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TSTS ON SOIL SAM2IT F" OVEMSAS AIR UASES

Introduction

1. Collection and shipiwnt of 50-1b soil samples, representative of

soils at overseas airfields, was directed by letter from Headquarters,

A vm Air Forces, Washington, D. C., to all Theatre Command re, subject:

"Soil Samples," and dated 26 September 1945- The proce•dre to be followed

in selecting and bhipping the samples was outlined in a subsequent letter,

saw subject, dat3d 31 October 1945. In this letter layout maps shoving

sample location vere requested, together with any available soil test data.

A third letter, dated 31 October 1945, from Headquarters, Army Air Forces,

to Theatre Co=ndora, subject: "Soil Samples," requested data cn runways

(descrlptions of pavements, base courses, typee of using planes, frequoncy

of operation) and evaluation of performance of the rlrfield.

2. It was directed in these lettere that the soil enples and all

pertinent correspondence be sent to the Commanding General, 463rd AAF Base

Unit, Geiger Field, Washington, where It was intended that th3 testing of

the samples should be done by the soils laboratory operated by the Avia-

tion Egineer Training School. However, due to the reduction of prsormel

and facilities at Geiger Field resulting from demobilization rocessos,

arrengements were made by the Off.ico of the Air &SIneor, Army Air Forces,

Washington, D. C., through the Office, Chief of Engineers, to have the

samples and data transferred to the Watervoys Experlient Staticiu for

necessary testing, analyzing, documenting and storing.

3. Direct authorlzatlon for the work by the Waterways Ezperinent
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Station use contained in the 5th indoroement, dated 19 Parch 1946, from

the Office, Chief of Engineers, to the President, HissL13ippi River Com-

sission, to basic letter dated 4 Fobruary 1946, wubject: " nalyris of

Soil Samples," from the Office, Air Engineer, Arz Air Forces, Washington,

D. C., to the Chief of Enginoera, U. S. Army.

4. The Instructions and Outlines for Test.ing Soil Semples frcm

Overseas Air Eases, Office, Chief of Engineers, dated October 1946, de-

finod the scope and objectives of the project as follovs:

'ýp : 3. This project consists of the performance of

mochanical analyses, Atterborg limits, specific gravity,

Proctor compaction, and California Bearing Ratio tests on each

sample received from overseas air bases.

"Obectives: 4. The prpoiue of this project is to accumulate

Infor-mation and data concernirg soil conditions in ovorseas

theatres."

Soil Samples

5. A total of 551 samples from 222 overseas air bases %re received,

identified, and tested by the Waterways Experiment Station. Corresepnd-

awce indicated that samples vare shipped from 20 additional air bases, buat

these samples vere either lost en route, or had insufficient markings to

be identified when received at the Watervays Experiment Station.

6. The airfields from sbich samples vere received are listed

gsographicaly In five main gpoue as shown in table 1; this groupirg

and the order within each group have been retained in --oporting the soils

toot data.



7. Table 2 shows the breakdown of the soil samples according to

sample e'mes by weight. It will be noted that the instructions to ship

50-lb s-mples =ust have teý- nisconstrued In =any instances, because one-

half of thh ramrles vore Laos than 30 ib, ana ona-quarter loss than 15

lb. Of the bumlc? l'rger than 40 ib, those from Italy and the Philippines

comprised 70%, tý'D re-=ining 30% bteonz L. • t..red =mong the other reporting

theatres.

8. It Is therefore appeaoro, that limitations were set by the sizes

of the samples on the mnmbor of coapsction and CBR tests which could be

porforred, and also on the methods of performing such tests without exces-

sive reuse of the materials.

9. In =any cases little or no data were furnished with the soil

samples concerning thoir location and depth at the airfield, vhether

representative of paving aggregate, base courso, subgrade or fill. A

similar lack of information existed concerning the air fields: t.vype and

thickness of pavement and base course, preparation of subgrade; types of

using planes; extent of use; performance of the airfield, at cetera.

10. It should be noted that in many cases It appeared that the

soils were sampled by non-engineering typos of army units, who were not

famillar with details of the construction of thi fields represented, nor

had acquired the techniques and experience necessary to secure repre-

sentative soll samples.

U. Particular mention is made or the vory ccmprohensivo and well-

plannod survey in connection with the soil sampling carried out by the

Invoetigations Branch of the General Enginoor District, APO 75, covering

fields in the Philippines and several other Pacific islands, It is



unfortunate that similar surveys of the other overseas air bases reported

-ere not made.

Funished Data on Theatre Soils Tests and Surveys,
and other Pertinent Subjlects

12. Supplementary data consisting of soils tests, soil surveys,

geological reports, etc., v~ro fu-rnished in various amounts by the follow-

ing theatres only:

Group B -- - Italy
Group C - ------ Africa
Group D - -- ---- tndia and Burra
Group D - ------ China
Group E -------- Philippines
Group F - ------ Alaska

13. Such data, other than those pertaining to airfield dsocription,

have not been incorporatod in this report, as they are beyond the scope

of the project directive. These momoranda, letters, and reports aro

forwardad as inclosures, as listed on the sheets folloving the text of

this report.

Waterways xpoeriment Station Soils Tests

14. Summaries of all test results are presented in table 3 together

vith port ment airfield data and seaple desciiptions. The folloving para-

graphs are explanations of - rns of data shown in this table, and descrip-

tions of testing methods used.

Field classification

15. The source of information for this column was the AAF

Installations Directory, 15 March 1946, Headquarters AMF, Washington,

kil-
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D. C. (Confidential). The following abbreviations are used:

F fighter
PB=fighter bomber

NMB medium bormbor
HB heavy bomber

VHB - very heavy bomber
T = transport
EIr heavy transport
M = classified by AAF as minor airfield because

either used only a short time by tactical
units, or constructed or improved et over-all
cost to the U. S. of loes then $25,000.

Airfield description

16. This column includes data on type of surface, base course,

-subgrade, and pertinent information on operation, use, and general con-

- I- __ dition of the field. The folloving abbreviations are used in this

column:

ESP a pierced steel plank
PAP - piercod aluminum plank
PBS - prefabricated bituminous surfaoin8.

Location

17. As previously mentioned, the information obtaline identifying

the location of samples vss, in many !nstenoes, incomplot. hovovor, this

column indicates the location at the airfields from -.hich the samples were

taken insofar as data were available.

Material

18. This column includes data, where available, on the type of

material sampled, such as bee course, subgrade, etc. In sanu instances

the depth of sample or thickness of layer are also shown in this column.

_________ 1



Description

19. The sample description includes the color and an appropriate

name classificatlon derived from the soil triangle of the Deopartmnt of

the Army Uniform Soil Classification System. The name of a soil is based

on both gradation and plasticity characteristics. A copy of the soil

triangle is shown on figure 1, together with notes explaining its use.

Distinctive soil types such as tuff, volcanic ash, coral, etc., where so

identified, are described as such.

Classification symbol

20. The soils were also classified using group symbols of the

Dopeptment of the Army Uniform Soil Classification System. This system

is based upon the one developed by A. Casagrande which was used extensive-

ly during World War iI as the "Airfield Classification." Pertinent

features of the presently used system are shown on figure 2.

Graid sizes

21. The diviicn of grain sizes into major soil typos is in accord-

ance with the Dopartment of the Army Uniform Soil Classification. Porti-

nent size ranges for each group are shown in the column headings; sieve

sizes are U. S. Standard. The sand sizes have boon broken down into

"coarse" and "fine" frsction3 as an aid in evaluating the gradation of

the various soils. Where an appreciable percontago of gravel sizes is

present in a sample, the maximum size in inches is also shown.

Atterberg limits

22. Values reported are liquid limit (LL) and plasticity index 4
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(PI). The limits tests woee performed on that portion of the soil sample

passinr the No. 40 U. S. Standard sieve.

Specific ;arwitx

23. The specific gravity teste wsre performod on that portion of a

soil sample passing the no. 4 U. S. Standard sieve. The test was per-

formed In a volumetric flask and air was evacuated. by subjecting the soil

and vater to a vacua.

SModified AASHO compaction tests

24. Because of the small quantity of material available for test-

ing, all ccmpaction tests wro performed using tha standard Procter mold.

The soil sample (<1/4 in.) vas compacted in five layers with 25 blows on

each layer produced by free fall of 18 in. of a 10-lb he=er with a 2
-in.-

diamoter striking face. The optimum .ster content (w in par cent of dry

veight) and the maxzmim dry density (7 d) under the above conditions are

shown in the table.

CBR tests

25. Because of the small quantity of each sample available (rarely

more than 50 lb) the standard procedures for conducting the CBR testa*

could not be followed. entirely; howover, the values reported are believed

reasonable as discussed below. All specimens wre soaked four days top

TB5-253-1, 'Soil Testing Set No. I and Expedient Tests," War Depart-
ment, Jurn 1945, end T.M. 213-1, 'The California Bearing Ratio Test as
Applied to the Design of Flexible Pavements for Airports," Waterways
Experiment Station, 1 July 1947.

___p
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and bottom. The pernetration test was performed using a Baldvin-Southwark

constant strain testing machine. A uniform surcharge load ef 10 lb was

applied to each specimen during tho soaking and penetration testing.

26. The values reported in the CBR column of table 3 represent the

CBR of coarse-grained soils compacted to 100% of modified AASHO nemaimm

density and the CBR of fino-grained soils compacted to 95% of modified

AASHO maximum density, and at the optimum moisture content for modified

AASEO compaction. These densities are in accordance with design proce-

dures for airfields currently used by the Corps of Engineors an shown In

Chapter XII, Part 2 of the Ergineoring Manual. The CBR values aro based

on test data, but have in some cases been adjusted to compensate for

variations in density and moisture content in the test from the standards

listed above. Adjustment has also been made to compensate for variations

from the standard prccedure for conducting the CBR test. The adjustmonts

are believed reasonable since they are based upon a considerable number

of CBR tests on a variety of mterials performed previously by the Water-

vays Experiment Station in which the effect of the above-mentioned vari-

ables vas investigated.

S•__n

27. Values of a-eli wore obtained for the CBR eamples after 4 days

soaking. In table 3 swell in reported as 'low" or 'high." Svowl values

of 3 per cent or less vere classed as "low," whereas values over 3 per

cent were classed as h16h."
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REPORTS AND ERM WltA UrNISHED ni CONmIITION
SOIL SAMPIES FROM OVERSEAS AIR BASES

Group B: Italy:

Incl. 1. Airfield Status Report 15 July 1945, Ho AAF Engr. Co.and,IVO

Group C: Africa: (French Airfield Survey Reports)

(a) Algeria

Incl 1. Blida
Incl 2. La Feghala
Inl 3. Bcugie
Incl 4. DJidjolli
1=1 5. Taher
Inci 6. Philippovillo
Incl 7. Bone
ldcl 8. Biska
Inl 9. Navarin
Iml 10. St. Donat
Incl 11. Chateaudun du Rhumel
Idl 12. Tineslot
Inc! 13. Telergma
Incl l4. Berteaux No.
Iml 15. Borteaux No. 2
Incl 16. An M 'Lila
Inel 17. lo Kroab
Ilel 18. Canrobert
Inl 19. Montoesuleu
Iml 20. Tebossa

(b) Lah-ouat

Icl 21. Laghouat

Group D: India and 3.zr=a; China:

Part 1. Furnished by theatre:

Incl. I - Ltr, Eq AAF-Imr, Inted 22 October 1945, subject:
Aoil Samples ."

Incl. 2 - Booklet, "LSAAp Airfields, "ia-Barma," Office
of the Air Engin•er CBI-; (in dupl.).

Lnl. 3 - "Airfield Status Map," EB-ASrI, Offico of the Air
Engginer, 15 April 1945.

Incl. 4 - Geological Report. Midnaporo District, 15
Novonbor 19144.
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L41l. 5 - Ltr, Hq SOS, USF, CBI, dated 24 February 1944,
subject: 'Doeign of VLR Fields."

1I.. 6 - l'om to District Engr, -n&- Dist #10, 1 April
1944, subject: "Test Section using Moorun
pane.

Inl. 7 - Ltr, Engr Dist #10, dated 4 May 1944, subject:
'ubgrade Tests.

Inc!. 8 - Vano to Chief Engineer, L of C Cc--and, dated 4
Jar=ary 1945, subject: 'Tests - Elephant
(PAugdav) and Teknaf Airfield Sites."

Lnl. 9 - Me= to Chief Engineer, 14th Army, dated 25
October 1944, subject: 'Tests - Cox's Bezear
Airfield."

IncI. 10 - Meno to Chief Enginear, L of C Cc=and, dated
12 December i944, rabJect: 'Tests on Soil
Comant, Chirunga Airfleld."

Incl. 11 - Ltr, Eq IB-ACS, dated 5 February 1945, subject:
"Soil REaconnalssanca Proposed Kyaukpyu Air-
field."

Incl. 12 - Kozo, Nq IB-cS, 10 April 1945, subject: 15oil
Reconrnassance - Airfield Sites cn Akyab
Island."

Incl. 13 - Ve4o, IEq IB-ACS, 13 April I945, subject:
"Eathazari Airfield."

incl. 14 - MFmo, Eq IB-ACS, 24 june 19454 subject: "Air-
fields in the Rangoon Area.

Incl. 15 - Memo, Eq IB-ICS, 15 August 19Z5, ubject:
'sois Tests44yingyan Airfield, Barna."

Incl. 16 - 'amo, Eq IB-AcS, 31 MAy 1945. subject: '5oils
Testo-Shvsbo and Onbauk Airfields."

Inl. 17 - Ltr, Engr Dist #10, 6 March !5441 subjt t:
'ests on Conrte Aggregates.

Part 2. Furnishsd by Office of Air Engineer, AAF, Washington, D.C.:

Incl. A - "Final Report, B-29 Air Bases - India," Con-
struction Service SOS USAF, CBI, November
1944 (Restricted).

tncl . B - "Cor.struction of Airfields in North Burna," Air
Engineer, ASF, lB 15 July 1945 (Restricted).

tncl. C - 'urvey of Burma (Extract)," Cc--and and General
Staff School, Fort Leavenvorth, Eansas (P.-
stricted).

Part 3.

Incl. I - Soil Tests - Linan Airfield.
Incl. 2 - Soil Tests - Mengtzo Airfield.
Inl. 3 - Soil Teste - Tatum #1 Airfield.
Irel. 4 - Soil Tests - Tatun (Chsopa) Airfield.
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Part 4.

Inc!. A - List of soil esaples mrnt.
Irloc B - YAp shovirg locatLi - of airfields.
Incl. C - Soils S&irvey - Chanyi Airfield.
Inl. D - Soils Tests - Hsinching Area.
Incl. X - Soils Survey - W lang Airfield.
Ir= l F - S'uppleentary Airfield Data.

Group E: Philiprino and Other Pacific islands:

part l. Airfiold axnd Sample Dsta on Fields fron Which Samples Were
Forwarded:

Incl. 1 - Luzon Island %In dupl).
Inl. 2 - Mindoro Island.
Incl. 3 - Leyte, Sazsr, Cebu, Negros, end MYatan Islands

(in dupi).
Inol. 4 - Mindanao, Palainn, Palau, Biak, and Los Negros

Islands (in dupl).

Part 2. Various lports on Airfields in the Philippine Islands,:

Inl. P-2-a-(l): Soils Report on Nichols Field, NW-SE
Runvey and Taxivay, 8 April 1945.

Incl. P-2-b-(l): Specifications for Construztion of
Neilson Airdrcoe, 15 April 1945.

Incl- P-2-c-(l): Report on Evaluation of Clark Field,
Florida Blanca and Porac Airdrc=es,
5 August 1945 (Imclosre assing).

Incl. P-2-c-(2): Photographic Report for March 1945.
Clark Field En&r Area.

Incl. P-2-d-(l): Soil Profile, Proposed Taxiway, Florida
liara Airdrome, June 1945.

Incl. P.2-d-(2): Oprational Photos Florida EManca Air-
field, 1 July 1;45.

lnci. P-2-d-(3): Operational Photos, Florida Blena Air-
field, 1 Soptem 1945.

Incl. P-2-d-(4): Specification for Double Asphlt Surface
Treatment, Florida laena and Porac
Airfields, 21 April 1945.

Incl. P-2-e-(l): Soils Investigation of 0-47 Strip at San
Fernando Ls Union B Hovozbor 1945
(Inclosur.o nssingS.

Incl. P-2-e-(3): Photograihic noport, Lingayen Area,
February 1945.

1l-. P-2-e-(4 ); Photographic Report, Lingayon Area,
March 1945.

..j
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Group F: Alaska:

'Ina i - Stabilization of Bach Gravel for ,rnvay Con-
struction at Point Spencer, Alaaka, 3. A-uuast
1945 (Restricted).
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TABIL 1

GEOGRAPHICAL BREAK==WN OF FIELIS AT WHICH SOIL SAMPLE WEME TAKEN

Subgroup Total
No. Fields

Group Country or Island Fields in Group

A. Germany, Austria (1) Germany 19
and France (2) Austria 1

(3) Frane 1 21

B. Italy 43 (2)

C. Africa (1) Rio do Oro 1
(2) French Morocco 3
(3) Algeria:

(a) Oramn area 6 (1)
(b) Algiers area 2 (1)
(c) Constantine area 20
(d) Ghardaia area 1
(e) Touggourt area 1 30 (2)

(4) Tunisia 28 (2)
(5) Libya I
(6) French West Africa 1
(7) Gold Coast 2
(8) French Equatorial Africa 1
(9) Belgian Congo 2

(10) Nigoria 3
(11) Anglo-Egyptian Sudan 3
(12) Eritrea 2

1.3, Egyp (1) 77 (4)

D. Near East, India,
Burma, and China (1) Near East:

(a) Turkey 2
(b) Syria (Lebanon) 1
(c) Palestine I
(d) Iraq 1
(a) Iran 1
(f) Saudi Arabia 4 10

(2) India:
(a) United ProvLines 1
(b) B•-bay 1
(c) Bengal 9 (1)
(d) Ams= 1 (1)
(e) Mysoro (1) 12 (3)

(3) Dnmm:
(4) China:

(a) Shensi Province 3

( Samples from fields either lost enrceto or unidentified.



TABIS 1 (Cant)

GE.GRAPHICAL BTPAKLM OF FIZLT AT WHICH SOIL SAMPLES W'1 TAnN

Subgroup Total
No. Fields

Group Country. or Island Fields in Group

(b) Ssochwan Province 4 (1)
(c) Hunan Province 2
(d) Kwoichov Pro7inco 3
(W) Yunnan Provinco 2
(f) Kvangsi Province 2 16 (1) 42 (4)

Pacific Islands:

R. Philippine, Palau (1) Philippine Islands.
and Adiralty (a) Luzon 9
Islands; and Nov (b) Mindoro 4
Guinea Area (c) Palavan I

(d) Negros 1
(e) Cebu 2
(') Leyte 4(8) saner 1
(h) Mindanao 2 24

(2) Palau Group - Peleliu 1
(3) Admiralty Islands -

Los Negros
(4) rev Guinea Area - Blat 1 27

F. Hawaiian Islands, (1) Hawaiian Islands (Oahu) 3
Alaska, and (2) Alaska 6 (9)
Aleutian Islands (3) Aleutian Islands:

(a) naiak I
(b) Atka 1
(c) Adak 1
Wd Shezya (1) 3 (1) 12 (10)

TOIAS 222 (20)

( Samples frz-. fields either lost onrouto or unidentified,

,I '



TABIZ 2

BREAXdR OF SAMPLES ACCORDING TO SAME SIZE

10-15 20-30 40-50 Over 50 Total
Geographical Group Lb Lb Lb Lb Number

Group A: Germany 5 31 12 2 50
Austria 1 - - - 1
rrance - 3 6 - 9

Group B: Italy - - 124 - 124

Group C: Africa: Algeria 73 15 - - 88
Tunhisa 21 8 19 1 49
Others 27 5 10 5 47

Group D: Near East - 6 6 5 17
India - 20 6 - 26
Burma - 12 - - 12
China 5 9 2 - 16

Group S: Philippine Islands - - 49 18 67
Other Pacific Islands - - 2 1 3

Group F: Havajlan Islands (Oshu) - 10 - - 10
Alaska and Aleutian - 27 5 - 32

Islands

TOTAIS 132 146 241 32 551
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CLASSIYCATIOS OF SOnlS

MAJOR DIVISIONS IZDFXR NANE

GRAVEL GW Gravel or SeAy Gravel, wel-graded

AND GP Gravel or Sandy Gravel, poorly-graded

GRAVZLI" G4 Silty Gravel or Silty San-: Gravel
COA~R SOIlS GC Clayey Gravel or Clayey Sandy Gravel

GPAIM

SAND SW San& or Gravelly Sand, well-g'aded
SOIlS

AND SP Sand or Gravelly Send, porly-graded.

SANDY S3 Silty Sand or Silty Gravelly Sand

SOIlS SC Claysy Sand or Clayey Gravelly Sand

Silts, Sandy Silts, Gravelly Silts, or
Diatomaceous Soils

CL Lean Clays, Sandy Clays, or Gravelly Clays
PLI4STMIM

FM1 OL organic Silt. or lean Organic Clays

s sM Miacceous Clays or Diatmacms Soils

CH Fat Clays

Oi Fat Organic Clays

PZW AND OTHER 1ThFWS
OA= SOLS Pt Peat, DAmis, and other Organic Swamp SoilS

A4-,


