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AIRFIELD PAVEMENT EVALUATION - USNAF CHINA  LAKE, CALIFORNIA 

Technical Note N-830 

Y-F015-15-02-125 

by 

R.  J.   Lowe and W.   H.  Chamber 1 in 

ABSTRACT 
NX 

The evaluation of pavement at the U.  S.  Naval Air Facility,  China 
Lake, California,  is presented with the allowable gross  load capacities 
of the runways,  taxiways,  and  parking aprons  for single, dual,  single- 
tandem,  and dual-tandem wheel assembly aircraft.     Information is also 
included on the construction history, climatic data,  and current air- 
craft traffic.    Results of the field and  laboratory tests on the pave- 
ments and subsurface materials are  included in the  tables.    Results  of 
the evaluation show that the runways,  taxiways, and aprons are capable 
of withstanding the loads  imposed by current aircraft with the exception 
of the south end of Taxiway 14-32 and the old portland cement concrete 
In Parking Aprons  1, 2, and 3.       ) 
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INTRODUCTION 

The  purpose  of the airfield pavement evaluation task is  to determine 
the suitability of the pavements at Naval and Marine Corps air stations, 
under  the cognizance of the Naval Facilities Engineering Command,  to 
accommodate  the aircraft currently using the station and  to provide 
designers with information on physical properties of the pavement and 
pavement materials.    During the period  from 6 October  1S65 to 11 January 
1966,   field  tests were conducted at the U.  S. Naval Air Facility, China 
Lake, California,  to thoroughly evaluate  the pavements used by aircraft 
at that station.    Authority for this evaluation was granted U.  S. Naval 
Civil Engineering Laboratory by the Bureau of Yards and Docks   (now Naval 
Facilities Engineering Command)  in April  1963.    The evaluation made use 
of surface plate  loading tests on the asphaltic concrete pavements, 
sampling of both  the asphaltic concrete and  portland cement concrete 
pavements, removal of portions of the pavement",   in-place  testing of the 
base,   subbase,  and  subgrade materials, and pla: .   loading tests on the 
base and subgrade. 

BACKGROUND 

The U.  S.  Naval Air Facility,  China Lake, California,   is an 
auxiliary  facility of the U. S.  Naval Ordnance Test Station, China Lake, 
California.    The airfield is approximately 3 miles north of the main 
gate of NOTS China Lake and is located along the shore of a dry lake bed 
in the Mojave Desert.    The geographical location for NAF China Lake  is 
latitutde 35041' North,  longitude  ll?^!1 West at an elevation of 2,215 
feet.    The airfield  is delta in shape  formed by Runway 3-21 on the 
northwest. Runway 7-25 on the south,  and Runway 14-32 on the east with 
taxiways heading therefrom to the parking aprons and hangar areas. 
Runway 3-21 is  10,000 feet  long. Runway 7-25  is 7,500 feet long,  and 
Runway 13-31 is 8,500 feet long.    An aerial photograph of the air 
facility is shown in Figure  1. 

i CONSTRUCTION HISTORY 

Construction of the air facility began in 1944 when the three run- 
ways, the taxiway parallel to Runway 14-32, and the parking apron were 
constructed. Extensions to all runways and the taxiway were completed 
in 1945. Runway 3-21 was extended again in 1952. A complete history of 
construction for the air facility is presented in Appendix A. 
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CURRENT AIRGFAFT TRAFFIC 
■ 

A tabulation of the number of operations  for a 12-month period is 
shown in Table 1.    During the period of evaluation,   the  following air- 
craft were observed operating at the facility:    Al, A4, F4B, and F8 
fighters, F9 drone, A-3,  P-2,  S2, TF-10, and WC-121N patrol, C-54, C-117, 
C-118, and C-131 transports, and T-28 and C-45 trainers. 

CLimTIC DATA 

Average monthly temperature and precipitation data for the past 10 
years at NAF China Lake are presented in Appendix B.    The maximum and 
minimum temperatures  for the past 10 years are also shewn in Appendix B. 

CONDITION OF EXISTINS PAVEMENTS 

A visual inspection of the airfield pavements during the period of 
evaluation showed that the general condition of the asphaltic concrete 
pavements was poor.    Considerable longitudinal and transverse cracking 
was apparent in the majority of the asphaltic concrete surfaces.    Even 
where pavement conditions were extremely poor, however,  no compxetely 
failed areas were noted.    Runway 3-21 was scheduled to be overlaid with 
asphaltic concrete during February of 1966.    The portland cement concrete 
pavements were found to be generally in good to excellent condition.    A 
detailed visual condition survey of the pavements  is presented in 
Appendix C.    Photographs showing typical pavement conditions noted during 
the evaluation can be seen in Figures 2 through 30. 

Sell and Pavement Profiles 

A search was made of the    Southwestern Division NAVFAC files and 
the Public Works office files of NAF China Lake  to obtain soil borings 
and pavement profiles of all the airfield pavements at N^F China Lake. 
If profiles were not available,  core borings were raadg: at a tcinimum of 
1,000-foot centers along the centerline of the  pavement to a depth of 6 
feet.    Profiles  for all pavements at NAF China Lake are shown in Figures 
31 through 36. 

FIEU) INVESTIGATIONS 

Field investigation consisted of:    Testing with    urface plate  leads 
on the asphaltic concrete pavements; coring and sampling the portland 
cement concrete pavements  for subsequent laboratory testing; determining 
ln-place density (sand-funnel) and moisture contents of the base,   subbase, 
and subgrade;  sampling the base,  subbase,  and subgrade materials  for 
laboratory testing;  plate load testing of the base and  subgrade; and 
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augering to a depth of 5 feet to visually classify the subgrade materials 
to this depth.    In general,  field tests were spaced on 1,000-foot centers 
on the runway and taxlway and one test per 20,000 square yards on the 
aprons.    Test locations are shown in Figure 37. 

At each  location on the asphaltic concrete pavements,  one 8- ancj 
one 30-inch-diameter plate  loading test was performed on the surface. 
During the plate loading test,  load was applied in increments to each 
plate until a total deflection of 0.15 inch was obtained or the capacity 
of the load cart  (100,000 pounds) was reached.    On those asphaltic con- 
crete pavements underlain with a soil cement base, deflection was limited 
to 0.10 inch or the capacity of the load cart.    In accordance with ASTM 
D-II95-57  procedure, each loading increment was maintained until the 
deflection did not exceed 0.001 inch per minute for 3 successive minutes 
before the next load was applied.    In addition to the surface plate 
loading tests, a 4- by 4-foot test pit was dug to permit tests on the 
underlying material on those asphaltic concrete pavements where the load- 
carrying capacity did not equal  the values listed in NAVDOCKS P-18. 
Upon removal of the asphaltic concrete pavement,  in-place density and 
moisture tests were run on the base, and a 200-pound sample of the base 
material was obtained for laboratory testing.    When soil cement base was 
encountered,  6-inch-diaraeter cores were cut and  flexural test beams were 
cut with a pavement saw.    The test pit was then dug to approximately 10 
Inches below the pavement surface or to the bottom of the stabilized 
base.    At this level a 30-inc.h-diameter plate load test was performed. 
In-place density and moisture tests were run, and a 200-pound sample was 
obtained at this elevation also.    The test pit was then dug to the top 
of the subgrade.    On the surface of the subgrade, a 30-inch-diameter 
plate load test was performed.    In-place density and moisture tests were 
run, and a 200-pound sample was obtained of the subgrade material.    An 
auger hole was then drilled to a depth of 6 feet below the pavement sur- 
face to visually classify the subgrade materials. 

At each test location on the portland cement concrete runways,  taxi- 
ways, and parking aprons,  three 6-inch-diameter cores were obtained.    In 
one of these holes,  the base and subgrade materials were sampled for 
classification purposes and to determine the thickness of the various 
layers.    In addition, at one selected test location representative of 
consistent  (similar)  pavement sections and subgrade conditions  (see 
Appendix A for identification of areas),  three flexural test beams were 
cut for subsequent laboratory testing.    The cut section was then enlarged 
to a 4-foot square to permit plate  loading on the base course to deter- 
mine the MK" value.    At each cut section location,  subsurface  testing 
was performed In the same manner as under the asphaltic concrete pavements. 

LABORATORY TESTING 

In the laboratory,  the following determinations were made of the 
properties of the materials obtained in the field: 
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Portland CemenL Ccncrete 

thickness 

examine  for deficiencies 

tensile splitting test 

flexural strength of hardened 
concrete;  (aoduluB of rupture) 

Subsurface Materials 

gradation of aggregates 

specific, gravity of aggregates 

plastic limit and plasticity 
index of soils 

liquid limit of soils 

moisture-density relation of 
soils 

California bearing ratio 

compressive strength of soil 
cement cylinders 

ASTM C496-64T 

ASTM C42-61 

ASTM C136-61T 

ASTM D854-58 

AS1M D424-59 

AS1M D423-61 

ASTM D1557-61T 

EM 1110-45-302  (GE) 

ASTM D1633-59T 

■ 

V 

All of the above tests are specified in NAVDOCKS DM-21 and were per- 
formed in accordance with procedures listed above. 

. 

TEST RESULTS 
■ 

Asphaltic Concrete Pavements 

Results of plate leading tests conducted on the surface of the 
asphaltic concrete pavements are presented in Appendix D. The loads 
causing 0.15-inch deflection in the 8- and 30-inch-diameter )late tests 
on those pavements not underlain with a soil cement base and 0.10-inch 
deflection on those with a soil cement base were used for computing the 
allowable gross aircraft loads for the asphaltic concrete pavements. 
The curves presented in Appendix D are thus indicated as a surface test 
on a crusher run base cr soil cement base whichever pertains. Taest com- 
putations were lu accordance with Figure 13-1 of NAVDOCKS DM-21. The 
graphic method for determining the allowable single wheel load for tire 
pressures of 150 and 400 psi is presented in Appendix E for each of the 
asphaltic concrete pavements. In addition, on the curves presented for 
Runway 3-21 in Appendix E, the results of plate tests conducted in 1963 
are included. A summary of the 1965 pavement load ratings as obtained 
from the curves in Appendix E is shown in Table 2. Results of the 
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laboratory tests performed on the asphaltic concrete cores and the 
recovered asphaltic concrete pavement sections are shown In Table 3. 
Gradations of the recovered aggregates are presented in Appendix F 

Portland Cement Concrete Pavements 

Tensile splitting tests were performed on the portland cement con- 
crete cores obtained from the pavements. Beams were tested in the 
laboratory to determine the modulus of rupture of the ln-place concrete. 
The results of the tensile splitting tests and the flexural strength 
obtained from the field-cut beams are presented in Table 4. Using 
these-data and the modulus of subgrade reaction "K" as obtained from the 
evaluation, or from adjacent area, the allowable load ratings for the 
portland cement concrete pavements were computed in accordance with 
Example 13-1 of NAVDOCKS DM-21. The load ratings are shown in Table S- 

Subsurface Materials 

Gradation of the base and subgrade materials from the test pits 
and auger holes are presented in Appendix F. Results of 30-lnch- 
diameter plate loading tests performed on the base and subgrade and the 
calculated modulus of subgrade reaction "K" are presented in Appendix G, 
"K", the modulus of subgrade reaction, is also tabulated In Tables 5 and 
6. Results of the laboratory tests performed on the unstabilized base 
and subgrade materials are shown in Table 6. Results of compression 
tests performed on 6-inch-diameter ceres of the soil cement base are 
shown in Table 7. 

Typical curves for moisture-density relationship and California 
bearing ratio for samples of the base, subbase, and subgrade are pre" 
sented in Appendix H. Logs of each of the test pits and the auger hole 
logs are presented in Appendix I. 

CONCLUSIONS 

A review of the calculated allowable gross aircraft loads as shown 
in Tables 2 and 5 indicates that from a load-carrying capacity, the run«- 
ways and taxiways with the exception of the south end of Taxiway 14-32 
between station 5+25 and station 13+50 are capable of withstanding the 
loads imposed by current aircraft. Visual inspection of the asphaltic 
concrete pavements, however, showed that the surfaces were all cracked 
very badly and the surfaces in general were in poor condition. The 
load-carrying capacity of the portland cement concrete in all of the 
parking aprons was low except the newer sections of Parking Apron 1 con«- 
structed in 1957. 

A review of the laboratory tests conducted on the recovered 
materials from the asphaltic concrete pavements shows that, with only a 
few exceptions, the asphalt has become hard (aged) as would be expected. 
Ihe penetration of the asphalt recovered was between 5 and 22 with one 
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test showing 47.    Ductility of the asphalt ranged between 0 and  15 centi- 
meters with one test showing 150+ centimeters at 77 F.    in-place moisture 
content on the subgrade materials ranged from 1.7 to 13.6 percent, and 
optimum moistures ranged from 6.6 to 9.6 percent.    All but one sample of 
the subsurface materials were found  to be non-plastic and had California 
bearing ratios ranging from 38 to 63.    Compressive strengths of the soil 
cement base ranged from 646 to 3,286 psi. 
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Table 1.   -Traffic Data for'USNAf China Lake,.California 

Date Landings Takeoffs Touch and Go 

July 1964 1,687 1,687 544 

August 1964 1,261 1,262 746 

September 1964 1,288 1,287 530 

October 1964 1,295 1,294 816 

November 1964 954 955 628 

December 19<>4 1,052 1,052 336 

January 1965 2,525 2,525 2,488 

February 1965 1,128 1,128 566 

March 1965 1,262 1,262 666 

April 1965 1,178 1,179 334 

May 1965 1,200 1,200 338 

June  1965 2,227 2,227 2,295 

Average monthly 
operations  (based 
on above 1-year 
period) 1,422 1,422 857 

i 

♦    -—— 

^_ i  



KM« 

3 

01 s 
3 

JJ 
c 
■ I 
£ 
IS 

.   a) 

o 
o 

. o 
•H 
*J 
iH 
W 

a n 
< 

00 
n 
•rl 
4J 

Si 
r) 
m 

3 
CM 

B 0) 
0) H 
'S 7^ o o o o o o o o O O O o o o 
G H o o o o o o o o o O o o o o 
ä b o o o o o o o o o O o o o o 
R «j •H M       A *t ft ■b     A     A •* A •» A n * A 

0) to r-l CM rH U"l >* vO O co 00 o a» vO r>s o 
r-j O a O O VO •vf f«» rH CM CO rH CM m 00 co CM 

t 1 o 
N «* n CO CO CO CO CM CO CM CO co CO 

6 
iH 

s (0 1 IV 1 S O O o O O O O o O O o o o O 
rH. ,* H O O o o o o o o O O o o o O /"» H U O O o o o o o o O O o o o O 

A | i-i •>       •• #t n A        A        A A «1 A M •» A A 

rH (U a» (0 iH <M 1^. sJ- .-O Ov CM -* vO CM rH ON r-. CM >-« rH'Ü a r>. «J o a> VO vO r^ 00 00 r^ CM CM 00 r>. 
2? rH n CO CM CM CM CM rH CM C>i CO CM CM « 9 o 

'S 1 
•rl 
CO 

ITi 
i-l • 

(0 
4J (U 
M-t rH M 
id 0) •.-1 o o o o O O O o o O o O o o B QJ H o o o o O O O o o o o O o o 
y 

3 n> 
o o o o O O O o o o o O o o 

N •rl A        *. n A A       A        A A « A *» ■1 *l A 

i-l 

^^ 
(0 ^- 00 rH o a> o co CM vO CO to 1^ m CO •< a tn vo sf co <t rH rH CM «* rH r^ lO <N rH 

id rH (N CM CM CM CM CM rH CM rH CM CM CM 
n 
co (§ o 
o r-t 

Ö 
0) 

0) 01 
t-H I-i 1 
Ul 

ti 
O O O O O O O O o o O O O O ■ Ü O O O O O O o o o O O O O 

B L« O O O O O O O o o o O O O O ■ •rl A       •% n •* t*        Ä         Ä A A n •* A A A 

•HI 0) m m <t CM ON a>  CM   rH r~ CM ON vO o- o- ON 
iH ü a vo m CM -* CM •* OV ro vD Ov rH u-i CM co 
-< 

iH 
at 

1 
o 

rH 1-1 rH rH i-H rH t-i rH rH 

00 
0) 5 

•H h 00 •.-1 o o O o O O O o- O o O O O O 
a H o o O o o o o o O o O o O o 
i-i o o O o o o o o O o O o O o 
CO i-l ♦.        A n A MAM M A A A A A A 

10 n vo m r^ 00 CM >t rH CM St co oo on si 
a o o 00 

,    i 
CO vO VO 1^ rH 

■       | 
vO 
■   [ 

CO ON VO _    | 
o 

r*   vN ^^ ^4 rH M rl fl r-i t—% ri 

•o 
iH 

CM CM CM CM ' < PQ Ü o 

v a1 
0) co >. >, >. >N 

ifl    U) a in <0 m n) CO 

2S s CM 3 •S •S •2 
g 13  *J CM CM         U 'S 13 s g M 

.«d 
•H 3   R CM CM coo    Ceo td H H H H 
4.» S^ s n m ^•1 83 CO 
4 i CM CO i^ rH M 60 00 00 
O i   h  a» <!■ r-t w  a a co CM C C c c 

5 CO   0)  O i-H i>- u CO •H •ri •rl •H 
5 >»Ä •   X 5*. ^ >> 4J U 4J 4.J 

>.  «   rH >. >» (B    4-1   rH   -U n) CO «d u O O t» 
rt    3  •H «J «J >    3   iH   M » > > <u 0) 5! S ;■ o 
|  U  CO I 

lg 
1 
3 

•5 o o o 
x co co S 

•In •H •H 1 
0 

e 

o i 3 5 
O s M 

'   1 

H H H CJ ü u o 

m 
u> 
O 
^ 
CO 
0 * 
t' 
o 

*J 
p 
1' 
o 
M 
01 
a 

u-i 

A 

»J « 
Oi 
Ü 

c 
•I-1 

■u 
X 
r 
c 

T) « 
O 
l-t 

1+^ 
c 
i.^ 
r. 
IU 
tJ   i. •i: 
I-l    01 (0 
0)    Tl CD 
aff 1?) 

in A; C) 
a«   -1 ■1 

SI cr; 
60  S 
£   ^ ^ 

•,H  Ö ■D 
6 J3 
3 rH to 
<n •^^ ■-* 

CO   o |M 
<   CA 13 

:| 

Mi 



I 

u 
a w 
4J 
e 

■ 

0) •H u c 
« n 
M O 
O <U 

u 
•H " 
4J 4) 

m «a 

si 
9 CO 
CO  £3 

CO 

« 

i-i 

1          h 
eü^ 

;        o» IH o i 1 1 
01   -rl  »* «*   • O O   1 CM    1 n i-i o> »o m o CM 10 

^ ^ ,H 

1                     4->   W 

>              N    1 n <t i CM    1 CO CM en n co CM CM CM 

M at 

!   w 4J 
•o T»         i-l 
•'-, Ä5jS 1              0    ' CO O   1 CM    1 ro -* i-i m r^ m CO CM       I 
o •        | •   • i | •        • •   •   •   • • *               1 
> IH T< a |      5' VO 00   1 O   1 .* vO CM o% m o >* o 

•HAM \r\ m IO m <* vo m m vo r^ if\ 
4J 
e 
0) 

to      < 
r-t 

u «   X 1            i-l   l CM 00   1 00   1 m m m «*  rH CO sO CM       1 
K ö ä '               •   l •    •  i •      1 •   • •      •      •      • • •              | 
V p s 1               <-!    ■ oo r^  i o\   1 a> I-I vo r>. ov r^ ^t o\ 
OH H fH 1-« 

i   >> to i , 1 
^ O O   1 O O   1 O   1 o o o o o o t^ o 
■H en • 1 1 

1      Ho si- 
•H   S   L 
iJ   Ü   l 

1     ä 
to 

ti o   < O CM    1 O    1 rH  iH vO «*  CM CM * rs    l 
t>. 1 1 «n 
r- 1 1 1 iH 

\        a | 
0 

U^ 
«d r*» 1 1 1 

!           M r^ m • vO 00   1 VO    1 a> oo co o% r>» o I»» m 
w i 1 • tH               rH ^• t-j    i 

1                 4)   4-1 
!         e eg 

« 
•         f^ 

^   V sf sJ- -* <* sr st 00 •* •* 00 m oo    ! 
O   O   -M "* \0    1 SO vO   1 vO   1 vO vO VO SO vO vO vO vO 

•H        cd 1 •  i •     •   1 •     •     •     • • •          ! 
»W   >> 60 CM    1 CM CM    1 CM   1 CM CM CM CM CM CM CM CM       1 
•H  4J   0) 

S     01   >   00 O O O o o o CO O O CO o CO 
<   a cd t>o >;,■ SO    1 vO vO   1 vO   1 vO VO vO SO vO vO sD sO 
\   m u < * •    1 •     •    1 •    1 •           • •     •     •     • • • 

u |    i N    1 CM CM   e CM    1 CM CM CM CM  CM CM CM CM       i 

4J   4J 
C  rH          JJ 
oj cd ^ j: 00    1 oo o\   1 VO   1 n r^ !>• 00 CM O 00 iH       { 
y J3   >> 60 •        | •    •  1 •        | ■          •           •           • • 
oi m       ai 

•tf    1 >* -* 1 •*   1 m •* »* .* no m IT» "* 
!   ^<    » 

a)      y >» 
60          -rl    4J 
Cd  ^ >4-l   -H t^ o <t trt co O O 00 vO f-H so  O 00 Ov sO       I 
M   iH   -rl    > 
a) 3 y cd 
> pq  0)   M 

i-i i-i CM CM  iH CM CM r-l   r-t CO CM CM CM CM CM 

CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
<!      ao 

CO 

1           w 
0) -co    • 
60 <U  Ü ^-v 
cd C   •   • O r^ f> Cl O CM  0> CM m r«. CO CO CM r^ in    i 
H AS <J   C • •           •          • •     «     •     • 
u y      ^i 

1        ^0° 
m o cn co -H CO O n n co co co co CM w 

1           £ Su 60 Su 
0 Ti    01 Ti     0) iH   0) CM 

•H m M -o U "O CM  fc -a 
en <d  fi 

CO 
i                 U CM eg c cd c 1 

cd 1     0)  -H 0) i-l 1     0)  -H «* 
u 

3 
^ 5 M 
o 

o 
& « »* » PQ 

O 

1-1 CO »*•        i 

o o o o ►.O O O O ►«O ►.o 

a! II s? II §???? gl si 8S vO vO 9 •* >T CM 
•3- vO 

•rl  O  O   O  VO •5 <t- 45 o 
^ vO C CM 

9 
jjC  r-l »t so 00 3°^ SM 

« Pi H H H           | 

u 
c 
0 
Ü 

• 



V 

t 

1          ^ ^ fc 
B -HCT 
0)  rH O 
1 "rf * O vO o O o lO m    1 

«i: e*> m CO n en CM CM      i 

{                M   (0 

1    w 
4J 

•O •d         rH 
i-l 0) A  «d • sr o l-l av Ov 1^ CM      i 

1    ^ r-t  W Ä ■ • • •              1 
fH -H   P. vO vO r«. m. o OO 00 
•H ;»  M |         m vo in m r-s s» h» 

1    W Pn       >< 

0) H 
t) «o x r». r^ iH vO sf 00 oo     | 
M u d *       * • • • *            i 

£ ß2 ro vo 00 00 m o\ <o     | 

1   >> PM 
i   u O o o o o o o 0 

-rl lO •-' o 1 «* 
•H   8   L 
4J u r 
O ^ PM 

ä o 00 CM m CO m 1/1 00      | 
r« r-t 
r^ 

!      c 
o 

s? t           « r^ 
i           H ^ r» oo CM 00 Ov iH o\ 

w 1-4 CM iH tH      j 
v *-> 

)          0 <d 
01 

>         * 
t           ^   01 00 <* 00 •* st -* St      I 

U   O   4J "* sO vO VO VO vO vO vO 

«M   >. 60 f es oj N CM 
• 

CM 

■ 

CM CM       { 

m o CO O O O 0 
a cd do "* VO vO vO VO vO vO vO      1 

I  m u < T 
•   • t • • • 

I       ü Cv« CV4 CM CM CM CM CM       | 

4J   4J 
CM       *J 

Ü X!   >> 60 
n oo r- Ov 00 CM av •       • • ■ • • 

U   O.X> Tt «* m >* -* m St m 
0)   »          01 
t*<    s 

III      o >» 
60       nH  4J 

1        «d ^d «W -H av •* r» CM r^ CM rH       ! 
|        h i-l «H   > CM M CM CM CM CM CO       j 
1      t:   S  o « •       • • *                 i 

1    ;> n a» M N CM CM CM CM CM W       | 
|      •<        O-O 
1            w 
i                  0) 
l      o) a   • 
i        60 0) U /-\ 

«0  c    •    • St O ro -* >* 00 00 
u * < c ■             • • • • 
01   U        -H <n <n r\ CM cn CM CM       ' 
> .H 1« >^ 

I <eo 

< A a Q 

►, >. >% >v 
« «d <d id s 5 5 5       ! 

§ 9 B g s    1 
* 

H H H H 
■H IT» 60 00 2 60 

ü CM CM C c c 
3 . •H •H •rH •3 

>v        O >,o 4J 4J «J w at o Q id o U O o o o o o o Si s? 4) O 

C CM 
0 

i? 11 
S'"^ SH §N C CM 

O 
C st 
o 

H H u o o CJ 

10 

L^ - -■ - 



I 

0)   60 ,C.      «Jt 
*J   C  4J /-\    • 
tt»  iH   60 -H rH <^ 
U X   ß   <0 ^ vO 
UM«   0.<»^N-' 
ö o M ^'«n 
o ä 4J     ^^ 

W 4J    O -H  -Cf 
M 60 >-'^N 
3 c T) o      m 
X 0)   Q) -H fH v-» 
<U M   tn -u   O 

fe w rt pi 

3 « 

0) 

«W  i-l rfj i-4 J2 
o n) 4J -H 4J 

M 60 0) 60^N 
O   3 C C C -sf 
•H x a» « a» ^^ 
■u ai M H n 
«d iH 4J *J 
M h co o en 

1-4  u 
•H   60/-^ 

S   M 
H w 

CO 

B) W   (3 /-\ 
V4 60 QJ -H ^\ 
3 C  PQ W CM 

a> M  B ^-^ 
i-4 4J    O 
(14 CO     M 

n 
4J    0) 

fiß 

es m M i-l VD o tn «* CM O vO vO 1». o r^ 
a> m vO Oi 1^ o o a> oo »d- CM m o\ oo o 
m io m m m !>. vO co m io m m vj- CM <* 

o o r^ oo r^ •-4 r> CM vo r-« r^ oo vo CM o 
co ""» 00 CM o 00 •* m i-H IT» co a« a> 0^ r» 
oo r^ r^ oo oo a. 00 ir» oo r^ r». •* o en m 

' 

00 00 00 00 oo 00 oo so vo ui m ^o iri vO VO 
CM CM CM CM CM cs CM CM CM CM (M CM CM (N CM 

0\  IT) vO IT) i-4 oo CM oo r^. co o vo oo 
>* 00 rH m CO vO vO CO >i" O ^ CN VO 
sD  lO vO vO vO r^ vD st vo so io ro m co 

CM 
lO 

l o i i i i CM 1 Is» 1 i 
1 iO i i i i m i «o • t 
i rv i i i i «n i r*. • ■ 

o m o CM m io • CM O P» ^ O «* vO m 00 • • • •  •••*• • • 
o o O o\ CO o\ o o\ o> I3\ vO 

lO 
CM 
I 

O 
O 

►.O O 
g O + 

CM 
CO 
I 

>t 
i-l 

O 
>.o p 
«fl o + g + m 

co oo 

CO 

nj o 

Si" 

CM 

(d o 
a? r 

w 

60 
c 

1-1 
4J 
o o 
« lO 

o 
o 

d 
o 
u 
a 
< 
60 
c 

CM 
M S £ W I 

CM 

g 
I-l 

< 
60 
c 
•H 

M • 

«O 

d 
o 
u 
a. 
< 
60 
c 

M r 

n 



3 

6 
V 

•o •ri 

I   ^ S in  M 
I   w 

.CO  U a <u »O CM O m 0 

o. H «0 u 1     ^o rH r^. o« i*«    ! 
•H 0) O   -rl m CM r> rH .t-H 

•^ iH  O m H 
1   s^ a rH 

1     CO 1 "i fi 

«a H 

3£ cO 
0) 

M Ü 
« S •H j                  * 
<w iH W   10 
n> u 0) a ai U") o en r» en     | 
u «« 01 U i       O ON a« r^ vO       | 

t   u a £ O -H CM iH 
M   M m H 
•H   Ü r-i 
<   M iH 

■d CO 
M  < 

1     w 
O   M 

S 
M   0 H •H 
O «-i CO (0   10 

0) a a) >* o «* <f 1**      i 1   <» Ü H rH «* 00 en CM 
1  '-< O   «rH r-l 

iH 
0) S H 

1 s 
1  •-< •rl 

< 01 CO    CO 
rH a a) "* < m «* '•* 
60 u CO m o -* en 3 O «H iH i-t 

1 1-) m H 
i CO iH 

M •H 
co       Mm CO   (0 
V                 (0 a, a) «* a» o vO en     I 
O /^ h  <u M LI rH >* rH i-H      j 

«on O   -rl 
1     i-i am 4-> Q H 

0)  •■-1         OT 3 

5     u c 
w o -H •H 

\         0) -O   0)  ^ 01   to 
i        >-l   «J   H   M a (U fO IT» O rH vO 

60 Q   h   O 
C  r-5   O  S 

H vO CM m CM H        ! 
O -H 

•H     u   „ m H 
CO                c3 iH 

1                                        0)   ^-N 
3   -rl o CM »* CM CM      f 

«-HO o m o in m 
«i a en en ** en en 
>>-' 

1               0)   no 
*J      C     W    /-N 
.0)   i-l   CO   -H m vo r~. o f»    1 
M .*   4)  U n m a« co o    j 
u M M a in en »* CSl "*    1 ß  o w ^^ 

J3 » W 

1                          U    7) 
!                    C   in 

OJ    CJ ^\ 
3   0» o o o m oo 

I           .    0) ^  c • •    • • •     | 
i                      >   O   -H I-I a> o CM vo 

.      (0 -H v-' <-* rH 

1         ^Ö-i • 
l-t   /->/-N CM en    j 

A •d- r- 
m C «d- m c c 
N   CM, O ON CT\ o o 

c •  fl t-l  rH, •-< u u 
o 1^  1 a *-' ^^ a. a 

.•H o <,'• •< < <    | 
r                             W                          ! I-I ü ü 
',                         CO (0 Ö0CJ Ü 00 60 

<■> 
>>        '«^"N B a PH c C 

i                         ^ 

(0 >-<   to ■I-I •H •rl 

gv-g ,« :   = .M M 
JH o. o U u 

3 en W CO           rH (0 RJ     \ 
pj O ^ a a a 

12 



— 

1 

^N 

i 
a)  w -H 

•O   3   O y «j tH a 1     1     IvOI     IOOI     1     I   <f    1    O    I 1     1     1   >4-   1   vO 00   1 
M   3 1     1     liHI     ICMCMI     1     l<J-IOI 1     i     1   vO   1   vO vO   1 w 
wo  C i   i   imi   is^<fi   i   i n i co i i    i    i  CM  i  in ro  i C 

sir: o 
u 

to       « \^ 

•o 
0)    (0    M 

K                                     R      w      w 
«y V               ' 

? 

IM «rl   (0 
•H    O   r-l WPMMCOCOCOtOCOCOWacoaWft« 

CO                                                        CO         CO         CO 
ts S W W R W   !   w 

1 P 

o 
•H   >, 
«4-1   4J i    i    i    i    i    i    i    i    i    i    i    i   r^   i   CM Ov    1    vO    1     1     1     1   O 
•rH  f-l 1      1      1      1      1      1      1      1      1      1      1      1     IT)    1    VO m  i  m  i   i    i    i  so 
o   > 1    1    1    1    • II     •   1 •   1    •   1   1    i    1 

!          0J cu CM         CM CM         CM                             CM 
a n 
W  Ü 

>, 
4J 

t •H   X 
U   0) 
•rl   -d 
4J    C 

1 
■ 

%%%%%%% 1 ÜÜgfeüm! 
1 

W  H 
cd 
i-i 

i-l 
cd 

fe 
- 

^ PS IIIOIIOOOIllC         001 1     1     1   00   1   O O   1 

M
at

er
 

n
ia

 5S i    i    i   m  i    i m u")  i    i    i  to      ro  i 
iii        ii             iii                  i 

1     1     I   cl   I    io u-l    I 
1    1    1        1             1 

a) v 4J 
u ^ C 

u 
U   *4-l 

id   3   (U »*cNvocoroc^onnvo«*incMro«* lOCMvOOvOr^OCI 
t-H   4J    4J 
P4    (0    C oororOCT\r^<tCMr-Nr^ooP-)t-->*OCM wi«d-cMovvooor>.m 

BJ   ^ 1    'H   O iH                          r-l                                                  »H iH 
«W   rH ßl" 
|Ö >> . 
<S              M *J x       >» 
3 OJ •H Cd           4J 
OT  ^ 10 S    ^-H i    i    iioi    lomi    i    ir^ioi 1    1    1   «d-   1   CM O   1 

g«3 a III     •   i    i     ••II  
1     1     1001     liHi-ll     t     l\OlvOI 

III    •  1    •    •   1 
i    i    i   r^   i   in m   i 

O Q O         01 0\           o\ o>                o^       o\ 0^       Ov Ov «s V r.      Q >. 
4J   .(„j Ü 

cd 

*J 
«0  Ä n •H 
o) o iH 4-1 o            VO »o                 m       Ov •      tH         «NO c H PL. 14-4 III     -11     ••III     •   1     •   1 III      •    1      •     •    1 

fti | •^ i    i    ivoi    IOI^I    i    ivoivoi 1     1     1    Ov   I    vO vO    1 s <M a ß U3 1     1     ICMI     ICMr-ll     1     IfMICMI 1     1     1    CM    1    CM  CM    1 
O 53 H i-H iH                  iH   i-l                          r-l           i-l iH          rH   i-l s 3    01   4J 
•M 3 S e CO 
^t 9   3   0) i    1    i   o   i    i   cy\ CT\   i    i    lOir^i i   i   i «a- i CM CM i 3 3 •H   +J   4J III    •   1    1    ••III    •I     •   i III    • i    •   • i 
CO u  m   C i    i    IP-»I    ir^voi    i    ir^iooi i    i    i   oo  i   r^ r«.   ■ 

£ O-TI o 13 
0) 
•H 

•H • B       >rr 
VO §          4J   4J o^            n «^                 00       o oo      r<» r» 1 B    5S-H  >W III     «ii i III     •i     •    •   i 
ü i    i    ir->i    ^cMO^l    i    i  a»  •   CM   i 1     1     i    CM   1    CM  CM    1 >-« i    i    icMi    icncMi    i    icsjic")i i   i   i n • en cn i 
^ Jg      at t-" iH                  i-l   tH                          iH           i-l r-l          r-l   i-l 

H 
2     o ^ 

f-4 

i 
B^ 

4J   O   (d    • 
CMOOCMO>CMfncNOfMvOCMOeN5fM 

CM   CM 
OOCMI^r^-CMCMOOCM 

' 

(,»«vOr~.fnr^r»-cMvtr~fnr^<t'r>»   i   rs CM r«.   i    i   r^ CM •* r^ 
ar-i m c i   i   i   i   i   i   i   i   i   i   i   i   i  m  i i    i   m m  i    i    i    i 
a)  a)  M -ri 
Ö M   3 >-' 

iHCOOOCM^COCMCMOCMvOcnO     •■* rH 00     •     • >t CM  CM 00 
iHCMO>*iHiHCM»3- 

II 1 
i-irHvOi-ifni-ii-icM^ti-ini-i^i-i«^ o CO i-i iH   iH 

c 
01 

01 

§1- ^N                              ^S                             <<-\ ^N          /-N 
r\ u              u              u *^     u      u 

-  5 M0)/->0)<^\                0)^N/-\ U              4)   ^-N   0)   ^N 
c to u-i a)  oo      4J       to u            to      u       4J CM   0)          60 4J   60 4J 
o Cvl   60  3         •rl          3 -H                3        -H         •H PI   60         3 -H   3 •H 
Ti   <U l     3 <        fL,        <  CM              <        PH        CM 13         <  PH <  PH 
v o 1^<0       ^       Ov-^            O       v-/       v./ <f <        O-WON-/ 

< cd O NS' IH C» 
U   0) O        O        O O              O        O        O O O O O 

^g?        ?        ??              ?        ?        ? 
S+vO        vO        vOvO               'O        vO        CM 
cvoi-4      CM      n»*          m      *o      i^ 

^8   ???? 
En      rH CM r» <t 

* 

3 3 
04 ä 

I 

13 



1- — .  ..  
aj w -H I-N 

-o  a co TO 
i               W   r-l    O. 'Oil 1    vO    1     1     i   vO    1     1    00    1     1 1    1    1    1 <t   i r 

Ü 3 w » ro   i    i i   r-i  i    i    i  co  i    i   a»  i    i 1    1    1    1 m  i U 
i           MX)   C! I  m  i    i 1    i-l    1      1     1    CM    1     1    CM    1     1 1    1    1    1 m  i 3 

Ä   O  -H rj 

3  » O 
1           W         « r^ 
1          "O 
1            0)   CO   w 
i              -H   rH    01 l            ^.v. 8                                    g S 
1          «W -H   cO ►L « ^ ^ pC CO  CO  M 

■ aaspHSi^sdaa 
|SCOCO(OCOCO3C0COCOCO 

o Ge S S •  S •H   O  r-t 
£  W  " 
53 

CO  O  CO  CO @5W 

O • 
;H >* 

j               *W   4J \                1    0\   1     i i    i   c3>   i   cr>   •    i    i    i    i    i 1    I    1   o i  i 

"ö? 1    IT»    1      1 i    i  m  ■   i/o  i    i    i    i   ■    i 1     I     t   vO i  i 
■       •II ii    •   i    •  i   i   i   i   i    i 1   1   1    • i i 

i    g.a 1                       «^1 CM         O) CM 

I        w o 
►» 

I              4-1 
•H   X 
o <u 

u%%% ^^^^^^^fe^fe^ ;^fe£ ^ 
CO  H 

CO * 
CO 73 

PH 

!1            fe « 1   O   1     1 CO 00    1     1     1    O    1     1    O    •     1 i i i i O   I 

M
at

er
 

(C
on

t ^iS 1    IT)    1      1 
1                   III 

vo co  i    i    i  in  i    i  in  i    i 
iii        II        II 

i i i i 
i i i i 

m  i 

(U   f J  w 
!      ü »-> c , 

at n> 
i         cO   3  ou 

•H   -U   4J 
e^ oj ö 

n co vo fo mcovOvooor>.r-ioovoo-^-incMvo m r--- 

IT» o vo m vocoinincovo«*<tiHr~.oo IH ^j- m m oo I-I 
« C 1   i-i  o I-I rH                                                  rH iH 

3 «M 
Ä^rj 

CO •!-! > • 
^> r-i ^ 

■ a « •H 
en u CO 1    IT)    1      1 m m  i    i    i  vo  i    i  co   i    i i   i   i   i CTv    1 

s •• 
#4 

0) »«äs I'll 
1    rH    1      1 

•    •iii    'ii    •   •    i 
vO ^    i     1      1    CO    1     1    vO    1     1 

i   i   i   i 
i   i   i   i 

•    1 

r-.   i 
O   O) o O           01 o» o^ oo                o>          oi en • 

Ü fi > 
aa <u 

u r« ♦J 
•H co cp CO (0 oi  td i-l 4J 9i CM  r-l                       O               CO o r< 

H  C P4 IW 1*11 •     •III      •    1     1       -11 i   i   i    i •  i b 
i-i I ^ i  r».  i    i i-i r«.   i    i    i   oo   i    i   I-I   i    i tiii r>.   i n 

"So A X» i  I-I  i    i CO i-l    1     1     1    i-l   1     1    CM    1     1 i   i   i   i CM    1 
H I-I rH iH   r-l                           i-l                  rH rH o 

« ^, a <u 4J CO 

^^ SMC 
a 3 cu 1    \D    1     1 oo r^   i    i    i   vo   i    i   vc   i    i i   i   i    i O    1 ^ 3 W •rl   4-)   -U l-ll •    -III     -II     «i-i i   i   i   i •   1 

CO » 4J    CO    C i  a\  i    ■ m oo   i    i    i  vo  i    i  vo  i    i i   i   i   i r-.   i T) 

& 
P. 1-1    O 0) 

1-1 
HI 

• e     t^T- •,•1 
11 

vO 3            W    4J 
i     •   i    i 

00 o                 a*           o> 
•    -III     -11     '11 iiii 

oo 
4) •H  H  co -^ 

X ft   C .C 
1   00   I     • m CM   i    i    i  m  i    i  m  i    t i   i   i    i ON     1 

r-4 1    (N    1      1 CO CO    1     1      1    CM    1     1    CM    1     1 ■   i   i   i CM    1 O 
^1 1     SC i-l iH   i-l                           rH                  rH r-i »* 
s E 

0) CM CO                                                  CM          CM   CO m CM 
vi 

4J   G   Irt     • 
r>. CM ^ CM •-icMCiicocM>*cMr^(Nr-. co CM  i-l  00  CM f^   CM y i   r^. r>. r>. i   r^ r-. <t r^ in r~   i   r^   i    i r-   i   m i--. i   rv 

0- r-l  U-l    ß IT)     1       1       1 mi   i   i    i   i   i  m  i  m m i  m  i    i in   i •" 
V   'h   U  •'-'.       '. •  CO CM (N •   CO  CO  »*  CO  "* -J"     'CM     •      • CO     •  u-, 00 • co H-l 
O « :) ^ rH  i-l  iH  i-l cnrH^r-i^iHin^i-icMCM co co I-I m O o 

CO rH i-l          i-l   rH I-I          ! /*\ J i 
TJ C 

"        1 
4J 
3 

C> 

!-i 
"9 H Ci C) 

s S- O »~.        /-\/-S /-\ <^N                         /-\         <~» x-s **> /••« o. co e ^-' h         M   Ki U   U                  u        u  u u ^ 
. «       i <u '". o;  i) CM/-N      OJQ)      /-\      ajz-sojo) Q> <u fel Ci  M              I CM   00 4-1    M  W) fOU          MM        4-1          M4JMM M /"N   M 

O                   i CO   3  -H   3   3 1    -H          3   3        i-l         S "H   3   3 3 •W   3 
•"-I '*■'             l 1    <»..<<; <tPM       <<:       PH      <pn<;<; < •rl   < 
4.J    O <]■ '«• s-» -w v»* I-I \.y       >~s s-/       **s       >»/ >_/ <w^ N-' N^- CO   f^   ^^ ; I 

O   0)              ! 
I-l 

O O O O ^O      o o      o      o o o o o >>       O < 

3^: ^???? §2    22    |    ?2?? ? CO O  Q       1 
> Q + 

•H   +  <t 
•:: 

H s <t CM <t m •HO         OO         O         OOCO^ VD 
c m o r-. oo XI-I      CMCO      <}•      invor^oo oo X  CM  i-l 
3 <0 \ cd                 i 
rt E-i H 

14 

^ 



T 

(0 

M 4J 
0) c 
*J o 
s 
<u to 
o •H 
(0 c 
m u ^ o 
3 <u 
CO •H 
.n i-H 
3 cfl 

CO u 
c A 
o <u 

,* 
CO 5 
CO 
<u CO 
H c 

•H 
«4-1 .a o o 
CO (^ 
u ^J 
1-1 J5 
3 to 
CO t) 
(U 
« 

• 

« ^ 
•Q 
(0 
H 

1 V m -i-l 
•O   3  co 
at >H a ■   Olli i i    i    i i    i i    i 1 
U   3 1  vO  1    1    1 i ' i   t    i 1    i i    i 1 
60-0   C 1 vo  1    1    1 i i   i    i 1    1 1    i 1 

^3   O -H 
3 S    , 
to       « 

U   CO   CO a as X a 
f-l  ■-<   CO to to to to 1* U

n
i
f
 

S
o
i
 

C
l
a
 

%*%%% 
S CO st to 

a o 
to to s 

u 
•H   >, 
>«  U • i i i i i i   i   i i i 1   1 1 
•H .H ■ i i i i i 9     1     1 • i 1   1 1 
O   f» • i i i i 1     1     1 i i 1   1 
0)   CO a M 
to o 

P^ 
4J 
•H   X 
O    (U 

a
s
t
i
 

I
n
d
 uu%%u g £%% g^ go. £ 

rH . 
(* 
'n pi O O   r    I    I i 1     1     1 • i 1   1 ■ 
< M m m i   i   i 

■   i   i 
i 
i 

1     1     1 
1      1      1 

■ i 1   1 
1   1 

• 

01   0)  4-1 
Ü M  fl 
CO   3  0) i-^ i-i n vo m i-4 i m m vo n m oi 00 
i-l u  u • i    •   • • 
fi* <a 0 m m CN r~ n m 1    -* CO oo <)■ O   rH vO 

1   i-<   o 1-4   r-l 
coo 
H X 

>. • 
4J X        >> 
•H is     4J 
CO JS   f^'H m o i   i   i i i   i   i i   i 1       1 1 
a 
(U 

U   CO •   «iii 
sj- oo i   i   • 

i 
i 

i   i   i 
i    i   i 

i   i 
i   i 

1      1 
1      1 

1 

Q O         0) Oi Oi 

0 
CO 

S-! 

m 
1-4 4J O 00 
P4 

1 
CW •    -III 

m CM i   i   i 
i 
i 

i    i   i 
i   ■   i 

i   i 
i   i 

1       1 
1       1 

1 
t 

d x OJ (N   1     1     1 i i   i   i i   i 1       1 1 
H rH 1-4   r-l 

B a» w ' 
3  H   C 
3   3   0) o« on >   ■   i i ■   ■   i i   i 1       1 1 

•H   4J   4J •    -iii ■ i   ■   i i   i 1       1 1 
4J    CO    C f>. r^ i   I   i ■ i   i   i ■   i 1       1 
a-H o 

e     t^T 
3           4J   4J ro ro 
B >.-H cw •    «III i i   i   i i   i 1       1 1 
•H L co *«* CM  <Ni    1      1      1 i i   i   i i   i 1       1 1 

ro n  i    i    i i i   i   i i   i 1       1 
jd            0)  r-l r-i i-i 
S     ö ^ 

« CM CM u-i <■ CO 

4J   0   «     • 
n pg io rg CM CM r^ r- CM CM IT) CM • 

o> ro r^ CM r^ r- r^  i    i 1    (^ i   r^ o a^n n-i c i    i    i    i    i i • m co IT)    1 CO    1 CM 
(U     01     M    -r-l n ON n n in n i-i   •   • •   U"| • <* 
Q «   3 »-^ M         CM l-l CO  iH CO CM CM m CO to l-l 1-4 i-4 

< n 
^\ >, >t 

0) •o a) CO 
"2 ^ — £ 3 

(0   E 
•U                               /-N /»N ^\ /'s 5 45 
3                     M u ^\/~\ u M ä^r 139 ^  <8 0 /-%                ID <u MM« 0) 

c to ü W                M 60 0)   0)   00 60 H 0) H   01 0 ^•H                3 3 00 00 3 3 60 00 
•rl  «4-1 A4                  < < .-I   3   3 < m < 60 3 60 3 
4J    O CO ^'              'x' 1^ ^^ CM < •< w CM >-' c < 0 ■< 
tO ^x^ T\   ^ •w O- 

L
o
c
 

T
y
p
e
 

►.O               O >,o >.             O ►,o 4J u 

•3 <»■         vo ■H O 

to o o p g? 
•H O 

Ü o 

1? 
y S 

gr. S" igcMr^ 8" C CM 
0 

S CM 
o 

  
H H H H u o 

4J 

g 

4J 
•H 
CO 
c 

to 

<u 

>4-l 
G 

CJ 
o 
M 
1) a 
i 

4J 

15 

L 



 — " ■'    — ""-"—-^— — ••' ■'        ■—    -— ■  " 

g 

'■  r 0)   <o »H 
V   3   W 
«   <-!    O. • 1   1 1 CM    1    <f    1     •     1     1 1 1     1 
K - 1          1 1   1 1 ITl     1     O     1       1       1       i 1 1     1 

5           ,0   Ö  .H 
1 1   1 . 1 CO  •  <»   •    •   •    1 1 1     1 

\          3 St 
w       « 

•« 
V    (0    U9 

|             1-J   r-l    tf) §                   W tt 
•H  0 H 

^ 
^^ ä S 1  S S (^ 1   1 

W  (1|  W W  M  CM  P^ S g^ 
ii W O W                      CO  CO 

<■> 

•H   >, 
1            «w ** 1 1   1 n O 1   >   1   1   1  r* 1 1     ■ 
f               1-1 •••■! 1 1   1 vo \o 1   1   1   1   1  m 1 1     * 
|               Ü   > 1 |       | • 1   r 1   1   1 t 1     1       ] 
t          v a) CM CM                                    CM 
;         a k 
|            OT C5 

h 
w 

!      TJ8 

a
st

i 
In

d £ u% P. %%%%%&% H %% 

"-i 
1         ^ 
1        % ^ 1 1    1 1 00 i 00 1   1   1   1 1 1    1 

i 
1 

1    1 
1    1 

1 
1 

CO   •   CO   •    •    <    • 
1          1    1    1    1 1 

1     1       ' 
*     '       1 

1             (1)    0)   A' 
our. 
id  :? «it .-1 o\ o\ rH rH o> >* a^ vo m CM <t >c co    i 
t-f   4J   4.J • •       • • •   •••••• *   *     i 

i          fM   to   Ci <y> irt si- r-l VO «4" 00 vO ^ CO CO <t- CM VO       ; 
1            i    -H   O rH rH 

1     *;*:" 
>• • 
w «        >. 
2 1  v..tl 1 1    1 1 ^    1    CM    1     1     1     1 1 1       1           1 
^ K '/I 1 1    1 1 •    1       •till 1 1       *          1 
^ 

1 1    1 1 vt    1    1--   1     I     1     1 1 I       1           J 

01 s« 
1     ti 

cd fl 
'-, +.1 CM         O 

^ 'W 1 1    1 1 •    1       •    1     1     1     1 1 * *    ! 
■^. 1 1    1 1 co   •   r-.  1    1    1    1 1 • 1 

^ St 1 1    1 I CM    1    CM    1     1     1     i 1 ■  1 
1   H rH "-*     ,-,              M 
1 a it 4: 

3 5.1 c 
'• 

3 a HI 1 1    1 I co   1   00   1    1    ti 1 •  >    1 
1             .,H   JJ   4.» 1 1    1 | • 1 1 *  • 

*J  en  c! 1 1    1 | r^  1   r«.  1    •    1    1 1 1 1 

1        s 
g    ^o 

ao      00 
e >-. -ri 'w i 1    1 1 •   i     •   1    1    1    1 1 ■ < •rt k «a *v. ) 1    1 1 O   1   O   i    •    1    ) 1 1 1 
X O  C! ^ 1 1    1 1 co   •   co  1    •    1    • 1 t    1      : 

1     SB     O ^' 
rH         rH 

1              * CM                             CM 
.£1 ;> c; /-, CM O «N «N r-» CM CM »d- CM r^ CM CM 5?!   1 •».) b <«   • r^ VD r~- r- 1   1*» r-. CM r«.  1   r-. r^ 
O. --1 '«   cl 1 1    1 1 to   ■    1    ■    1   u-i   1 1 ■ 1   j 
C   CU   H •.! iN CM  O O • Ol 0 0 sj-    • 0 as r^ 00 
© n5 3 •«-'   ( 1-1 rH  VC rH O»          rH  rH   CM   0%   rH "* 1           w       f 

V 0 H 

>. >. >. 
0) « c« BJ 

"OH p ■J > 
s & •!-i •H fi rH CM co 
05   S $1; •5~ S^ c C 6 i         c en       : hi   'V M a) E-i a) 0 O 6 

t         o ac 00 u U           ^N          •*>           -S /"» U  --v U /-s 
li         1-1 "+-' V}  "< SO 3 M  3 0.       M        '           U   U a u a M 

4.»   0 Cl < C< S < <   /-N   f,    -                           0)     'JJ <  S. <   0) 
at                i •rl  v./ •H>-» •H v-' ._      - .     ou         "JO  ÖC 00 00        | 
t)   U           i *J 4J *J OC -H   j T,   3          3   3 00 3 00 3 

5              ^   O. H O ti O O   O C PH < fo <        < < 3 < g •<         l 

:     ^^    i g? |? ri •H «w "-' N^ v-'        «w <»< •H ^^ •r-l   O'                 f 

d -N C<r C   rH h < « U Q        W Pn M < \H< 
0 0 O (Ö * *s u u U P4 PH PH 

.' > 
•, I 

n 
p 
W 

•r! 

&" a 
o 
4' 

u 
M 

a 

-:.- 

16 



',' •V'.."" ...'jjirs:^.:.^ .■.mmn m 

„ - i 

i 

m 

0 m 

•a a 
N   C 

■^ b r-t   O 
•H  U-l 
*  -H 
«d •-< 
4J at 
CO  CJ 

4J     •> 
c o) 

«a 
u 
cS 
O  -W 

co O 
«J 
«   (K 
0»   < 
H « 
<« S 
O 

to 
4J 

S 

•r( .C  fO 
M   4J v-» 

4)   C •!• m 
HO) »«^ 

CO »w- u 

4J   o 

35 

9 ■   c 
CO O 
CO •rl 
O U 
H O  ^ 
o <u 

CO 

CM vo irt r>> 
O CM ON eg 
i-t O r* m 

A     n      A     ft 

CM  rH  rH M 

O O O O 
O O O O 
-* O  O O 

th     n      A     A 

f^   00   ON   ON 
m CM >!• NO 

TO 
c 

U 
0) 

I 
(0 

CM 

•rl ^^ 

c 
o 

1-1 
4J 
<d 
o 

4 
^t ON St NO r-t «* VO 00 NO 
oo m NO CM oo ON o 00 en 
en NO m o co •-• ^ cn >* 

A                    A        A        n        A       A ft ft 
CM         CM CM CM CO i-l en CM 

o 
en 
NO ft 
CM 

cn 
CM ft 
CM 

O 
o 

en M 

ooooooo o o o o 
ooooooo o o o o 
ooocnocM«* m m oo o 
ftftftftftftft ft n ft ft 

lOOOOlOU-»r>.00 CM NO r-t r* 
vOi-ir^mNOooen ON NO r^ NO 

CO ro co rn en S en en en en en en en en en en en 
■    •    ■    • • o «•••••• • • • 

r^ r>. r« r«. r^ pi t*. >. r». r» r«. r» r* r^ r-> r^ t^ 
CM CM  CM CM CM « CM CM CM CM CM CM CM CM CM CM CM 

ON ON ON ON ON   ON ON ON ON ON ON ON ON ON ON ON ON 

un m m m m m in m in m ""I un m m m m m 

NO o st oo        r* NO •        •        •       • «       • 
ON ON i"« r^        or*. 

o oo CM m en CM IH 

ON ON ON ON r< r^ oo 
•        • 

00    ON 00 00 

m 
CM 
i 

o o o o 

at NO NO vo NO 
C »H en m NO 

CM 
en 
i 
st 
iH 
o o 

^?? 
E CM »* 
3 

CM 
en 
i 

>NO O O O O O O 

•HO^OOOrnen 
jjcenen^invor-.oo 

>t ►N >. 
01 <0 cd 
» P » 
•H ^H •5 
s a a 
H H H 

CM S1 a» 00 
e 

i-( iH iH 
>NO 4J 4J 4J 

•H 00 

Ü O O O o o 
s? 0) o 

§ CM 
s? 

S" §N p 
H Ü o o 

17 



• 

-III 

• 

..-■:..     i ■ ■•  ■■ ■ ■■■■■ ■.'.( i ■   i 

■    i 

• 
■ 

- 

• 

l 
< 

-J 

._. 

19 

c 
u 
o 

<4-l 

5 

i 
4J 

I 
C/l 

o 

I 



...^., .„--^-j-v.. -^a**—uz&s 

I 

8 
•rl 

6 

Tl 

■H 

I 
M 

CM 

? 

S1 

§ 

8 
H 

(0 HH 
W C 

0) o 

4) Ü 0 
«« a) 

(0 H 

CM 

21 



'■'•   i'1;1-" .■ ■fT- 

1 

■ ■■>. Y' 
. ■.'■3 
%;fy 

^ 'H^; ■ %'■• / 
V-J 

<:'    - ••     .  ■      ■   1 i\. . / . v.V 
■        ■•••\       '   ,'   '      \ ' /        /\^ 

e      ■: ■>■■/ / 
f     ■■        :     /i 

■ ■■> 

1\ •        f r 

/        f 

/ 

/  /•■ 

a&ii^«   <-i mi« ii»1^J 

O 

< 

W 

o 

a) 
to 

& • 
to nj 

•H 
V C 
■P Vi 
oi O 
M >W 
O -i-l 
C rH 

83 
O   0) 

^! 
§•5 
I 
o)  (d 
co   C 
O «rl 

O Ü 

CO 

4) 
H 
s> 

1-4 

23 



" ■  " i","1   "-»■ 

I 

■■■: • ■    :V ;■•-: ^ 

. ..7 ; 

•'-. '.>if 

• s' .-; ^■/■* 

0) 

0)   >> 
10   4J 

fl 
00r-l 
a 'H 

•H   O 

n M 
m < 
CM 

rs g 

3 CO 

O 

ß • 
O (0 
•H ^! 
■u o 
u «d 
4) M 
«1 o 
u 
0) 0) 
4J    (0 
C   M 

> 
4J    CO 
n)  C 

id 
<M   U 

t 

^ * * 

2 2 c 
C C IJ 
3 i-l O 

PA -O "^ 

IM   .U  i-4 
0 •H 

OC <3 
8 c 

o # 
•H •-I V 
> X 
i-l 

c 
0) 3 « D. 

0) 
o s c 

0) •g 
o to o 

0) 
H 

25 

TT ■■ni'.t..i*i?,!!|ja'^rr'yt 



i 
'»N-«'i*:--frsi%'*Ti 

'"H1 5- </'■■■  :■ r;, 

'■' .< 

.'•;7..-' 

•rry>-:, 

3.    ■ 

T ;V    v ../ y^-,? 

■■■■, p    V.  w ■:-■■,::■:   : '•   /■   r ■■^ 

■ • , 

,    .'• .' 'V 
' '■■   ''.': . ;'-.;.'!J 

'■'"', '■V.'.'.'* 
.   ■'' V ■ '   •< W& 

" <     ■ '. 

,    • 
'■'''■v 

' • '  ■■''; • 

•s 
r«.      ' 1 

T -^ . ,       ^      .     .. 

1    f     i r ■: 

' 4 

- 

1 ; 

.     - i 
/ 

■'' 

r 

\        • v     >-.^ • • •• .!'.■■■„•■-./-  ^ 

~s 
•■;\ 

■■  V..   ^ 

■ v 

~, 

■    JV-ai.!-   -»■! i i-ir- '■-■■nfiii lijlfc.-,»  I.,1., lit,   HI     'i    .J HJti/k Br'fcteafjrf) ,i'jb\'iw j * j 

27 

cd 

CM 
ro 

R1 

5  * 

O   0 
»4-1 

o 
c   - 1.^ 
^5 
n) 

O   -rl 

2 5 
« 
u « o   >, 

•H J-l 
M -H 
<U   rH 

<U    O 
•o « 
0) 

C  H 

o § 
•H 
w    • 

£ 
M 
«a • 

O eg 

a) nj 
to s o S 

-H 3 



iliLJJl.J-.L.J 

.? •• 

t 

m 

A 

lu>. A i-w-   -»^... 

i    '    i 

4, 

.    --.-r -^ 4. 

r << 

tiiutl wii < ^■«i.*.   t^fci^Mi. 

•s 
si 
i-i 

ÖS 
O   -rl ae 
60 
C     - 

10   Tf 
u 

N fn 
I 

<n M 

CO 

5 
X-l 
o 

§^ 

o 
4J « 

o 
CM 
<n a) 
I     CO 

>* n 

tl 
g2 
5 u 

o a 

h 
<H a 
Cd   4J    . 
M  -H <4-l 
StiO-H 

C  -H 
« o id 
ü ^" o 

•H C cd 

c 
u 
o 

29 



  

. 

J 

.\ 

if;    X" 

<■: 

i 

,*F-— r. r vtr"' 

r :/;:.■■■■■ 
/■; 

:\: 
■ 

.; i: 

\ 

,1 

■ f    .  1 i   •    j 

I 
t 

•;     1 U-"' 

<w 
* 0 

h* § 
•H ' 4J 

' ■ -< U 
c T 
3 

1 "-l 
>• • 

*J ca 

' *•£ 
cs  u 

■;■ fO   o 
1  IW 

•* -H 
( '..   '         t t-l   t-H 

.■'.'■.■          - >.ö 
1 

""',.'         ^ 3 ,* 
^5 

Ä 

- ■ '. -   .   ' ^S ■ ' ■'        V  > ,   . ,   .   .<    . •H   «r^ 

■   .   ■, /        •■ ■36 
...      '   V 

'  ■          1*           i       ■. • « 1   •    .      • n    - 
■ ..'.'■' ''■   ■   .' 

Ü >> 
4J 

■ - . "..: 0)  -H 
.  ' W  i-l 

^   -H . m   O 
9 ?►    «) 
■ W   fe 

,   'ly, §M 
1                '            *■ M  TH --. *. W  < 

■■ • .' ';   .   i 

"O  --1 
■'.''     ».j C cd - i «J  > 

. '■■ - :•■•''./ v'" 
nl 

.■•'■• , , ^ 
--• 8 
a . .   ,' .:.. •. •H  W 

•   '■,■'•'./. 1     • 
■A W 
•a 
3 • 

4J P 
•i-( 
bo 
ti • 
o T-f 

i-< CM 

*t fO 
60 
c >> 

•H crt 
4J 
4-1 
3 3 

Ptj PJ 

• 

<U 
M 

a 
•H 
fe 

31 



-Lüllffl 3B! n 

•:■■ -•"f— r—-r"— M-rr-T J •ffl»!1"     fW"1} jn»——-^-..r-t-wi- 

/ 

^■z 

■ '^ ,■■-•■,■■■ ■': 

* i \ 
V 

:; 
l          ' "'1 

■ * 

> : 1   \ 
1            l 

i\ \ 1 

1 

1 

■ i 

1 

i      \ 

l 
!  ■     1 

> 

I- 

..^..g-xL ii. ^^A. 

o 

. .-. >-'i 

^ 

S 

C 

I 
s 

H 
4J  •H 

•g. . 
33 

a 

•H 
0)   rH 
(0   -H 

M 

1-1 

C co 
•H 

Tt        - 
OOr-l 

3A 

oo 

u 
M 

33 



rr'T  . ■- -^- ^-T— !5!55H!SF ■    ' ' ' ,1,1.. 

.. 

f ■ 
<    • < 

•* 
V 
, *   • 

l' \ 
'    V 

• / 

■   i 
., I 

t   f 
1. 

'•'«■.,' 
i 

■  i 
f> . » 
!< |    ; r 

? 

^'•.•■•^.fc::,;:';:^;^ 

r ..vv, 
■;. r 

■■■.■.:■■■*..■'{■■■ ."Jf.r■:",.■!,;'.. > ,.- ..;;., •■■,/• ' 'i ;i 

cd 
C 

■u 

o 

U 

< 

I 

1 '  1        ,   -     . .    ...-    ;,-■;     •;..•■ ..v .;.■.-•'.;•.,   .-  ,-„'.!., ;     ■ i ..i.tt-.-r.-.       •<■■   ',, . .'. ,,•;-, ''.'.".t^.'.-' yj 

,'•   • • -   • :,■■      i i  ■' '••.   . '«T. 

V .':-'■;'v;-;/.,;-;■. ^../'■r-.K'' '^ r.-':>','' •    "•.■'    '••    /-,•.''•YV, .'-»^i <H 

•   '•■ K % •':   :v:- ■/;■:■-. i/^    .    t 

*  ■ '" F.f/'..   .'•'■'- •";.'- ...i{ 
i  '   . ' - '.'  ;       '     ..• •■-.V.' 

. • r-   '■.   ■:''.:'■/:. '"■ ]   - 
.{•,.'■■'•       ■■■':...''>■ '■'■" Ü    \ 

..  ♦   £ ,     ■ '     . - ,•,•;' -  

^ ■:< 

•   .;   - i 

;-:■■' -i: ■',*■;,■ 
t   .' -.' ,' 

•-/ 
. I ' . ■, 

,':":'■ ;  /, •;,;; 

'.(.'■■■•'A 

•,■•■■ ■ ■.".■ •• •■ ',1 

... •  . ■■ .      . . ... , ..   .       , ,       L 

■I    ,. 

I 

ß o 

c 
0) u 
n) 
a 

o 
C 

C 

01   o 
u «-( 

•H  -iH 
>  ^ 

0) 
A!     - 
U   (U 
•H ^: 

Ö.3 

4) 

3 
M 
•H 

35 

^ 



—  m ' i     i      ^ i, i  mi "^^^■^HaHRSHSHESÜ 

-"»■ -.«■. 

.-.^f   ».-A.^.-■■■»*'-»•-, 

■■. il 
•'■-^ -. 

v") V 

ii 

. t.. i ifc i 'd 'rw^   ..   , 
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cracks  and   jnsealed  longitudinal  crack paralleling 
center  line  stripe on Runway 3-21,  U.  S,  Naval Air 
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Figure  16.    Close-up of major crack pattern on Taxiway 14-32, 
U.  S.  Naval Air Facility,  China Lake,  California. 
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CONSTRUCTION HISTORY FOR USNAF CHINA LAKE, CALIFORNIA 
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App«'.;iiJ.:t A 

CONSiaiUCiTIOSf HISTORY FOR USNAF CKCHA 1AK.E, GALIFORNXA 

■ 
Item Date Date 

No- 

A 

S^vt;ior. I'roir. Surface to S':b^rade Cons trueLed Stre.nRtbened 

• Runway 14-32 
Slurry seal 1961 

.Cracks filled 1959 
Slurry seal 1957 
Cracks filled and surface sealed 1953 
Surface sealed 1948 
2-1/2" asphaltlc cor.urete 1944 
8" sell cement 1944 

(TJ     Joints sealed with SS-S~167b 
Cencrete repairs - two types: 

(1) Epoxy-Resin alley, with 
or without pea gravel 
tiller 

(2) Non-shrink concrete, with 
epoxy-resin alloy bonding 
agent 

Joints  se.aled with  fli.nt3t,al 
11" portland cement concrete 

A 

1945 

Shculdc-rs  - 150' wide 
Penetration oil  treatm-.-.nc, west 

shoulder 
Asphalt emulsion seal,  east 

shoulder other  than those 
sealed  in  1951 

Asphalt: emulsion seal,  e^st 
shoulders north of catapult 
and arresting geir 

Penetration asphalt  treatment 
Asphalt penetration 

Taxiway 14-32 
Slurry seal 
Cracks filled 
Slurry seal 
Surface  stal 
3" aspV.a 1 ti .■ concrett 

12" base 

1945 

1945 
1945 

1961 
1961 

1948 

1953 

1953 

1951 

1948 

1961 
1959 
1957 
19^8 

9; 



.. —:  

Item Date Date 
No. Section From Surface to Subßrade Constructed Strengthened 

A Taxiwav 14-32  (cont'd) 
Slurry seal 1961 
Cracks filled 1959 
Slurry seal 1957 
Surface seal • * 1948 
2-\/2" asphaltic concrete 1944 
8" soil cement 1944 

I Shoulders  - 25' wide 
Penetration oil treatment 1953 

and 
1948 

1-1/2" emulsion stabilization 1945 

A 
)Runwav 7-25 

Slurry seal 1961 
Cracks filled 1959 
Slurry seal 1957 

1953 
Surface sealed 1948 
2-1/2" asphaltic concrete 1944 
8" soil cement 1944 

@~ Joints sealed with SS-S-167b 1961 
Concrete repairs  - two types: 1961 

(1) Epoxy-resin alloy, with 
or without pea gravel 
filler 

(2) Non-shrink concrete, with 
epoxy-resin alloy bonding 
agent 

Joints sealed with flintseal 
11" portland cement concrete 

1948 
1945 

Shoulders 
Penetration oil treatment 1955 
Penetration asphalt treatment 1948 
Asphalt penetration 1945 

A Taxiwav 7-25 . 

Slurry seal 1961 
Cracks filled 1959 
Slurry seal, east end only 1957 
Surface seal 1948 
3" asphaltic concrete 1945 

12" base 1945 
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Item Date Date 
No ■ SeoMon Frew. 8»rfacg  to Subgradc:        Constructed        StrenRt:hened 

yaxlw.jy 7-25  (cont'd) 
*    Shoulders 

4" asphalttc emulsion,   outside 1955 
shoulder of taxiway,  east 
end only 

Penetraticn oil  treatment 1955 
Penetraticn oil  treatment 1948 
1-1/2" emulsion stabilization 1945 

A       Runway 3-21 
Slurry seal 1961 
Cracks  filled . 1959 
Slurry seal 1957 
Cracks  filled and slurry seal 1953 
Surface seal 1948 
2-1/2" asphedtic concrete 1944 
8" soil cement 1944 

?a) Joints sealed with SS-S-167b 1961 
Concrete  repairs   -  two  types: 1961 

(1) Epcxy-resin alloy,  with 
or without pea  gravel 
filler 

(2) Kon-shrink concrete, with 
epoxy-resin alloy bonding 
agep.t 

Joints  sealed with  flintsr.al 1948 
11" Portland cement,  concrete 1945 

Slurry seal 1961 
Slurry seal 1957 
3" asphalt:.; concrete 1952 
6" base 1952 

12"  compacted native material 1952 

- ) Joir.ts sealed with SS-S-l67b 1961 
Coricrnste repairs  - two types: 1961 

(1) Epoxy-resin alloy, with 
cr without p^a  gravel 
filler 

(2) Non-sbrink concrete, with 
epoxy-resir, alloy bonding 
agent 

10" portiand  cement  concrete 1952 
12" compacted native material 19 52 

96 
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I 

Item 
N0.1 

A 

Section From Surface to Subgrade 
Date 

Constructed 
Date 

Strengthened 

Runway 3-21 (cont'd)   A 

Shoulders - 150' wide, /K. 
Penetration oil treatment 
Penetration oil treatment, 

excluding northeast end and 
extension 

Penetration oil treatment, 
northeast end only 

Penetration oil treatment 
Asphalt penetration 

1958 
1955 

1953 

1948 
1945 

Shoulders - 25' wide, A ,   © 
Penetration oil treatment 
4" emulsion stabilized surface 
6" compacted native material 

1958 
1952 
1952 

Taxiway 3-21 
Slurry seal 
Slurry seal 
3" asphaltic concrete 
6" base 

12" compacted native material 

1961 
1957 

1952 
1952 
1952 

ä\ Slurry seal 
Cracks filled 
Slurry seal 
Surface seal 
3" asphaltic concrete 
12" base 

1961 
1959 
1957 
1948 

1945 
1945 

Shoulders 
Penetration oil treatment, south- 

west taxiways only including 
extension 

Penetration oil treatment, south- 
west taxiways only excluding 
extension 

Penetration oil treatment, north- 
cast taxiways only 

Penetration oil treatment 
1-1/2" emulsion stabilization 

1958 

1955 

1953 

1948 
1945 
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Item 
No- 

© 
and 

Section From Surface  to Subgrade 
Date 

Constructed 
Date 

Strengthened 

Parking Apron 1 
Joints  staled with SS-S-167b 
Concrete repairs   -  two types: 

(1) Epoxy-resin alloy, with 
or without pea gravel 
filler 

(2) Non-shrlnk concrete, with 
epoxy-resin alloy bonding 
agent 

Joints sealed with flintseal 
9" portland  cement concrete 

1961 
1961 

1948 
1944 

(9) (Including floor  of Hangar 3) 
10" porcland cement concrete,   13"        1957 

thlcldtned edge 
12" base,  compacted select native 1957 

iftaterial 
6" subbase,  compacted native 1957 

material 

Parking Apron 2 
(5) Joints  sealed with SS-S-167b 

Concrete repairs   - two types: 
(1) Epoxy-resin alloy, with 

or without   pea gravel 
filler 

(2) Non-shrlnk concrete, with 
tpoxy-resln alloy bonding 
agent 

Joints  sealed with flintseal 
9" portland cement concrete 

1961 
1961 

1948 
1944 

Parking Apron 3 
(b) Joints  sealed with SS-S-l67b 

Concrete repairs   - two types: 
(1) Epoxy-resin alloy, with 

or without pea gravel 
filler 

(2) Non-shrink concrete, with 
epoxy-resin alloy bonding 
agent 

Joints  sealed with  flintseal 
9" porcland cement concrete 

1961 
1961 

1943 
1944 
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rrm  1 

Item 

0 
and 

® 

Section From Surface to Subgrade 
Date 

Constructed 
Date 

Strengthened 

Compass Rose and Warm-Up Apron 
. Joints sealed with SS-S-167b 

Concrete repairs - two types: 
(1) Epoxy-resin alloy, with 

or without pea gravel 
filler 

(2) Non-shrink concrete, with 
epoxy-resin alloy bonding 
agent 

Joints sealed with flintseal 
9" portland cement concrete 

1961 
1961 

:.948 
1944 
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Appendix B 

CLIMATOLOGICAL DATA FOR USNAF CHIM LAKE,  CALIFORNIA 
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Appendix  B 

CLIMATOLOilCAL DATA FOR USNAF CHINA LAKE,  CALIFORNIA 

Average Temperatures 

Year Jan. Feb. Mar. Apr . May June July Aug. Sep. Oct. Nov. Dec . An'l. 

1954 45.0 53 1 51.3 61 6 76.8 79.6 89 0 82 6 77.7 66.5 54.5 41.3 65.5 
195:5 39.6 43 0 54.3 58 9 69.0 79 0 85 0 88 2 79.6 68.2 51.9 47.9 63.7 I 
1956 47.2 45 5 55.6 61 0 71 0 82 8 85 0 82 5 80 8 63.2 49 2 43.0; 63.9 
1957 40.5 55.0 58.2 63 0 68 2 84 0 S1.0 84 0 78 0 62.0 48.7 43.7 64.7 
1958 ^5.9 52.0 51.1 61 8 75 0 80 0 87.0 89 0 79.5 70.0 52.0 45.0 65.7 i| 
1939 A6.0 57.0 60.0 69 4 70 4 84 0 92.0 84 0 71 4 68.5 53.4 46.7 67.4 1 
1960 ^0.3 46.5 58.8 63 3 69 8 84 2 86.7 84 1 78 5 64 0 50.3 43.1 64.1 j 
1961 42.4 48.9 54.0 63.1 68 0 83.6 88.0 83.6 73 0 63.2 49.1 43.8 63.4 ! 
1962 40.7 46.8 50.4 66.7 66.7 78.3 82.8 82 8 76.1 66 4 53.9 42.0 62.9 | 
1963 39.3 55.4 52.0 56.3 71.6 74.5 82.7 82.7 78 1 68 9 54.5 42.0 63.2 i 
1964 42.5 46.0 51.3 60.1 67.4 76.0 8A.5 84.3 75.6 71 0 49.1 47.2 62.9 | 
MAX. 7? 82 86 97 107 114 113 110 110 102 88 86 114 
MIN. 0 14 22 28 35 42 52 53 40 32 18 2 o   ! 

Total Precipitation 

War Jan. Feb. Mar. Apr . May June July Aug. Sep. Oct. Nov. Dec. An'l. 

1954 1.41 0.^.0 0.45   0.02   0.05 T 0.41 -- 0.76 0.57 4.07 | 
1955 0.48 T -- 0.01 T -- -- -- -- -- 0.05 0.02 0.56 
1956 0.71 T -- 0.9^ 0.01 -- T -- -- 0.07 -- -- 1.73 1 
1937 1.00 0.41 0.02 0.01 0.06 0.03 T 0 0.05 0.03 0.16 0.91 2.68 ! 
1958 0.38 1.53 0.65 0.58 T -- T 0.01 0.15 0.40 T 0.91 3.70 ! 

1959 0.50 0.84 0.65 T 0.03 -- -- T 0.70 T 0.14 0.77 2.98 \ 
1960 0.47 0.91 T 0.04 -- 0.29 0.05 -- 0.29 T 0.93 0.03 3.01 
1961 0.35 m T -- -- .. 0.55 T 0.11 0.99 0.46 1.80 
1962 0.73 1.46 0.10 ... T __ T T T T T T 2.31 
1963 0.14 1.02 0.20 T -- 0.02 -- 0.71 2.14 0.81 0.41 T 5.45 | 
1964 0.12 m 0.03 ■r T -- 0.12 0.04 0.01 0.15 0.20 0.11 0.78 j 

10-YI 
AVG. .57 .59 .19 .14 .01 .03 .02 .12 .34 .14 .33 .34 2.64 j 

T -■ Trace   (less  than   .01) 
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Appendix C 

VISUAL PAVEMENT CONDITION SURVEY 
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UNO HCEL 3S«0/20 (l-M) 

»«CIl. II» 

TOTAL LOAD vs. DEFLECTION 

I^IiU' C-::'.!!.''.,^^3 CO'.fjxi-.VT^f. ^■nvc-y 3 "21 

ST AT ION 

10400 

S:::::'.:'. u". Test  ^ Cru^h^x1 Run JJaso 

 -.-,^.. ■•rr.-rra 



UND NCEL 3960/20 (l-fi) TOTAL  LOAD  vs.   DEFLECTION 

USNAF China Lake, California 
LOCMION 

Runway 3-21 
5I«IION 

20+00 

Surface Test  - Crusher Run Base 
100 T ''"       'T""   "■■_]"" "TT  "i ' ' '"' ' 
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.05 .10 .IS 

Settlement -  (In.) 
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MHO NCEL 3S&0/20 (|H) TOTAL LOAD vs. DEFLECTION 
F*CILITr 

■j,-:<>, ';-]:-.i:.:v->. 

LOC«7ION 

R'.tiiws.'v 3-2]. 
5I«TION 

42-100 

5".:rfe-;n ^-^t: - Soil CfStwct B^s« 



UND NCEL 3960/20 (l-W) TOTAL LOAD vs. DEFLECTION 

ÜSNAF China Like, California Runway 3-21 
STATION 

52400 

Surface Test - Soil Cement Basp. 
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UND HCU. 39M/20 (I-6H) TOTAL LOAD vs. DEFLECTION 
mciLiiy 

;•: L^k-i, O-;!:'.::, 
LOCATION 

Runway 3-21. 
•TiTION 

62400 

Soil  .V^rv.v.it: B'-iSd 

• 

■?^:" 



UNO NCEL 39(0/20 (l-W) TOTAL  LOAD vs.   DEFLECTION 
PtCILITV 

USHAF China Lake,  California 
LOCUTION 

Runwa v 3-21 
5IAIION 

72400 

Surface T^.st -Soil C<Jiaent Rase 

SOT 



UND NCEL 3960/20 (I-6H) TOTAL  LOAD  vs.   DEFLECTION 

USlv^ tl'iirvi I^.V'i,  Galifii-rt.ls Runway 3-21 
STATION 

80H-00 

S-:r£«'JS "j.'est  -  Seil Ceoient Base 
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UND HCri 3960/20 (l-M) TOTAL LOAD vs.   DEFLECTION 

USNAF Chin.?. Lake,  California 
LOC«TIOK 

y 3-21 
SMI ION 

87-tOO 

Surface Test 
ron 

- Soil Cement Base 



11X0 «EL 3960/20 (l-M) 10TAL  LOAD  vs.   DEFLECTION 
F«CILI II 

ö:'VJ-7 ::.:.',:' L.-;k.', Californi.^. Runway 7-25 i 16100 

S-.rl'j.- IV.st  -Soll Cement Base 

■ 
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IINa MCEL 3860/20 (i  tl) TOTAL  LOAD vs.   DEFLECTION 
»«Cll. irr 

•    USNAF China Like.  California 
LOOT ION 

Runway 7-25 
5t«IION 

26+00 

Surface T?.st - Sei.I Ce?-nt 3as 

.« .10 .a 

Settlement - (In.) 
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UND NCEL 38CC/20 (l-Cj) TOTAL  LOAD  vs.   DEFLECTION 
FACILITV 

US::«!.:/ .T-iv.-a  Uk-.,  Calii'irrda 
LOCATION 

Runway  7-25 
5i»r ION 

36+00 

Si:rfH'za   Test   -  Seil  Cement Base 
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MHO HCtL 30W/20 (l-M) TOTAL LOAD vs.   OETLECTION 
mcu tTY 

USNAF China Lake,  California 
LOCM ION 

Runway 7-25 
ST AT ION 

46+00 

Surface Test - Soil Cement Base 

.05 .10 .IS .20 

Setllement -  (In.) 
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M^HD NCEL 3960/20 (l-W) 

F«CILITy 

TOTAL LOAD vs. DEFLECTION 
L0C»1ION 

;.< ir.w-,'./ 7-23 
STATION 

56+00 
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UND HCtL 39&O/20 (l-fi) TOTAL  LOAD  vs.   DEFLECTION 

USNAF Chixia Lake, Ca]Iforuia 
LOCATION 

Runway 7-25 
im ION 

66+00 

Surface Test - Soil Cement Base 

.05 .10 .IS .20 

Settlencnt -  (In, ) 
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HMD HC£L 3&iO/20 (l-ei) TOTAL LOAD vs. DEFLECTION 
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UND NCEL 3960/20 (l-W) TOTAL LOAD vs.   DEFLECTION 

USll^' China Lik>. 3  Ce.l:.xc:: r LOCATION 

Xuaway 14-32 
51*1 ION 

24+00 

.VJ .10 .IS 

Settlement  -   (In.) 

.20 
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HMD NCEL 3960/20 (l-M) TOTAL LOAD vs.   DEFLECTION 
r*ciLitr 

Runway 14-32 
5TATION 

34400 

Surface T^st  -  Soil Cftment Base 

.Ob .10 .15 

Settlenent -  (In.) 
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IIKD NCEL 39(0/20 (l-M) TOTAL LOAD vs.   DEFLECTION 

USNA? China I.ake , California Riinway 14-32 
5!Al ION 

44+00 

Surface Test - Soil Cement Base 
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UND NCEL 3960/20 (IM) TOTAL LOAD vs. DEFLECTION 

USy&j China Lake, Callfornia Runway 14-32 
5T*TION 

54+00 

Surface  Test  -  Soil Cement Bise 
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11ND HCa 3960/24 (8-6«) TOTAL. LOAD vs. DEFLECTION 

JJSNAF China Lake., California 
"I LOCATICN 

I Runway 14-32 62-fOO 

Surface Tftst   -  Soil Cement Base 

i^M 
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IIHD HCEL 3960/20 (l-M) TOTAL  LOAD vs.   DEFLECTION 
F*CILIrY 

rSNAv CäriH Lake, California Runway  14-32 
STATION 

74+00 

Surface Test - Soil Cement Base 
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UND NCEL 3960/20 (l-Ci) TOTAL  LOAD  vs.   DEFLECTION 
f»CIL|Ty 

USUAF China  I^.kc;,  California Taxiway 14-32 10-fOÜ, South end 

Surface list - Crusher Run Base 
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UND HCtL 3960/20 (l-tl) TOTAL  LOAD vs.   DEFLECTION 
r«CILITY 

U3:;V^   ChiTH   J«k.-:.. California 
LOCATION 

Taxiwav  14-32 
IT«TION 

20-K)0 

Surface. Test - Soil Cement Base 
i i I i i ] i i I'I i 

z • '- '^ ' ""'i "iMl'i 
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lino NCIL 39«0/20  (l~Ci) TOTAL  LOAD  vs.   DEFLECTION 

j^IA^CMjn^Lakii,_Cc\lifo::n:?.£ |   Tax:' ^y 14-^2 
ITATION 

30-t-OO 

103 
Surfr.r..; Tost 

it ;--£ ̂ .i+bt'T-i 

t   t   ■ 1    i    I    l        I   ■    I    ■ '   M    I    !■ '   I   '   t 

ooi'l Cement 2zs?. 
T ^h-1^] 

::tH:::.t:::tT::: 
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IIHD KCEL 3960/20 (l-6'0 TOTAL  LOAD  vs.   DEFLECTION 
r«ciinv 

USNAF Cl lu-j. lak .-    Oaliforr.i: 
LOCATION 

Taxiway   14-32 
5I»IION 

40+00 

Surface I'c-st - Soil Cement Ease 



IIHO HCEL 3960/20 (l-M) TOTAL  LOAD  vs.   DEFLECTION 
F*CILITy 

USI^AF Chin.   Lake,  California 
10CM ION 

axivay 14-32 
5T«IION 

30+00 

Surface Tust - Soil Cement 3;-:sa 

-'■• •••*••  --T II 
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UND NCa  3960/24 (B-6i»l TC-TAI, LOAD vs. DEFLECTION 
r»ciLir» 

USNAV (TuirÄ Ißke,   tTälifcnr.ia TaxiWflty 14-32 
STATION 

60+00 

Surface. rJest  -  Soil Cement Base 

.10 .15 

Settlement -  (In.) 

148 
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UND MCEL 3960/20 (l-M) TOTAL  LOAD vs.   DEFLECTION 
► «CIUTY 

USN^7 China Lake,  Californift 
lOC«tION 

Taxiwav 14-32 
ITtTION 

73+00 

Surface Test  - Seil Conp.nt Base 

.06 .10 .IS .20 

Jettlemtnt - (In.) 

149 
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nHD^HCtL 3960/20 (l-W) 

F ACIL1Tr 

US';;',? C'lltui 1, V :., Jdllfuri.ir-. 

TOTAL  LOAD vs.   DEFLECTION 

Tax Iway 14-32 
SI*T|QN 

834-00 

Svr^act.  LVst - Soil Cement Base 
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HMD NCEL 39(0/20 (ICH) TOTA    LOAD vs.   DEFLECTION 
MCil nr 

USHAF China Lake,  Calitornis. 
LOC*TION 

Taxlvay 14-32 86400,  North end 

Surface Test:  - Crasher Run 3ess 

.« .10 .15 .20 

Settlement -  (In.) 
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HKD HCEL 3960/20 ll-6t) 

f AC IL I » Y 

.USF/.F_CliinaJLakü ,  California 

TOTAL   LOAD  vs.   DEFLECTION 
I OC*T I ON 

Taxiway 3 14-K)0 

Surface Tost - Crusher Run Base 
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MNO NCEL 3960/20 (l-M) 

f*CILlTV 

TOTAL  LOAD  vs.   DEFLECTION 
10CATION 

USNAF China Lake, 'Jallrornia I'axlway 3 
51*TION 

2   K)0 

Surface Test - Crusher Run Base 
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UND NCEL 3960/20 (l-CH) 

r *CiLIT y 

ISN4.", ■  !r.a lAk.-.,  (jaliforrda 

TOTAL  LOAC   vs.   DEFLECTION 
LOCAT I ON 

Taxlway 3 

Surface Test - Crusher Run Ease 

ST AT ins 

36+00 

_____J^I^^ 
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UNO KCEL lOtO/20 (l-Cl) TOTAL LOAD  vs.   DEFLECTION 

ÜSIMiF Chlt^i L?.kt!. .'.allfornj 
IOC«IION IT1TION 

lOKJO 

Surface: rr-;st - Crusher Run I'.r.sf 
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UNO HCEL 39M/2C 'linj TOTAL   LOAD  vs.   DEFLECTION 

JJSÜJA? .{iM-a. LHksL»_i;gJlix:riula. raxiway 21 7400 

St/rf&ce. Test  - Crusher Run Fase 

Sett lernen 
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UND NCEL 39CO/20 (l-Ci) TOTAL  LOAD  vs,   DEFLECTION 

USN.M? China Lake, California l'axiwav 21 18+00 

Surface  Tnst  - Soil Cement Base 

L ■m MB 
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UND NCEL 3960/20 (l-Ct) TOTAL  LOAD  vs.   DEFLECTION 
men. i ir 

k -.,   "I-il i i'i r ( i :. 
LOCATION 5T4T I ON 

10400 

Crusher Run F.s-.se. 

-^.     - ^_ —i in 



IIHO NCEL 39&O/20 (l-Cl) TOTAL LOAD vs.   DEFLECTION 
tAcn ITY 

ÜSMAF China lake. California CoTiricctiug Tax: 

Surface Tust  - Soil Cexaont Base 

ST*TION 

Lwa\i A 2-K)0 
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UNO HCEL 39W/20 (l-W) TOTAL LOAD vs.   DEFLECTION 
f*C I LITY 

rsx^:; >:\::.-.H :^'<-., ?,aiLh.x~.ih 
1.0C4TI0N 

Go.ntctmg Taxiway 
SKI ION 

3      2+00 

St.rf-:..^: '„'c.st - SoJ.l Oe.uent Base. 

Settlemen 
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UND MCei 3900/20 (l-M) TOTAL LOAD vs.   DEFLECTION 
»»can» 

USNA? CUf.a lakri,  OullL-rnii 
LOCATION 

.ir.g ^.i^ivay JC      2+00 

S:;rf5.Cc. I'est  -   Sell Or.iaeut Base 
-+±31- ._l4.___ L._|.._ 
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UND NCtL 3960/20 (l-w) TOTAL LOAD vs.   DEFLECTION 
r»ciLIIT 

VSNVy'  Tr i-.-i L'-Ve,   Uli fcrr.: i Co'-'infecting Taxlvay 
S1«TION 

D      4+00 

Surffiv.e I'c.st -  Sell, Cement tase 

.10 .15 .20 

Settlement - {In.) 
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11MD NCtL 3960/24 (6-M TOTAL LOAD vs. DEFLECTION 

USKAF China Lake,  California 
LOOT ION 

Runway  7-25^ 
ST*T ION 

26400 

3" below top 
of asphaltic 
concrete 

.10 .15 

JeUlement - (In.) 

250 
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 1 -™—" mtm mi 11     ""        ,.   lll|.l| llfflU II   I    .ffirT" I    nm^ 

1 
11HD NCD. 3960I2H (&-6U) UNIT LOAD vs. DEFLECTION 
»»CILITY 

USNAF China Lake, California Runway 7-25 
ITMION 

26+00 

3" below top 
of asphaltic 
concrete 

K = 1050 pci 

Settlement -  (In,) 

251 



11ND NCEL 3960/ZU (6-6U) TOT^ : LOAD vs. DEFLECTION 

USNAr" China Lake,  California Runway 7-25 26+00 

12" below top 
of asphaltic 
concrete 

.10 .15 

S«tll«menl - (In.) 

15T 



-— 1 '■■" -■ 
I"'  

IIHD NCEL 3960/24 (&-64) UNIT LOAD vs. DEFLECTION 

USNAF China Lake,  California Runway 7-25 
•TATION 

26400 

12" below top 
of asphaltic 
concrete 

   K = 516 pci 

.06 .10        .IS        .20 

Settlement - (in,) 

253 
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IMP NCEL 3960/2» (6-6m TOTAL   LOAD vs. DEFLECTION 

USNA? China lake,  California Runway 7-25 
5t»TION 

46400 

in 

•H 

I 

•X3 

S 
ni 
u 
o 
H 

3" below top 
of asphaltic 
concrete 

.10 .IS .20 

Settlement -  (In.) 

254 
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im HCEL 3960/2U (8-61) UNIT LOAD vs. DEFLECTION 

3" below top 
of asphaltic 
concrete 

K = 1240 pel 

Sett lernen 

255 
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11ND NCa 3960/24 (8-6U1 TOTAL LOAD vs. DEFLECTION 
r «c111 T Y 

USMF Chir.a Lake, California 
10C*TI0N 

Rurw?.y 7-25 
ITATI ON 

46+00 

CO 

a 

AS 
I 

I-l 

2 
o 
H 

12" below top 
of asphal:ic 
concrete 

.06 .10       .is 

Settlement - (in.) 

2? 
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11HD NCa 3960/24 (6-6m UNIT LOAD vs. DEFLECTION 
FACILITY 

USNAF China Like, Califorrda 
LOCATION  *-, 

K.'::iway 7-25 
IT AT ION     .    . ,.r>>^ ..,>.., 

46400 

12" below top 
of asphaltic 
concrete 

:::   K = 420 pel 

.06 .10 .1» .20 

ItttUmint • (In.) 

237 
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UND NCEL 39W/20 (|-U) TOTAL LOAD vs.   DEFLECTION 
»«CILITY 

U5UAF Cliiaü lÄke,  California Runway 7-25 
STAIION 

46+00 

22" below top 
of asphaltic 
concrete 

Sett lernen 

258 
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■ 

11ND NCa  3960/24 (»-6«) UNIT LOAD vs. DEFLECTION 

USNAF China Lake,  California Runway 7-25 
ITATION 

46400 

22" below top 
of arphaltic 
concrete 

K - 420 pel 

.05 .10 .IS 

Settlement -  (In.] 

20 

259 



lMÜHCB^J9&irnj6r6^ TOTAL   LOAD vs. DEFLECTION 

USflAF China l.^ke, California 
LOCATICN 

Runway 7-25 
ST AT ION 

66-K)0 

tn 
Ou 

n-l 
A! 

1 

03 

0 

.06 .10 .15 

SettleMnt - (In.) 

4-1/2" below top 
of asphaltic 
concrete 

260 



 ,  mm 

im HCQ. 3960/24 (B-et) UNIT LOAD vs. DEFLECTION 

USNAF China Laks,  California 
LOOT ION 

Runway 7-25 
ITM ION 

66-K)0 

1 
4-1/2" below top 
of asphaltic 

concrete 

K = 1030 pci 

.is       .20 

Settlement -  {In.) 

261 



 ,  

IWDNCa 3960/2« (8-6U) TOTAL   LOAD vs. DEFLECTION 
»ACIlITT 

USNA? China Lake,  California 
LOCAT(ON 

Runway 7-25 
STATION 

66400 

CO 

a 

I 

0} 
4-1 

13" below top 
of asphaltic 
concrete 

.05 .10 .is 

Settlement -  (In.) 

20 

262 
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11WD NCa 7)60/2H (B-6U) UNIT LOAD vs. DEFLECTION 
MCIUT* 

USNAF China Lake,  California Runway 7-25 
IT»1ION 

66+00 

13" below top 
of asphaltlc 
concrete 

K = 344 pci 

.10 .1» 
httlift«nt • (In.) 

263 
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11N0 NCEL 3960/24 (8-64) TOTAL   LOAD vs. DEFLECTION 
HCIUTY 

USNftF China Lake,  California Runway 7-25 
ST>1ION 

72+00 

\ 

01 

I 

11-1/2" below top 
of portland cement 
concrete 

Sett]emen 

264 
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JWONCEL 3960/2« (8-6«») UNIT LOAD vs. DEFLECTION 

USKAF China Lake.  CalifcrAia Runway 7-25 72400 

11-1/2" below top 
of portland cement 
concrete 

K = 300  pel 

.10 .is 

Settlement -   (In.) 

2S5 

iac 



P^HMMi — 

mo wca yep/an (B-em TOTAL LOAD vs. DEFLECTION 

USNAF China Lake,  California 
IOC»!ION 

Runway 14-32 
ITATIOK 

24+00 

3-3/4" below top 
of asphaltic 
concrete 

Settlement - (In.) 

266 
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liHD NCa 3960/24 (8-64) UNIT LOAD v3. DEFLECTION 
fACILITY 

USNAF China Ukg,   daliforr.ij Runway 14-32 

' 
5I«IION 

24+00 

3-3/4",below ,top 
of port^nd-tinent 
concrtce 

:.:   K = loio pel 

Settlemen 

267 
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IMP NCEL y60/2» (8-641 TOTAL LOAD vs. DEFLECTION 

USNAF China Lake,  California 
LOCATION 

Runway 14-32 
1T<TION 

24+00 

14-1/2" below top 
of asphaltic 
concrete 

.10       .is 

SettUmaiit • (In. 

268 
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mp Nca 3960/24 (e-eul UNIT LOAD vs. DEFLECTION 

USNAF China lake,  California Runway 14-32 
IIM ION 

24-fOC 

14-1/2" below top 
asphaltic concrete 

:::::    K = 264 pel 

,05 .10 .IS 

Settlement -  (In.) 

20 

269 

*** 



imP »CCl 39iO/20 (!-M) 
meal- ( 

USKAV ^i^ftj^kf-,   >ai.lV.iv.i« 

T- 

TOTAL LOAD vs. DEFLECTION 
tOCAT ION 

| Runway 14-32 A4HO0 

3-1/2" below top 
of asphaltic 
concrete 

.05 .10       .is 

Settlement - (in.) 

20 

270 



I"ll' 

1«D NCa 3960/24 ,6-64) UNIT LOAD vs. DEFLECTION 

USMAF China Lake,  Cslifürrla Runway 14-32 
STiTION 

4440C 

3-1/2" below top 
of asphaltic 
concrete 

-  -    K = 904 pci 

.« .10 .11 ,10 

littlmint • (In.) 

271 
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UND »CtL 3W/20 (l-M) TOTAL LOAD vs. DEFLECTION 

JTISNA? .Chlra Ukc, Califcrni^ 
LOCATION 

Runway  14-32 
5r*TION 

44+00 

12" below top 
of asphaltic 
concrete 

.10 .is 

Settlement -  (In. ) 

272 



  

11HD NCEL 3960/24 (B-fit) UNIT LOAD vs. DEFLECTION 
r«ciiIIV 

USNA).' China Lake,   C/ilifcrni?. 
101*7 ION 

Runway 14-32 
5T«TION 

44+00 

12" below top 
of asphaltic 
concrete 

K = 566 pci 

.10      ,1» 

273 
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wmmm 

HMD NCEL 3360/20 (l-M) TOTAL LOAD vs. DEFLECTION 

JJSgAy Gri-jä Ir-kfe, jJi 1 :lfox;-.l.u Runway  14-32 44+00 

22" below top 
of aspha.!tic 
concrete 

.10 .is 

Settlement - (In.) 

274 
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IINDNCEL 5960/24 (ft-Mj UNIT LOAD vs. DEFLECTION 

USNAj  Chi^a Lak«,  Calif. 
I0< «T ION 

y.::r:w-:v 1.4-32 
ITATION 

44+00 

22" below top 
of asphaltic 
concrete 

K * 368 pci 

.06 .10 .1» 

Itttlimtnt • (In.) 

20 

275 
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 _ 

UND HCEl 3900/20 (l-M) TOTAL  LOAOj^s. ^EFUCTION 
i nr ATiHN 

USXAJ' {(ui'.s l;-.ki.,  'Ulvf.-nii Runway  14-32 
5t*TION 

62+00 

3-1/2" below top 
of asphaltic 
concrete 

Settlem«n 

276 
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11ND NCa 3960/2« (6-6«) UNIT LOAD vs. DEFLECTION 

USNAF China Lake,  California Runway  14-32 
ITATION 

62-K)0 

3-1/2" below top 
of asphaltic 
concrete 

K = 454 pci 

.10 .it 

littU'ont • (In.) 

277 
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I 
•11ND NCEL 3960/24 (B-6UI 'Z'rjkl.   LOAD vs. DEFLECTION 

rSNAl' China :.ik>;, Califcrr.ia_ 
L0C1TION 

Runway  14-32 
$T*TION 

62+00 

13" below top 
of asphaltic 
concrete 

- ^ 

-\\   1\ 

-i-l m 
.06 .10 .15 

Settlement - (In.) 

.20 .25 
iii 

278 
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11ND NCEL 3960/24 (B-641 UNIT LOAD vs. DEFLECTION 
rACIlItY 

USmi- Chir.a lake.., 
L0C«T10N 

Runway 14-32 
triTION 

62400 

13" below top 
of asphaltic 
concrete 

K = 530 pci 

.10       .is 

Settlement  -   (In.) 

279 
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11HD KCa 3960/24 (6-641 Wkl,   LOAD vs. DEFLECTION 

USMAv; Chir>. lök' .  ^HJ 1 f, rnln 3 L0C»TION 

"axiway 14-32 10+00 
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FACILITY 

VSTSKJ r.hlr.a lake,  California Parking Apron 1 
STATION 

c 

10" below top of 
Portland cement 
concrete 

.06 .10        .16 

Settlement • (In.) 

20 

292 



  
r—. 

UNO NCEL 3960/24 (8-641 UNIT LOAD vs. DEFLECTION 
fAC I L I TY 

USVAJ  CCAr:.i Ir-.k'.'.,  rj-iUit r:.i.z 

l.OC«T ICN 

Kirkia? Apr. ■_:.  1 
SIM 10» 

G 

10" below top of 
Portland cement 
concrete 

- 404 p^i 

Satt lernen 

293 

!.' '"-—r 



'^^—^——"———-—' __________ 

1 

Appendix H 

TYPICAL MOISTUTUE-DENSITY RELATIONSHIP 

AND CALIFORNIA BEARING RATIO CURVES 

295 



 — . ^— 

UNO mi 3960/20 (l-W) 

136 

riV:x.i.way  14-32 
5TATION 

10+00,  Base  Course 

3^ 

w    132 

R 

n 
:», 
Q 130 

128 

Xcisf;rt -Der.sit-.y Pv»: latior.sh:! p 
  I | i '    ' I  !    '    I    ■ '    '    ) 

: riii-ffl-^l^t-:rtlHl   :nj.!i4.-::{ ri^i::^ 

r^m^mnrnM^ \vvtt\ [Hm-if1 l-ll-H^ 
6       7      8 

Porccnt Moisture 

Callfcruia Bearing Ratio 
I    I    !    I        I    '    !    '    !    I    '    !    I    ,    '    '    I '    '    !    I If* 

J 
10 

Gorrtcte-! CER 

296 



'—" 

UND HCa 3960/2» (8-641 
r«ciiiIT 

USNAF China lake, California Runway   14-32 

136 
Mois 

n   132 
4J 

Ü128 
in 
C 
0) 
Q 

124 

120 l-H 

t- 4- 

U-  t 

mlta 

ture-Density Relationship 
TTTr^Tn^rrrrTTTTT 

24+00,   14.5"-72" 

6 8 
Percent  Moisture 

U 
Rffi-fl 

12 

ifornia Bearing Ratio 

m 
1 

40 60 80 
Corrected CER 

297 



■—— 
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