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TESTS ON SOIL SAMPLES FROM OVERSEAS AIR BASES

Introduction

1. Collecticn and shipment of 50-1v soil sanmples, representative of
solls at ovorseas eirfiolds, was directed by lotter from Headguariers,
K3y Alr Forces, Weshington, D. C., to all Theatrs Comzanders, subject:
"Soil Samples," and dated 26 September 1S45. The procedure to be followsd
in selecting and shipping tho sanmples was cutlined in a subsoquent lotter,
some subloct, datsd 31 Octobder 1G45. In this lcttsr layout zaps showing
samplo location were roguosted, togethex with any avallable soil tost date.
A third letter, deted 31 Cctodor 1945, from Hoadquarters, Arny Air Forcos,
to Thoatro Coxmandors, subject: "Soil Semples,” requostod data cn runvuys
(dcscriptions cf pavoronts, baso courses, types of using plenos, frequoncy
of operation) and evaluation of parformance of tha kirfield.

2. It vas directed in these lsttors that ths soil amples and all
pertinent corrospondence be sent to the Comzanding Genersl, 463rd AAF Base
Unit, Geiger Field, Washington, whore it wes intended that ths testing of
the saxples should be done by the solls laboratory oporated by the Avia-
tion Epginsor Training School. However, dus to the reduction of rorsonnsl
and fecilities at Geigor Fiald resulting from desobilization processos,
arrangazents vers mads by tho Officoe of ths Air Englneor, Amy Air Forces,
Weahington, D. C., threugh tho Offico, Chisf of Bnginosrs, to have the
sanples and data tranaferred to tbe Watorwsys Expsrimont Statica for
nocessary testing, analyzing, documenting and storing.

3. Direct authorization for the work by the Waterways Exporicent
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Station was containsd in tke 5th indoroezent, dated 19 March 1946, frem
the Offico, Chisf of Engineers, to the President, Missiuaippi River Cca-

[

nission, to basic letter dated 4 Fobruary 1946, sublect: “inalysis of
Soil Semples,” from the Office, Air Enginser, Army Air Forces, Washington,
D. C., to the Chief of Enginoers, U. S. Army.

L. The Instructions and Qutlines for Testing Soil Samples fren
Oversess Alr Bases, Office, Chief of Enginsers, dated Octobor 1946, ds-
finod the scopa end obJjectives of the project as follows:

"Scope: 3. This project comsists of the perforrance of
mochanical enalyses, Atterverg limits, epecific gravity,
Proctor compection, and California Bearing Ratio tests on each
sanple receivsd frcm overseas air bdbases.

"Objectives: U4. The parposs of this project is to sccurulate

inforzation and data concernirg soil cenditions in cvorseas

thostres.”

Soil Samples

5. A total of 501 samples from 222 overseas air bases were received,
1dentifisd, and tested by the Watervsys Brperiment Station. Correspond-
ence indicated that samples wsrs shipped from 20 additional air bases, but
these senples wore either lost en route, or had insufficient rarkings to
bo identified shisn recaived at tho Waterwvays Exporimont Station.

6. The airfields from which samples were recoived are liated
goographically in five main groups as shown in table 1; this grouping
and the ordsr within esch group have beon rotainsd in “oporting tho coils

tost data.




7. Table 2 shows ths dreakdown of trs soil samples according to
sample sizes by veignt. It vill be noted that the instructions to ship
50-1b a2amples rust kave tser nmisconstrued in many instances, because ono-
half of ti» ramples wove 10ss than 30 1b, and ons-quarter loss than 15
1b. Of the suxplcs lerger than 40 15, those from Italy end the Fhilippines
conprisod 708, ¥ roxaining 30% tesnz &..it.red smong the other reporting
thoatros.

8. It 13 therefore apparonc that linitations were set by the sizes
of ths samples on tho sumbor of ccmpaction and CBR tests which could be
porformed, and also on the rethods of perforning such tests without eXces-
aive reuse of tho materials.

9. In zany cages little or no dsta wore furnishod with the scil
semples concerning tholr location and depth st tho airfield, whether
roprosentative of javing aggregate, base courso, subgrads or fill. A
sixilar lack of iaformaticn existed concernirg the air fiolds: typs and
thicknsss of paverment and base course, preperation of subgrede; types of
usirg planes; extent of use; porformance of the airfisld, et cetera.

10. It should be noted that in cany cases 1t appeared tat the
scllas wore sanmpled by non-engineering types of army units, who woro not
femiliar with details of tho comstruction of thy fields rorresented, nor
had acquired the techniques end oxpsrience necessery to secure reme-
sontative aoll samples.

11. Particular pontion is rade of tho vory comprohonsivo and well-
plamnod survey in connection with tho soil sanmpling carrtiod out by the
Invostigations Brarch of tho Gonoral Enginoor District, APO 75, covering

fiolds in the Fhilippines and soveral other Pecific islands, It is




unfertunate that simtlar surveys cf the otber overseas air bases reported
were not made.

Furnished Data on Theatre Soils Tests and Surveys,
and other Portinent Subjocts

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

goological reports, etc., wore furnished in various anounts by tho follow-
ing thoatres only:

Group B ~ = « - - - Italy

CroupC - « - - - - Africa

Group D - « - -~ ~ - Indla and Burza
Group D - - - - - - China

GroupB - « - - - - Fhilippines
Group P - - - - - - Alagke

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

have not been incorporated in this report, as they ere boyond tho scope

of tho projoct directive. These momoranda, lettors, and roports aro

torualrdad a3 inclosuros, as listed on the sheots following the toxt of
this ropert.

Waterways Zxporiment Staticn Soils Tosts

14, Summaries of all test results sre presented in table 3 togsther

with portinent airfield date and sexmple dsscciptions. The following pera-

graphs arc explanations of i3 rzs of data shown in this table, end descrip-
ticns of teating mothods used.

Field classification

15. The source of inforrmation for this column vas tho AAF

Installations Directory, 15 March 1946, Headgquarters AAF, Washingtor,

remmerger OO
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D. €. (Confidential). The following abbreviations ere used:

F = fighter

FB = fighter bomber

¥MB = modium bombor

BB = heavy bcubor

VHEB = very heavy bomber

T = transport

BI' = heavy trangsport

M = classified by AAF as ninor airfield beceuse
eithor used only & short time by tactical
units, or constructed or inmproved at over-all
cost to the U. S. of less than $25,000.

Airfleld descriplion

16. Thie column includes date on typs of surface, base courss,

_putgrade, and pertinsnt information on operation, use, and geneval con-

._dition of the field. The following abbreviatlons are usod in this

coluern:
PSP = plerced steel plank
PAP = piercod aluminmum plank
» PBS = mrafabricated bituminous asurfaoing.
Location .- i

17. As previously montionod, the information obtained idantifying
tho location of samples was, in many instences, incompleto. Howovor, this
column indicates the location at the airfislds froo which the semples wore

taken insofar as date wore available.

Material
18. This column includes data, whare available, on the Lype of
materiel sampled, such es bese courds, subgrads, etc. In s instances

the dopth of sample or thicknsss of layer are also shown in this column.
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Description
19. The sample descrirption includss the color and an appropriate

name clessification derived from tho soil triangle of the Dopartment of
tho Army Uniform Soil Classificetion Systom. The nemo of & soil 1s based
on both gradation and plasticity characteristics. A copy of the soi}
triangle is shown on flgure 1, togother with notes explaining its use.
Distinctive soil types such as tuff, volcanic ash, coral, etc., whore so

idsntified, are described as such.

Classification symbol

20. The goils wore also clagsified using group syzbols of the
Dopartmsnt of the Army Uniform Soil Classification System. This system
is based upon the ons dsvelorped by A. Casegrands vhich was used extensive-
1y during World Wer II as the “Airfiold Classification.” Pertinent
features cf the presently used systen are shown on figure 2.

Graid sizes

2)1. Tho divizicn of grain eizes into major soil typee is in accord-
ance with the Dopartrent of tke Army Uniform Soil Classification. Porti-
nout size ranges for cach group are shown in the coluzmn headlngs; sievs
sizes are U. S. Standerd. The sand sizes havo beon brcken down into
"coarse” and "fine" fractions as an aid in evaluating tho gradation of
tho varicus soils. Wnore an apmrecisblo porcontago of gravol sizes is

wosont in a sanple, tho paxirum sizo in inches is also shown.

Atterberg linits
22. Values reported are liquid limit (XL} and plesticity index




(PI). The limits tests were porformed cn that portion of the soil sacple
passing tl\m Ro. 40 U. S. Standard sieve.

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

soil semple passing tho NHo. & U. S. Standard sieve. The test was per-
forred in o volumetric flask and air was ovacuated by subjocting the soil

and vater to & vacuum.

Modifiod AASHO compection tests

2k. Bocause of tho small quentity of material available for tees-
ing, all ccopaction tests wore performed using ths standerd Prector nold.
Tho soil sample (<1/4 in.) was ccmpacted in five layors with 25 blows on
cach layor produced by froo fail of 18 in. of a 10-1b hamwer with & 2-in.-
dismotor striking faco. Tho optimum water content (w in por cont of dry
woight) and tho mexirum dry donsity (7 d) undor tho abovo conditions are

ghown in the tabdle.

CBR tests

25. Bocauso of tho small quentity of cach semplo available (rarely
morg than 50 1b) tho standard procoduros for conducting tho CBR tosta*
could not bo folloved entiroly; howovor, tho valuos roported are boliewi

reasonsble es discussed below. All specimens were sooked four daye top

* TB5-253-1, "Soll Testing Set No. 1 and Expedient Tests,"” War Depsrt-
ment, Juno 1945, and T M. 213-1, "The California Boaring Ratio Test as
Applied to the Design of Flexible Favemonts for Airports,” Waterways
Bxporiment Station, 1 July 1347.




and bottom. The penatration test was porforrmed using a Baldwin-Southwark
ccnstant strain testing maching. A uniform surcharge load cf 10 1b was
eprlied to each spsciren during tho soaking and penetration testing.

26. Tke values reportsd in the CER column of tsble 3 represent ths
CBR of coarse-greinsd soils compactod to 1004 of modified AASHO maxirum
dersity and the CBR of fino-grainod soils compucted to 95% of modifiod
AASHO meximum density, and at tho optimum moisture contont for modifiod
AASEO ccupaction. Those donsities aro in accordance with dosign proce-
dures for airfields currertly used by the Corps of ¥nginoors &3 shown in
Chapter XII, Fart 2 of the Enginsoring Mamugl. The CBR veluos aro basod
on test data, but have in soze cases been adjusted to compansate for
variations in density and rolsture content in the test from the stendards
listed above. Adjustment has aleo besn made to compsnsate for variations
from the stendard precadure for conducting the CBR test. The adjustronte
are ballevad reascnable since thoy are dased upon & considsrable mumber
of CBR tests cn a variety of materials performed previously dy the Water-
ways Experirent Station in vhich the effect of the above-mentioned vari.

ables was investigated.

Swoll
27. Valuos of swell were odbtainoed for the C3R sanples efter 4 days

soeking. In table 3 swoll 15 reported as "low" or "high.” Swvell values

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

cont wore classed as "high."
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REPORTS AND OTHER DATA FURNISHED IN CONNECTION WITH
SOIL SAMPIES FROM OVERSEAS AIR BASES

Group B: Ttely:

Incl. 1. Airfield Status Report 15 July 1945, Eg AAF Ergr. Cozxzand,
MTO

Group G: Africa: (French Alirfield Svrvey Roports)
(a) Algeria

Incl 1. Bliée

Ircl 2. 1a Feghaia

Ircl} 3. Bougle

Ircl 4. DJidjoldt

Incl 5. Taher

Incl 6. Phidippoville

Incl 7. Bone

Incl 8. Biskra

Il 9. HNavarin

Incl 10. St. Donat

Incl 13. Chetsaudun du Rhumel
- Ircl 12. Ticeslot

% 13. Telergza

Incl 14. Bertesux Ko. 1

Incl 15. Bertosux Ho. 2

Incl 16. Ain M'Lila

Incl 17. Le Eroud

Incl 18. Canrobert

Incl 19. PMontesquieun

Incl 20. Tebdossa

() Leghouat
Incl 22. Laghoust

Group D: India and Burrma; China:

Part 1. Furnished by thestre:

Ircl. 1 - Ltr, By MP-IBT, dated 22 Octobor 1945, subject:
"Soil Semples.”

Incl. 2 - Booklet, "USAAP Atrfiolds, ’is-Burce,” Offico
of tho Air Enginsor CBI-f (in dupl.).

Incl. 3 - "Atrfiold Status Map, " IB-ASL, Office of tho Alr
Enginoor, 15 April 1645.

Incl. 4 - Geological Report. Midnaporo District, 15
HRovombor 194k,

-

-

h .




Part 2.

Part 3.

Incl.

Incl.

Incl.

Incl.
Incl.
Incl.
Incl.
Incl.

10

- Ltr, Hq SO0S, USF, CBI, datcd 2k Februery 1G4k,
subjoct: "Dosign of VIR Fields."

6 - Moro to District Engr, Engr Dist £10, 1 Aprid

194, subject: "Test Sectior using Moorun

B ."

7 - Ltr, Engr Dist #10, dated & May 1G4h, sudject:
'Subgrade Tests.”
8 - Memo to Chief Zngineer, L of C Ccxand, dated b

Januery 1545, subJject: "Pects - Elephant
(Maugdaw) and Telmaf Airfield Sites.”

9 - Mszs to Chief Englineer, l4th Amy, dsted 25
October 194k, subjoct: “ests - Cox's Bazear
Afrfiold."”

10 - Memo to Chief Engingsr, L of C Ccoxand, dated
12 Docember 154, sudjest: "Tests on Soil
Cemont, Chiringa Airfisld.”

11 - Ltr, HBq IB-ACS, datod 5 Fedruary 195, subjoct:
‘Soil Reconnaissancs Propcsed Eysukpyu Air-
fleid.”

12 - Mewo, Hq IB-ACS, 10 April 1945, sublact: ‘Soll
Reconneaissance - Airfiold Sites cn Akyad
Island.”

13 - Mero, Hg IB-ACS, 10 April 1645, owbject:
"Eathazart Airfield.”

1% . Maro, Bq IB-ACS, 24 June 19‘&5" sublset: “Adr-
fiolds in the Rangoon Ares,

15 - Momo, Hg IB-ACS, 15 August 1S:5, subject:
"Soils Tests-Mylrgyan Afrfield, Burza.”

16 - Mezo, Eg IB-iCS, 31 May 1945, subject: 'Sofls
Tosto-Shwobo and Onbauk Airfields.”

17 - Ltr, Bngr Dist #10, 6 March :s’-h!, subJect :
"Taste on Concroto Aggregston.

Ffurnishsd by Office of Air Emginesr, AAF, Washipgton, D.C.:

Incl.

Ircl.

Incl.

Ircl.
Incl.
Ircl.
Incl.

A - 'Final Report, B-29 Air Bases - India,” Con-
struction Sorvice SOS USAF, C3I, Novexzter
19%% (Reastricted).

B - Tonstruction of Airfields in North Burma, ™ Air
Engineor, ASF, I3 15 July 1S45 (Reztricted).

C - '"Survey of Burra (Bxtract),” Ccezand and General
Steff School, Fort Leavenworth, Eansas (Re-
stricted).

1 - Soil Tests - Linzn Airfield.

2 - Soil Tests - Mengtze Alrfisld.

3 - Soil Tests - Tetua f1 Airfield.

& . So1l Tests - Tatun {Chsopa) Afrtieid.

CS
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Incl. A - List of 80§l samples sont.

Incl. B - Map shoving locati. 1 of airfields.
Incl. T - Sofls Survey - Chanyi Airfisid.
Incl. D - Soils Tests - Hsinching Area.
Incl. B - Soils Survey - Luliang Airfieid.
Incl. F - Supplementary Airfield Data.

Croup B: FPhiliprino and Other Pacific Islands:

Fart 1.

Alyfiold and Sampls Dsta on Fiolds from Which Sanples Were
Forwarded:

Irci. 1 - Iuzon Island {in dupa).

Incl. 2 - Mindoro Island.

Incl. 3 - Leyte, Saxar, Cebu, Negros, and Mactan Islands
{in dup).

Incl. 4 - Mindaneo, Palawan, Falau, Biak, and los Kegroa
Isiands (in dupl).

Varjcus Roports on Airfields in the Fhilippine Islands:

Incl. P-2-a-(1): Soils Report om Nichols Field, NW-SE
Runvey end Toxiway, 8 April i94s.

Incl. P-2-b-(1): Specifications for Constructica of
Falleon Airdrcze, 15 April 1$45.

Incl. P-2-c-(1): Roport on Bvaluetion of Clark Field,
Florids Rlanca and Porac Airdreoes,
5 August 1545 (Inclosure miasing).

Incl. F-2<¢-(2): FPhotographic Report for March 16%5.
Clark Fiold Engr Aroa.

Incl. P-2-d-(1): Soil Profiie, Proposed Taxiway, Fiorids
Blarca Alrdroms, June 19%5.

Incl. P-2-d-{2): Oparavional Fhotos, Florida Rlance Alr-
tield, 1 Juiy 1645.

incl. P-2-d-(3): Oporatiorzal Photos, Florids Blenca Air-
field, 1 Soptext & 15,

Incl. P-2-d-(4); Specification for Doudlo Asphalt Surface
Treatzent, Florida Elanca and Porec
Airfields, 21 April 19%5.

Incl. P-2-5-(1): Sofls Investigation of C-37 Strip at San
Fornando, Ls Unica, 8 Fovazber 1945
{Irclosuro :1331:155 .

Incl. P-2-6-(3): FPhotograztic Foport, Lingaysn Area,
February 1645.

Ircl. P-2-6-(4); TFhotographic Roport, Lingayon Area,
March 16%5.




Group F: Alesksn:

Incl. 1 - Stadilization of Basch Gravel for Funwvay Con-
struction at Point Spencer, Alaska, 31 August
165 (Rostricted).




TABLZ 1

GEOGRAPRICAL BREAKDOWN OF FIELDS AT WHICH SOIL SAMPLES WERZ TAKEN

Subgreup Totel
Ko. Fields
Group Country or Island Fields in Group
A. Gorcany, Austria (1) Germany 19
and France (2) austria 1
(3) Framce 1 22
B. Italy L3 {2)
C. Africa (1) Rio ds Oro 1
(2) Frerch Morocce 3
(3) Algorie:
{2) Oran aree 6 (1)
(b) Rigiers area 2 (1)

(¢) Constantins area 20
() Chardaia area 1
(e) Touggourt srea 1 30 (2)
() Tunisie 28 (2)
(5) Livy=
(6) Froemch Wast Africa
(7) Goid Coast
(8) French Zquatorial Africa
(2) Belgian Congo
(10) Kigoria
{11) Anglo-Egyptian Sudan
(12) Britroa
{13} Egypt (r) 77 (%)

N M 0K

D. Noar East, India,
Burca, and China (1) Hoar East:

{a) Turksy
{b) Syria (lLsbanon)
(c) Prlestine
(d) Iraq
(e) fran
(£) Soudi Arabia

(2) India:
(a) United Provinces
{b) Bozbay
(c) Bengal (1)
(a) Assan
(o) Mysore (1) 22 (3)

(3) Burma: )

{4) China:
(a) Shensi Provincs 3

b e b

10

A0 I

( ) =Seazples from flelds eithar lost enrcute or unidentified. H
A3




TABIZ 1 (Cont.)

GEQGRAPHICAL EREAKDCWH OF FIELIS AT WHICH SOIL SAMPLES WERZ TAKEN

Subzroup Total
Ko. Flelds
Group Country o* Iasland Fields in Group

(b) Szechwan Province 4 (1)

() Bunan Provirce 2

(d) Ewoichow Provinco 3

(o) Yunnan Provimce 2

(f) Kvangsi Province 2 16 Q) s ®

Pacific Isleands:

E. Philippine, Palau (1) Fhidippino Islands:
and Adniralty (a) Luzon
Islands; and Now (b) Mindoro
Guinea Arsa (c) Pelavan
(d&) Negros
(s) Cotu
(£) Leyte
(8) Secar
{h) Mindanao
(2) Palan Group - Felsliu
(3) Adatraity Islends -
Los Regros
(4) Kew Guinsa Area - Blak

PO E RO &0
n
[

o

27

F. Bawaiian Islands, - (1) Hevailan Islands (0ahm)
Alegka, and (2) Aleskn
Aleutian Islands  (3) Aleutian Islends:
{a) Urnak
(b) Atka
{c) Adak
(d) Shenys (1) 3Q() 212 (0)

TOTALS 222 (20)

SR
aw
L
\0
A

v

( ) =Sanples frea flolds efthsr lost onrouto or unidentified,

A




TABIE 2

BREAXDOWE OF SAMFLES ACCORDIIG TO SAMPLE SIZE

10-15 20-30 40-50 Over 50 Total
§A)

Goographical Greup 15 Lb Ib Rusber
Group A: Germany 5 31 12 2 50
Austris 1 - - - 1
Trarce - 3 6 - 9
Group B: Itsly - - 12k - 124
Group C: Africa: Algeria 73 15 - - é8
Tunisia 21 § 19 1 L9
Othars 27 5 10 5 T
Group D: Near Bast - 6 6 5 17
India - 20 6 - 26
Burza - 12 - - 12
China 5 9 2 - 16
Group 3: Fhilippine Islanda - - k9 18 67
Othsr Pecific Islands - - 2 1 3
Group ¥: ZHawailan Islands (Oshu) - 30 - 10
Alesiz and Aleutian - 27 5 k-]
Islamds _— - —_ — —
TOTALS 132 146 2k 32 551

(5
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20 30 40 S0 &0
GRAVEL (Percent by Werght)

NOTES

1 ldentif<ohon bosed on follomng g-omn suze ranges
Grovel 3in to no 10 seve {20mm )
Scnd No. 0{20mm) to na 200{G074mm)
Fines (st or clayj Selow no 200(GO74mm)

2. Sol 3 colled “3lt" o “cloy” based upon Atterberg

heats volues of minus 40 mesh frachon as follows

Sit LL26 or less,and P16 or less
Clay LL cver 28 or Piover 6.

3 Sweve szes ore U S Standord

SOIL TRIANGLE

4o

il

Figure |




CLASSIFICATION OF SOILS

MAJOR DIVISIONS LETTER

NAE

GRAVEL G¥  Gravel or Sardy Gravel, wsil-graded
AND GP Gravel or Sandy Gravel, poorly-graded
GRAVELLY GM S1lty Gravel or Siity San*: Gravel
COARSE
SOIIS GC Clayey Gravel or Claysy Sandy Gravel
GRAINED ———— ——
SAND SH  Send or Gravelly Sand, well-graded
SOILS
AND SP Sand or Gravelly Sand, poorly-grsdsd
SANDY SH Silty Sand or Silty Gravelly Sand
SOILS SC  Clayey Sand or Clayey Gravelly Sand
— i
oA Silts, Sandy Silts, Gravelly Silts, or
Diatomacecus Soils
7
CL Iean Claye, Sandy Clays, or Gravelly Clays
PLASTICITY
FINE 0L Organic Silts or lsan Organic Clays
GRATNED ———
soms MH Micaceous Clays or Diatamaceous Soils
CH Fat Clays
PLASTICITY
OH Fat Organic Clays
PEAT AXKD OTEER FIBROUS
ORGANIC SOILS Pt Peat, Rumus, and other Organic Swamp Soils

arepane.

4 Figure 2
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