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INVESTIGATION ON THICKNESS DESIGN METHODS
FOR BITUMINOUS AIRPORT PAVEMENT

—— Btudies on Airport Pavements (Sixth Report) ——

by Miroshi SUDA¥*

Synopsis

Litrature survey was carried out on the thickness desigrn methods for bituminous airpost
pavement, Studies were the welknown methods published from seven organizations, that is, U, S,
Corps of Engineers (C. B.R. Method), U, S, Navy, U, S. Federal Aviation Agency, Asphalt Institute of
U.S. A, English Ministry of Public Building and Works (L.C,N. Method), Canadian Ministry of
Transport (McLeod Method) and French Ministry of Transportrtion, Among these methods the
CB.R. Method seems most reliable since it has been developed based on sufficient field experiences
and fuli scale proof tests far more than any other method. It is rather sirange, however, that the
total pavement thickness obtained by the method is constant irrespective of the C.B.R, values of
pavement materials as far as the C. B, R: value of subgrade is maintained unchanged. It is con-
sidered more rational to modify the total pavement thickness based on the (. B.R. Method by

introducing the concept of layer equivalency of pavement materials,

% Chief, Runway Laboratory, Soils Division,
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ChEMBEEHRECERTES Z LT at, LT
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2-6 C-B-RistMDOER{LOKHK LIS FYE
ETEEICHT BRI

TER T, b5 —EOEREO T B\ Tid, il

OB PSSR RC L » TET5, mENoR

IR0, ML LD X5 ula sy, #Hilth

bo TiehbHBEGMIHEOERY a & THIE

T S Ty G SR G-
P T B G () (-6-D)

Tigdebh C-6-1) LA LEBHE I S L biES v ¥k
Hl, METIE LOREICHBELIERBC-BRMN
SLLTHAL L ERRLLTWE,

(2-6-1) 3u4t, BHEP2AVA I LI DRO LS

T E RS,

[SP— —
Z==geC :FP_. VP =k 4 P e (9-6-2)

P gy fi—=a%p

Lichio €, fEkoidhilEia s k ofil R i,
T ORSUIEDF T, R0 fie oL b itk 2
LU Ths, 2DL3RLT, &% SRS L T
W%, Skipsint 150kips % o ime w3 5 sl
mi),cth&k@%ﬁg*btwﬁ #-319 T

o Foix 200kips O, 10484 Ao o kL 7
Stockton No, 2 GREMEM OEFREEE L DZnh
b OCH D, ROBUTHMHFERIC ST 2 FHo 1 i
z&feu@k%%MLf K(2-6-2) X b, Feikais
I EE-1ES DX S B, BHAMEOCYBR
mde,ﬁﬁ#ﬁ%%iﬁﬁ*&bhh2MMWth
HOREEG, SH# 62w X2 ERhETh 5,
SHIL, IOk{EOZYEAFRMT LD, FhiT
KTt h e AR R O R O AT & k& %
K L0t 1418 ©5 5, B o BRE%-3 Tk
PR RETH Do O OFE, FEFTEENT S\ C Rl
Ligd o cfids, @B MIREoMgses L
o, AHEE, UEEC D o Ao NG, XN D S
RATERVWEBITH LD, ThIK Lo TL4a X 51,
K (2-6-2) &EFH K TR YL DTh D,

—77, PHEEEL, MWTHOKE RO X~ THRE
MDHLOTRAEL, RS0 ELEFER (LII‘ A
AV — (Coverage) YFELD) W I TLEiESIRE
LB TS B, Lo TCETI, 1%0@:,%%
ECEAT N A BT RO SRR L, K- w
oo RO AREIEL, O R L h S

California 5 Kips 15 Kips 40 Kips 70 Kips 150 Hips 200 Kips  |Averaze
bearing
ratio
K z K z K z K 2 K z K K

3 14.0 10.198 | 25.0 [0.204 | 37.5 [0.188 | 40.6 [ 0.157 | 75.0 | 0,104 D5 0.000 | 1as

4 12,2 10,173 1 21.4 | 0.175 | 31.7 [0.150 | 40.7 | 0.154 | 64.0 {0.145 2510169 | 0166

3 11.0 10.156 | 18.8 [0.154 [ 27.7 10.139 | 36.0 | 0.138 | 56.5 10.1453 ERDLARLERINE Y

& 9.9 |0.140 | 169 |0.138 | 24.9 10,125 | 32.2 0122 50.7 | 0131 O T8} 0032

r 8.2 (0130 | 154 [0.126 | 22,6 [0.113 [ 293 10131 | 460 [0.119 BP0 029

3 B.5 | 0.020 | 14.1 [0.115 | 207 Joa0d | 268 | 0.02 ] 42.5 | 0010 EEGRERENINEE

& 8.0 10113 | 13.0 [ 1016 | 19.2 0.0u6 | 25.0 | 0.004 | 39,8 j0.103 O 003 0103
16 7.5 101106 12,1 0090 | 17.5 10090 | 233 j0.088 | 47.3 {0000 A4 10009 | 009G
15 bt 10076 8.9 10073 | 18.4 jC.067 | 17.0 [ 0.068 ] 29.0 | 0.075 O [0.07VS 04073
20 M G.7 [0.055 | 10.6 10.053 [ 187 10D36 | 250 [0.065 | 258 |0.051 | 0.059
a0 - Ja— G4 0035 105 | 0050 | 19.5 10030 | 200 1007 ] 0.043
40 4.4 190.022 7.6 10029 ] 165 [0.013 | 163 |0.03G 1 0.033
50 P 5.6 0021 [ 14.0 10036 | 133 |0.030 | 0.020
60 eeen | s 12,5 10032 | 112 100251 0020
70 R P 9.5 10021 F 0021
80 83 |00 0.0
90 . 7.4 ;0017 | .07
100 . | 6.8 10.015 | 0.G15
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. i A Wheel Thickness Covernges Califoruia Desinn | Percentaze
Line Identification lond (i '; 3 to pruduce bearing | thickness of
ib) " fuitwre ratio (in.} desizn
1) (2} 13} (4 (51 (6) (7) (8,
(n) Erockros {Cante) Sve No. 1
i . i2 200 5 31
:E . L5 388 i 62
k4 . - i 3 5 7
14 . 25.000 23 1,000 3 61
5 . 24,58 2,000 5 104
6 . 23 3,000 5 106
7 . o 200 5 70
8 . 26.5 560 5 93
9 . 40,000 31 1,000 5 pLet]
10 - 36 2,000 5 125
11 e 28 3,000 5 133
(6) StorxToy (Cautr)) Sire Nol 2
12 Ttem 3 39 150 6 60 63
3 Ttew: 2a 44 1,700 g9 48 134
14 Etern 20 46.3 2,000 10 43 103
15 item Ja 18 10 14 37 19
16 1tew b 260,000 2.5 60 16 31 60
17 Item G 245 3060 13 40 1]
18 leen 7 3 1,504} 13 40 73
10 Itew 8 34 1,140 7 3 03
20 Itemn B 30 1,300 8 30 78
(¢} Banxsvane 1ewo, Ta
21 10.5 230 35 215 43
22 13 a0 5 215 1]
23 20,800 15.5 1,000 3 215 i3
a3 1 173 3,000 5 515 51
25 Item 5 18 3,000 5 21.5 Si
26 B 17.5 200 5.5 ag Al
a7 20.5 500 5.5 29 L
28 50,000 24 1,000 5.5 29 82
28 26 3,000 5.5 2y 49
30 26.5 3,uu0 5.5 29 92
(e} Frest Secrion; Warernwavs Exeesiveest Sratiow, Yicsssueg, Miss,
31 Ttens 1 I3 400 10 17.5 T
32 Iten 302 il L0 14 14 78
33 Ttens 42 27 000 13 About 100 13 13 7
34 Iten 44 e 16 Priur to 400 5 27 39
35 Ftem 40+ 16 About 330 4 31 a2
36 Etem 60 16 Prior to 260 2 43 36
{¢) AevieLd At MINDEX, NEV.
3
37 NE-3W 25,000 18 383 5 235 | 17
(1 Benestronr Frewp, Avstiy, TEX.
38 l NW-SE 15,000 17 38 8 17 100
(g} Armriecp AT BinMixcuas, Ava.
39 NE-8W 23,000 7 164 -4 26 27

e1A-2-1, lave b. 2 1A.2-1, lene ¢, €24-2.1, lane e, 4 3A-2-3, lunec. *Pit 3,

BYBELATEE (r-Av—9) SMEOR

#—ii%k (C+B 'R



=, OESEEROCBeR, (DL, R,
B & RBEIEE & DA LT B, & OVERNE
é%kw19®@;5k&bgkmbhtoutmhﬂ
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MIEE R ETET) L ANT, CBeR <I5OHiIEMIT hymTe 4/ P veveeserererrioniniracresninnens (2-8-1)
26 K~ Bl A LS L et e s 2, he s HigsEL
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=77, MBESHERHLOI BHEEO R T il
i (2-8-2) HTHbT o EATES,

= F.E_ as
° l.oE ______

I o T

- (2-8-2)

FTEEEs L
A+ hypte=c' = A +htc
hye= (h1b2+abz—acz)%

(2-8-5) & (2-8-6) inb

E: gt {ms
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a:

T
CHITKD X5

P] 0-) “‘mL
EE (R
LR IR,

as h2-( SKP)
+ pnE

SAMFLBEEE ()

(2-8-3) T\ T, BFIP, fdod g b, —id

& T

az_}.h£2—c’:_¢i ........................ (2_~8ﬁ4)
(2-8-1) A WIEFRETRE, MRS oL,
(2-8-4) Rk, BEBIETE, MRFRAEDLETH

Do LI 5T, (2-8-1) & (2-8-4) sha i 2
L 5T, CoBeRATMNKST 5,

Rk

HED

BT (2-8-1) N T, BEMEA —ET, Eik

% Po b Py 2ol bEE DL
hig hyy

(T;)?“ K m@,j)“g THLNG
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hia
VoL Pa=Ds

)t

Wiz, (2-8-4) A FGT Py=P, DE¥ D % e

hye?

Bt —hgge bt 4 ZREDE
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htc:2 = hLa "
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hm..PR_ Dy E — ByBeren e (z-8-7)

aPeAc?
aPe
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P
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T
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1
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(2-8-1) # (2-8-8) Wi ATIE
D=k +“pl? ................................. (2-8-9)
p=100psi (Kl B ki, TTEHE-ICHT R T
B
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1./
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CBR

CHPDEY
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5q. in.
CBR
clurves

Far
Hi
1b./
5q. in.
CBR

cHrees

For
200-
Ib.f
sq. in,
CBR
crrves

0-195
0-166
G-147
0-132
0-120
Q111
a-103
G096
Q-085
0-073
0-067
20 | 0059

g It b e
CLNUMNSCOE~-IWMhAW

0-199
0171
0-152
0-138
0-126
0118
0-110
G-104
0-093
0-082
6-075
3-068

0:03803
0:02755
0-0261
0-01742
01440
0-01232
0-01060
0-00921
0-00723
0-00532
0-00449
0-00348

0:03961
0-02923
0-02311
0-01905
0-01588
0-01392
0-01210,
G-01081
0-00865
0-00672
0-00563
0-00462

0-04121
0-03073
0-02479
0-02060
0-01758
001550
01378
0-01239
0-01041

0-G0851

0-00767
G-00666

0-04120
0-03082
002470
0-020064
001747
0-01551
0-0136%
001239
0-01024
0-00831
06-00722
0-0062t

0-124
¢-123
0-124
0-124
0-123
0-124
0124
0-124
-125
0-128
0-130
0-133

0-124
0-123
G124
3124
0-122
G-124
0-123
0-124
0-123
Q-124
0123
0-124
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Contact

Prosoure
or Xquivalent
Inflation Contact Tingle
Pressura Area ¥heel Load Ticknors .
Source of Dats Wheel Assbly pas {p) egio. (A} _xip (P) Coversges CiR in. cm/p tg; Beheylor
Design of Upper Rase Twin, 37 in. c-c 100 267 33.8 2,000 1ce L 0.80 0.061 Batisfastory
Cournee for High- 23.8 2,000 99 1 0.7  0.061 Batisfectory
proamare tires; Report 33.8 2,000 55 I 0,43  0.051 Failure
Ho. 1, Bree Cource Re- 170 270 <1, Lo 73 1 4.33  ©.AL Batlsrestory
quiremants as Related 51.2 Lo 65 L 0-34  0.081 Satisfostory
to Contect Pressiras, 1.2 Lg S1 3 0.27  0.08% Failure
™ 3-373 51.2 Lo 35 L 0.18  0.061 TFatlure
51.4 ko 55 3 0.29 0.18% Batisfartory
514 4o 4 3 0.21 0,184 Failure
51.4 Lo 33 3 0.17 0,184 Pailure
5L.2 8og & 1 0.6 0,081 EatisTnetoiry
51, Bao 66 3 0.34  0.061 Falluro
51.2 oo 40 1 0.21  0.001 Faflure
51.4 &0 50 3 0.26  0.184 Batisfactory
1.y 2,000 ™ 3 Q.41 0.184 Estisfactory
510 2,000 53 3 0.20 0.3  Fallure
224 267 61.5 Lo 58 1 0.23  0.061 Failure
1.6 Lo 49 1 0.19  0.051 Fallure
67.6 Lo L 1 0.17  0.06) Pailure
67,4 Lo 15 1 0.16  0.061 Taliure
67 Lo 112 3 0.y 0,184 Satiafactorr
7.5 Lo &5 3 Q.26 2 48% . Failure
67.8 Lo 38 3 0.15  0.204 Falliure
67.6 800 93 i 0.33 0.00L Satinractory
7.6 2,000 5 b 0.35 0,051 Satiaructory
67.6 2,000, Lo 1 0.16 0.08L7 Pailure
67.8 2,000 o) 3 0.35 0.30% Fedlurs
67.0 2,500 a5 3 0.3h 0.184 Satlsfectory
67.8 2,000 &8 3 ©.27  0.184 Satlavactory
Tnvertigation of the Do-  Single 5L 278 15 3,500 23 9 0,52 0.5b  Satialfactory
slgn mud Control of Aa- Single i) 374 37 1,500 31 13 G.31 C.6T3 Zatizi.ctory
phalt Paving Mixtures, Twin, 3T in, cne 18 29 36.7 1,550 35 i6 0.3%  0.86  Satlsfactory
™4 3-25% Single 51 278 2% 3,500 L3 9 O.7h 0.54 BatisTectory
Single 59 xc] atr 1,500 3 13 .36 0.673 tinfactory
Tvin, 37 im. c-¢ 118 any 8.7 3,500 L3 16 0,26 0.68  Satinfantory
Single - sh 278 15 3,500 33 9 S.6L  0.54  Eavtoractory
Single 97 37h 37 1,500 37 13 .37 0.6T3 Sntisfaztory
Twin, 37 in. e-c 118 329 T 1,500 3L 16 0.26 0,83 Satlsfactory
el o 1 503 29 9 0.5k 0.5 Satisfactory
;i.-;niha'r in. e-¢ li _-;zrg 3‘%.? 3’666 5 16 0.35 0,88 Satisrectory
'L‘uin’ 37 1m ooe 118 32 36.7 565 30 16 £.25 0.88 Satisfactory
Singie 99 3th E) 0 3 u 033 0.56 f‘:u:.:n.’a.ctory
Single % I 37 100 4 1 0.1k 0,559 Fatlure
Tvin, 37T tn, o-¢ 110 329 36.3 w2 27 M 0,25  0.61  Satisfactory
Twin, 37 in. e-c 110 29 36.3 wo 1z 2 02 0.4, futhum
Eingle 59 3Th 37 Loo fd 13 0.18 o, &) E&:A"*Mmﬂ
Single a9 27k 37 HOD 19 13 0,10 0.573 Fallure
Single o 37l 37 Loo 13 13 0,13 0.672
Stnsle 9% 37 7 LoD 5 16 8.05 o.azi}
Bingle e 3T 3 30 a6 ook 0.223
Bingle o9 a7l 37 260 2 16 0.02 o©.528
Bervice Behavior Test Bingla 63.6 a1b 20 256 5 }0.5 o.gz'g 2.59
Section, Barksdale 63.5 319 20 500 S %3 9. 12 o
Field, Louisiena 63.5 315 20 1,000 5 15.5 Q077 047
' 56,6 253 20 3,000 5 175 0,088 0.53
56.6 353 20 5,000 5 18 0.653 0.95
Jo.1 o7 50 20 5.5 17.5 0078 0,86
70.7 07 50 500 5.5 20,5  0.078 O.Tf
70,7 70T 50 1,000 5.5 2 0,018 0.90
0.4 = 50 3,000 5.5 26 0.3 0.98
80.4 622 50 5,000 3.5 26.5 0.058  1.00
Tnvestigation of Effects Bingle 200 150 20 2].?i bk 5 g.g:.rs g.gg
of Traffic with iigh- 200 150 30 1 ; = o3 o.98
preasure Tires on Aa- 200 150 30 178 6 1o 0'03 0.05
phalt Pavements, TH 200 150 30 203 & 2 P
5312 Twin tsnden, 200 150 36 2y -5 -250 ouie? Fallun
31x63 in, e-c 200 150 38 sha 65 2 0.271 0.1A3 Failure
200 150 L3,z 2,001 35 1% 0.122 0.897 ESaviafactory
Denign of Flextble hire  Twin, 37 in. c-c o1 330 ha.g 2,000 35 10 ©.27 055  Satinfectory
f1¢ld Pavementa for 91 330 5.4 2,000 25 13 .20 042 sabieiastory
¥ultiple-wheel Landing a 330 48,6 2,0 20 2 0aa L2 Ssuinfuiery
Gear Agacblics; Repar: Twin tendes, 1ho 267 63.5 2,250 3 bt Q.ze 0.8 Satisfactory
Wo. 1, Test Suction 31x63 in. c-c 1o 267 =3 2,000 4 eg o.i }:2 Sat.f:n{acfm'y
Vith feen Clmy Hubgrede, 140 267 T 2,000 22 2 0.67%  1.59 I‘S_n't:_u-ntﬂw
™ j-2k9 187 267 Ba, 6 610 a5 I 0,079 LS Fallure
187 267 95.0 2,000 27 20 0.0T6 1.22  Toarderline
187 267 106.0 e,mg zn 26 0.050 :35? ’;‘.\uu.‘uwn‘
f 24 59, a2 bo 10 0.049 .o ad Lure
Tvin, 37 in. e-c %g; 76'7{ (,3‘3 2,0 P 15 0.%7 0% hordecline
187 26t .0 2,058 39 20 DJY7 .22 Gatislactory
eia p e —be 4705 B ER e PERENITEN e 0
H-6 S TTARR L AR O HHINN KD (CeB-R¥)
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Contact

Predsura
or Equt velent
Inflation Contact 3ingle
Przosure Ares Whrel Loed hickn
Bouvce of Datn : L s
Mheel Assembly  pal fp} g fn, fA) _kip (P} Coverndes CHH in. cen/p tNA Arhovior
Tapart on Stockicn furs a .

Tt Bacﬂnn,smlgg ingle gg ggg gg 200 4 12 0.051 0.6%  Failurs
b 38; 2 300 4 k.5 C.COL 0,7% Fellure
bt i 5 500 & 18 0.51 ©.92 Fallure
P 385 as 1,000 4 22 0.661 112 Fallure
& S 5 2,009 boooZus 0.6 1,25 Fellure
b4 52 §S 3,000 4 25.0  0.051 L1.28  Fallure
L5 ?56 2 200 o2 0.0% 0.5  Failure
K 4 re 500 - @.055 110 Feilure
2 3% b 1,090 4 al 0.055 1,32 Failure
r 2 2,000 4 36 0,055 1.53 Boxderline

3 ke 3,000 hoo38 0,055 1.6 Borderiine
Lecolerated Troffic Test  Singl a3 .

at Dlockton Alrfield, el B i ™ , e 6 39 0.045 1.0l  Fatlure

Btonktan, Celifarala, 3 e 260 5.709 9 tia 0.068 3.34  ¥Faliure

Test Ao, 2 13 Tior 500 a;ggg 10 i.s o.?gg 1,20 Borterline
L3 1,500 200 2,500 7 Bous 8:0-,3 7
worm om0 r oy om oo
T Yo food 60 Bt 20,5 0,120 0.53
133 ”501 o 360 13 2k.5 0.8 0.63
13 iy : 1,560 13 30 .98 0.7
133 ey 200 15 3 0.113 0.88  TFailure
131 10 200 2,500 715 9.5 0.504 0.85  Satiafactory
13 10 200 3.000 75 10.5 0.5 0.27 Satiefactory
133 101 2% 2,600 5 13.5  0.564 0.35 Satinfectory
3 1301 o 2,000 5 9.5 0.5%% 0.25 Satisfactory
153 120 o 2,500 S 3.5 0.55% 0,35
3 Lo 200 2,000 5 15 0,564 0.3%

333 Lsa 200 R - S 1
133 T 200 2'\.«00 i &; 0.3?4 0.4%1
133 1,561 200 2, 0.0 110
133 ,)5 a 2,000 75 22 .56 0.57
Boope m mmow o= ol
153 1'5; 2% 1,300 & 30 0,060 0.77 Fallure
133 1o 200 e [ 5 0.56h 0.2 w
13 1’502 500 2,000 85 % 0.637 0.23  Satiulnstary
133 Plear 200 2,000 75 23,5 0.5G% 0.61  Satinfnnt.rr
4 2,000 85 23,5 0,639 0.61 Batiafactory
Flaxible Pavement feo-
hxrior Stvdies, Interin
Report Fo. 2
Borry dingla 70 214 15 1,751 23 12 0.329 0.82 Satisfactory
70 21h 15 1,76l u3 12 0.61% 0,02  Sutlofnctory
7C 21h 15 1,741 27 12 0.386 ©0.82 Satlafactory
TC 21k i5 1,ThL 16 12 0.229 0,82 Satiafectory
Todge Sioghe 66 226 15 b, 34 37 L 0,256 0.226 Fallure
Douglas dingle T 260 iT.5 264 27 20 0.435 1.24 Satisfactory
67 260 17.5 3,3% 2 1% 0.387 1.18 &ettofectory
&7 260 17.5 3,380 il 15 0Lk 1.18 Satisfectory
57 260 17.5 3,360 24 15 0.387 0.920 Satiefactory
67 280 175 3,380 2l b 0.387 0.856 Satiefnczory
67 260 7.5 3,380 38 bt 0612 0,866 Sstisfaciary
Jackson Bingle 60 250 15 185 37 2 0.616 0,126 Setisfactory
60 250 15 185 39 2 .65 0.126 EBatisfuctory
Yirtiand Bingls &4 176 15 TOT 2 10.5 6,377 0.785 ESatlsfectory
Bingle % 360 30 1,225 59 11 0.70T 0.579 Satiafmctory
N 350 30 12,250 6h 19 0.T6T 0.526 Setisfactory
o 60 30 12,250 £y 1L 0,563 G.579 Batinfactory
23 aco 30 12,250 36 3k.5  0.432 0,605 Satinfactory
Pusblo Bingle B4 360 a0 1,410 17 11 ©.20h 0,579 Satialactory
8% 360 30 1,470 16 13 0.192 0.379 Satlafactory
& 360 30 1,060 25 12 0300 0,632 Batlefactory
Banta Te Single b2 1360 15 636 28 10 0,672 0.926 Batisfactory
Tusma Bingle a4 360 30 22,500 i 13 0,527 0.684% Satiefectory
a, 360 3% 22,500 50 1= 0.599 0.632 Satlsfutory
360 kle 22,500 38 ik 0.555 ©0.737 Satisfactory
Lewscs 8ingle 60 2350 15 3,475 22 9.5 0,367 0.601 Sutisfactery
60 250 15 3,475 25 10 0.7 0.632 Satisfactory
&0 250 i5 3,760 8 10 6,133 0.632 Fallure
60 250 15 3,760 9 10 0.150 0.632 Failure
Castition Burvey, Reyert Bisgls 51 268 15 150 58 5 0.85 0,309 Satlafectory
Ho. §, ¥glin Air Force &7 2ée 15 150 18 5 0.369 0,307 Tellurs
Zaae, Valparniso, Flae, 67 260 15 150 Lo 5 0,73  0©.309 Gniinfactery
HP 4=3 &7 260 15 910 63 iz §.94  ©.745 - Satlafactory
6T 260 15 910 20 12 0.299 ©.7h5 Batisfuctory

H=7 R TR L A e g ek — i




Contnct

Preonure
oy Fquivalent
Inflation Contact Single
Presours Arer ¥Wheel Load Thicknens
Source of Data Wheel Adoembly vt {»)  sgqdn. {&) _kip {p} Covernges CBH in, CiR/p té!.l Behavior
Condition Burveys Report Tirln, 47 in, c-e Lo 267 Lz.2 Cap. L8 2 0.303 0.122 Feilure
Re. T, Kirtland adr 240 267 hz.2 Cap, o3 2 £.852 0,122 Jatinfactory
Force Baze, Albuquerque,
H. Mex,, Surveys of
1945-1952, Mo 4.3
Cerdition Survey; Report Single 61 360 22 7,500 57 3 0,934 0,158 Borderline
To. &, A-dmore Adr
Ferce Base, Ardmore,
Oila., MP -3
Condttlon Survey; Report  Single 60 R5O 15 h,100 59 10 0.984 0,531 Betlsfectory
Ne. 3, Lavaon Air Force 6o 250 bt 4,100 26 2 0.333 0.126 Borderline
Znoe, P, Benning, Go., 60 250 15 h,100 16 2 0.267 0,126 Failure
T 60 250 15 Ii,100 21 2 0.350 0,126 Borderline
6o 250 15 2,700 18 R 0.3C0 0,126 Borderline
50 250 15 2,700 23 2 0,38 0.126 Bordeyline
60 250 15 4,100 39 11 8,65 0.645 Satlafmctory
Unpubliohed data:
Dlythe single 2] 360 25 3,360 50 8 0.889 0,42) Satisfactory
(2] 260 25 3,3 65 i) C.942 0,421 Satisfectory
) 360 25 3,3B0 66 8 0,956 0.421 Satisfactory
Crlaceville Single &% 360 a5 2,110 4 1 0.6587 1.63  Sntinfuctory
[ a6a 25 578 13 26 0,182 1.37 Satisfactory
Picld rofsture; Keesler Single 50 260 15 1,680 36 13 0.620 0.807 Setiafactory
56 260 15 84 L% G 0.7%9 0.559 Satinfactory
Unpubl!ched data: Singla & 360 30 8,510 24 13 0.288 0.685 Satinfectory
Lan Yegan £ 360 a0 5,560 23 16 0.275 0.842 Satinfactory
Bi 360 30 5,560 31 16 0,371 0,842 Satisfactory
360 30 5,560 1k 16 0367 0,842 Sutisfastory
B4 340 0 Ti50 k7 11 Q.50 0,579 Satiuefavtory
sign of Upper Base Tvin in. ¢-¢ 170 267 51,6 2,020 1 1.5 0.575 0.032 Satisfactory
Dec:;ﬂa:s rgg High= = e 267 1.7 gs0 34 2.5 0,17k 0,253 Fatlure
preopure Tireo, Report 17 2687 1.7 850 105 2.5 ©.538 0.153 Satiafactery
Ho. 2 {Unpublished} 170 267 S1.7 0 29 2 0,149 0,153 Fallure
70 267 ST 850 90 2.5 0.L61 0.153 Satiafactsry
170 267 5L.7 oo 41 2.5 0.218 0,153 SBorderling
170 267 % 00 uy 2.5 0.251 0.153 Fallure
70 267 51,7 58 e 2,5 0.113 0,153 Fallure
170 257 51.9 2,000 165+ 3.5 0.849 0,214 Satiefrotory
17 267 52,2 500 21 k.5 0.107 ©,275 Fallure
170 267 56,2 TEY e b 0.717 0.275 fetlslectory
17 267 52,2 60 1 4.5 C.072 0,275 Fellure
70 267 52.2 522 67 4.5 0,343 0.275 Eaulefactory
170 267 50,2 2 .5 0.672 Q.15 Fallure
170 267 52.2 "o 20 i,5 0.1z 0.275 railure
L7 267 2.8 2,000 15T+ 6.5 U9 0398 Sntiafactory
Single 300 200 (2 820 isle 6.5 0,327 0,460 Satlafactory
twin, 37 in. enc 170 267 53.3 2,000 103 7.5 0.516 0,459 Satiafactery
Stngle 3co 200 50 ilrel 60 7.5 0.200 0,530 Dorderling
Twin, 37 in, c=g 170 267 53.3 foo 25 N 0.145 0.456 Fatture
170 267 53.3 2,600 59 7.5 0.295 0459 Satisfactary
Single 3c0 200 6o &30 23 7.5 0.07] 0,530 Fatlure
Twin, 37 fa. e-c 170 267 53.3 60 G 1.5 0.030 0,k55 Fatlure
170 267 53.2 220 23 7.5 0,077 0.459 Fallure
170 267 3.3 2,000 28 1.5 C.140 0.450 Ponleriine
Single i 300 200 50 700 10 7.5 ©.033 0.530 Fallure

F-8 HUETHE L EOMBRH—ERE (C-BR¥)



OFFSET IN FEEY QFFSET 8 FEET
3 2 : ] 3

“"Aﬁ‘?ﬂbd L ] L A A % 8 7 8 nDnﬂTﬁ“-dJE'(JI?' 4 5 & 7 A
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I
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Looa L ,l, Zooa l\‘\‘£ i ]f
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o
004 l‘ "/rl | Yooy il \
& ¥ T & A LS
ana 'l \ D08
LY l ¢or
LT1] v cos
0.5-FOOT DEPTH 1L.0-FOOT DEPTH
GFESET IN FIET OFFSET 1N FEET
“70541."4".\45673 876543?'!}1214567"
ooa 000 — -~
0 { @ by -
'r por BRI L] Zam Lo e
£ o A | £ N
B < l/ £ ~ //
+ ™,
5 0o2 " e yi 5 0op
£ i
4 003 A ’{ ! o 003
Z N LYz i
A \Y 8
004 Y 1 204
2.0-FOOT DEPTH 30-FOOT DEPTH
LEGEND
OUAL LOAD DEFLECTIONS
——— SINGLE LOAD DEFLECTIONS
OFFSET IN FEET
0 gop e 2.0 2 231458 70 NOTE 250-504N. PLATE, 30-FT DUAL SPACING
x SINGLE LOAD CEFLECTIONS WERE INCREASED
? BY AATIO TO MAKE MANIMUK DEFLEC TIONS
r o0l = Eak FOR 5iNGLE AND DUAL LOADINGS EQUAL.
: [ . POISSON'S AATIO=03
éooz il b e O MODULUS OF ELASTICITY= 18,600 PSI,
" SURFACE LOADZ100 PSI.
-
'gooa i L
6.0~FOOT DEPTH
THEORY
0427534
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DxC+B-R=0.1236 /2

SR SO
81 C+B'R

(2-8-10) & (2-8-9), (2-8-1) # MW T
hg:‘/P[al roo. plT] """ (2-8-10)

IR, CoB-REMoREEREARSi, Liv
L#E-SFRTHB L5k, (2811 FLC-B+R <12
ORI RO R & B —FT 5,

iz, COREN, EIRCHETL OTHEERE D
ORI Eii, TORHIE, TRETI G bi
T, AR S H TR oI ME A E R
Tro FEFFIHIE & S O AHBLIRRL A 22-618) ~818) im 3R,
i, TheRER L0 H-18Ch %, Ehod
ﬁm.cquﬂim LlRFolcb oTh b, M

DR S o ThB, (PiAAYIE,

t fgEL, A wmvaM)miﬁf%ﬁ&xﬁm,
SiEoERINE, C-B-RARZ X VBT
T de Thdbb, EBROOHE, 2,000 HSv—2F
okl kDA v — ST L S Ui oo b
D, +HIE, 1000~20000 0 ATV — 2GR Linh o 4
b, @HIEE000 3y — LTS LA Lo, ©

e (2-8-10)

W, LMo REDLOTHL, S0 X 2,
C B RAFIIFELN L OTHD Z LAV Ui,
EHIC, C+BRAKE, ChECRHHEIATHE
AER RS A LTS &, B-1018) o X sk
Do HhOIEE, CoBRAXLIVRF 7LD TH
D, O%Am,&AMﬁz7nybLt%@f%5 #
RO Lichih, HARC B RAXDOES Lir o
omm,quRmuT,Amm.04bRMMLf@
Bo BT b~/ F L X 5%, C+B-RI12ETIX, &
ATHEUECBRARI — T+ % 2%, 1205k, Ak
&, BEhhS R BB Lo 2 5D, e,

C: -?? Rt 0.2 WU CIE, CoB R AT 7

L‘J:""' [y A A

2-9 X k3, SERHECHT SREON
2514)

Fd, C-B-RANE, IR EAHE LTI
SHTHEACLOTHDH, HEGEHLEOLATL, 2-5T
ie oo BT X - T, Sl B g
5L Wl Tli. UL, CoB«REFNED
b & ha X oinn b, SHEBMEONEENT~

OFFIET IM FEET
a U 2 3 4 El A N L J 19 1r

g =

———
-
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CEALELTOR 1M IRGHES
s o
s 3
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y
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©
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Ry £ swvees

BEFLECTION 190 148

°
°
ES

3.C-FOOT DEPTH
LEGEND

u—— DUAL LOAD DEFLECTIONS
— — — 3IHCLE'LOAD DLALLCTIONS

BBIIAIL

OFF3EY IN FEET
o 1 2 3 < 3 T 3 L 0

fome £ OUAL ’4:,:'_'

g

P SavZLe

il

REFLECTON I ImEd

2.0-FOOT DEPTH

MOTE 300-30.1 PLATE, 1047 DUAL SPACING
SINCI T 0D BEFE RS FUnS AEHT 19" BT ALED BY KATID
TO MAAE WMAXEMUM DLFLECTIONS KOR SHGLE AND
CDUAL LOADINGS EQual
300-504N MINGLE LOAD DEFLECTIONS WERE OBTAINEO AT
HOMEARGAYS POINTS FADM 1094G-3040 MNCLE LOAD fiala

DEFLEGTIONS WEHL AVERAGID FHOM THOLE PASGUCED
BY 13430, A5+ AMD §G-P5) JURFACL LOAD INTIHIITICY

COMPARISON OF SINGLE AND DUAL
DEFLECTION PROFILES
TEST DATA
CLAYEY-SILT TE£ST SECTION
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OESED, BoNAb 3 5 UEAVE D, PSS ity
F B A SR IR (Bquivalent Single Wheel
Load) :49%), 4, BeSeW-L LISLTIED> &
B,

BT E E«S oW Lt 3 12 it T, M
BEiph Lk, BSILAES W L O,
ED LB anTh b, T, BRI,
BT - MR OGN T o ba ek TR, T h
w[B-200) WY, & OFICELIMETS o BT,
BIAE O 1BEREICSE L < & ), VN b S L N
LD L5 LTwB, BERTLA5 L5k, By
L CHT, FEL mbhiiBoRi—5%Ta, ch
W, HEOEEE, T CrEEEhtt i 5Th 5,
EHE, BT, WibalgrbigErs s,
SRR O, S Q58 OFn, B (5D
LR F - LT B, T Dx i,
B ORI Y, MR OMEEERNT £ L ¢ &
D, KRR L T2 abiE, o ORHHTTER
o, BIHEERTTE &% L\ F iR L Tob Db A
LT TR L s &0 E o LR L T B, L
2T, EeS-We L OBILE B ik, SWHO 1B
BlEHL L o THLEMER . SR H oAb

HER T AR 25 2 © 2AR-219) ©H 5. B
I, fpHEC O RSN 2010 lmad, Chb o®E
B, R B R LT B,
EC, E-5W-LOERmEGT 2 b Ok Lz,
iy EvSeWeL~OBII%kAIEE S,
W E, B— D YRS TR A i B — R (D
DT, @ MR TEL T N TES

p ?EEH. F_ .............................. (2_9_1)

p: FIRSESa fEE (pst)
r: FOds (in)
Em: Btk omld f5 (psi)
Fr®-2319 bR 5 i iRl
H7 4 7 A8 EATHEE XUH Y BRI,

s F i g s By
g = P Ts By Pa-Td» Mg

E-S WeLit, bR L-OTHS i b, o=
wd, FRENHBRIWEHSE LV OTH BN, =1y,
LicdiwT

mgi“:f];i .................................... (2_9_2)

ki, Ps #E«S+W+L, Pu ¥ S HHHOMNE -
e (2-9-2) kb

@ =

et ==

OFFIET IH AEEY QFFSET IN FEEY OFFSEY IN FEET
1 3 “ 3 L] L] o ] 3 L) B L] L) ? I3 I k) “ F] o a Kl
o0y -bD2 T -B.07
[~ £ ouat T Rt f DUAL areet § BUAL
ces = &0 coo
7 i = o
-
ooz ' 082 r2 L1} //‘ v
z Wi 3 / 2
.;,'.\nd ‘\ T ; [T T / g 004 oy /
Z oor | Z o ,' Z oan \:_‘__'
2 z e
é'ﬂoa \ / :!. nos + / E ooa € smate
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2 ore 2 olop— T alo
8 / AN 8
ora - 012 g o1z
] £ e r
B4 ot 'A. 014 ot
€ 3jweeg I |
o i o e
0.5-FOOT DEPTH 1.0“FOOT DEPTH 2.0~FOCT DEPTH
' OFFSCY IN FEEY OFFLETIN FEET . . QFFSET N FTET
- k) L] 9 "o A 3 - " - " p) L 5 L kd
[ S rayepy P = H i mow { SUAL —}= Font T { e P
3 non tr / Z oo ! g ¢co i /I
x z o z L ——
Zooz Z soz sy ¥ =t sonsie
% ooz = Z taaz
£ ~1f fiveLe 2- Pt smecr 2
H | 2 004 L U ooe
g ] § [ | g
& oo & noe S oo
3.0-FOOT DEPTl’j 4.0-FGOT DEPTH 5.0-FOOT DEPTH
NOTE 1800-90-1N, FLATE, 4.3-FT QUAL SPACHNG, COMPARISON OF SINGLE AND DUAL
SINGLE L0AD DEFLECTIONY WEAE [NCREASED B
RATIO TO LIAKE WAKIMUM DEFLECTIONS F0A LEGEND DEFLECTION PROFILES
SIHGLE AND GUAL LOADIMGS EQUAL. e BUAL LOAS DERLECTIONS
OEFLECTIONS WERE AVERALEG FROM THOSE FASSUCEY "= = AIHGLE LOAD PEFLICTIONS TEST DAYA
BY 137,38 AND 0-73F LénbINES
SAND TEST SECTION
sLrae
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tz YERTICAL DEFLECTION IN {HCHES

r ADIUS OF LOADED CIACULAR AREA IN INCHES

Ep = ELASTIC MODULUS 1N PSI

f = PEFLECTIOM FACTOR

1 % BEPTH IN INCHES

BT SURFACE CONTACT PRESSURE IN F5I

NOTE FOR PONTS BCNLATH THE CENTER OF 3
THE CIRCULAR AREA (OFFSEYT 2000 £ e

OFFSETS MEASURED FACM ORIGIN ALONG X+AXIS,

DEFLECTION FACTOR F

FOR URIFORM CIRCULAR LDAD OF RADIVUS ¢
AT POINTS a[f‘cﬂ?n THE X ~AX{S
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CALWORNIA BEARING MAT KO~ FEA CLMT CALWORIMA BLANING AATHI-PER CENT
43 & 0 3 20 5

+ 30 4p 30 #O Ko 2 3 ® 16 13 Jo 30 4P 30 b Mo
) I Rans ¢ WA=
W I 1;.' 2t " - |
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20 ~ —(l‘) 20y [ - <, -
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7
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a
H B-36 ASSEMBLY LOAD OF 150,000 LB B-2% ASSEMBLY LOAD OF 70000 LB
.
=
3
z
3
a
H
H oh 348 B K i 10 30403 83 B0 I B 15 20 310 4D 50 80 OO
H T 0
; w I ban it e ol
1 Wl s
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3 = pg s e 1 >
1 ! 18 /’
4 4 an &
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100 0o
B-38 ASSEMBLY LOAD OF 200000 LB B-50 ASSEMBLY LOAD DF 100,000 LB
LEGEND

@ INADEQUATE
& BUHLEALINE
O ADEQUATE . :
PLATE I7, MULTIPLE WHEEL REPORT NO 1,
HMOOIFIED TC SHOW PROPOSED (ESIGN CURVES
ROTE: SOLID CURVES INDICATE PRESENT
CESIGN CRITEAA ; DALHLD CUulvEs
INGICATE PROPOSED UESIGH CRITERIA,

POINTS INDICATE PAVEMEN] BERAVIOA, DESIGN THICKNESSES
BASED ON
VISUAL OBSERVATIONS
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Po=—t o B4\ Py (BB )+ (2-0-5)

8

0
o=l Fa oy (Biedngo
P i F. Py )

; ey (@90

Fu 12, ZEGGOSE, ST X 5 2R
2L o THRERLDTH T, FhABKio
B RO S R BAUE B,

BT, ZOLIE L CRDER S We Lo E+h
, CeB*RARID, BRIC kT, Mmoo
MO &N TE D, B-2419 Tik, BRSHC L oT
RoNAE«S-We LU L TR L 8tk
WA YFATRL, ARSI 2 E-S W La i L1,
BB A R TRL L O S, R b O Sk sl
o 20000TD AV — ST RBA T - Todl, L0k
Hek, T, G L ds o R S 2 O/IT, Ak
LichbOd@HT, HRELYSNTELLT V2, 2h

2

RTH05 X 5w, Bk X 23 mE ok

HIZZB5DX D PRI Y 52 Tia,

2-10 C-B-RHibie O &3 :

BEM-~C L 5, CoBe RS IEE S
o 2hi, SHRWE~OHELERNCERL, &
DRLBERCH L, BECBHBERET s X sk
=fie Linl, C+B+REHAKIL, HVWC BROT
T, FERRG IS KL, CoBT 0 i
EIE, BV CeBROTFCOMEE, H-90fEr
Uthotee LichioT, E-2520 25215 C BeR
SR CGEED i, BvCrBROFT, #-0bftir
LT Afolfok 5 sk ik,

K, #AV—SRRTEE L HTHLH, ohit,
2-6 TRI-16] &Ioicd3uis, [4-2620 © x 3w i 5
CEMTE Do FThboh, CoBRARL Dk bagk
B, A v~ 5,000 BHET 5, Shiziiod 2
Ve SR LTRKD L5 il e Ty,

Si{:gle or Bauivalent Tire Pressure, Pavement Thickness, in Inches
Single-Wheel Load, in pounds 8C¢-CER base | 100-CER base
in pounds per Square Inches
{1} (2) (3} (4}
20,000 100 2 1%
50,000 100 3 2
70,000 100 33 21
20,000 200 3 2
50,000 200 4 3
70,000 200 41 3%

29 ECeB-REXTHHEE (C+BRE)
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— ——— Extensicn of CBR curve to connect
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with selected plotted point
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1

i Deflegiion Factors | Senenth
Depth® [ 3T - radii L&serndii Teneath Center of
Radii Centerd | offsete ollscd [ One WheelQ Duald
{1} (2) | (3) (4} ! (3) {65}
0 A0 j 0.21 0.42 1.1 Gq
1 106 0.22 0,044 1.28 U.5%
2 0.67 0.22 0.4 .89 0.50
3 0.7 | 0.22 .35 0.6¢ 0.70
4 0.36 | 0.21 0.30 0.57 0.60
3 0.29 0.20 0.26 0.49 0.52
G 0.25 | 0.18 0,23 0,43 0.46
7 0.21 i 0,17 0,20 0.38 0.40

A values of depth in terms of radius of the eireular avea equal to the tire contact
arca are selected for ease in reading values {rom Fig. 8.

b Values of deflectinn factor for points benecatl the center of a civeulay load. Do~
flection factor is a dimensionless fuclor in the equation for dofleciion which Is delor-
mined by the relative position of the Joad am! the point at which deflection is heing de-
termined (see note on Fig. § and the Appendix).

€ Values of deflection factor at a distance from the center of the cireular area erual
to the spacing between the twin wheels being considered. This is a representatiog of ilie
amount of defleetion produced beneath the center of one wheol by the other wheel.

4 Values of deflection factor at a distance from the conier of {he citeular aven equal
to one-hall the spacing between the Lwin whoels being considered. ‘I'iis is o romresen-
tation of the amount of deflection produced midway hetween the iwin wheels by cach of
the wheels.

¢ Sum of the deflection factors in columns (2) and (3). This is a representation of the
amount of deflection produced beneath the center of each whoel ul the Lwin assembly by
hoth wheels.

I Twice the deflection facior in eolumn {4). This is a representation of the amount
of deitection produced beneath a point midway beiween the wheeis of the twin wssembly
i both wheels.

F-10 B RO AREGHES (C+BRED

Defiection Tactor Equivalent Single-Wheel
Depth& Maximum under Maximum under load in Percentage
Radii Inches single wheell duz!l wheeis¢ of Assembly Load9
@ (@) (3 (4) (5}
0 0 1.50 171 57.0
1 7.97 1.G6 i.28 60.3
2 15.94 0.67 0.80 67.1
3 23.91 0.47 0.72 76.6
4 31.88 0,36 0.6C 83.4
5 39.85 0.2% 0.52 89.6
6 47,82 0.25 0.46 92.0
T 53,78 0.23 .40 95.3

A Depths from Table 2 but given both in radii of the equivalent circular arez and in
inches.

b Largest deflection {in terms of deflection factor) occurring, at the depth indicated,
beneath a single wheel similar te one of the twin wheels being considered. L

€ Largest deflection {in terms of deflection factor) occurring, at the depth indicated,
beneath the twin wheels being considered.

Equivalent single-wheel load expressed as a percent of the total load on the twin-

wheel assembly. It is arrived at by dividing the load on a single wheel, which is nec-
essary to produce a deflection factor equal to the maximum occurring under the twin

wheels{for 0 depth in the table, this is P x i:é), by the total twin-wheel assembly load,
and converting this ratio to a percentage. n
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Equiv
Single~
1000-Cov 5000-Cov it ¢ cpgd | Wheel CER for Load Showni
Thickness@ t | Thicknessd ' —== | Load® 25,600 Ib | 50,000 It | 75,0600 1b
in. in. VA 1P %P
(1) (2) (3 (4) (5) {6} (N (8}
2 2,38 0.168 | 0.570 | s8.7 41.84 83.7 125.6
3 5.95 0.42] 0.264 59,3 19.58 38.1 58.7
10 11.91 0.843 { 0.120 | 61.7 9.25 18,52 27.8
15 17.86 1.263 | 0.065 | 66.2 5.38 10.77 16.13
20 23.82 1.686 0.039 72.0 3.51 7.02 10.52
25 29.78 2.107 | 0.0255] 77.4 2.47 4,95 7.40
30 35.7 2.528 | 0.0180} 82.1 3.69 5,54
35 41.7 2.95 0.0135! 86.2 2.91 4.36
40 47,6 3.37 | 0.0104] 89.4 3.48
45 53.6 3.79 | 0.0082| 91.2 ‘ 2.80
50 59.5 4,21 | 0.0064| 92.5

1 Thickness valugs are selected to facilitate plotting of the final curve,

b Since the basic pattern of the CBR relations as portrayed by the CRB equation is
fur a 5000-coverage level, the thicknesses selected for the desired coverage level must
be converted to that for the 5000-coverage level. This is done by first determining
fromthe curve in Fig. 3 that 1000-coverage thicknesses are 84% of those for 5000 cov-
erages and then dividing all 1000-ceverage thicknesses by 0.84 to obtain the 5000-
coverage thicknesses indicated.

€ The 5000-coverage thicknesses are next divided by V&, or V200 = 14.14, to get

t

listed.

d values from column (3) used to enter the curve of Fig. 6 lead to the values for
LER isted.

the values for

¢ Equivalent single-wheel load percentages were obtained from the eurve in Fig. 5,
using the thicknesses listed in column {1).
CBR values for final plotting were determined from the

R values in column (4)

. ficBr

and the equivalent single-wheel load contact pressure. CBR = (
e,

xpandp=—§.

As an example for column 5; Ata 2-in. depth, p = =73.4psiand CBER

= 0.370 x 73.4 = 41.8, ) 200
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SINGIE WHEEL
TIRE INFIATION, 100 P3I

MINIMIM THICKNESS, IN. .
LOAD 8o cBRY 100 CER
KIPS PAVEMERT BASE TOTAL PAVEMEN? BASE TOTAT,
10 2 6 8 2 6 8
20 2 6 & 2 6 8
30 3 6 9 2 6 8
Lo 3 6 9 2 6 8
50 3 6 9 2 6 8
&0 A é 10 3 6 9
70 4 6 10 3 6 9
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15 3 6 9 2 6 8
20 3 6 9 3 6 9
25 b & 30 3 6 9
30 5 6 11 I 6 10
0L0358B
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4 1.50 27 7.25
5 1.75 28 7.50
6 2.00 29 7.75
7 2.25 30 .00
8 2.50 31 8.23
9 2.75 32 €.50
1o 3.00 33 2.75
' 3.25 34 9.00
i2 3.50 35 9.25
|3 3.75 38 $.50
| 4 4.00 37 .75
15 4.25 32 [0.00
16 4.50 39 10.25
17 4.75 40 10.50
'8 5,00 41 i0.75
19 5.25 42 1.00
20 5.50 43 .23
21 5.75 44 i1.50
22 6.00 45 .75
23 6.25 46 i2.00
24 6.50 47 12,25
25 6.75 43 (2,50
z6 7.00 49 (2,75
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