September 1999

Historical and Architectural Overview of
Military Aircraft Hangars

A General History, Thematic Typology, and Inventory of
Aircraft Hangars Constructed on Department of Defense Installations

United States Air Force
Air Combat Command

Global Power for America






HISTORICAL AND ARCHITECTURAL OVERVIEW
OF MILITARY AIRCRAFT HANGARS

A GENERAL HISTORY, THEMATIC TYPOLOGY, AND
INVENTORY OF AIRCRAFT HANGARS CONSTRUCTED ON
DEPARTMENT OF DEFENSE INSTALLATIONS

HEADQUARTERS, AIR COMBAT COMMAND
SEPTEMBER 1999



CONTRACT PARTICULARS

This Study Was Prepared for

United States Air Force
Headquarters, Air Combat Command

By

Michael A. Pedrotty
Julie L. Webster
Gordon L. Cohen
Aaron R. Chmiel

Under the supervision of

Julie L. Webster
Principal Investigator

United States Army Construction Engineering Research Laboratory
Champaign, Illinois

Under
Reimbursable Order No. ND94-0376

September 1999
(revised May 2001)

United States Air Force
Air Combat Command



Contents

Contents

ACKNOWIEAGMENTS ...ttt st e e et e s te e e st e e e anteeentaeeanneeennes Vi
List of FIgures and TabIES........uuei ittt e st e tae e snae e Xi
INEFOTUCTION <.ttt r e nn e nne e e xiii
2= Tt 1o [0 11 ] o SRS Xiii

L0 o] 1T 1= SRR Xiv

F Y o] o] (o= Vo] o PP PRPT Xiv
o 0] o 1SRRI XV
How to Use This Document as a Tool for NHPA Compliance Reviews...........ccccccoouvnneen. Xvi
Using the Historical Narrative (Chapters 1 — 5).......uuiiiiiiiiiiiiiiieee et XVi

Using the Hangar Typology (Chapter 6) ..........ceeiiiiiiiiiiiiee et e e e e e e e e nnaaaeee s XiX

Using the Appendices to Determine Historical CONteXL.............ciiiiiiiiiiiiiiieeeeiieieee e XiX

1 The Early Years: Military Aviation Before 1917 ......ccccocveveive e, 1-1
The Origins of Army Aviation CONSIUCLION .........ooiiiiiiiiieee e 1-1
The Origins of Standardized Army Facility DESIQN .........ccouiiiiiiiiiiee et esirree e e e e 1-1

o TV 0 )V A\, =i o] o F PP PPRR P 1-3

Early Navy and Marine Corps Aviation CONSIUCLION .........ccooiiiiiiiiiiieeeen e 1-8
The Origins of Standardized Navy Facility DESION .........ccoviiiiiiiiieee e sirrree e e e e 1-9

Early Naval Aviation and AVIiation CamPS .......veieeiiiiiiiiiieee e s st e e e e e s siiiaeeeeaeessssnrsreeeseeseansnenes 1-9
Growth of Naval Aviation at NAS PENSACOIA...........c.eeeiiiiiiiiiee e 1-11
Implications of the New Marine Corps Aviation MiSSION..........ccuuviiiieeiiiiiiiiii e 1-12

2 The FirstWorld War (1917 — 1918) .....ccueiieiieiiereeree et 2-1
Army Aviation Construction for The Great War ..........ccccceeevvveiiiieeee e 2-1
Mobilization and REOIGANIZALION ........cciiiueiiiii et e e e e e e et ee e e e e e e e nneees 2-1

The Army Air SErvice GOES 10 WA ...ttt e e e et e e e e e e e enneeeeeas 2-2

The Aviation BUilding CamPaigi ........ccooiuuiiiiiiee ittt e et e e e e s e st e it e e e e s e s stbaaaeeaaeeseasnnnes 2-4

Navy and Marine Corps Aviation Construction for the War............cccccoviiiiiieiiiiiiniin, 2-12
TOONNG UP 10 FIGNT ...ttt e s e e e e e et e e e e e e e e anneneeeas 2-12

Naval AVIATION @ WA .........cuiiiiiiiiieii e e ree e 2-13

The CoNStruCtion CAMIPAIGN ... ..eueiiiiie ettt e ettt e e e e e e e et e e e e eaa e e s aabbeeeeaaaesaasnsbeeeaaeeaaannees 2-14

Expanding the Marine Corps’ Independent MiSSION............ooiuiiiiiiiaai e 2-20



Historical and Architectural Overview of U.S. Military Aircraft Hangars

3 TheInterwar Years (1919 — 1938) .....cceeiiiieiieeeie et 3-1
Army Air Corps Aviation Construction After WWI .........cooeeiiiiiiiiieee e 3-1
WWI Demobilization and the LEaN YEAIS ...........cccveiiiiiiiiiiiic et 3-2
Creation of the Army Air Corps and Expansion Under the Five-Year Plan...........c.ccccooeeeenin. 3-8
Advances in Aviation TEChNOIOQY ........ccuuiiiiiiee e e e e e saaaae s 3-14
Expansion Throughout the 1930S .......ccoccuiiiiiiie ittt e e e e e e s eebaraeeeeeeseennenes 3-16
Navy and Marine Corps Aviation Construction Following World War | ................c...... 3-21
Demobilization and Early Funding Problems (1919 — 1925) ........cccoviiiiiiiiiieeeeeiiiiiiieee e 3-22
Advances in Naval Aviation Technology and DOCIINE.............coeeeeiiiiiiiiiiee e 3-24
Construction Program STagNation ............oooiieeiiire e e e e e e e e e e arae e e e e e e 3-27
The Aeronautical Boards of the Mid-1920S..........ccccccuiiiiiiiiieniie e 3-31
The Five-Year Program (1926 — 1933) .......uuuiiiiieiiiiiiiiiieeeeeeiiiitereeaesessitaareeaeesssnansneeeaasssasnsnes 3-32
The Vinson-Trammell Expansion Program (1933 — 1937)......uuuiiiiaaiiiiiiiiiee e eeeieeee e 3-40
The Naval EXpansion ACt Of 1938 .......cccuuiiiiiiee it e e e e e e e e e e s eneaeees 3-45
Developments in Marine Corps Aviation and Technical Construction..............ccccceccvvvieeeeeennne 3-46

4  The Second World War (1939 — 1945) .......ccccuiiiiierienie e 4-1
Army Air Forces Aviation Construction for the War..........ccccccvvveviiee e, 4-1
Prewar Mobilization and CONSIIUCHION...........ciiiiiiiiiiiiieie e e e e e e eeneees 4-1
The Formation of the U.S. Army Air FOICES........coiiuiiiiiii ettt 4-8
Impact of Army Air Forces Construction on the War Effort............ccccccoiiiiiiiiiiiee e 4-16
Army Organic Aviation and CONSIIUCHON .........cciiiiiiiiiiiiiieie e 4-17
Proving the Organic Aviation Concept for Ground SUPPOIt.........cceoiiiiiiiiiiireeeeiiiiiieee e e eesiinne 4-17
INauspicious Wartime BeGINNINGS .......ccoiiiiuiiiiiiee et e e e e e sttt e e e e s s st e e e e e e e s ssaaaaaeeaeeesanes 4-19
Overall Impact on Aviation INFrASIIUCIUNE ............eiiiiiii e 4-20
Navy and Marine Corps Aviation Construction for World War Il ............ccccovvevreeiiinnnnen. 4-20
Buildup for the Naval AIr WA .........eieieiiee et e e e e e e e s e e e e e e s anes 4-22
Expansion Under the 15,000-Plane Program............c..eeieiaeiiiiiiiiieeee e eeeeee e 4-29
Wartime CONSITUCTION .....ouviiiiiiiii ettt et e e re e 4-39
The Legacy of WWII Naval AVIAtION ..........uuiiiiiiiiiiiiiiiie e e e e e e e e e s saaareee e e e s esnnnnes 4-49

5 Overview Of the Cold War YEAIS ..ottt 5-1
Postwar Air Force Aviation CONSLIUCION DIIVEIS .....ooveiiiiiiieee e 5-1
Demobilization and the TrUMaN YEAIS .........eeiiiiiiiiiiieii ettt e e e e e e e e e aeeeeeas 5-1
Eisenhower and the NEW LOOK .........ccccooiiiiiiiiiiiii e 5-4
Origins of Flexible ReSPONSE POICY ........cooiiiiiiiii e 5-8
Flexible Response in the Vietnam CoNnfliCt............ooouuiiiiiiiiii e 5-9
ATLEE VIBINAIM L.ttt e e e e e 5-10

Reagan Administration Policy and the End of the Cold War...........c.cccoooiiiiiiiiiieeeee 5-12



Contents

Postwar Aviation Construction Drivers for the Other Services........cccccooviiiiiiiiiiiiinnee. 5-13
Army Aviation CONSLIUCHON DIIVELS ....co.ieiiiiiiee ettt e e e e e e e e et e e e e e e e e anneeeeas 5-13
Postwar Navy and Marine Corps Aviation CONStruction DIiVEIS...........ccccvvieiieeeeiiiiiiiieee e 5-25
Summary of Cold War Naval Aviation Construction ACHVItY ............cccoiuiiiiiiiiiieeeriiiiiieee e 5-33

6 Military Hangar TYPOIOQY ...ccccuuieiieiecee ettt e stae e 6-1

OVEIVIBW ..ttt ettt et e e oo oottt et e e e e e e s a kbbbt e e e e e e e e annbbbeeeeeeeeeannsbnneeaaaas 6-1

Explanation of Hangar Typology Chart ............ueviereo i 6-1

MALEFTAL DIVISIONS ....itiiiie ittt ettt et e et e e sbb e e e sbn e e e e snbbeeeesnneeeas 6-2
CONICTBEE . s 6-2
] (=T DO TPV RPT PP PPRTRP 6-2
WWOOM. ...ttt h ekt eh et et he ekt e et ne e 6-4
Composite CoNStrUuCtion MAtEIIAIS ........cooiiii i e e e e e e e 6-4

Hangar FOrm and CroSS SECHON ......cuvieiiiiieiiiiiee e e st e e e e e e s srere e e e e e s s s rerr e e e e e s ennnenees 6-5

Procedures for Using the Hangar Typology Chart: An Example .......ccccccoeecvveeeeeeviiennnen, 6-5

Hangar Terminology and DefinitioNS ...........c..uiiiiiiiiiii e 6-7

Associated AVIAtION SITUCLUIES ......oiuuiiiiiiiiee ettt e et e e st e e e sbaeee e e 6-9
SUIMACE SITUCTUIES ...ttt et e e e 6-9
Vertical Structures and BUIIAINGS ......oooiuuiiiiiieee et e e e e e e e e e e e e anneees 6-10

7 Conclusions and Recommendations .........ccoocireiiiriniee e 7-1

L070] o[ [ 157 To] o < F TP EU PO PPTPPPI 7-1
Hangar DiStribULioN ... 7-2
Chronology and CONSrUCHON TrENAS .......cciiiiiiiiiii e e e e e e e e e et ereaee e e 7-3
(01 1=T g 1o o [T T 1= P PRSPPI 7-5

RECOMMENAALIONS ...t e e s eb e e s naeeees 7-6

Appendix A: Military Hangar Database...........cooceveeeiinie e A-1
Appendix B: Abbreviations and ACIrONYMS .......ccveiiieriee e B-1
31 E5] 8 | 101 'e Y o PSS

Report DOCUMENTAtiON PAge........ccueeiiiiiiiee ettt ettt e e e nnae e



Vi Historical and Architectural Overview of U.S. Military Aircraft Hangars

List of Figures and Tables

Figures

1-1 Aeronautical Division’s first purpose-built aircraft shelter, Fort Sam Houston,

TX, CALLOL0. ittt 1-17
1-2 First known standard hangar plan, Quartermaster Plan No. 295 for a Signal

Corps Hangar, Ca. 1911 ..., 1-18
1-3 Typical Naval Aviation Camp at Fisherman’s Point, Guantanamo Bay, Cuba,

Ca. January 1913, ... 1-18
1-4 Tent hangars at NAS Pensacola, FL, ca. 1914, ........cccoiiiiiiiiiiieeee e 1-19
1-5. Floating LTA hangar at NAS Pensacola, FL, ca. 1916. .........occcuveeeeeeriiiniiiiieeeenn. 1-19
2-1 Albert Kahn's Signal Corps Mobilization Hangar, ca. 1917. ..........ccccceveeeiiiiiinnenn. 2-26
2-2 Kelly Field, TX, as an example of Albert Kahn's rectilinear standard layout for

a single squadron Signal Corps Flying Field. ... 2-26
2-3 lIrregular layout of Wright Field, OH, demonstrating a departure from Albert

Kahn's prevalent rectilinear standard [ayout. ... 2-27
2-4 Albert Kahn's curvilinear design for Brooks Field, TX, ca. late 1917..................... 2-27
2-5 Only surviving example of Albert Kahn's Signal Corps Mobilization Hangar at

Brooks Air FOrce Base, TX. ...ttt 2-28
2-6 The U.S. All-Steel 66 FOOt HANGAL. ......cooiiiiiiiiiiiieee e 2-29
2-7 Oldest identifiable example of the U.S. All-Steel Hangar at Fort Sam Houston,

TX, €L LOLT . et 2-30
2-8 Scores of U.S. All-Steel Hangars at Langley Field, VA. ..., 2-30
2-9 Standard continental naval air patrol station airship hangar at NAS San Diego,

O T TP OP PP P PRPPPO 2-31
2-10 75-Foot Coastal Air Station Seaplane Hangar at Cape May, NJ. ...........coccuvveeee. 2-31
2-11 First wood-framed hangar erected by the Navy at Bay Shore, Long Island,

N OO PP PP P P PPPPPT 2-32
2-12 Elevation of the arched wood-1attiCe truSS. ..........cccveiiiiiiiiiriiee e 2-32
2-13 Plan for the 210 x 104 x 24 Foot Timber Seaplane Hangar............cccccccoeeviinnnen. 2-33
2-14 220 x 160 x 32 Foot Timber Seaplane Hangars at Hampton Roads, VA............. 2-34
3-1 Plan No. 695-201, Standard 110 x 200 Foot “All Steel” Hangar, late 1920s. ........ 3-54
3-2 Plan No. 695-251, Air Corps 1930-A DESIQN. ....uuiiiiiiiiiiiiieeaa et 3-54
3-3 Air Corps Type A-A Hangars at Barksdale Field, LA, ca. 1934. .......cccccceeeviiiineen. 3-55

3-4 March Field, CA, an example of the standard layout resulting from the Five-
YEAI PIAN. .ottt 3-55



Contents

Vii

3-5 110 x 200-Foot Hangars at Langley Field, VA, ca. 1929........ccccccoevvvviereeeivicvinnnnn. 3-56
3-6 Chart showing the Air Corp’s hangar inventory as of November 1928. ................ 3-56
3-7 Row of standard 110 x 200-Foot Hangars at March Field, CA, ca. 1930. ............. 3-57
3-8 Air Corps 1929-B Hangar at Maxwell Field, AL, ca. 1931. .........ccccvvvevreeeeviciinnnnn. 3-57
3-9 Air Corps Type A-A Hangar at Maxwell Field, AL, ca. 1934. ........cccccceveeeeeiininnnen. 3-58
3-10 Series of Air Corps 1930-D Hangars form a second flightline in front of the

original at Langley Field, VA, Ca. 1932. ......cccoiiiiiiiiiiee et sieee e e 3-58
3-11 Layout of Barksdale Field, Ca. 1936.........ccccciviiirieeiiiiiieiie e 3-59
3-12 Plan of Hickam Field, HI, Air Corps Double Hangars (Type H), ca. 1936............ 3-59
3-13 Three-Arch Air Depot Aircraft Maintenance Hangar at McClellan Field, CA,

(o= T I 1 PSPPSRI 3-60
3-14 Two Two-Arch Air Depot Aircraft Maintenance Hangars at McChord Field,

WA, CA. L1940, ..ttt e e e e a e e 3-60
3-15 MacDill Field, ca. mid-1940s, an example of the Air Corps’ late 1930s layout

utilizing multiple diagonal FUNWAYS. ..........ccoiciiiiiiiee e 3-61
3-16 Three standard Air Corps field layouts that dominate the Interwar period. ......... 3-61
3-17 Goodhue-designed hangars at Naval Air Station North Island, CA..................... 3-62
3-18 Plan of Naval Air Stations Steel Seaplane Hangar, 2-Sections, 150 ft x 180 ft

X 35 fl, €. L1919, ittt 3-62

3-19 Plan of Naval Air Station San Diego, CA, Storehouse - Hangar D, ca. 1920. .....3-63

3-20 One-section version of the standard Steel Seaplane Hangar, 2-Sections, 150

ft x 180 ft x 35 ft at Naval Air Station North Island, CA. .........cccccoiiiinine i, 3-63
3-21 Plan of Naval Air Station’s Seaplane Hangar Design A, ca. 1925............ccc.ce.... 3-64
3-22 Plan of Naval Air Station Sand Point, WA, Seaplane Hangar, ca. 1928. ............. 3-65
3-23 Plan of Naval Air Station San Diego, CA, Seaplane Hangar, ca. 1928. .............. 3-65
3-24 Plan of Naval Air Station Hampton Roads, VA, Hangar and Shop Building,

(o= T 2 S PRSPPI 3-66
3-25 Plan of Naval Fleet Air Base Ford Island Pearl Harbor, HI, Seaplane Hangar,

(o T R 1 7 ST P TP PPPPPPRPPPPO 3-66
3-26 One of seven circa-1933 hangars constructed at Naval Air Station North

[£53 F= Lo 1R O N PR 3-67
3-27 Plan of Naval Air Station Pensacola (Corry Field), FL, hangars, ca. 1933.......... 3-67
3-28 Corry Field-type hangars constructed in 1937 at the main field at Naval Air

Station PENSACOIa, FL. ..ccooiiiiiiiiiieie e 3-68
3-29 Overhaul and Repair Hangar at Naval Air Station Pensacola, FL. ...................... 3-68
3-30 Plan of standard 75-Foot Coastal Air Station Seaplane Hangar at Quantico,

VA, CA. 1919 e e e e 3-69
3-31 Plan of Corry Field-type hangars at Quantico, VA, ca. 1933. ......cccccceveeeevvcvvnnnnn. 3-70

4-1 Typical Air Depot Aircraft Hangars (background) and typical Transport
Squadron Hangar under construction (right foreground) at Griffiss Air Force
BaSE, N Y. ittt e e e e e e e e e e e e annae 4-53



viii Historical and Architectural Overview of U.S. Military Aircraft Hangars

4-2 Plan No. 1000-357, Transport Squadron Hangar, ca. 1942 .........cccccccveeeeeevecvnnnnnn. 4-53
4-3 Plan No. 695-409, 120-Foot Temporary Hangar, ca. 1940. ..........cccccevveeeeeiivvnnnnn. 4-54
4-4 Plan No. 695-400.1, Air Corps Technical School, Two-Unit Hangar (Type TUH-

1), CA. LOAL. e 4-54
4-5 Transport Squadron Hangar at Griffiss Air Force Base, NY........ccccccvvvveeeeviivnnnnnn. 4-55
4-6 184-Foot Demountable Hangar (Type DH-1) at Vance Air Force Base, OK.......... 4-55
4-7 Possible CAA or modified DH-1 Hangar at Reese Air Force Base, TX. ................ 4-56
4-8 Plan No. 1000-1367?, Hangar (Expandable) for V.H.B. Aircraft (Type HANG-T-

), CA. 1945, oottt 4-56
4-9 Two-Unit Hangars at Keesler Air Force Base, MS. .........cccovieeeeiviiciieeeee e, 4-57
4-10 Plan of the A.T.C. Birchwood-Type Hangar, ca. 1944. .........ccccccevccvveveeeeeeiecennnn, 4-57
4-11 Non-standard flight test hangars at Wright-Patterson Air Force Base, OH. ........ 4-58
4-12 120-Foot Temporary Hangar at Eglin Air Force Base, FL......ccccccooccvvveeeeeeviennee, 4-58
4-13 Standard Type R-A Heavy Bombardment Hangar at Maxwell Air Force Base,

L 4-59
4-14 Roberts & Company, Inc. Type B-M Landplane/Seaplane Hangar standard
plan, ca. 3March 1941, ... e 4-59

4-15 Aircraft Storehouse (Bldg 631) at NAS Pensacola. .......cccccccvveevviiiieeeeee s s, 4-60
4-16 Seaplane Hangar (Bldg 632) at NAS Pensacola. ..........cccvveeveeeiiiiiiieeeee e e 4-60
4-17 B-M Landplane Hangar (Bldg 115) at NAS Jacksonville. ........cccccooccvvieeeeenienneee. 4-61
4-18 B-M Seaplane Hangar (Bldg 123) at NAS Jacksonville.........cccccccoovciviiieeeciinnnee, 4-61
4-19 Half B-M Landplane Hangar (Bldg 117) at NAS Jacksonville...........cccccccceevnneee. 4-62
4-20 A&R Shop at NAS JacksonVille. .......c.uuveiviieeiiiiieie e 4-62
4-21 A&R Shop Hangars at Alameda. ..........oeevvveeiiiiiiiiieeee e 4-63
4-22 Monolithic concrete hangar at NAS North Island, CA, ca. 1941..........c..ccceeveee. 4-63
4-23 Landplane Hangar at Quonset Point, Rl.........cccccvveeiiiiiiiieeee e, 4-64
4-24 A&R and Engine Overhaul Shop at Quonset Point, Rl........ccccccovvviiveeeeiviciinenen. 4-64
4-25 Modified B-M Landplane Hangar for Reserve air bases, ca. 1941 ..................... 4-65
4-26 A&R Shop Hangar at Cherry Point, NC. .......cccviiiiieeiiiiieece e 4-65
4-27 Steel LTA Hangars (Bldgs 148 and 149) at Lakehurst, NJ. .......cccccvvveeeeviivnnnnnn. 4-66
4-28 A&R Shop at NAS Barbers POiNt. ...........covveeiiiiiiiireee e 4-66
4-29 Standard B-M Type Hangars at NAS Memphis. .....ccccccovvviviiereeee e 4-67
4-30 Twin Reinforced Concrete Hangar at Patuxent River, MD. ..........ccccccvvveeviicnnnnen, 4-67
4-31 Timber LTA Hangars (Bldgs 194 and 195) at NAS Lakehurst. ........cccccccoevvvnnenn. 4-68
4-32 Army Type Squadron OBH-2 (Wood) Hangar at NAS Fallon, NV.............cc......... 4-68
4-33 A&R Shop Hangar at NAS Kaneohe, Hl.........cccvvviiviiiiiiie e 4-69

5-1 Example of the 39-05 hangar plan series to house B-36 aircraft at Ellsworth
AP FOICE BASE, SD. ....uviiiiiiiiiee ittt ettt bbe e e 5-35

5-2 Plan No. 39-01-69, Hangar - Alert Fighter Aircraft...........cccccccevv i, 5-35



Contents

5-3 Example of a prefabricated alert hangar at Wright-Patterson Air Force Base,

OH, €. 1952, ..ttt e e e e e e 5-36
5-4 Plan No. 39-01-44, Hangar - Maintenance, Medium Bomber Aircraft. .................. 5-36
5-5 Perspective drawing of a SAC Dispersal Maintenance Hangar. ..............c..cccuvveee.. 5-37
5-6 Typical SAC Dispersal layOuUL. ...........uuiivieeiiiiiieec e 5-37
5-7 SAC Dispersal Fuel Cell Maintenance Hangar at Wright-Patterson Air Force

Base, OH, Ca. 1959, ...t 5-38
5-8 Typical SAC Dispersal layout featuring five ramps arranged in a herringbone

pattern at Minot Air FOrce Base, ND........cccuvevieiiiiiiiiiee e e e e e e e e e 5-38
5-9 Plan No. 39-01-26, Hangar - Army Organic Light Aircraft. ..........ccccccvcvvveeiiiinnnnn, 5-39

5-10 Plan No. 39-01-62, Hangar - 12,000 Sq Ft (20,000 Sq Ft with Shops Added)....5-39
5-11 Plan No. 39-01-64, Hangar - 20,000 Sq Ft (35,000 Sq Ft with Shops Added)....5-40

5-12 Plans for the Miramar and Reserve Station Hangars. ........cccccceevvvveeeeeeveccvvnnnnn. 5-40
5-13 Plan for the Modular HaNQar. ...........ueevieoiiiiiieec e 5-41
5-14 NAVFAC Type Maintenance Hangar at NAS Pensacola, FL, ca. 1965................ 5-41
5-15 Plan for the NAVFAC Type Il Maintenance Hangar.........cccccccovvvevveeeeeeeecccinieennn. 5-42
6-1 Hangar typology flowChart. ..........cccuviieiiri e 6-19
6-2 Detailed CrOSS SECHONS. .....ooivieiieie et 6-20
6-3 Example of steel girder (or rigid frame) conStruction..........cccccevvvcvveeveeeeeiiiciinnennn. 6-21
Tables
1-1 The Early Years, U.S. Army aVviation.........ccuuviiiiiaiiiiiieeece e 1-15
1-2 The Early Years, U.S. Navy and Marine Corps aviation. ..........ccccccceeevniiiiieeeeennnnee 1-16
2-1 First World War, U.S. Army @Viation. ..........oooiuuiiiiieeeeeiiiieeee e 2-24
2-2 First World War, U.S. Navy and Marine Corps aviation. ..........cccocccvvveeeeeeinnniiieeenn. 2-25
3-1 The Interwar Years, U.S. Army aviation. ..........c.cueeiiiiiiiiiiiiieeee e 3-52
3-2 The Interwar Years, U.S. Navy and Marine Corps aviation. ...........ccccceeeeviiiineennn. 3-53
4-1 Second World War, U.S. Army Air Forces and Army Organic aviation .................. 4-51
4-2 Second World War, U.S. Navy and Marine Corps aviation. ............cccccceeeeeenivnnnenn. 4-52
6-1 Steel truss Cross SECtioN tYPOIOGY. ... .uueeieieiiiiiiiiiie et 6-13
6-2 Steel girder Cross SECtioN tYPOIOGY. «...vueeeieeiiiiiiiiiiie e 6-16
6-3 Steel long-span joist cross Section typology ..........ccueeviiiieeieeeiniiiieiee e 6-17
6-4 W00d truss Cross SECtioN tYPOIOGY. .....ccueeeiiiuuiiiiiiie et 6-17
6-5 Concrete arch cross Section typology. .......cououuieiiiieeeiiiiiie e 6-18
B-1 Alphabetical prefixes for Army and Air Force standard hangar drawings. ............. B-1

B-2 Modified hangar plan NUMDET. ..........oo i B-2






Acknowledgments

Acknowledgments

This study was performed by the Land and Heritage Conservation Branch (CN-
C) of the Installations Division (CN), U.S. Army Construction Engineering Re-
search Laboratory (CERL). The CERL Principal Investigator was Julie L. Web-
ster, CEERD-CN-C, historical architect licensed in the State of Illinois. The his-
torical research was conducted under contract to CERL by Dr. Michael A.
Pedrotty, University of Illinois at Urbana-Champaign (UIUC); and a portion of
the defense construction program research was conducted under contract by
Aaron R. Chmiel, M.Arch/MSCE, UIUC. Robert E. Riggins is Chief, CEERD-
CN-C, and Dr. John T. Bandy is Chief, CEERD-CN. The managing editor for
this project was Gordon L. Cohen, Information Technology Laboratory — CERL.

The work was supported in part by the Legacy Resource Management Program,
Office of the Deputy Under Secretary of Defense (Environmental Security).

The authors are indebted to those individuals who provided assistance. Special
thanks go to Dr. Paul Green, Cultural Resources Manager, U.S. Air Force, Head-
quarters, Air Combat Command, Langley Air Force Base, VA, who reviewed all
drafts and offered valuable comments. Dr. Richard Hayes and Mr. Dave Kurtz of
Headquarters, Naval Facilities Engineering Command (NAVFAC), Alexandria,
VA, provided a wealth of Navy-related hangar information. Dr. Martin Gordon,
Ms. Marilyn Hunter, and Dr. Barry Sude of the U.S. Army Corps of Engineers
History Office, Fort Belvoir, VA, also offered valuable assistance and provided
many of the line drawings that served as primary source material. The authors
also would like to recognize four installation cultural resources personnel for
spending a day in the field touring their respective airfields and explaining their
development:

« Jan Ferguson, Wright-Patterson Air Force Base, OH
* Bob Oliver, Tyndall Air Force Base, FL

» Corinne Hollon, Eglin Air Force Base, FL

» Dick Callaway, Pensacola Naval Air Station, FL.

This project would not have been possible without the assistance of all the Air
Force, Army, Navy, and Marine Corps cultural resource, history, real property,
and record drawing offices at the installations. Numerous personnel from these



Xii Historical and Architectural Overview of U.S. Military Aircraft Hangars

offices provided the authors with primary documentation sources that were in-
dispensable to the successful completion of this study.

Finally, acknowledgment is due to several individuals who invested considerable
energy and skill to help pull the huge volume of research findings together into
an attractive, readable package: Amy J. Woods, research assistant at CERL;
Sandra K. Bantz and Debra K. Krites, editorial assistants at the Information
Technology Laboratory — CERL; and Elizabeth A. Fathauer, free-lance copy edi-
tor, Champaign, IL.

The Director of CERL is Dr. Michael J. O’'Connor.



Introduction xiii

Introduction

Background

As aviation technology developments and Base Realignment and Closure (BRAC)
activities change the missions of Department of Defense (DoD) installations,
there is a growing need to adapt military buildings to new uses. Military aircraft
hangars are popular buildings to convert because they provide large, adaptable
spaces that can serve a variety of purposes. Consequently, inquiries about modi-
fying hangars have been increasing in recent years. Before a hangar can be
modified, however, its historical significance must be documented and assessed
in accordance with Sections 106 and 110 of the National Historic Preservation
Act (NHPA).

Section 106 is a specific mandate that requires every Federal agency to take into
account how each of its undertakings, such as hangar modifications, could affect
historic properties. Section 110 defines broad affirmative agency responsibilities
for administration and management of historic properties. A historic property is
defined as any property listed in or eligible for the National Register of Historic
Places. The National Register is the nation’s basic inventory of historic re-
sources, and is maintained by the Secretary of the Interior. It is important to
note that protections afforded by Section 106 extend to properties that possess sig-
nificance whether their significance has been assessed or not.

To comply with the provisions of NHPA Sections 106 and 110, DoD installations
need effective tools to help the base’s cultural resource manager determine the
significance of any hangars intended for modification or demolition. The U.S.
Army Construction Engineering Research Laboratories (USACERL) was tasked
to study DoD'’s inventory of aircraft hangars for criteria relevant to Section 106
and 110 requirements. This study is intended to facilitate DoD’s future assess-
ment of any hangar’s historical or architectural significance, as required by the
NHPA. It was conceived to expand a previous DoD-sponsored study on World
War 1l temporary buildings. That study was intended to be a survey of the ap-
proximate numbers and locations of remaining World War Il temporary con-
struction in the United States. It concentrated on temporary construction from
1939 to 1946, and addressed many types of buildings — not just aircraft han-
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gars. The current study, on the other hand, specifically addresses aircraft han-
gars and covers most of the 20th century.

Objectives
The objectives of this study were to:

* ldentify and describe the principal types of military aircraft hangars built
before 1996.

» Document hangar origins, locations, and approximate numbers.

* Provide a context for understanding the aviation and construction history
related to major hangar types.

Approach

To provide adequate notice to DoD installations USACERL provided written no-
tification of the project to the appropriate headquarters-level cultural resource
management points of contact within the U.S. Army, Air Force, Navy, and Ma-
rine Corps. Next, all military installations in the continental United States,
Alaska, Hawaii, and Puerto Rico were surveyed via a fax questionnaire to iden-
tify which locations had surviving military hangars. Installations that con-
firmed having hangars were then sent a memorandum requesting the following
information:

» areal property inventory for past and present flight lines and air fields

* an installation map that included hangar building numbers and locations

e any available documented installation history

» real property records for each hangar

» drawings of each hangar to include floor plan, front elevation, and structural
cross-section

e any hangar-related historic building inventories

* photographs of hangars.

In some cases data were collected through site visits. Specific physical data were
collated from the materials provided by the installations surveyed, forming the
basis for the hangar database presented in Appendix A. The database was then
analyzed to develop the aircraft hangar typology, which comprises one of the ma-
jor sections of this report (Part II).
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Much of the historical information presented in Part | was developed through
literature searches and examination of pertinent historical documents obtained
from various repositories. Some of the standardized drawings were compiled
from the same sources. Specifically, research was conducted at:

« the National Archives and Records Administration (NARA) in Suitland, MD

* the NARA Military Reference Branch in Washington, DC

* the U.S. Army Corps of Engineers Office of History at Fort Belvoir, VA

e the CERL Technical Library, Champaign, IL

* the NARA Cartographic and Architectural Records Branch in College Park,
MD

* the University of lllinois at Urbana-Champaign Library and its interlibrary
loan system

» the Naval Facilities Engineering Command (NAVFAC) Headquarters in
Alexandria, VA.

Installation-level histories and historical building inventories provided site-
specific historical narrative and data.

Scope

Data collection for this study excluded most Reserve, National Guard, and over-
seas installations as well as bases that have been closed and those in former
theaters of operation. The report addresses intact military aircraft hangars and
associated airfield structures currently owned and operated by DoD. The
NHPA'’s 50-year criterion for assessing historical significance was expanded for
this study to include all hangars built through the Cold War era and up to 1996.
It is expected that these expanded data will be helpful to installation cultural
resource managers as requests are received in the future to modify Cold-War-era
hangars.

It also should be noted that, because many types of military hangars were repli-
cated at nonmilitary airfields over the years, this report may serve as a useful
resource for civilian agencies required to conduct Section 106 reviews.

While hangars built after World War 1l are addressed at some length, the reader
should note that the emphasis of the history and analysis falls on structures
built before 1946. This study offers an overview of hangar construction activity
during the Cold War but does not attempt to provide the level of detail or analy-
sis dedicated to the earlier historical periods.
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How to Use This Document as a Tool for NHPA Compliance Reviews

Environmental managers ranging from archaeologists to civil engineers may find
themselves responsible for Section 106 and 110 compliance. Therefore, to ad-
dress the widest audience, the information presented here assumes that respon-
sible individuals have little experience in researching historic architecture. This
document provides cultural resource managers with historical and architectural

information to assist them with Section 106
and 110 reviews. However, use of this docu-
ment by cultural resource managers must not
be considered a substitute for review by
trained historic architecture professionals as
required by the NHPA.

List 1 specifies the categories of information
that can best help to determine the signifi-
cance of an aircraft hangar. Much of this in-
formation can be found on the original, subse-
guent, and current property records for the
structure. Property records usually are kept in
the installation’s real property office. It is im-
portant for an installation to retain these
documents in some form. If storage space is
limited, these records may have been archived
on microfilm or microfiche. The installation’s
record drawing vaults may contain original
construction and subsequent modification
drawings. Some drawings may be available at
the installation’s regional Corps of Engineers
district or NAVFAC office. Historical photo-
graphs and other materials for determining a
historical context may be available at the office
of the base historian, at base museums, or at
local, regional, and national libraries and ar-
chives.

Using the Historical Narrative (Chapters 1 —5)

List 1. Possible indicators of historic or

architectural significance.

Building Name

Secondary Name

Present Building Number
Original/Subsequent Building Numbers
Location/Street Address

Present Owner
Original/Subsequent Owners
Present Use
Original/Subsequent Uses

Date of Construction

Architects
Builders/Contractors/Suppliers
Original Construction Documents
Alteration/Addition Documents
Lean-To/Office Module Documents
Building Condition

Exterior Description

Interior Description

Site Description

Designed Landscape Features
Outbuildings/Related Structures
Early Construction Photographs
Subsequent Photographs
Present Condition Photographs

After physical building information has been collected and analyzed, the histori-
cal context of the hangar must be understood. The historical narrative in this
document is divided into chapters that discuss five general periods, each corre-
sponding to a major U.S. military conflict or peacetime era.
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List 2. Aviation construction themes identified in this report.

Aviation Construction Theme Duration Service Brief Description

Early Aviation Facilities To 1917 All Ad hoc construction of aircraft shelters for
pioneering aviation efforts.

WW!I Mobilization Flying Training | 1917-1918 Army Facilities erected in support of Army air train-

Fields ing associated with WWI.

WWI Mobilization Aviation 1917-1918 Army Air Depots constructed in support of the WWI

Support Facilities Mobilization effort.

WWI Continental Naval Air Patrol | 1917-1918 Navy System of naval air patrol facilities from
which the U.S. protected its Atlantic ap-
proaches from German U-boat attacks during
WWI.

WWI Naval Air Training 1917-1918 Navy/ Expansion of existing facilities and construc-

Marine tion of new bases to support naval air training
Corps associated with WWI.

WW!I Demobilization and the 1919-1926 All Sporadic construction during military down-

Lean Years sizing following WWI.

Air Corps Act and the Five-Year 1926-1931 Army Construction resulting from the Air Corps Act

Plan — Early Construction of 1926, which enabled the Air Corps to dou-
ble in size over 5 years.

Five-Year Program 1926-1931 Navy Construction of new facilities at existing
bases to accommodate expanding aircraft
inventory.

Five-Year Plan Expansion 1931-1935 Army Completion of Five-Year Plan construction
and expansion of program to accommodate
developing needs.

Vincent-Trammel Navy Bill 1933-1937 Navy Construction at existing air stations as air-
craft compliment expanded with growing
fleet.

Wilcox Act Facilities 1935-1939 Army Facilities constructed in “critical areas” to
support concentrations of the GHQAF in de-
fense of American shores.

Prewar Expansion under the 1938-1941 Navy Construction at existing facilities and estab-

Hepburn and Green Slade lishment of new air stations in support of the

Boards Naval Expansion Act of 1938 and the 15,000-
Plane Program of 1940.

WWII Mobilization Naval Air 1941-1945 Navy Massive expansion and establishment of new

Stations air stations to meet wartime needs.

WWII Mobilization Tactical Flying | 1940-1943 Army Construction during the opening phase of

Fields WWII to support expansion of Army Air
Forces and provide for continental air de-
fense.

WWII Mobilization Flying Training | 1940-1945 Army Facilities erected in support of Army air train-

Fields ing associated with WWII.

WWII Mobilization Aviation 1940-1945 Army Air Depots constructed in support of the

Support Facilities WWII Mobilization effort.

WWII Demobilization and 1945-1950 All Sporadic construction during military down-

Deactivation

sizing following WWII.
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Aviation Construction Theme Duration Service Brief Description

Sustained Forces Doctrine 1950-on All Facilities erected to support Eisenhower’s
“New Look” defense strategy that empha-
sized constant readiness.

ADC Scramble Facilities 1951-1958 Air Force Construction of Air Defense Command alert
scramble facilities to house fighter-interceptor
aircraft.

SAC Bomber Facilities 1952-1958 Air Force Construction at Strategic Air Command

bases to house rapidly increasing numbers
of B-36, B-47, and B-52 strategic bomber
aircraft.

Aircraft-Specific Facilities 1952-on Air Force Construction program to accommodate bas-
ing needs generated by the introduction of
new aircraft.

Soviet Anti-Submarine Warfare Mid-1950s Navy Construction effort supporting naval patrol

Program squadrons concerned with the Soviet subma-
rine threat.

SAC Dispersal Program 1958-1960 Air Force Construction at Strategic Air Command dis-

persal bases to house one squadron of B-52
strategic bombers at each site.

Air Mobility Construction Late 1960s Army Construction of Army helicopter facilities in

Program the wake of advancements in air mobility for
the nuclear battlefield.

Division 86 Facilities 1983-on Army Army aviation construction to accommodate
increasing air mobility.

Realignment Building Campaign | 1980s-1990s All Construction resulting from relocation and
consolidation of aviation missions at realign-
ment bases.

Each chapter is subdivided according to service (i.e., Army, Air Force, and
Navy/Marines). The narrative identifies the major aviation construction themes
that should be used in assessing the significance of DoD aircraft hangars. List 2
presents a directory of themes addressed in this study. The themes covered in
each chapter are listed at the beginning of each major subsection. The reader
should note that some aviation topics (especially local and regional themes) are
not well documented in the available source materials and therefore may not be
addressed in this report. The emphasis of the narrative is on hangar construc-
tion history within a national context, but the national context is provided to il-
luminate local and regional contexts — not to replace them.

At the end of each history chapter, for each military service, a timeline table is
provided that helps the reader to cross-reference events that were happening
within different realms of activity during the period. Specifically, these tables
track milestone events in the areas of (1) military conflicts and campaigns, (2)
aircraft technology and production, (3) military aviation operations, (4) military
aviation administration, and (5) military aviation construction.
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Using the Hangar Typology (Chapter 6)

In cases where much of the original architectural and construction information is
not available, cultural resource managers can use the hangar typology in Chap-
ter 6, in conjunction with the appendices, to help identify possible definitive de-
signs or standard design drawings that may have been used to construct the
hangar. In this report the term typology means the systematic classification of
buildings that share various characteristics. Therefore, if the hangar in question
shares enough characteristics with a definitive design or standard drawing, ad-
ditional information about that hangar — but not every detail — may be inferred
with some degree of confidence.

The use of definitive designs and standard design drawings by the Army and the
Air Force is mandated by Engineer Regulation (ER) 1110-345-100, Design Policy
for Military Construction. A definitive design outlines functional layouts, space
allocation, and special features or requirements. It specifies basic horizontal and
vertical configuration of elements, and usually recommends basic building sys-
tems, materials, construction details, etc. A standard design drawing, also called
a standard plan in this report, is a drawing rendered in sufficient detail about
materials and construction methods to serve as project construction drawings
after site-specific modifications have been made and inapplicable material has
been eliminated. Standard plans generally include alternative wall sections, de-
tails, etc., to illustrate variations that may be required due to local climatic or
seismic conditions.

Ideally, the typology will demonstrate that a particular standard plan was used
to construct the hangar. Some hangars may be similar to a standard design but
not an exact match. It is important to understand that standard plans and de-
finitive designs are simply the basis for subsequent construction documents.
These subsequent documents often deviate from the standard drawings to ac-
commodate site conditions. It also should be noted that standard drawings are
updated occasionally and numbering systems have changed periodically.

Using the Appendices to Determine Historical Context

After the physical makeup (or type) of a hangar is established, cultural resource
managers can refer to Appendix A, which comprises the authors’ complete data-
base of DoD aircraft hangars. Often, the significance of a hangar may rest on
the fact that it is the best or last existing example of a type, or the only known
example ever built. The database indicates installations with similar, or dissimi-
lar, hangars to allow cultural resource managers to examine their hangars in a
national context in addition to a local context. The accuracy of database entries
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depends on the integrity of the installations’ records. However, it also should be
noted that buildings often are not constructed true to their plans, and con-
sequently they may include built elements not shown in original blueprints or
specifications.

The database, when cross-referenced with the text, illustrations, and typology
information in the body of the report, should help the cultural resource manager
make informed inferences to fill gaps in the local construction records.

Appendix A contains key information about all known DoD aviation hangars that
fall within the scope of this study. Its principal benefit will be to help the cul-
tural resource manager determine a hangar’'s construction date and period of
significance. These data appear under the “Year Built” and “Era” captions, re-
spectively.* Each era corresponds to a chapter of the historical narrative. When
the correct era or combination of eras is determined, corresponding chapter con-
tent can be used to determine a national aviation context for the hangar.

Appendix B is a list of all abbreviations and acronyms used in this report.

* Note that hangars constructed during demobilization years may fall into two eras. The impetus, planning, and fund-
ing for the structure may be associated with the previous period, while the actual construction was completed in
the latter period.
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1 The Early Years: Military Aviation
Before 1917

The Origins of Army Aviation Construction

The decades leading up to American involvement in the First World War were a
period of relative calm for the U.S. Army. They did, however, witness two devel-
opments that will dominate the following discussion of U.S. military aviation and

the physical facilities that have been constructed in its support. The first is, of
course, the birth of military aviation itself. The second is the use of standard
plans and definitive designs by the armed

forces’ construction organizations, a prac- MAJOR THEMES AND CONTEXTS
tice that would play a part in the design
and construction of aviation facilities
through to the present day. While both of
these developments began in this early period, there was initially only a slight
connection between the two. Little physical support was provided for the early
aviation pioneers, who had to make do with crudely improvised temporary facili-
ties. Construction activity was largely confined to the fabrication and mainte-
nance of frontier posts, coastal defense fortifications, and some semi-industrial
facilities, with small-scale buildups accompanying such crises as the Spanish-
American War. Only when the development of military aviation accelerated in
the years just prior to the outbreak of the Great War were the needs of military
aviation integrated with the use of standardized facility designs in a union that
would shape the history of the aircraft hangar.

The Origins of Standardized Army Facility Design

As early as the Revolutionary War, Army construction responsibilities were split
between two organizations. The U.S. Army Corps of Engineers built engineering
structures such as roads, bridges, and fortifications, as well as canals and river
and harbor improvements. The U.S. Army Quartermaster Department’'s Con-
struction and Repair Division was responsible for the construction of Army posts
and facilities to house and train the troops. Many structures built by the Quar-
termaster Department were of temporary construction, including the early avia-
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tion facilities." It was under the auspices of the Quartermaster Department that
the Army’s system of standardized design was first introduced.

The standard plans program appears to have begun with the 1860 publication of
an unofficial set of standardized plans representing typical military structures of
that time. While never officially adopted, later Army publications made refer-
ence to these designs, and it appears that they were followed to some extent. In
1872, the Quartermaster General published an official set of standardized plans
that included post layout and building plans. These standardized plans deter-
mined the form of newer installations being constructed around the country in
an effort to consolidate Army posts as the frontier steadily closed. They did not
generally apply to industrial installations such as arsenals and armories. In
1893, the Office of the Quartermaster General again issued hundreds of stand-
ardized plans in support of an intensive building program intended to improve
the living conditions on Army posts. These plans were contributed by a number
of designers, both civilians and officers of the Quartermaster Department. They
were then distributed from the Office of the Quartermaster General in Washing-
ton, DC, to the local Constructing Quartermasters who supervised onsite modifi-
cations and monitored the execution of contracts. The Constructing Quarter-
master was expected to follow the standard design as closely as possible, and
was required to get approval from Washington for any variation.”

A system of standardized design has been in continuous use by the armed forces,
in one form or another, up to the present day. The standardization of military
construction was born of the necessity to create a streamlined process for large-
scale building construction during times of need. The benefits of this streamlin-
ing were realized in the reduction of the time necessary for the design, appro-
priation, and construction phases of the process, combined with reduced expense
to the government in each of these stages.

Time could be saved in the design phase because standardized drawings elimi-
nated the redundant effort required at different installations for similar facili-
ties, each of which could take more than a year to design. The use of a standard
plan thus eliminated the first step in construction planning and allowed for the
immediate commencement of funding approval. It also allowed for a more accu-
rate and reliable cost estimate, precluding the need for planning activities that
would otherwise have to precede the design phase. Time could also be saved dur-
ing the actual construction because the standard plan could be easily executed
without spending time experimenting with new construction methods and mate-
rials.



The Early Years: Military Aviation Before 1917

1-3

The cost to the government could also be reduced at each of the three phases.
Expenses were reduced in the design phase by not paying multiple architects
and engineers to design repeated versions of the same building type. The use of
a standard design also eliminated the need for separate appropriations for plan-
ning functions prior to the design phase, as the armed services could confidently
state that they already possessed accurate assessments of their basing require-
ments and the general costs of the buildings. Finally, savings could be realized
during the construction phase through the economy of repeated use of predeter-
mined standard materials and methods.’

More abstract advantages also could be attributed to the use of standard plans,
including the ability to develop the best possible design for a given facility type
— although perhaps at greater initial expense — because the design investment
would be distributed over a large number of building projects. For this advan-
tage to be realized, however, the standard plan had to be flexible, with specifica-
tions broad enough to accommodate a range of building materials and processes,
and foreseeable uses of the finished structure. For this reason, simple forms
were preferred. Well-proportioned rectangles were used extensively to accom-
modate a variety of uses, along with modifications that might be introduced to
the structure over its life span. Standard design drawings were intended to pro-
vide only enough detail on basic materials, methods, and form of construction to
function as project layout drawings. They allowed for site-specific adaptation to
local seismic and geographic conditions, and the situational availability of labor
and materials. These standard drawings would be used to produce the actual
working drawings used by the commercial contractor for construction of the facil-
ity. Thus, the intent of standard designs was not to supply the actual working
drawings for each project, but rather to make the entire building process — from
funding to construction — more efficient by eliminating costly and time - con-
suming preparatory work.*

Early Army Aviation

While the use of standardized design was already becoming established in the
early 20th century, it was not yet applied to the support of early aviation activi-
ties. Support for the development of combat aviation was slight in general, and
this was reflected in the lack of physical construction related to aviation activi-
ties. Military aviation can trace its roots back several decades before the incep-
tion of standardized design programs. The first proposed uses of military avia-
tion in the United States were offers of balloon observation during the Seminole
War in 1840, and again during the Mexican-American War in 1845. On both oc-
casions, the local field commanders declined the services of the would-be airmen,
and military aviation had to wait until the Civil War for its first practical im-
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plementation in this country. After early failures, balloon observation under the
direction of three civilian aeronauts — John Wise, John LaMountain, and Thad-
deus S. C. Lowe — made a material contribution to the Union war effort. The
most tangible support came in the form of spotting from captive balloons for in-
direct artillery fire, but more daring free balloon missions were also conducted
deep into enemy territory for reconnaissance purposes. By 1863, all balloon ac-
tivities were ceased because they were regarded as too dangerous and not pro-
ductive enough to warrant further investment of time, money, and lives.’

However, in 1891 balloons were finally officially accepted when Chief Signal Of-
ficer, Brigadier General Adolphus W. Greely founded a balloon section within the
Signal Corps, inaugurating the first official military aeronautical activity in U.S.
history. The balloon section saw some limited action in Cuba during the Span-
ish-American War, but its equipment was in poor repair and its personnel were
poorly trained. The unofficial assessment of the section’s performance was less
than enthusiastic, noting that the balloon drew considerable fire toward rear po-
sitions. Subsequently, the Signal Corps’ aviation efforts were mostly put on hold
until the founding of its Aeronautical Division on 1 August 1907. This division
was to be responsible for the development and execution of military aviation
equipment and techniques, including operations of both balloons and the new
flying machine designed by the Wright Brothers.’

Wilbur and Orville Wright had conducted the first controlled, powered flight at
Kitty Hawk, NC, on 17 December 1903. Throughout the next four years they
lobbied the U.S. military establishment to consider their flying machine for ser-
vice, but had no luck. They even turned down an offer from the British govern-
ment to acquire the airplane in order that the United States might be the first to
employ air power. Finally, in December 1907, the Signal Corps Aeronautical Di-
vision issued its first specification for a proposed aircraft. The Wrights easily
won the design competition: of the three proposals accepted, theirs was the only
one to be followed by an actual product. They delivered their first airplane —
the Wright Flyer — on 20 August 1908, and began flight trials at Fort Myer, VA.
The first military observer aloft was Lieutenant Frank P. Lahm, who rode with
Orville on the early flights as the Wrights set record after record for speed and
endurance. A crash on 17 September cost Lt. Thomas E. Selfridge his life and
ended trials for the year. Tests were resumed in July 1909, and the Wrights’ ma-
chine finally passed with flying colors.’

The Army’s first ‘official’ airplane, the Wright A, was used when pilot training
began on land leased at College Park, MD, in October 1909. By November, the
weather had turned too cold and windy for safe operations, so the flight school
was moved to Fort Sam Houston, TX. Because both of the qualified pilots had
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been reassigned to their parent units, only Lt. Benjamin Foulois remained with
the school’'s Wright A to complete his training. The first flight at Sam Houston
was also Foulois’ solo, on 2 March 1910.

The first appropriations specifically for military aviation were approved for fiscal
year 1912 (FY12), and part of the $125,000 was immediately spent to acquire
five new airplanes — three from the Wright brothers and two from Glenn Cur-
tiss, who had begun to design planes for the Navy.” These aircraft operated from
two wooden hangars at Fort Sam Houston, the Aeronautical Division’s first pur-
pose-built aircraft shelters (Figure 1-1).9* The first of these hangars was con-
structed by contractor Otto P. Koerner, measuring 41 x 49 ft, with a packed dirt
floor and accordion doors.” In the summer of 1911, the training operation re-
turned to College Park, where the Signal Corps had renewed its lease and added
a 200-acre expansion. The Quartermaster Department cleared the new land and
erected four wooden aircraft hangars. It appears that these four hangars were
constructed in accordance with the Quartermaster Department’s first standard
aircraft hangar design, which was published sometime in 1911. This design de-
picted a wood-frame, board-and-batten wood-sided structure, with dimensions of
45 x 45 x 11 ft (Figure 1-2)."" It is here that standardized design was first specifi-
cally applied to the requirements of military aviation.T

In December 1911, the school was transferred to Augusta, GA, in search of more
benign flying conditions. The worst winter in recent memory greeted them
there, and the pilots were more than happy to return to College Park in the
spring of 1912. That year brought innovation and experimentation as well as
training, with the development of the Burgess H tractor plane, pioneering efforts
in the design of a bomb sight, airborne trials with the Lewis gun, and night land-
ings. An official military aviator rating was developed, the first observation mis-
sions were run during Army exercises in Connecticut, aerial artillery spotting

* Technically, perhaps, the balloon house constructed in 1900 at Fort Myer would constitute an earlier aircraft shelter.
However, it was essentially just a storehouse for the Signal Corps’ balloon equipment left over from the Spanish-
American War. It was not necessarily intended to house balloons in an inflated state and, in fact, must not have
performed well as a shelter at all. In 1902, the equipment had to be overhauled and rebuilt nearly from scratch, as
it had deteriorated in storage beyond the point of utility (Glines, p 41; Mason, ill. 1).

Titis possible that the College Park hangars were constructed from an original, custom plan which was subse-
guently adopted as the standard by the Quartermaster Corps. The hangars were constructed in 1911, the same
year the standard plan was first published, but it is uncertain whether or not the standard plan was established be-
fore or after construction began on the College Park hangars. This sort of chicken-and-egg question is probably
unresolvable given the available evidence, but it is certain that the plans used for the College Park hangars match
the 1911 standard.
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was conducted at Fort Riley, KS, and a new aviation presence — complete with a
wooden hangar constructed by the Post Quartermaster — was established at
Fort Leavenworth.” Autumn of 1912 brought the school’s traditional relocation
to winter quarters, but this year half the Army pilots would be joining Navy and
Marine Corps fliers at Glenn Curtiss’ school at North Island (San Diego, CA) to
train on his aircraft. This marked the beginning of the U.S. Army aviation pres-
ence at North Island, which would last until 1935. Neither Curtiss nor the U.S.
Government owned North Island, which was leased from a local real estate com-
pany. The aviation school’s original facilities were confined to two aged wooden
barns and temporary canvas tent hangars put up by the pilots themselves.”

In the spring of 1913, the lease at College Park was allowed to expire and all
flight training was centralized at North Island, where it remained through the
rest of this period. Funding for FY14 cleared at about the same time, and work
began on a two-year project to establish two principal aviation facilities—a train-
ing center at North Island and an aviation center at Fort Sam Houston. Fund-
ing delays over the next two years caused the design and construction processes
to fall behind schedule. New hangar designs deemed necessary to correct short-
comings in the College Park models were not completed until 1915. Construction
at Fort Sam Houston was begun that summer and completed by December. The
story at North Island was even more problematic, as the real estate interest that
owned the property refused to sell it, and even asked the Army and Navy to va-
cate the premises. A protracted legal and commercial melee ensued that was
still not resolved when the United States entered World War 1.*

On 18 July 1914, H. R. Bill 5304 established the Aviation Section of the U.S.
Army Signal Corps, and for the first time authorized the permanent assignment
of personnel to this body. In August 1914 the First Aero Squadron was formed,
dropping the term “Provisional” that had preceded its title the previous year. In
the summer of 1915, the First Aero Squadron trained in Curtiss JN trainers with
artillery observers at Fort Sill, OK, where the aviators had to construct their
own camp and flying field. It was decided to retain these facilities after the pi-
lots who built them departed for their permanent duty stations, thus marking
the start of a long aviation presence at Fort Sill that continues to the present
day.”

January 1916 brought the Aviation Section’s first foreign deployment as it sup-
ported General John J. Pershing's pursuit of the Mexican rebel Pancho Villa.
Operating out of tent hangars on temporary fields, the Aviation Section proved
itself utterly unfit for the task, as its aging Curtiss JN-3 observation planes sim-
ply could not operate in the heat and altitude of the Sierra Madres. While the
Aviation Section’s experience in Mexico proved very discouraging, it did serve to
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demonstrate the woeful condition of Army aviation resulting from a lack of Con-
gressional funding support. Consequently, steps were immediately taken to
bring American air power up to speed with that of the European combatants of
WWI. In March 1916 the Aviation Section was appropriated $500,000 to remedy
the problems, and the National Defense Act of 1916 authorized $13 million for
the expansion of the Army’s air arm to seven active squadrons and twelve re-
serves.*

Beyond authorizing and funding an expansion of the number of aircraft and pi-
lots, this bill provided for the beginning of a construction campaign that would
provide the physical support necessary for expanded aviation operations. A
number of important permanent facilities were begun in connection with this
program, including:

* Langley Field, VA (Langley Air Force Base [AFB])
» Kelly Field, TX (Kelly AFB)

* Hazelhurst Field, NY

* Luke Field, HI (Naval Base [NB] Pearl Harbor).

Langley was intended to be the new governmental experimental station and fly-
ing field, where development of military aviation technology could be centralized
and accelerated. Land was purchased in 1916 and Albert Kahn, the noted indus-
trial architect from Detroit, was commissioned to design the facilities — the first
permanent construction planned for the Aviation Section. However, money ran
out before construction could begin, so work was not begun until April 1917.
With the American entry into World War | that same month, plans for perma-
nent construction would temporarily fall by the wayside. Because of these con-
struction delays, then, by April 1917 much work still remained before Langley
could accept operational aircraft. Kelly and Hazelhurst Fields joined North Is-
land as secondary training fields, intended to receive pilots who had completed
their basic flight training at civilian training schools and would finish their in-
struction on operational U.S. Army aircraft. Hazelhurst was established using
existing facilities of the New York National Guard, including five wood hangars
already present. Kelly Field was built from scratch on new land purchased near
Fort Sam Houston, and construction began on seven new hangars in March 1917
— just one month before America’s entry into WWI."

In April 1917, upon the U.S. entry into the war, the Signal Corps Aviation Sec-
tion was far from ready for combat in the skies over Europe. Total personnel
stood at 53 officers (of which only 35 were flight-qualified), 1,087 enlisted men,
and 210 civilian employees. The aircraft inventory stood at about 300, but most
were obsolescent trainer types or under-powered, unarmed observation planes
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that were utterly unfit for a theater of war. The Aviation Section could claim a
total of seven flight-related installations, four of which were just beginning de-
velopment. North Island and Fort Sam Houston had established aviation activi-
ties, and Fort Sill retained its single pilot-built hangar and a willingness to train
aerial artillery observers. Hazelhurst Field's established training operation was
newly included under the Aviation Section’s authority. Meanwhile, Langley and
Kelly Fields were still under construction, and the brand new Chandler Field,
PA, was scheduled to begin construction in April. Much work remained before
the United States could be considered a serious air power.*

Early Navy and Marine Corps Aviation Construction

The period before U.S. involvement in World War | was one of significant devel-
opment in technology and doctrine for the U.S. Navy. In particular, the years
just before the Great War witnessed the birth of naval aviation which would, in
time, develop into the most decisive naval
combat arm. Aviation’s future significance
was anything but apparent during these
early years, however, and like their Army
counterparts, the pioneers of naval avia-
tion were generally ill-regarded by naval
leadership. In particular, they received little support from the Navy's construc-
tion authority, the Bureau of Yards and Docks™, which was the counterpart of the
Army Quartermaster Corps Construction Division. Getting a comparatively late
start in the field, and suffering from the same technological and administrative
limitations, naval aviation advocates labored mightily throughout the period to
reach a limited state of readiness comparable to that of the Army’s air arm by
April 1917.

MAJOR THEMES AND CONTEXTS

Early Aviation Facilities

The Origins of Standardized Navy Facility Design

The Navy also employed a standardized design system in the construction of its
aviation facilities. Before 1842, naval construction exhibited little standard-

The Bureau of Yards and Docks is identified by several different abbreviations and brevity codes throughout this
document: BY&D, Y&D, BuDocks, and Yards and Docks. These various abbreviations appear in the titles of Navy
architectural drawings and construction documents as well as narrative related to such documentation. To pre-
serve the integrity of this nomenclature within its historical context, no attempt has been made to standardize the
abbreviations. The abbreviations are redefined throughout the text where required for clarity.
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ization, with design work executed locally by civilian contractors for the indus-
trial-type buildings that dominated Navy Yards. In 1842, the Bureau of Yards
and Docks was founded and given responsibility for construction and mainte-
nance of most structures on naval installations, while its Office of Civil Engi-
neering took over most building design duties. Special function facilities contin-
ued to be designed and constructed by the Navy bureau in charge of them. By
1853, each Navy Yard had a Civil Engineering office, and in 1867 the Civil Engi-
neer Corps was established within the Bureau of Yards and Docks and its per-
sonnel were given commissions. Civil Engineer Corps officers designed buildings
locally and submitted their proposals to the Bureau’'s headquarters in Washing-
ton for approval. As the 20th century opened, the Bureau was tasked with the
construction of new facilities necessary for the maintenance of a modern steel
Navy, such as improved and expanded dry docks, ordnance development and
storage facilities, coaling stations and fuel oil depots, educational facilities, and
living quarters. Its control over Navy and Marine Corps construction activities
was made complete in 1911 when the construction of special function facilities —
including aviation facilities — was centralized under the Bureau of Yards and
Docks with the rest of the Navy’s civil engineering operations.” At this point,
naval aviation had just begun to take its first tentative steps.

Early Naval Aviation and Aviation Camps

On 14 November 1910 Eugene Ely, a civilian associate of aircraft designer Glenn
Curtiss, flew a Curtiss biplane off the deck of the cruiser USS Birmingham at
anchor at Hampton Roads, VA, demonstrating the potential for aircraft to coop-
erate with fleet elements. On 18 January 1911 Ely landed a Curtiss pusher on
the modified deck of the USS Pennsylvania at anchor in San Diego Bay, turned it
around, and flew it two miles back to shore. Tests in February of that year dem-
onstrated the sea- and airworthiness of Curtiss’ new tractor-type seaplane,* and
confirmed its ability to operate with the fleet when one of these water-borne air-
craft was flown to the USS Pennsylvania, lifted onto her afterdeck with a crane,
then lowered back into the water where it took off again. Convinced that the po-
tential for naval aviation must be explored, the Navy ordered Lieutenant T. G.
Ellyson to the Curtiss flying school at North Island. Ellyson became the first
U.S. Naval Aviator when he qualified for his pilot’s license on 6 July 1911, flying
an A-1 Triad seaplane that became the Navy's first aircraft. In September, Lieu-
tenants John H. Tower and John Rodgers were ordered with Ellyson to Annapo-
lis, MD, to occupy the Navy's new Engineering Experiment Station on Green-
bury Point. Flight training, testing, and experimentation continued there
throughout the autumn.”
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The aviation camp on Greenbury Point was indicative of the lack of physical
support afforded these early naval aviation pioneers. It was assumed at this
time that naval aviation activities would be limited to those that could be carried
out from the fleet at sea, so there was initially little perceived need for fixed land
facilities. At Greenbury Point, a small clearing was cut into the woods, some
swampy land filled in, and a number of tent hangars erected to shelter the three
seaplanes. The site was soon discovered to be poorly suited to flight operations,
and the camp was moved the next year. Not least of the problems was the loca-
tion of the site directly down range from the Naval Academy rifle range.

Greenbury Point was the first in a series of aviation camps that would constitute
the Navy’s aviation shore facilities. A second camp in a form more representa-
tive of Navy aviation shore facilities was constructed in December 1911 at North
Island to house aviation operations during the winter months. This type of camp
had slightly better but still meager facilities, generally consisting of nothing
more than a beach on a sheltered body of water, a number of portable tent han-
gars, perhaps a temporary machine shop, a single naval vessel and a few sea-
planes (Figure 1-3).*

Concentrating on the ability of aircraft to operate with the fleet at sea, Naval au-
thorities continued to look for a way in which the faster and more fuel-efficient
conventional aircraft could take off and land from a ship under way. Tests were
conducted with a compressed-air catapult that finally succeeded in November
1912, although its first successful ship-board use would not occur until 1915.
Other testing conducted in 1912 involved the development of a primitive autopi-
lot, aerial torpedoes, airborne radios, and the more efficient “flying boat” hull
form. Pilot training also continued apace, with seven new aviators reporting for
training.”

Naval aviation’s first deployment with the fleet came in January 1913 during
maneuvers in the Caribbean. Operating out of an aviation camp on Fisherman’s
Point at Guantanamo Bay, Cuba, the aviation element demonstrated its utility
for airborne observation, spotting, and reconnaissance, and sparked increased
interest among high-level fleet officers. Continued experimentation brought ad-
vances in aerial bombardment, wireless communications, and instrument flying.
October also saw the commissioning of the Chambers Board, which advocated
continued expansion of the Navy’s air operations, and in particular, called for the
establishment of a permanent Naval Aeronautic Station (NAS) at Pensacola,
FL.?



The Early Years: Military Aviation Before 1917 1-11

Growth of Naval Aviation at NAS Pensacola

On 21 January 1914, NAS Pensacola was established on the site of the former
Navy Yard. Upon the arrival of the aviation unit, the canvas tent hangars from
Annapolis were erected to house the seven aircraft currently in service while the
USS Mississippi sheltered non-flight activities (Figure 1-4). Thirty existing
structures which had survived the Civil War and the subsequent hurricane and
tidal wave of 1906 were rehabilitated and put to use in support of the new avia-
tion mission. A brick storehouse, Building 27, was retrofitted as a hangar.
Commander Henry C. Mustin suggested that existing erecting shops should be
converted for the same purpose. A brick two-story structure, Building 1, was
used as a Joiner and Woodworking Shop in which wooden parts for the seaplanes
were built. Though poorly suited to their new function, these existing structures
were less expensive than new construction.”

No sooner had Naval aviation found its new home than, in April and May 1914,
its members were mobilized for their first combat deployment, which was
prompted by heightened military tensions related to the Mexican Revolution.
The two aviation detachments supported Navy and Marine Corps operations at
Tampico and Veracruz throughout these months, conducting primarily recon-
naissance and spotting missions. The bullet holes sustained by Lieutenant N. L.
Bellinger's plane during a reconnaissance of the Veracruz anchorage for mines
constituted the first combat damage to a Navy aircraft. Following their return to
Pensacola, a number of fliers were sent as liaisons to London, Paris, and Berlin
to observe aviation developments among the combatants of the Great War. The
importance of naval aviation was officially recognized with the creation of the
position of Director of Naval Aeronautics in July 1914, and the naming of Cap-
tain Mark A. Bristol as the first director in November. At the same time, techno-
logical developments at NAS Pensacola enabled the emergence of the swept wing
in the Burgess-Dunn AH-7 and AH-10.*

Steady progress marked the next three years at Pensacola, prior to American en-
try into WWI, as naval aviation expanded in size, scope, and technology, includ-
ing the Navy'’s first steps in lighter-than-air (LTA) aviation. The Navy's air arm
grew from 48 officer pilots in 1915 to 150 officer and enlisted pilots in 1916.
Funding support in these years could consistently be measured in the millions of
dollars. Constant advances were made in aircraft size, performance, and reli-
ability, as well as in more complex and reliable instrumentation. The Aeronauti-
cal Engine Laboratory was established in 1915 at the Washington Navy Yard,
where much of the developmental work was undertaken, but operational testing
of the new developments was conducted largely at NAS Pensacola. The Naval
Appropriations Act of 1916 provided for a Naval Flying Corps, backed by a Naval
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Reserve Flying Corps, the first officially recognized aviation units in the U.S.
Navy. It also appropriated more than $3 million for naval aviation, a portion of
which was immediately spent to acquire new trainer aircraft. Thirty of the sixty
new planes were Curtiss N-9 seaplanes, the first tractor types that the Navy
owned in numbers.”

These advances in Naval aviation were matched by physical development of NAS
Pensacola itself. In August of 1915, Commander Mustin was given authorization
to build new hangars for thirty planes at a cost of $110,000. In addition, a new
steel barge hangar was constructed for the Navy’s first LTA craft, which arrived
on 16 December 1915. This unique floating hangar contained an enclosed shop
on one end and was open on the other end (Figure 1-5). In 1916, the Navy'’s first
three permanent hangars of steel and asbestos were completed at Pensacola.
Each structure measured 102 ft x 72 ft, but was expanded to 102 ft x 148 ft in
1917. Despite all of its progress, Naval aviation would have much work yet to
complete before it would be ready for its involvement in the Great War.”’

Implications of the New Marine Corps Aviation Mission

The opening decades of the 20th century were years of significant change and
development for the U.S. Marine Corps. Central to these changes was a pro-
found doctrinal evolution, with debate raging in naval circles as to whether or
not the Marine Corps was even necessary anymore, and if so, what its mission
was to be. The final resolution of this controversy called for the Marines to shed
their old ship-board security and gunnery duties and accept the mission of ac-
quiring and securing advanced bases for the growing steel fleet. To support this
new mission, the Marine Corps established its new Advanced Base School at the
Marine Corps Depot in Philadelphia, PA, in 1911. There it developed a new doc-
trine for its increasingly independent mission and trained its personnel to exe-
cute it.

One very important part of this developing doctrine was defining the role to be
played by Marine Corps aviation, which was then taking its first steps in con-
junction with the Navy’s air arm. The close connection between the Navy and
Marine Corps was quite evident in these pioneering years, and has continued to
the present day. In particular, the Navy's Bureau of Yards and Docks was and
still is responsible for the Marine Corps’ aviation shore facilities, and in their
early years the sister services operated in conjunction from the same facilities.

Marine Corps aviation was officially born on 22 May 1912, when First Lieuten-
ant Alfred A. Cunningham reported to the Navy's aviation camp at Annapolis
“for duty in connection with aviation.” Cunningham was a member of the Corps’
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Advanced Base School and an avowed aviation enthusiast. He had been conduct-
ing privately funded tests of a privately owned aircraft in conjunction with the
Aero Club of Philadelphia, and was convinced that the airplane would be of great
utility to the Corps’ advanced base operations. Apparently, he was able to con-
vince his superiors of this, and was temporarily detached from the school to en-
roll in the Navy's new flight program. Cunningham joined the Navy's flying
school at Annapolis, but quickly obtained orders to visit the Curtiss factory at
Marblehead, MA. He soloed there on 20 August 1912, after less than three hours
of ground instruction. Later Marine Corps aviators who followed Cunningham
— including First Lieutenant Bernard L. Smith, who arrived at Annapolis in
September — trained with the Navy either at the Annapolis aviation camp or at
Pensacola.”

Slow steps forward in conjunction with naval aviation followed for the Marine
Corps pilots. Cunningham withdrew from flight duty in 1913, as his fiancée re-
fused to marry him as long as he continued the hazardous duty. He was replaced
by Second Lieutenant William M. Mcllvain. The first practical test of Marine
aviation took place in January and February 1914, when Smith and Mcllvain
deployed with the fleet to Culebra, Puerto Rico, for maneuvers. This exercise
was a test of the Marine Corps ability to seize and hold advanced bases for the
fleet, and the two pilots conducted daily reconnaissance flights in support of the
ground forces throughout the maneuvers. They also availed themselves of the
opportunity to take aloft the higher Marine Corps commanders in order to dem-
onstrate the value of aerial reconnaissance, and they apparently made quite an
impression.”

In 1915, Smith deployed to Europe to observe aviation developments in WWI.
Mcllvain remained as the Corps’' entire aviation strength. In April, Mcllvain
was joined by Cunningham, who must have convinced his new wife of his impor-
tance to the program. In the summer, Second Lieutenant Francis T. Evans be-
came the Corps’ fourth qualified pilot. Mcllvain was then sent to train with the
Army Signal Corps Air Division at North Island. The Marines had decided that
the superior combat performance of land planes would be crucial to the effective
aerial support of the Advanced Base Force, and forged an agreement with the
Army so that Marine aviators would be trained in both sea and land planes.”

By the end of 1916, the Corps’ air strength stood at five officers and 18 enlisted
men in the “Marine Section” of the Naval Flying School at NAS Pensacola. On
26 February 1917, Cunningham received orders to organize the Corps’ first inde-
pendent aviation unit, and the Marine Corps Aviation Company was established
at the Philadelphia Navy Yard as a component of the Advanced Base Force. Its
authorized strength was ten officers and forty enlisted men, and it was planned
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to be equipped with both land- and seaplanes. It had only just begun to receive
its own aircraft when the United States entered WWI1.** While the Marine Corps’
air arm was far from being ready to play a telling role in the coming conflict,
these early years were crucial to the development of its philosophy for air power,
emphasizing air support of the Corps’ ground forces and close cooperation with
the U.S. Navy. To this point in time, the Marine Corps had no independent avia-
tion shore facilities of its own, having always shared Navy facilities — an ar-
rangement that was soon to change.
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Table 1-2. The Early Years, U.S. Navy and Marine Corps aviation.
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Figure 1-1. Aeronautical Division’s first purpose-built aircraft shelter, Fort Sam Houston, TX, ca.
1910.
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Figure 1-2. First known standard hangar plan, Quartermaster Plan No. 295 for a Signal Corps
Hangar, ca. 1911.
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Figure 1-3. Typical Naval Aviation Camp at Fisherman's Point, Guantanamo Bay, Cuba, ca. Janu-
ary 1913.
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Figure 1-4. Tent hangars at NAS Pensacola, FL, ca. 1914.

e

Figure 1-5. Floating LTA hangar at NAS Pensacola, FL, ca. 1916.
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