116.4 98.8 13.6 23.6 23.1 ‘ 0.700 | 89.3
max. PR 119.4 109.8 14.0 26.8 26.0 0.881 98.3
min. . 115.5 87.5 12.4 18.4 21.0 ; 0.510 74.1 ]
Flexible Pavement | ML
av. 116.2 100.7 13.5 19.1 23 3 0.69 74.9 |
max. . . 116.9 114.6 14.0 23.1 30.0 0.83 \ 94.9 i
min. - 116.5 92.0 13.0 15.2 18.0 0.47 54.8
Jacksonville, Fla. | |
Concrete Pavement i I )
av. . 104.8 103.1 12.5 4.7 | o.614 | 447 | 8W
max. . 119.2 105.8 13.7 88.3 NP 0.664 88.3 8sC
min. 99.2 99.7 10.4 24.7 ] 0.580 | 24 |
Flexible Pavement 1
av. . . 100.9 101.9 12.7 9.0 | 0.669 38.1 H
max. . - 104.3 111.3 15.5 15.6 NP 0.776 68.5 1
min. . ... 97.5 3.7 9.7 2.8 | o1, 13
Livermore, Calif. | . |
Concrete Pavement [ ' i
av. ... . 128.4 111.7 8.3 12.6 15. 0.513 68.5 !
max. . 120.0 116.2 8.3 13.8 151 | 0473 . 82.8
min. 127.8 107.2 8.2 115 | o0 | 1 | oL
Flexible Pavement '
av. . 128.7 116.6 9.0 12.3 15.8 i 0 451 | 74.9 |
max. N 140.0 129.0 12.0 17.9 18.3 H 0.581 81.4
min. . .. . 120.6 104.1 7.0 4.3 14.0 { 0.314 34.3 |
Seattle, Wash. : ! .
Concrete Pavement | |
av. 124.8 105.3 11.3 17.0 16.7 ! 0.639 ' 71.9
max. 135.0 118.2 14.5 33.0 i 19.2 | 0 970 91.5 H GF
min, 109.0 85.2 8.5 1z | 155 0.450 | 492 |
Flexible Pavement !
av. 125.9 116.8 11.0 14.2 171 | 0.466 | 69.5 | GF
max. 139.5 134.9 21.2 25.2 33.0 0.810 ' 88.2 '
min. R 90.4 96.5 6.7 7.6 NP | o038 , 307 |
Ft. Lauderdale, Fla. i |
Concrete Pavement
av. 107.5 104.6 10.9 3.8 NP 0.602 16.6 '
max. 110.3 115.5 11.3 5.5 | o0.808 ] 18.0 |
min. 103.7 91.5 10.4 2.3 0.454 14.0 }
Flexible Pavement |
av. 104.1 107.1 12.0 2.8 NP | 0.552 12.8 SwW
max. . . 107.1 112.1 14.2 9.5 ! 0.651 48.0
min. 100.8 101.3 9.8 0.6 | | 0.486 6.0 l
Miami, Fla. l |
(West Field)
Concrete Pavement
av. .. - 108.0 105.3 1.1 3.3 NP | oss2 | ug
max. 110.9 105.56 11.8 5.2 | 0.585 ! 23.9 sSwW
min. . 105.1 105.1 10.5 1.3 | 0.579 | 5.9
Flexible Pavement
av. 114.4 112.7 11.0 6.6 NP 0.491 37.4
max. 128.1 127.4 16.4 6.9 0.735 60.0
min. 99.6 96.3 8.4 2.0 0.342 9.6
New Orleans, La.
Concrete Pavement
av. 112.5 99.8 13.8 21. 23.0 0.645 90.8
max. 117.9 107.8 15.4 29.2 23.0 0.880 100.0 ! SW
min, 105.9 85.0 12.3 14. 23.0 0.510 58.0 8C
Flexible Pavement CL
av. 109.9 101.4 14.3 23.7 24.7 0.646 88.1
max. . 121.9 128.9 18.0 47.2 33.0 0.999 100.0
min, 102.1 79.0 9.2 13.3 21.0 0.290 63.0
Ream Field, Calif.
Concrete Pavement
av. 130.0 118.9 8.7 10.9 16.0 0.460 62.5
max. . 137.0 126.7 13.0 17.0 16.0 0.640 74.0 sSwW
min. 116.0 102.9 7.0 7.3 16.0 0.365 54.0 8F
Flexible Pavement
av. 133.5 114.3 7.8 8.1 16.9 0.479 45.3 GF
max. e s 139.0 131.7 11.0 18.2 23.0 0.805 90.0
+ min, .o . 124.0 105.1 6.0 3.1 13.0 0.280 19.0
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TABLE 1—Continued

Max In Pl Soil
Field Compacted B gtce Optimum In Place Pluhc In Place In Place | Classifica-
le Density &')“' )y Moisture | Moisture Limit | Void Ratio | Satur.tion | tion (Casa-
(Dry) ry grande)
b, per 1b. per percent of pcrunl of
cs. ?I. cu. ft. dry wt. dry wi. bercent

Alameda, Cl%hf t
oncrete Pavemen
t mi | ome ) owe | ogp oW | nm ) omr |
max. . . . . .
min. . 103.6 101.3 10.5 4.7 0.415 19.0 sP

Flexible Pavement
av. . . oieeee.. 106.1 107.3 12 4 4.5 NP 0.552 22.0
max. . ... 110.1 117.2 15.0 7.7 0.635 420
min, 104.2 102.0 10.0 2.9 0.425 13.0
San Diego, Culif.
Conecrete Pavement
av. 118.3 115.5 9.7 7.5 0.471 45.0 ,
m“. ...... 123.8 128.6 13 12.5 NP 0.900 72.0 SW
111.5 87.6 7.2 4.8 0.315 15.0 SpP
Flex:ble Puvement
av. 121.0 113.7 10.0 5.8 0 485 33.2
max. 125.6 135.9 120 8.5 NP 0.680 58.0
min. 116 5 101.1 8.1 2.2 0.%0 15.0
'Ln(l:cehurst g J. . |
te remen h
v o aveme 116.8% 94.7 - 1.75 NP 0.750 6.0 )
max 116.8 94.7 —_ 1.75 0.%0 8.0 GW
Fl bl P t 116.8 04.7 - 1.76 0.750 8.0 BW
ex1 e nvemen
av. 126.1% 112.6 - 5.13 NP 0.503 29.5
max. 142.9* 133.2 — 9.68 0.495 60.0
min. 115.1* 97.5 -— 3 34 0.241 15.0

Miramar, Galif. i i |
oncrete Pavemen H t
av. .. 123.4 105.4 12.3 18.0 18.4 0.621 74.0
max. 132.0 119.3 18.0 25.0 26.0 1.010 100.0
min. 111.0 83.7 8.0 9.0 l 13.0 ! 0.410 35.0 CL

Flexible Pavement CH
av. 122. 2 106.3 12,2 | 9.9 18.1 0.600 45.3
max. 133.0 137.0 15.0 | 15.9 | 25.0 | 0.950 72.0
min. 116.0 84.8 8.0 | 4.0 ‘ 13.0 - 0.230 25.0
ALL PAVEMENT FLEXIBLE

— : | ' — [

So. Whit Fla. !

B0 v e ;e w97 |98 ! a7 ‘ 126 0.522 34.1
max. 126.3 120.6 12.5 12.5 16.1 ! 0.642 768.1 SF
min. e | w08 | 87 3.3 ! 89 | 037 7.1

No. Whiting, Fla.

° av. & No tests | 107.4 No tests 8.7 I 13.6 0.555 33.4 SF
max No tests 115.8 No tests 17.2 | 27.1 0.695 | 83.0
min, No tests ’ 97.7 No tests 2.6 | NP 0.439 i 11.3

Barin Field, Fla. | [ i ! |
av 115.4P 105.5 11.1 5.2 11.9 0.588 248 X
max. 121.6 | 114.0 13.5 9.7 | 14.6 0.706 49.5 SF
min, 08,6 | 977 9.7 25 | 87 0484 | 143

k Grove, N. C. | | !

0a Bv.rove 107.8 110.9 11.7 6.2 NP 0.506 34.0
max. 113.2 | 116.0 13.8 1.1 l 0.625 |  68.7 8P
mia. 102.7 1025 9.9 2.4 0.436 | 10.3
dron, T i i : ' | notde- | notde- ML

Waldron, Texas 103.8 | 107.2 ;118 6.8 | 188 termined | termined 8P
oy %0 | lolo | 50 | o '
min . . 1 . . .

Cor%us Shrist, i : not de: not de: ML
av. 99.7 9.3 . 115 72 ' 172 ' termined | termined sP
o e B NT | w1
min. i . . . ] . .

Rodd Field, Tex. | | i

© av. a .ex 114.5 | 102.6 15.4 18.5 ' 21.7 0.674 92.0 CL
max. 120.5 | 114 0 16.8 23.0 l 22.0 0.832 97.6
min, 112.1 | 91.0 12.3 14.0 l 21.0 0.623 81.7
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TABLE 1—Continued

Max In Place 8 \ ; Soil
Field Compacted| .. | Optimum | In Place Plastic InPlace | InPlace | Classifica-
Density (Dry) oisture | Moisture Limit Void Ratio | Saturation | tion (Casa-
(Dry) i grande)
ALL PAVEMENT FLEXIBLE—Continued
1b. per b per | perceni of | percent of i
cu. fi. cu. fi. dry wl.f I dry wi. ! percent
Chase Field, Tex. CL
av. ...l . 124.5 114.7 10.1 8.3 .555 SF
max. . .. 126.5 128.5 12.2 | 13.2 20.0 0.770 82.4 8P
min. . 121.0 106.0 8.6 ! 4.6 16.0 0.433 32.6
Cuddihy Field, Tex.
av. . . 110.4 100.8 16.9 21.5 24.0 0.838 04.5 CL
max. 117.6 114.0 18.7 29.6 24.68 1.137 99.6 CH
min. e e 107.0 91.2 14.2 6.9 20.0 0.560 88.8
North Field, :
Kin@swfle, Tex. |
av. PR . 117.6 101.4 12.5 12.1 17.8 0.714 61.6 CL
max. .. . . 123.0 112.0 15.6 180 20.0 0 865 80.9 CH
mia. . . 112.0 94.0 10.6 7.0 16.0 0.501
Cabaniss Field,
Texas
av., . 113.4 102.9 15.4 26.0 21.2 0.630 93.1 CL
max. . 117.2 115.0 18.7 34.4 29.0 0.888 98.3 CH
min, . ... . . 107.8 91.0 13.4 17.2 19.1 0.391 79.1
Bouth Field.
Kingsviile, Tex.
av.  ..... 112.2 99.5 16.1 14.2 19.7 0.756 66.6 CL
max. . .. .. - 117.0 109.0 18.4 22.9 28.0 0 902 92.9 CH
min. . ... . 109 6 90.0 13.8 10.9 14.4 0.588 44.2
Clinton, Okla. not de- not de-
av. . . .| termined 111.4 termined 15.4 16.5 0.510 81.9 CL
max. . ... . . 118.1 18.5 24.2 0.623 95.7
min. . 104.0 10.7 16.0 0.420 51.6
Miami, Fla.
East Field
av. . FRON 108.1 104.0 12.4 4.2 NP 0.609 18.0 Sw
MAX, ..evee o - 124.2 119.9 18.0 13.7 0.861 42.0
min. . . . .. 101.0 85.5 8.8 1.2 0.340 60
Charlestown, R. I.
av. .. 126.8 117.5 9.9 9.8 NP 0.447 54.3 GF
maxX. . .. . - .. 145.7% 141.0 14.9 21.4 0.730 96.0
min. . 106.8 97.5 5.3 1.5 0.200 12.0
Squantum, Mass®
av. e 134.8 122 3 7.8 6.7 NP 0.391 48 5 CL
max. . PN 144.5 139.5 12.8 19.3 0.725 100.0 CH
min. e 114 7 108.0 6.1 1.9 0.210 12.5
Edenton, N. C.
av. . e 119.2% 113.8 128 15.5 16.5 0.471 88.5
max. . .. 123.4 122 0 17.0 i 21.3 17.8 0 625 98 0 SF
min, ... .. 110.9 103.2 11.0 i 10.5 15.0 0.370 69.0
ALL PAVEMENT CONCRETE
Crows Landing, I |
Calif. 1
av. c e e 114.1 14.2 21.0 20 2 0.651 | 86.6 CL
max. . 121.6 108.6 170 24.0 27.0 0.792 ., 100.0
min. . . 106.8 92.0 11.5 18.4 16.7 0.522 | 6l 4
Glenview, Ill.
av. . 114.7 90.8 13.9 21.1 24.4 0 662 76.8 OL
max. . 126.5 114.5 17.4 29.9 28.3 0.927 94.8 ML
min . . 106.3 84.9 10.0 16.9 19.6 0.498 72.1
Grosse lie, Mich. |
av. ... 119.8 106.4 11.5 17.0 18.8 0.574 80.7
max. .. 1356 0 125.8 14.8 27.4 23.6 0770 100.0 Sk
min... ... . 107.0 90.9 7.2 7.5 1 0.325 56.0

& Density determined by Providence Vibrated Density Test
Density determined by standurd AASHO procedure
¢ Has concrete pavement but no tests made under 1t
NOTE: Euch maximum, averuge and minimum value given here represents several tests. The maximum, average, and
mintmum values given in one column do not necessarily correspond to the maximum, average and minimum values
given in any other column.
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Subgrade Density—Values of in-place or field

moisture expressed as percent of optimum
moisture are plotted against the field dry

density expressed as percent of maximum dry

density in Figure 14 for four airfields. Each
plotted point of this figure represents a test
section at the field. The relatively small
variation in the abscissa as compared to the
ordinate values of this figure is explained by
the fact that for unsaturated soils, as these
were, there ean be a considerable variation in
percentage moisture content with a relatively

DESIGN

tively small range does not yield very definite
conclusions concerning the relationship be-
tween pavement bearing and pavement thick-
ness. Considerable variations in thickness
of asphalt surfacing when there was a constant
total pavement thickness tended to obscure
all such relationships. However, it is believed
that Figure 17 is fairly reliable and indicative
of the general trend. Here the unit bearing
of the subgrade is plotted against the unit

60

Figure 12. Bearing Values of Pavement and

Subgrade as Influenced by Subgrade Moisture

—Numbers of observations used in averaging

data for three airfields are shown at plotted
points.

Figures 15 and 16 are typical data for two
airfields and show that the unit bearing with
the 30-in. plate was practically independent
of the subgrade density, whether loading was
on the flexible pavement or on the subgrade.
This conclusion must be restricted to the
limited range of subgrade moisture and density
conditions as okserved in this field study.
Flexible Pavement Thickness—The range in
total flexible pavement thickness, including
the combined thicknesses of surfacing, base
course and sub-base, was from 6 to 12 in. for
all the airfields studied thus far. This rela-
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bearing observed when loading on the flexible
pavement. The plotted points are average
values obtained from data made available at
13 of the airfields.

Subgrade Bearing and Shearing Resistance—
Triaxial compression tests were made on the
top 2 ft. of subgrade with minor principal
stresses of 0,5, 10 and 15 Ib. per sq. in. These
were quick tests. No good relationship
was found between subgrade bearing, as
obtained by loading on the subgrade with the
30-in. plate, and the modulus of compression
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obtainable from the triaxial data by taking
those portions of the curves (difference be-
tween major and minor principal stresses
plotted against strain) corresponding to small
strains. The best relation between the tri-
axial and field data was obtained from the

135

condition the subglrade yields 0.2 in. under
infinitesimal load vfhich could happen only if
both ¢ and the efffective frictional resistance
of the subgrade is §zero. The ordinate to an
individual point (JFig. 18 to 23) is the sum,

. . . g0 y
values for unit cohesion, ¢, and angle of frie- /
tion, ¢, characteristic of the condition of 70
failure in shear of the triaxial samples. Let o j &
p» denote the unit load on the 30-in. plate 60 |3 !4 -
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Figure 14. The In-Place Field Moisture of
Subgrade as Related to the In-Place Subgrade
Density

0.2 in. of settlement. Then the shearing
resistance, 8, on any surface to which p, is
normal is 8 = ¢ + p, tan ¢.

Typical data are plotted in Figures 18 to 23,
inclusive. In these figures, the straight lines,
located by the methcd of least squares, pass
through the origin. For the case, p» = 0,
the subgrade has zero bearing. For this

Figure 15. Pavement and Subgrade Bearing
Values as Related to the In-Place Subgrade
Density—NAS, Memphis, Tenn.

¢ + p. tan ¢. The probable error (but not
the absolute error) of a single observation is
computed by Bessel’s formula (shown in the
figures) in the usual manner. In this formula,
v is the divergence of the slope of the line (not
drawn) connecting the origin to an individual
plotted point from the slope of the straight
line drawn for the entire number of points




W

FOR 02" SETTLEMENT

& UNIT LOAD ~ LBS 7 SQ In

136

and % is the number of plo )
the probable error of a sinjle observation for

DESIGN

cent of the slope of the line drawn by the
method of least squares in this diagram.

The probable errors for the six airfields are
seen to vary from 10.9 to 38.0 percent. The
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Values as Related to the In-Place Subgrade
Density—NAS, Livermore, Calif.
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Figure 18 (one load test on the subgrade and
one set of triaxial tests of the subgrade at the
spot loaded) is += 0.0992 which is = 10.9 per-

lincar relation between s and p, is not constant
for a particular soil classification but is gener-
ally characteristic of the particular subgrade
soil at an airfield or restricted locality.

The slopes, 8/p. (Figs. 18 to 23, incl)
depend on the soil type and the soil profile.
Once these ratios are established for more or
less definite conditions, the subgrade bearing
can be computed from triaxial data alone.
Thus if the ratio, s/p., is known to be 0.75 for
given conditions of soil type and soil profile,

then the subgrade bearing is computed as
follows:

¢
P = 075 —tan ¢
For ¢ = 10 Ib. per sq. in. and tan ¢ = 0.50,
P» = 401b. per sq. in.

When the subgrade is cohesionless, s/p, =
tan ¢ and this procedure has no application.
For this case the bearing is closely related to
the in-place density and for sand subgrades
it varies only within rather narrow limits.
Cohesive type subgrades present the most
serious problems.

Estimate of Wheel Load Capacities of Flexible
Pavements—Figure 24 is typical of data
plotted for a single test section at an airfield,
loading on the flexible pavement. Loading
was continued until either a plate settlement
of 0.2 in. was obtained or until a total load of
75 kips was reached, depending on which
condition was realized first. For the same
unit load, settlement increased as plate di-
ameter increased and for the same total load
the reverse was the case (Fig.24). This was
observed to be generally the case although
there were several exceptions.

In no instance recorded in over 3000 plate
loading tests was there any indication of
pavement failure when the plate settlement
was 0.2 in. On the basis of this experience,
the Navy Department has considered the
safe maximum wheel load on a single tire with
a given tire pressure to be that load producing
a plate settlement of 0.2 in., the area of the
plate being equal to the area of contact of
tire on pavement. The simple procedure for
computing safe maximum loads for different
tire pressures is illustrated in Figure 25. The




PALMER AND THOMPSON—PAVEMENT EVALUATION 137

SIOIL CLASSIFIGATION
or Iy |sF
ome |CL V

T " o |
——
rx |+0.6745 5‘:?": ¢ 0 ges | Y2B*S q

!
992 |= Prodoble |Errok=+10 9% of O, 9

) |
4=/° i
|

I

40

~
L}

o

= I} o
[+]

$-LBS.750. IN.

° LV

™
L3
D

Sxc+ pp ton
)

AN

#p . ﬁ
A \w S0

s#c+p,ton ]

s | loa | Jgi leo | Ea‘ lse |

18
Pn = UNIT LOAD ON 30"PLATE FOR 0.2"SETTLEMENT~LBS./ SQ.IN.

Figure 18. The Relation Between ¢ + pn tan ¢ and py for the Subgrade, Both ¢ and ¢ Determined
from Triaxial Test Data and pn from Loading Test Data—NAS, Edenton, N. C.

3
o
N,
S
==

sojL classificat{oN o1 T
40 SH & ¢y
. I
2 R zagrs WAV os74s VA I075 |
?, 32 I r= |2 0 0p34=|Prodabie Edrors 204 01,045
N ) | il
w
Yes °
Y
§ s | °o °
: g -%45.1] [~
Use 4’0/
*- o /
Y]
u (o] O/;/
" /{ b
8 p/ 9
L1 o b
_
L~
le 16 loe " |ss

8 |32 <40
P, “UNIT LOAD ON3OPLATE FOR 0.2 SETTLEMENT - LBS./ SQ. IN.

Figure 19. The Relation Between ¢ 4 pa tan ¢ and pn forthe Subgrade, Both ¢ and ¢ Determined
from Triaxial Test Data and pn from Loading Test Data—NAS, Livermore, Calif.



CLAYSTFIY
pull L
[Som rL [
| ;Fii - 110301
5o | 77 EOo*s o :p.sms[/—,s_, y
re kods7ed Probhie Brror 2 153 of 0.38p //
. . o d
=
-~
g 0//
N
2 1
3 /|
L) o
. (/ |
E 0 '/ - ? °
$ 2 L0383
§ - z
wls //
//
vV
| 0 1o 40 50 lso 70

P, * UNIT LOAD ON 30"PLATE FOR 0.2" SETTLEMENT-LBS./ SQ.IN.

Figure 20. The Relation Between ¢ - pn tan ¢ and pa for the Subgrade, Both ¢ and ¢ Determined
from Triaxial Test Data and pn from Loading Test Data—NAS, Crows Landln; Calif.

O[L. CLUASS|FIGATION
56 Predonynotely CL
4
5 /
- re+ 0.6715 et 7.674F Y7 An //
r=2|0./122D = Prébobid Errof =+ ieszﬂ of Q.4/8 //
: 4
E 20 //
N vd
§loe e
/Z
i L
& @ // 50418
+ o / -]
9 /6 o y
.'.', o/
. ? [+]
b [
R
)
[o]
40 LSO _180 00 /120

Pp = UNIT LOAD ON 30" PLATE FOR 0.2"SETTLEMENT L8S.7 SQ.IN.

Figure 21. The Relation Between ¢ -+ pn tan ¢ and pa for the Subgrade, Both ¢ and ¢ Determined
from Trlaxial Test Data and pn from Loading Test Data—NAS, Moffett Field, Calif.

138



soiL classt FIOAT,ION
14
edominalyly cL
Sonte ML
*
12 | relroapas ) EYS - 2 OY29iar
=7 - /
r= 1t O 0928 =|Proboble Error k¥ 20 g of Q 46 A |
z ° |
ole vai ]
0 | '
N o v A H 1 !
w D
?F }/ !0 |
ey T
° /
3 L ol l |
S [ 4 T
1
} [ / o Do
v 74 hd 1 I
: o/1° b= |o 468
4 v 1
4 / ’ |
4 T X
/ | '
4 \ ' i
2 | ¢ |
|
!
o 4 8 12 16 120 24 28 !
Pp= UNIT LOAD ON 30" PLATE FORO 2" SETTLEMENT-LBS /7SQ IN.

Figure 22. The Relation Between ¢ + pn tan ¢ and pa for the Subgrade, Both ¢ and ¢ Determined
from Triaxial Test Data and pn from Loading Test Data—NAS, Olathe, Kan.

80
o
70 EGEND SOIL|_CLASSINCAT)
O —tMe s | | _)GL
° v
X Glenview I CH B CcL //
|
; R N /
V- 7
st rs taskuv £VE .+ o 6795|/ 22 /
g‘ r=to.a}z- /e Erfor = |t 38 0% of 0 420
N .
@0
Q40 /o,
- /] ° b
]
8 4
{30 /
Ny <
Q
[+]
" o 5
0 e o Po
o 2
° /40 iroeto
10 X
35
)'
[} lro leo | 0 40 60 )

P, * UNIT LOAD ON 30"PLATE FOR O 2"SETTLEMENT- LBS./ SQ. IN.

Figure 23. The Relation Between ¢ + pn tan ¢ and pa for the Subgrade, Both ¢ and ¢ Determined
from Triaxial Test Data and pn from Loading Test Data—NAS, Memphis, Tenn., Glenview, Il

139



140

contact pressure of the tire on the pavement
is taken as 110 percent of the tire pressure.
The unit load on a given size of steel plate
required for 0.2-in. settlement is considered
to be the same as the contact pressure of the
maximum load on a tire having the same area

DESIGN

pacities of concrete pavements, using the
theory of Westergaard?.

For the case of axially symmetrical stress
distribution and for a surface load on a semi-
infinite elastic and isotropic solid, it has been
shown* that the settlement at the center of
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Figure 24. Typical Load Test Data Obtained by Loading on the Pavement with Three Sizes of
Steel Plates

of contact with the pavement as the plate.
The “minimum” curve (Fig. 25) has two
restrictions; it must be as nearly parallel as
possible to the average curve and it must also
pass as nearly as possible through the mini-
mum points obtained by plotting unit load
on the plate for 0.2-in. settlement versus
plate area. The minimum curve is used for
computing the safe wheel load which is the
contact pressure times the tire contact or
plate area. By this procedure the safe maxi-
mum wheel load decreases with increasing
tire pressure, a fact that has been repeatedly
observed in the field. The same conclusion
is reached in computing the wheel load ca-

a loaded circular area of radius, a, is given hy
the expression

_2(1 —m)ps
B E

S a

where

8 = settlement,

m = Poisson’s ratio,

P = unit load, and

E = the modulus of elasticity of the solid.

3 H. M. Westergaard, ‘“Stresses in Concrete
Runways of Airports,” Proceedings, Highway
Research Board, Vol. 19, pp. 197202 (1939).

4 8. Timoshenko, “Theory of Elasticity,’
MeGraw-Hill Book Co., New York, N. Y.
See Page 335.
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CONCLUSIONS

This pavement evaluation project has
definitely indicated the advisability of
carrying the laboratory to the field for a study
of in-place conditions of subgrades and pave-
ments. Field loading tests, traffic tests
simulating actual traffic distribution, in-place
density and moisture tests, and even some well
planned field shearing tests are worth con-
sidering. Trial pavement sections, con-
structed either for research or to provide
basic design data for a specific project, are in
effect model tests, with the model constructed
on the same scale in one dimension as the
prototype.

This extensive study has indicated beyond
doubt that under the pavements the in-place
subgrade moisture content is less and the in-
place subgrade density is greater for most
soil types than has been generally assumed in
design. Particularly has this been true for
the case of flexible type pavements.

With few exceptions, the total thickness of

DESIGN

the flexible pavements varied from 6 to 12
ins. Theseare not thick pavements and some
of them are built on unstable subgrade types.
Yet these pavements, with few exceptions,
have sustained without any extensive damage
from 3 to 6 years of considerable traffic ranging
from light training planes to planes having
single wheel loads of 60,000 Ib. Maintenance
costs have been small generally.

It has become increasingly apparent that
distributed plane traffic without overloading
tends to slowly increase the load bearing
capacity of asphalt surfaced runways. This
is not usually the case where the traffic is
confined to relatively narrow lanes.

It was observed in this study that the
variation in the subgrade moisture content
affected to some extent the subgrade bearing,
and that its effect on the flexible pavement
bearing was relatively less.

It has also been observed that triaxial shear
data obtained with undisturbed subgrade
samples provide a reasonably good index to
the bearing value of the subgrade.

DISCUSSION

W. H. CampEN, Omaha Testing Laboratories—
The data in Mr. Palmer’s fine paper will no
doubt be welcomed by many of our members
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Figure A. Strength Imparting Power of Flexible
Pavements—Data Taken from Palmer and
Thompson Figure 17, 8- and 9-in. Thickness

who are interested in the design of flexible
pavements. I am particularly interested in
the data which pertain to the strength im-

parting power of superimposed layers and to
the relationship of load bearing value to size
of testing plate. I wish to discuss these
phases briefly.
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lationship—Data taken from Palmer and
Thompson Figure 25

In Figure 17 the data show the load bearing
value in psi. of base and pavement thickness
in relation to the subgrade. In Figure A of
this discussion I have used Palmer’s data for



PALMER AND THOMPSON—PAVEMENT EVALUATION

the 8- to 9-in. thickness to show the load
bearing value increase per inch of super-
imposed thickness on the various subgrades.
It will be noticed that the load bearing in-
crease is much lower in connection with weak
subgrades than with strong ones. In fact
with subgrades having a LBV of 10 psi. the
increase is less than 1.5 psi. per in. of thickness
whereas with subgrades having load bearing
values of 70 psi. or higher the increase is nearly
4 psi. These results are in line with those
obtained by us in the evaluation of test
sections.

In Figure 25 of Mr. Palmer’s paper the
relationship of load bearing value to size of
testing plate is shown by means of a curve
which is obtained by plotting load bearing
value in psi. against area of testing plate. In
my Figure B the load bearing values are
plotted against the perimeter-area ratios of the
testing plates. You will notice that the three
points do not deviate much from a straight
line. Palmer’s data therefore offers further
proof to the fairly established fact that the
load bearing value of flexible pavements
varies as the perimeter-area ratio of the testing
plate.

I cannot agree with Mr. Palmer’s general
conclusions which state that the load bearing
value of a subgrade is reduced appreciably by
increasing its water content and that the
bearing value of the pavement above the same
subgrade is altered only slightly. His own
data in Figure 17 contradicts these con-
clusions. The data in this figure indicate that
the rate of increase of load bearing value be-
comes smaller as the subgrade bearing value
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decreases. However the conclusions imply
that the rate of load bearing increase becomes
larger as the subgrade bearing value decreases.
From this reasoning one must conclude that
either Mr. Palmer’s conclusions or his data in
Figure 17 are incorrect.

L. A. Paumer anp James B. THoMPSON,
Closure—The statements in the last paragraph
of Mr. Campen’s discussion misstate the con-
clusion to which it has reference. The authors
have stated an observed fact, not an opinion
or an interpretation. With reference to
Figure 17 (text), moisture content of the sub-
grade is not mentioned. Subgrade bearing is
mentioned. Subgrade bearing is largely de-
pendent on shearing resistance which is in-
fluenced by but not determined or fixed by
the mois‘ure content. Two different soils
having the same moisture can differ very
widely with respect to shearing resistance
which depends on cohesion and frictional re-
sistance. Moisture affects cohesion more than
it affects frictional resistance. The data
plotted in Figure 17 are for 13 airfields and
more than 13 different soils.

The statement that variations in the sub-
grade moisture influenced the pavement bear-
ing to a lesser extent than it affected the sub-
grade bearing is a statement of fact as the
plotted data of Figure 12 clearly show.
Readers must bear in mind that the subgrade
moisture in all these observations seldom
exceeded the plastic limit. The conclusions
do not refer to conditions of higher subgrade
moisture percentages than those actually
found.





