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Foreword

Authority for conducting condition s~~veys at selected airfields is
contained in Long-Range Program , O8~~,A , FY 1972 , Project Q6-i : “Er~gineer-
ing Criteria for Design and Construction - WES ,” dated 1 July 1971.

The facilities at Lagun a Army Airfield , Yuma Proving Ground ,
Arizona , were inspected during December 1972 by Messrs . R. D. Jackson ,
K. A. O’Connor, and S. R . Rowland , Jr., of the Engineering Design Cri-

teria Branch , Soils and Pavements Laboratory, U. S. Arny Engineer Water-
ways Experiment Station (wEs) , Vicksburg, Mississippi. This report was

prepared by Messrs P. J. Vedros, R. D. Jackson, and S. J. Alford under
the general supervision of Messrs . J. P. Sale, R. G. P1hlvin , and R. L.
liutchinson of the Soils and Pavements Laboratory, WES.

COL Ernest D. Peixotto, CE , was Director of the WES during the con-
duct of the study and preparation of this report . Mr. F. R. Brown was

Technical Director.
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Conversion Factors, British to Metric Units of Measurement

Brit ish units of measurement used in this report can be converted to
metric units as follows :

- Mult iply By To Obtain

inches 2.5b centimeters
- - feet O.3Q1~8 meters

miles (U. S. statute) 1.6O931~4 kilometers

square inches 6. Li.5l6 square centimeters

pounds (mass) O.~ 5359237 kilograms

pounds (force) per O.6891i.757 newtons per square cent imeter
square inch

Fahrenheit degrees * Celsius or Kelvin degrees

• * To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings , use the following formula : C = (5/9)(F - 32). To obtain Kelvin

• (K) readings, use: K = (5/9)(F - 32) + 273.15.

Vii
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CONDITION SURVEY, LA~UNA PIPJ4Y AIRF IELD
-, YUMA PROVING GROUND, ARIZONAç

1. The purpose of this report is to present the results of an in-

spection performed at Laguna Army Airfield (LMF), Yuma Proving Ground,

Arizona , dur ing December 1972. The inspection was limited to visual ob-

servat ions , and no tests were conducted on any of the pavement facili-

ties. A layout of the airfield is shown in plate 1.

Pert inent Background Data

Location and topography

2. LAAF is located on Yuma Proving Ground, Arizona, which is

about 25 milea* north of Yuina, Arizona, in the southwestern Arizona des-

ert. A vicinity map is shown in plate 1. Mountain rangec in the vicin-

ity vary in size from low-lying hula to hills rising over 1600 ft above

mean sea level, are from 1/8 to about 16 miles in width, and are from 8
to 36 miles in length. The ranges consist of blocky buttes, spires , and
steep-sided mesas with local relief of several hundred feet. The plains

connecting these ranges are ~ut by broad desert washes varying from 3 to
20 ft in depth. In general, the area is composed primarily of alluvial
plains and ranges of hifls and mountains. The valleys of two major

stream systems, the Colorado R iver and the Gila R iver, transverse to
the west and to the south of the area, respectively. Only the Colorado

has a large continuous annual flow of water. Exposures of bedrock are

limited to the ranges proper and to the pediments at their margins;

however, most of the area is mantled by gravels, sands, and silts (re-
cent alluviums).

Drainage and water table
3. The area surrounding the Yuma Proving Ground is composed of

* A table of factors for converting Brit ish units of measurement to met -
• n c  units is presented on page vii.

1
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alluvia.l fans and dry desert washes emanating from the numerous hills and
l~iw mountain ranges. The greatest percentage of the land surface is not

conducive to absorbing rainfall to reduce runoff; however, the rainfall
is very light in this desert area, and drainage facilities are not con-

sidered necessary . The water table was not encountered in any of the

borings or test pits of 1958 (described in the report referenced in

paragraph 6b).

Climatic conditions

)4. The climatic characteristics of the area reflect a mean annual

temperature of 73 F and a mean annual precipitation of approximately
3.03 in. The temperature ranged from a high of 117 F to a low of 114 F

between the years 1931 and 1952. A tabulation of temperature and pre-

cipitation data is presented in - table 1. The amounts of departure from
normal for the 1971 temperatures and precipitation were determined using

a period of record of 1)4 yr.

General description of airfield F

5. In December 1972, the airfield facilities consisted of a N-S

( 17-35) runway, which was approximately ~‘~~O ft long and 150 ft wide ; an
E— W (2)4-06) runway, which was 6000 ft i~ ng and 150 ft wide; connecting
taxiways ; a parking apron ; a hangar apron ; a warm -up apron; and a
washrack .

Previous reports

6. Previous reports describing the airfield facilities at LAAF

are listed below. Pertinent data were extracted from them for use in

this condition survey report.

F a. U. S. Army Engineer Waterways Experiment Station, CE,
“Army Airfield Pavement Evaluation, Laguna Army Airfield,

• Yuma Test Station, Yuma, Arizona,” November 1959, Vicks-
burg, Mississippi.

b . U. S. Army Engineer District, Los Angeles , CE, “Materials
Investigation Report , Laguna Airf ield, Yuma Teat Station ,
Yuma, Arizona,” January 1958, Los Angeles , California.

C.  
_________, “Materials Investigat ion Report , Laguna Field,
Yuma Proving Ground, Yuma, Arizona,” July 1967, Los
1\ngeles, California.

7. No previous condition surveys have been conducted at LAAF.

2
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History of Airfield Pavements

Construction history

8. 19142_19143 construction. The original construction was ac-

complished during 19)42-19143 by Third Army troops, who used the location
as a staging area dur ing World War II. Construction consisted of 6 in.
of portland cement concrete (PCC ) on the hardstand areas and 1-1/2 to

3 in. of bituminous surface course (field mix ) over 6 to 10 in. of

clayey sandy gravel base course on the runways and. taxiways.

9. 1958 construction. In 1958, the runway and a portion of the

taxivay were strengthened with an overlay consisting of 3 in. of as-
phaltic concrete (AC) and 6 in. of stabilized aggregate base course .

The N-S runway was extended about 500 ft at its south end. This con-

struction was of 3-in . AC over 8 in. of stabilized aggregate base course

over 9 in. of select imported subbase . A PCC warm-up pad , which was

100 ft long and 200 ft wide, was constructed at the south end of the N-S

taxiway , and a 70- by 100-ft extension was added to the parking apron .

All pavements were designed to support a 50,000-lb load on twin wheels

spaced ~~ in. center to center with each tire having a 267-sq-in. con-

tact area. This design was based on use by C-119H aircraft .

10. 1967 construction. In 1967, the E-W runway and taxiway 14
were reconstructed. This construction consisted of 1-1/2 in. of AC,

6 in. of stabilized aggregate base course , and )4 in. of subbase . This

construction was considered to be the first step of a stage construction

project , which was planned so that the pavement ultimately would be

capable of supporting a 67,000-lb gear load on a single-tandem assembly
• in a tricycle gear configuration .

U. 1970 construction . In 1970 , the first 500 ft of the north

end of the N-S runway (feature R7B) was strengthened with a 1-1/2-in.
AC overlay . A hangar apron and washrack were constructed of 9-in. PCC .

12. 1971 construction. In 1971, approximately 14610 ft of the N-S

runway (feature R 5C) ,  t a.xiway 1 (feature fiB), the south end of the N-S

taxiway (feature T3B) , tax iway 2 (feature T)4B) ,  taxiway 3 (feature T5B),
and the parking apron (feature A1B) were overlaid with 1-1/2 in. of AC.

3a
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The NW-SE taxiway (feature T7B) was overlaid. with 14 in. of AC.

13. All construction except the original construction (19)42_19L~3)
was under the supervision of the U. S. Army Engineer Distr ict , Los An-

geles . Details of the construction history are presen~ed in table 2. A

layout of the airfield and a pavement plan indicating the ty-pe of pave-
ment on each facility are shown in plate 1. Pavement thicknesses , de-

~cn ipt ions , and other details are presented in table 3.
Traffic history

114. Detailed t raf f ic  records were not available. The 1959 evalu-
ation report (see paragraph 6a) indicates that approximately 650 cycles*
of traffic by all types of aircraft occurred during the period. May

1957-30 June 1958. (i’ypes and loads of aircraft were not indicated.)
From September 1958-January 1959 , 869 cycles of traffic with gross
weights less than 9,000 lb and 1460 cycles with gross weights greater

than 9,000 lb were applied. The aircraft considered to be in the weight

class of less than 9,000 lb were light Army-type aircraft; the aircraft

classed heavier than 9,000 lb were C-147’s, C-131’s, C-119’s, and C-130’s.

The C-1l9 and C-130 aircraft applied the majority of the cycles in this

group . During 1969, airfield traffic consisted of 3,698 operat ion s of

fixed-wing aircraft and 25,0140 operations of rotary-wing aircraft. Dur-

ing 1970, 6,71414 operations of fixed-wing aircraft and 23,209 operations

of rotary-wing aircraft were applied. Dur ing 1971, 7,227 operations of

fixed-wing aircraft and 29, 0814 operat ions of rot ary -wing aircraft were
-]nplied. From January 1972-November 1972 traffic consisted of 3,776 op-
erations of fixed-wing aircraft and 6 ,9)47 operations of rotary-wing air-
craft. Records for the period 1969-1972 did not indicate the types of

aircraft or gross loads; however, it was reported that the airfield in

the past had received approximately six cycles per week of DC-3 aircraft

traff ic , two cycles per week of C-130 traffic , and one cycle per month
of C-118, Jet Star , and Lear Jet traffic. The airfield operations per-

sonnel indicated that the N-S runway needs to be e~ctended 500 ft in

- 

- order to accommodate heavier aircraft .

* A cycle of traffic is one takeoff and one landing.

14
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Conditions of Pavement Surfaces

1). A visual inspection of the pavements during December 1972

indicated that the pavement conditions ranged from poor to excellent .
The N-S runway was in good condition , with the exception of the first

500 ft on the north end (feature R7B) , which was considered to be in

only fair condition . The runway interior (feature R5C ) contained some
surface defects , such as -openings at the longitudinal construction

joints (photo i) and minor reflection cracking (photo 2). The E-W run-

way was in only fair condition (photo 3). This rating was based on the

thinness of the pavement (1-1/2-in. AC),  the damage caused. by aircraft

turning around on the runway , and the poor bond in some locations be-

tween the wearing course and the binder course. All taxiways were in

good condition , with the except ion of the north end of the N-S taxiway

(fe ature T2B), which was in poor condition . This pavement feature is

the only portion of the original construction that has not been overlaid.

The comparison between the overlaid pavements of this facility (such

as feature T3B, which was overlaid in 1971) and feature T2B ( see photos
14 and 5) should be noted. The parking apron was in good condition.

The parking apron extension was in a poor to failed. condition, since

• 75 percent of the slabs contained a major defect (table 14* ). The warm-.

up apron was in only fair condition, since approximately 21 percent of

the slnbs contained a major defect. The hangar apron had. one slab with
a ma~or defect, so this feature was rated excellent. The washrack was

in excellent condit ion, with no defects noted.

Maintenance

16. Maintenance has consisted of patching small failed areas in
the E-W runway and the overlays placed on the N-S runway and taxiways.

* Table 14 shows a quantitative breakdown of the various types of de-
fects and a condition rating for each feature inspected. in detail .
The procedures used for determining the condition rating of a pavement
are given in Appendix III of Department of the Army Technical Manual
TM 5-827-3, “Rigid Airfield Pavement Evaluation,” dated September 1965.

5
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The cost of overlays placed on the N-S runway and the ta.xiways was

~~6,200. The failed areas in the E-W runway were caused by short-

radius turns by the C-130 and P-2 aircraft.

Evaluation

17. The latest evaluation report for this airfield was prepared

in 1967 (see paragraph 6c). Because the overlays have strengthened some

of the pavements and some changes in gear coafigurations and methods of

evaluation have been made since that time, new evaluation tables (ta-

bles 5 and 6) have been prepared. The physical properties of the mate-

rials as determined in previous evaluations were used for this evalua-
tion , with engineering judgment applied to specific pavement areas

where performance has indicated that the load-carrying capacity should

be modified from that obtained using the strength properties assigned in

the physical property data. -

18. The load-carrying capacities of the pavements at LAAF are

presented in table 5. As is noted in this table , the basic field evalu-

ation for the primary pavements is controlled by the carrying capacity

• of the north end of the N-S taxiway (fe ature T2B) . The surface condi-

tion of this feature was poor. Occasional use of the pavement facil-

ities by aircraft having gross weights greater than those allowable

under the basic evaluation may be necessary. Table 6 shows the allow-
able loading of such aircraft operating at frequencies of one cycle per

day . one cycle per week, and one cycle per month. The evaluation pre-

sented in table 6 applies only to the ability of the pavement to with-

stand a load. It is beyond the scope of this evaluation to determine

the capability of the airfield to handle aircraft from the standpoint of
the length of runway required , et c.

Conclusions

19. The following statements summarize the findings of this
- 

•: investigation:

6
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a. The N-S runway was in good condition , with the exception
of the fit~ ’t 500 ft of the north end, which was con-
ide red to be in only fair condition.

b. The E-W runway was in only fair condition.

c The taxiways were in good condition , with the exception
of t h e noFttl end of the N-S taxiway (feature T2B), which
was in poor condition.

d. Feature T~’B , the north end of the N-S taxiway , should be
overlaid to upgrade its condition to the load-carrying
capacity of the othe r facilities at the airfield.

a 7 
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Table l

Temper-itur e and Precipitation Data

1971 Departure 1971 Departure -~~ -

Average from Precipi- from 
jMonth Temperature, F Normal, F tat ion, in. Normal, in.

Januory 514.14 0.8 Trace* -0.39

February 59.1 1.6 0.07 -0.29
M~rcI~ 65.7 2.2 0.00 —0.214

April 68.3 -3.0 0.63 0.5)4

May 73 .9 -5.0 0.00 -0.01
June 85.14 -1.3 0.00 -0.01

July 93.8 0.5 Trac e -0.23
August 91.7 -0.2 O.~2 -0.28

September 86.6 -0.2 1.141 1.03

October 70.0 -14.9 0.01 -0.37

November 60.6 -1.14 0.00 -0.12

De cember 51.6 -3.5 0.10 -0.22

Annual 71.8 -1.2 2. 1414 -0.59

Note: Highest temperature in 1971 was 1114 F on September 12;
lowest temperature in 1971 was 23 F on January 8.

An amount too small to measure.

- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ - —  — - - —~~~~~~~ — - —- - --



_ _

Table 2

Airfield Construction History

_______________ - 
D in~ ns ions Pavement

LenCth Width Th ickness Construction
Pavement F-icfl . ity ~eature No. ft ft in. ~~~~ Year(s)  Agency

E— . ~~~~~~
~nr . ~ru c t i c~ FO3C , R7B 5110 150 1—1/2 to 3 B~~1 19h~0_ ~ 3 TAl

-ve r lay R5C 1~6l0 150 3 AC 19~~ CE
- - nt~. ex t ~uasio ~: 000 , 0 e~, Rh4B 520 150 3 AC 1958 CE
F-~~ -it nur t h i  end 75 120 II FCC 195i3 CE

R7B 500 150 1—1/2 AC 1970 CE
uer l- ty R5C 14610 150 !—1/2 AC 1971

1. -W run~ -~y
Original conntru ct iu : .  0-OB , 0)0 , R10.B ti0-1-~ ± 150 1-1/h to 3 B~~1 1) 10_ ..3 TAT
Reconstruct ion PE B , P~~~, BlOB 6000+ 150 1—i/O AC 1971 CE

Taxiway 1

~r i~ tna l  -I - -cn stru ct i-~~ 110 1450 80 1— 1/2 to 3 B~~ 1~~J -- 3 TAT
TiE 1450 80 1—1/2 AC 1911

tax i-~-a\
:-r i L~i n i i  -ori: tr-uc t ion TE B , T3 B h-t8O0~ 50 1—JJ to 3 BF~d 1 )L - .3  TAT
- -erU~v T3B L~C-~ 50 3 AC 1958 CE
- ;e r 1~ y T3B 10 00 10 1-1/2 AC 1971 CE

)r~ u~~ :1 r.~ truc~ jon T~+0- 1400 50 i-i/’~ to 3 EE~-~ 19242_ 1+3 TAT
Threrlay _ 2

~ E 1400 50 3 AC 1958 CE
T14B L~~-~ 50 1-1/? AC 1071

Taxiway 3
Or T inal construction T5B 10-) 00 1— 1/ - to 3 BF~-~ 19 —~3 TAT
Overlay T5B 310 80 3 AC 1053 CE
Overlay T5B 31u 80 1-00 AC 1971

0-ixiwav -4
0ri~ ina1 construction T6B 11400+ 75+ 1-1/ tu 3 ~-E!-1 1~0 - •~~ TAT
Reconstruction T6B 11400~ 75+ E—1t~ AC i26~ CE

-:-sE -~ 10-:
Or i g i ~ - t1 - -~~~t ru c t iun  TTh Varies 50 1—i/j  to 3 uP~-~ l~1- TAT

TTh Var ies 50 14 AC 1971 CE

ark ir ~ apron
- :- r O • - i:.- 1  -onstruction AlS 300 L1~ 1-LY to 3 BP~ 191 _L 3 TAT

vor iay 30-u 110 3 AC j 95i CE
- i-e r0~- -; AlE 300 110 1-i/: AC 1971 CE

7ar k i n ~ apron e xt e r c iu n  A2B 100 70 11 FCC 1958 CE
- :-u- -uj~ apron A5B 100 200 11 FCC 1958 CE

j~,ru ar -Lar - in 031? 360+ 200+ 9 FCC 1970 CE

- ashrack A14B 120 100 9 FCC 1970 CE

-~ote : CE denotes Corp s of Eng ineers ; TAT denotes Third Army Troops : BFM denote& bitu-
minou s field mix.
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Table 5

Summary of Basic Fie ld Evaluation, December 1972

Allowable Gross Aircraft
Loadings , lb, for

Norma]. Period Operation
Single-Wheel Twin-Wheel

Pavement Facility Feature No. Gear Gear

Primary Pavements

N-S runway
First 520 ft , south end R2B , R3B , R1-tB 70,000+ 50,000+
First 500 ft , north end RTB 62,000 50,000+
Interior R5C , R6C 70,000+ 50 ,000+

— Taxiway 1 T1B 62,000 50,000+

North end of N-S taxiwa~r* T2B 35,000 145,000

Sout4 end. of N-S taxiway T3B 70,000+ 50,000+

Tax iway 3 T5B 70,000-4- 50,000+

Hangar apron A3B 60,000+ 50,000+

Secondary Pavements

E-W runway
First 500 ft , each end R8B , R1OB 70,000+ 50,000+
Interior R9C 70,000+ 50,000+

Taxiways 2 and 1~i~ T14B, T6B 70,000+ 50,000+

NW-SE taxiway T7b 65,000 50,000+

Parking apron, parking AiD, A2B , A14B, 70,000+ 50,000+
apron e~ctension , wash- A5B
rack , and warm-up
apron

* Basic field evaluation .
a

— -4 ——- -------4- --4— - £ _ _ W ~~~~~~ -~~~~~~~~~~~~~~~~~ - - - - -



Table 6

Summary of Pavement Evaluation for Overload Aircraft

— A--

Overload Aircraft Allowable Gross Aircraft Loads lb
Type Weight, lb One Cycle One Cycle One Cyc le

Aircraft Empty Gross per Day per Week per Month

C- l23 30 ,000 60,000 55,0001 F~ø ’, 7A L~~~~øI
C-131 30,700 60,000 y~’/////~ V//////4 F~~~~’A
C-119 141,000 77,000 1 6o~ooo I F~~~//1 V//~’z7/A
C-514 39,000 82,500 I 6o,ooo l ~~~~~~ ‘//~2.~1
C-130 69,837 155, 000 105 ,000 1 I 125,0001 F ’
C—12 14 100,700 216,000 J 172,000] ~~~~ I~~~~ 1
c-i14i 1314,000 316,600 177,800 [~13,3OO J I 3ll ,löö]
C-5A 318,200 770,000 1 1488,900 I I 5814,1406] 1 71414,1400

Note : Basic field. evaluat ion was 35,000-lb gross aircraft loading
on single-wheel gear and 145,000-lb gross aircraft loading on
twin-wheel gear. -

Aircraft can operate at max imum gross load .

55, 000 ] Aircraft can operate at indicated gross load.

a-
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Photo 1. Cracking in longitudinal construction
joint on N-S runway

_f r _ -~~~~~

-

-4 Photo 2. Reflection cracking in surface
on N-S runway
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Photo 3.. General view of E-W runway
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- photo 14. Gurface condition of N-S taxiway (feature T2B) .

Area has not been over laid
a
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Photo 5. Surface condition of N-S taxiway (feature T3B).
Overlay was placed in 1971
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T2B -

3”8 FM
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11
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~~4 - 4-,

A4B A36 u:
• Pcc - 9” PCc TURNAROUND PAD

~~ R5C

~~ - 4.5” AC
WASHRAC K -~~~~

A IB :
4.5” AC HANGAR APRON ~~

‘ 
-~~~ -

PARKING APRON 
- -

PARKI NG APRO N EXTENSION

RIO B
A28 148

I 5 ” AC
II ” PCC 4•5’  AC

/
4,

4 - ,136 / R - - - -

I 
- 4.5” AC ~ / I .3” AC

~ 0
WARM -UP APRON /

168 ,
~
, A ,.4 6000 ~ 

150

. 5” AC 
- - - 156 -

~ 
- -

- A58 4.5” AC ~~~~ - - y ~~~ 
- -

I I PCC

- - - 
- 

- - - - R46

- - -/‘ - - - 
3” AC

I~~ 1
R9C R3B

I.5” AC 
L5” Ac

,,
~~~~~~LJ SCALE IN FEET

( R~!~ 4 R28
\~~~OhI

,/ 3~ AC
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ARIZOP4A

E l
2 / LAGUNA

~~ 
J(AIN 

ca~~o AAF

~J ~~ ARANC4
-N-

III,
0

V ICINI TY MAP
SCALE IN MILES

3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LEGEND

- j ASPUALT IC CONCRETE (Ac)

PORTLAND CEMENT CONCRETE (PCC)
-TURNAROUND PAD

________ 
BITUMIN OUS F I E L D  MIX (BFM )

RZB -~~ ---- FEATURE DESIGNATION (SEE NOTE I)
3” AC -~~ —-- SURFACE PAVEMENT THICKNESS AND TYPE

(-4
r

TYPE OF FEATURE
RUN WAY

T - TAXI WAY
A-APRON

TYPE TRAFFIC AREA
RIOB B—RUNWAY ENDS~ TAXIWAYS, AND APRONS

L5 ”A C C-RUNWAY INTERIOR
X -NO TRAFFIC

4 - - 
- 

- 
NOTE: FEATURE DESIGNATION DENOTES TYPE OF FEATURE ,- NUMBER OF FEATURE FOR GIVEN TYPE S A N D  TYPE

OF TRAFFIC AREA.

SCALE IN FEET LAGUNA AA F
VUMA PROVING GROUND

0 500 000 VUMA AR IZONA

AIR F I ELD LAYOUT AN D PAVEMENT PLAN

PLATE 1
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