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This paper presents the results of an analytical study made to 
develop criteria for determining the degree of compaction re
quired at different depths in soils beneath flexible pavements 
to prevent consolidation of the soil under wheel loads and con
sequent deformation of the pavement. 

Data obtained from observations of airfield pavements in 
actual service and from reports of accelerated traffic tests on 
carefully controlled test sections were tabulated, and from 
these tabulations correlations were developed between the com
paction effort applied to flexible pavements by aircraft traffic 
and the densities resulting from this compaction effort at var
ious depths. 

The established CBR relations were used to integrate the 
effects of wheel load, tire pressure, assembly configuration, 
and depth below pavement surface into a compaction index, C^, 
for purposes of this study. Correlations between Cj and the 
densities required to prevent further compaction are presented. 

IN 1942, when the Corps of Engineers adopted the California Bearing Ratio method 
i : use in designing flexible pavements for airfields, the CBR procedures specified 
Loratory compaction of soil samples under a 2,000-psi static load. This compac-
l)n gives densities of the same order as those obtained by AASHO Method T99 for 
^ndy and gravelly soils, but much higher densities for clayey soils. The CBR meth-

also specified a field compaction test usii^ a tamper that imparted a compaction 
:ort considerably greater than imparted by AASHO T99 compaction. Personnel of 
; Corps of Engineers and consultants to the Corps anticipated that higher densities 
uld be needed in soil components of airfield pavements than were produced by the 
SHO T99 compaction test, but did not consider the CBR procedures entirely suit-
,e for this purpose. From laboratory tests performed in the Corps' Flexible Pave-
snt Laboratory, Soils Division, at the Waterways Experiment Station, Vicksburg, 
ssissippi, it was determined that a modification of AASHO T99 would be better suit-
to the Corps' problems and would require less new test equipment. The Corps' de-

|

;n manual published in June 1942 specified a laboratory compaction test similar to 
SHO T99, but with modifications which increased the weight of the hammer from 5 
10 lb, the height of fall from 12 to 18 in., and the number of layers compacted from 
) 5. These changes increased the compaction effort almost fivefold. 
Also, based primarily on judgment of Corps personnel and consultants, compaction 
luirements were specified in 1942 as 95 percent of modified AASHO maximum density 
all base courses, subbases, and for the top 6 in. of subgrades. In most soils 95 per-
it of modified AASHO density is equal to or higher than 100 percent of AASHO T99 

Kdmum density; therefore, these specifications represented a definite upgrading of 
^paction requirements from those used for highways, which were normally 95 per-

It of AASHO T99. Compaction of fill was specified to be 90 percent of modified 
K H O compaction, but no specifications were established for cut sections except in 
•top 6 in. 

1945, a study was made of the degrees of compaction existing in certain acceler-
traffic test sections. These studies showed a definite relation between degree of 
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compaction, wheel load, and depth from the surface of the pavement to the layer being 
studied. It was assumed that if this density had been built into the structure during 
construction of the test sections, no appreciable densification would have occurred un
der traffic. As a result of these studies, the Corps has established in a sense, a "de
sign" of the ultimate compaction necessary. For the "design," the compaction that wil 
be induced in each layer by the airplane traffic is determined, and this degree of com
paction is required to be obtained during construction. 

Unfortunately, the studies which led to these developments were documented only in 
letter reports between the Waterways Experiment Station and the Office, Chief of Engi 
neers, and thus the test data have not been generally available. However, in 1959, th 
Corps published a report (24) which contains all the data collected by the Corps on the 
subject. The authors of this paper were directly connected with the studies. This pa 
per summarizes data (24) and shows how the procedures developed by the Corps can b 
applied to civil airfields and highways. 
Early Studies 

Figure 1, taken from a 1945 unpublished letter report, shows plots of the degree ol 
compaction that developed in several accelerated-traffic tests at various depths belowl 

1+ 

L LOAD 

ao OM-LB WHEEL LOAD' 
"LEGEND 

O LIMESTONE BIENO I 
k CUAVCRAVEL NO ) 
• CAV GRAVEL NO 2 
• SAND CCOMESlONLESSlT 
A SELECTED LOAM 
• SUSCHAOE 

WHEEL LOAD 

UNCOMPACTED_̂ ,. 
SbBCRADE I 1-1 4-1-1 4 

W'LB WHEEi. LOAD 

I 
1 

- BASE 1 
•ph SAME SLOPE ~ 

^ / AS BARKSDALE 
-%* iO-KIR WHfE--

/J'--?" \ -
' V SJBCRAOE / 

! i : 1: 
W-LB WHEEL ..OAO 

-< - . - , . -

D 1 l,S*ME 5LORE 
- 5 B . S E ^ ' « B « « D A L E 

WBGRADE , 

' ! ' 1 
• is,o. ' 1 '.1 . 

O-LB AHtEL LOAD 

• : | - - | ' -

CORPUS CHRISTI FIGUftE B 
RER CEi>>T OF MOO'FiEO 

• ASHO DCNSlTT LEWI3T0WN FIGURE C 
""̂ "AAVHO OENS^TT' ^° NATCHITOCHES 

•0 
• ASHO DENSlT BARKSDALE FIGURE A 

• - -'^ 
SUBC 

- • -

-; 4. A 
19,000 LB WHEEL LOAD 

COHESIONLESS 9AND 

OHESiONLESS _ 

-
'KIP 
HEEL .. 

- t-

EGLIN 

R CENT OF MODIFIED 
AASHO DENSITY 

GRENIER 
AASHO "ENSITT LANGLEY FIGURE G SANTA MARIA FIGURE H 

o' 'l 

' • SUBOPADES t BASE UATERikLSI 
FxCEP* C0«eSiah,.ES3 SANDS _ 

O COHtSON,.FSS SANDS 

-. + - f ^ * ^ " 
— LEGEND rs.^^ 

• lOSIb or WOD F ED _ 
AASHO DENSITY 

, a 100% of WOD'FiEB 
AASHO DENSITY 

O > S % OF MODIF ED • 
AASHO DENSiTI 1 

• B 90% OF MODIF ED 

NOTE LETTEBS BEFER TO 
EXCEPT AF WHICH R 

— ^ ^ - 1 -
- • ( - ' 

TEST SECTIflNS 
EFERS TO AlRF(E..DS 

WHEEL ..OAO-KIPS SUBGRADES AND BASE MATERIALS CEXCEPT COHESIONLESS SANDS) FIGURE J 

- - i . . - -
i r ^ i I I I . 1 

1 1̂  
- t 

A 100% OF MODlF 

• S0% OF MOD F 

0 ikBSHO DENSITY 
3 AASMO DENS TT 
D AASHO DENSITY 
EFER^TO^TEST^̂  sor t LETTERS 

, SEC'iONS 
REFERS T 

0 ikBSHO DENSITY 
3 AASMO DENS TT 
D AASHO DENSITY 
EFER^TO^TEST^̂  

; 20 g^a rPLBL SHED B> 
J S W E a ^ GREMtR MAT tai 

U POH' P" P»C F C 31V SION ) 
T 1,PA .̂(MENT^ SAT SFACTORT 
>• .1 -TtP JA-tD 22 VARCH I«<1S, 

>:>.|.JRE,LVALl.ATION,AND 

tBI* >NC A RF1E..D PAVEMENTS 

WHEEi. LOAD H,PS COHESIOWLESS SANDS FIGURE K 
Figure 1 . Compaction study data. 

the pavement surface. It is apparent that the density developed by traffic decreased! 
with depth in a logical manner when the densities were expressed as a percentage of I 
the maximum densities obtained in the laboratory compaction test. This pattern a p - | 
peared in all the accelerated-traffic tests (Fig. lA-H) and in the airfield pavement 
der actual traffic (Fig. 2). Another feature indicated by these results is that the c o f l 
sionless sands appear to plot about 5 points higher (in percentage of compaction) t h a i 
the other soils. Figures IJ and IK are summary plots obtained by reading the deptB 



at which 90, 95, 100, and 105 percent com
paction were measured and plotting the 
depth against wheel load. The lines of e-
qual percentage of compaction were fitted 
to the plotted points visually. These sum
mary plots were used to establish the fol
lowing compaction requirements which ap
peared in the Corps of Engineers' engineer
ing design manual published in 1946. 

Through the succeeding four years, per
sonnel of the Flexible Pavement Laboratory 
were engaged in producing CBR versus thick
ness design curves for multiple-wheel gears 
and for higher tire pressures by theoretical 
resolution of the single-wheel curves. These 
same concepts were applied to the compaction 
requirements, and it was found that a definite 
relation existed between the required degree 
of compaction and the maximum shear stress 
( T max) as computed by the theory of elasticity. 
Figure 2 shows the relation. In 1950, the rela
tion shown in Figure 2 was used to trans
late the compaction requirements for single 
wheels (Table 1) into compaction requirements 
for a range of single, dual, and twin-tandem 
assemblies. Although tire pressure was not 

hdicated in the 1946 requirements, the tire pressures for the various loads were approxi
mately those shown in the legend of Figure 2, and these values were used for the translations. 
ranslations were produced for 100- and 200-psi tire pressures for single-wheel loads. For 
e dual and twin-tandem assemblies, the tire pressure was varied to give a contact area of 
7sqin. for each tire. Figure 3 shows the compaction requirements produced by theoret-
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TABLE 1 
1946 COMPACTION REQUIREMENTS 

•leel Load 
m 

5,000 
15,000 
40,000 
60, 000 
50,000 

Depth in Inches 
Below Pavement Surface to Which Indicated 
% of Modified AASHO Density Should Extend 

All Subgrades Except 
Cohesionless Sands 

T00%" 95% 
Cohesionless Sands 
100% 95% 

12 
18 
30 

12 
18 
30 
54 

12 
24 
30 
48 

12 
24 
36 
48 
78 

1 resolution of the 1946 criteria. These requirements appeared in the Corps' engi-
!ring design manual in 1951. 
In the period following 1951, it was necessary to produce plots such as those shown 
Figure 3 for many different gear loadings. In the course of this work, ample evi-
ce was found that the compaction that will be produced in a given layer by traffic is 

(unction of the total load, arrangement of tires, tire pressure, number of repetitions, 
depth to the given layer. Theoretically, the characteristics of the material between 



the surface and the given layer should also influence the compaction, but apparently 
the differences in the materials in the average flexible pavement are not enough to 
significantly influence compaction. 

The determination of the exact relations between the compaction induced in the givei 
layer and each of the variables listed above would require a multiplicity of carefully 
controlled test sections. A major discovery by personnel of the Flexible Pavement 
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Figure 3. Subgrade and base course compaction requirements. 

Laboratory was that the design CBR could be used as a compaction index to combine 
the parameters listed. In preparing compaction requirements for the various 
gear loads it was found that an almost constant relation exists between the degree of | 
compaction required in a given layer by the Corps and the des^n CBR indicated by 
the Corps' CBR design curves for that layer. Table 2 illustrates the constancy of t h | 
relation. The values shown in Table 2 were obtained by selecting a range of loads 



TABLE 2 
REQUIRED CBR VALUES FOR VARIOUS WHEEL LOADS' 

Single Wheels Multiple Wheels 

L A S H O 

tensity 

Wheel CBR for Indicated Assembly CBR for Assembly 
Load Tire Pressure Load Dual Wheel Load 

(kips) 100 psi 200 psi (kips) Loads (kips) 

CBR for 
Twin-Tandem 
Wheel Loads 

(a) Cohesionless Sands 
00% 10 8.1 7.1 50 9.2 100 9.5 
Mod. 20 8.1 7.2 75 8.6 125 8.9 

30 8.0 7.7 100 8.5 150 9.4 
40 8.0 7.5 125 8.5 175 8.9 
50 8.0 7.4 - - 200 9.2 

J5% 
60 8.0 7.5 - - - _ 

J5% 10 3.7 3.3 50 4.1 100 4.7 
Mod. 20 3.6 3.4 75 4.0 125 4.6 

30 3.6 3.3 100 3.7 150 4.5 
40 3.5 3.3 125 3.6 175 4.2 
50 3.6 3.3 - - 200 4.1 
60 3.6 3.6 - - - -

(b) Other Soils 
>0% 10 15 13 50 16 100 16 
Mod. 20 15.5 13.5 75 14.5 125 15 

30 16 14 100 15 150 15 
40 15.5 14 125 15 175 15.5 
50 16 13.5 - _ 200 16 
60 16 13.5 - _ _ _ 

5% 10 8.1 7.1 50 9.2 100 9.5 
Hod. 20 8.1 7.2 75 8.6 125 8.9 

30 8.0 7.7 100 8.5 150 9.4 
40 8.0 7.5 125 8.5 175 8.9 
50 8.0 7.4 - - 200 9.2 
60 8.0 7.5 - - - -

| re rage CBR: (a ) Cohesionless Sands, lOOX Mod. AASHO Density = 8.3; 
ler S o i l s , 100% Mod. AASHO Density = 15.0; 95% = 8.3. 

95% = 3.8; (b ) 

Id gear configurations, reading the depth at which 95 and 100 percent compaction 
^ d be required from Figure 3, and then reading from the respective CBR curve the 

R that would be required at that thickness. For example. Figure 3 indicates that 
any material other than cohesionless sand, 100 percent compaction would be re-

red at a depth of 7 in. for a 10,000-lb, single-wheel load, 100-psi tire pressure. 
Corps' CBR design curves (Fig. 2 of Appendix, (2)) indicate that a design CBR 

15 would be required for the 10,000-lb wheel load at a depth of 7 in. The other 
ues shown in Table 2 were obtained in the same manner. This over-all factor 
ch combines the parameters of load, tire arrangement, tire pressure, number of 
etitions, and depth to the layer under consideration was labeled "Compaction Index," 
to avoid the confusion that would exist if the initials CBR were used. With this 

fnbination factor the variables are reduced to two, percentage of compaction and 
ipaction index, and all pertinent data can be plotted in one plot and brought to bear 

Ithe problem even though the data from individual tests do not cover the full range 
U e variables. 
•Following this discovery, a review was made of all available data (4 - 25). Data 
*-e considered pertinent only where information was available on the density, depth, 



TABLE 3 
ACCELERATED TRAFFIC TEST COMPACTION RESULTS 

D e p t h P e r C e n t D e p t h P e r C e n t 
f r c n P l a s  H o d Compac f r o m P l a s  H o d C o n p a c . 

Sarfane t i c i t y AASHO t i o n S u r f a c e t i c i t y AASHO t i o n 
i n . I n d e x D e n s i t y I n d e x i n . I n d e x D e n s i t y I n d e x 

D . ( C o n t i n u e d ) D . ( C o n t i n u e d ] 
6 0 , 0 0 0 l b A s s a i b l r l o a d : 37 ,000 l b A s s e m b l y L o a d ' 6 0 , 0 0 0 l b 

3 6 0 - B q - i n . A s s e n b l y T y p e ' S i n g l e l O O - p s i t i r e p r e s s u r e A s s e m b l y T y p e : T w i n , 37 I n . c - c . 3 6 0 - B q - i n . 

1 . 5 7 9 3 . 0 9 8 . 0 
c o n t a c t a r e a 

6 1 . 0 3 . 0 7 9 8 . 0 6 3 . 0 3 . 0 7 8 7 . 0 6 1 . 0 
3 . 0 BP 9 9 . 0 6 3 . 0 3 . 0 7 8 9 . 0 6 1 . 0 
5 . 0 HP 9 3 . 0 l i 5 . 0 3 . 0 HP 1 0 0 . 0 6 1 . 0 
2 . 0 NP 1 0 0 . 0 8 2 . 0 2 . 0 P 9 3 . 0 7 5 . 0 
6 . 0 HP 1 0 2 . 0 3 9 . 0 2 . 0 P 9 l t . 0 7 5 . 0 
2 . 0 P 7 9 . 0 8 2 . 0 2 . 0 P 9lt.o 7 5 . 0 
2 . 0 P 8 8 . 0 8 2 . 0 2 . 0 P 8 3 . 0 7 5 . 0 
2 . 0 P 9 8 . 0 8 2 . 0 2 . 0 P 9 4 . 0 7 5 . 0 
2 . 0 P 9lt .O 8 2 . 0 8 . 7 5 7 9 5 . 0 2lt .O 
2 . 0 P 9 6 . 0 8 2 . 0 9 . 5 7 8 9 . 0 2 1 . 0 
7 . 2 5 7 9 1 . 0 3 2 . 5 9 . 5 7 7 9 . 0 2 1 . 0 
8 . 0 7 8 9 . 0 3 0 . 0 8 . 7 5 HP 9 8 . 0 21>.0 

7 . 2 5 HP 1 0 1 . 0 3 2 . 5 8 . 7 5 HP 1 0 2 . 0 21(.0 
8 . 0 DP 1 0 1 . 0 3 0 . 0 8 . 7 5 HP 9 5 . 0 2 l ( . 0 
8 . 0 DP 1 0 1 . 0 3 0 . 0 9 . 5 HP 9 7 . 0 2 1 . 0 
9 . 0 IIP 9 1 . 0 2 6 . 0 1 0 . 5 NP 1 0 1 . 0 1 9 . 0 

7 . 5 BP 1 0 1 . 0 3 1 . 5 9 . 0 HP 1 0 1 . 0 2 3 . 0 

B . 5 » P 1 0 0 . 0 2 8 . 0 9 . 0 HP 1 0 1 . 0 2 3 . 0 

9 . 5 HP 1 0 2 . 0 9 . 0 HP 9 7 . 0 2 3 . 0 

6 . 5 P 9 5 . 0 3 5 . 5 1 0 . 0 HP 1 0 0 . 0 2 0 . 0 
1 3 . 0 28 9 1 . 0 1 7 . 0 1 1 . 0 HP 9 9 . 0 1 8 . 0 
1 3 . 0 28 9 0 . 0 1 7 . 0 1 1 . 0 HP 9 9 . 0 1 8 . 0 
1 3 . 0 2 8 9 8 . 0 1 7 . 0 l>.9 HP 1 0 3 . 0 l l 3 . 0 
1 3 . 0 28 9 3 . 0 1 7 . 0 1 6 . 0 28 9 7 . 0 1 2 . 5 
1 3 . 0 28 9 7 . 0 1 7 . 0 1 6 . 0 28 9 3 . 0 1 2 . 5 
1 3 . 0 2 8 9 0 . 0 1 7 . 0 1 6 . 0 28 9 5 . 0 1 2 . 5 
1 3 . 0 28 9 6 . 0 1 7 . 0 1 6 . 0 28 9 1 . 0 1 2 . 5 
1 3 . 0 28 9 7 . 0 1 7 . 0 1 6 . 0 2 8 9 6 . 0 1 2 . 5 
1 3 . 0 28 9 6 . 0 1 7 . 0 1 6 . 0 2 8 9 3 . 0 1 2 . 5 
1 1 . 0 28 8 2 . 0 2 0 . 0 1 6 . 0 28 8 8 . 0 1 2 . 5 
1 1 . 0 28 9 1 . 0 2 0 . 0 1 6 . 0 28 9 6 . 0 1 2 . 5 9 1 . 0 

1 6 . 0 28 9 6 . 0 1 2 . 5 
1 6 . 0 2 8 8 8 . 0 1 2 . 5 
1 6 . 0 26 9 5 . 0 1 2 . 5 
1 6 . 0 2 8 9 6 . 0 1 2 . 5 
1 6 . 0 28 9 3 . 0 1 2 . 5 
1 6 . 0 2 8 9 2 . 0 1 2 . 5 
1 6 . 0 2 8 9 2 . 0 1 2 . 5 
1 6 . 2 28 9 5 . 0 1 2 . 3 

u.o 28 9 6 . 0 1 8 . 0 
1 1 . 0 28 9 3 . 0 I B . O 

D e p t h 
f r o m 

S u r f a c e 
i n . 

P l a s 
t i c i t y 
I n d e x 

P e r C e n t 
H o d 

AASHO 
D e n s i t y 

Canpac -
t i o n 

I n d e x * 

A . S o u r c e o f D a t a 

A s s e m b l y L o a d : 
A s s e m b l y T y p e 

Pavement M i x D e s l g i S t u d y 
Tor V e r y Heavy Gear L o a d s i 
P i l o t T e a t a e c t i o n [DRAFT 
j s j r i 9 5 7 
2U0,OO0 l b 
T w i n t a n d e m , s p a c i n g 
31 X 60 i n . , 2 6 7 - s q - l n . 
c o n t a c t a r e a 

k.o HP 
1 0 . 5 HP 
111.5 HP 
3 5 . 0 28 
3 8 . 0 28 
5 8 . 0 28 

h.o HP 
8 . 0 HP 

l l t . O HP 

1 0 4 . 7 
1 0 5 . 9 
1 0 5 . 8 

9 2 . 0 
8 9 . 2 
8 3 . 2 

1 0 6 . 2 
1 0 3 . 8 
l O U . l 

8 1 . 0 
50.1. 
l lO.O 
1 3 . 8 
1 2 . 0 

6 . 6 
8 1 . 0 
6 0 . 5 
l tO . 5 

B . S o u r c e o f D a t a 

A s s e m b l y L o a d 
A s s e m b l y T y p e 

U.O HP 1 0 5 . 0 
1 2 . 0 HP 1 0 3 . 6 

1 7 . 0 HP 1 0 1 . 0 
2 1 . 0 HP 1011.8 

2 5 . 5 18 1 0 6 . 9 
3 1 - 5 P 1 0 1 . 7 

C . S o u r c e o f D a t a : 

A s s e m b l y L o a d 
A s s e m b l y T y p e : 

1 6 . 0 23 
1 2 . 0 23 
1 2 . 0 23 
1 2 . 0 23 
1 2 . 0 23 
1 2 . 0 23 

A s s e m b l y L o a d * 
A s s e m b l y T y p e -

U n p u b l i s h e d d a t a f r o m 
C o l i n b u s APB t e s t s e c t i o n , 1958 
2 1 2 , 0 0 0 l b 
T u i n t u l n , 3 7 - 6 2 - 3 7 - i n . s p a c i n g , 
2 6 7 - s q - l n . c o n t a c t a r e a , 
b i c y c l e - t y p e g e a r 

8 3 . 0 
1.1*.0 
3 0 . 0 
2 3 . 0 
1 7 . 5 
1 3 . 5 

I n v e s t i g a t i o n o f E f f e c t s o f 
T r a f f i c W i t h H i g h P r e s s u r e T i r e s 

I A s p h a l t P a v e m e n t s , m 3 - 3 1 2 7 
May 1950 
3 0 , 0 0 0 l b 
S i n g l e , 2 0 0 - p s l t i r e p r e s s u r e 

1 0 0 . 3 1 2 . 5 
9 9 . 3 1 9 . 0 
9 8 . 1 1 9 . 0 
9 8 . 2 1 9 . 0 
97.1* 1 9 . 0 
9 7 . 0 1 9 . 0 

1 2 0 , 0 0 0 l b 
T v i n t a n d e m , 31 X 6 0 I n . 

1 3 . 0 
1 3 . 0 
1 3 . 0 
1 3 . 0 
1 2 . 0 

23 
23 
23 
23 
23 

9 9 . 0 
9 9 . 0 

1 0 0 . 5 
9 3 . 8 
9 5 . 3 

2 2 . 5 
2 2 . 5 
2 2 . 5 
2 2 . 5 
2 5 . 0 

D e p t h 
f r o m 

S u r f a c e 
P l a s 
t i c i t y 
I n d e x 

Per C e n t 
Mod 

D e n s i t y 

Compac
t i o n 
I n d e x 

S o u r c e o f D a t a * 

A s s e m b l y L o a d . 
A s s e m b l y T y p e : 

1 . 5 7 9 3 . 0 

1 . 5 7 9 2 . 0 
3 . 0 7 9 8 . 0 
3 . 0 7 9 5 . 0 
3 . 0 7 1 0 5 . 0 
5 . 0 7 9 3 . 0 
3 . 0 HP 1 0 3 . 0 
k.o HP 9 8 . 0 
6 . 0 HP 9 6 . 0 
6 . 0 HP 9 7 . 0 
6 . 0 HP 9 7 . 0 
6 . 0 HP 9 9 . 0 
6 . 0 HP 9 6 . 0 
6 . 0 HP 9 6 . 0 
0 . 8 HP 1 0 8 . 0 
2 . 0 PMf gk.o 
2 . 0 P 9 5 . 0 
2 . 0 P 9 6 . 0 
2 . 0 P 9 8 . 0 

6 . 5 7 9 3 . 0 

6 . 5 HP 9 9 . 0 

6 . 5 HP 9 3 . 0 

6 . 5 HP 9 9 . 0 
6 . 0 HP 9 8 . 0 
6 . 0 HP 1 0 0 . 0 
7 . 0 HP 9 5 . 0 

6 . 5 HP 1 0 0 . 0 

6 . 5 HP 1 0 3 . 0 

6 . 5 HP 1 0 2 . 0 

6 . 5 HP 1 0 0 . 0 

6 . 5 HP 1 0 2 . 0 

9 . 0 28 9 3 . 0 
9 . 0 2 8 9 6 . 0 

9 . 0 28 9 5 . 0 
9 . 0 28 9lt .O 
9 . 0 28 9 5 . 0 
9 . 0 28 9 6 . 0 

9 . 0 28 9l>.0 
9 . 0 28 9h,0 
9 . 0 2 8 9 6 . 0 
9 . 0 28 9 6 . 0 
9 . 0 2 8 9 5 . 0 
9 . 0 28 9l>.0 

9 . 0 28 9 2 . 0 
9 . 0 28 9 5 . 0 
9 . 0 28 9 2 . 0 

9 . 0 2 8 9 6 . 0 
1 1 . 0 28 9lt .O 
1 1 . 0 28 9 5 . 0 
1 1 . 0 28 9 5 . 0 

I n v e s t i g a t i o n o f t h e D e s i g n 
a n d C o n t r o l o f A s p h a l t 
P a v i n g M i x t u r e s . TO ^-23^ 
i ^ ; o o 5 S — ' 
S i n g l e , 5 0 - p s i t i r e p r e s s u r e 

5 0 . 0 
5 0 . 0 
3 0 . 0 
3 0 . 0 
3 0 . 0 
1 8 . 5 
3 0 . 0 
2lt .O 
1 5 . 0 
1 5 . 0 
1 5 . 0 
1 5 . 0 
1 5 . 0 
1 5 . 0 
7 0 . 0 
I t l . O 
I t l . O 
I t l . O 
l i l . O 
l l t . O 
l l t . O 
H l . O 
l U . O 
l l t . O 
1 5 . 0 
1 3 . 0 
l l t . O 
l l t . O 
l l t . O 
l l t . O 
l l t . O 

9 - 3 
9 . 3 
9 . 3 
9 . 3 
9 - 3 
9 . 3 
9 . 3 
9 . 3 
9 . 3 
9 -3 
9 - 3 
9 . 3 
9 . 3 
9 ' 3 
9 . 3 
9 . 3 
7 . 0 
7 . 0 
7 . 0 



CTION DATA FOR FLEXIBLE AIRFIELD PAVEMENTS 
D e p t h 
f r o m 

S u r f a c e 
P l a s 
t i c i t y 
I n d e x 

P e r C e n t 
H o d Conpac-

AASHO t i o n 
D e n s i t y I n d e x * 

A . S o u r c e o f D a t a 

A s s e m b l y L o a d 
A s s e m b l y Type 

li.O HP 
3 . 0 MP 
9 . 0 7 

2 1 . 0 13 
2 0 . 0 HP 

8 . 0 HP 

B . S o u r c e o f D a t a , 

C o n d i t i o n S u r v e y , R e p o r t 
N o . 2, Pope A i r F o r c e B a s e , 
F o i t B r a m , K o r t h C a r o l i n a , 

1 3 , 0 0 0 l b 
S i n g l e . 1 0 0 - p s i t i r e p r e s s u r e 

9 5 . 0 
9 3 . 0 
8 3 . 0 
8 4 . 0 
8 5 . 0 
8 1 . 0 

3 7 . 0 
1|6.0 
1 3 . 5 

3.1. 
3 . 8 

1 5 . 0 

A s s e m b l y Load* 
A s s e m b l y T y p e . 

8 . 0 HP 
1 5 . 0 HP 

I t . O HP 
1 6 . 0 HP 

8 . 0 HP 

A s s e m b l y L o a d 
A s s e m b l y T y p e 

C o n d i t i o n S u r v e y j R e p o r t 
N o . 5 , E g l i n A i r F o r c e B a s e , 

l o g ' 
s i n g l e , l O O - p s i t i r e p r e s s u r e 

1 0 1 . 5 
9 6 . 9 
9 7 . 2 
9I1.9 
9 8 . 2 

2 7 . 0 
1 1 . 5 
5 2 . 0 
1 0 . 5 
2 7 . 0 

9 6 , 0 0 0 l b 
D u a l , 37 m . c - c , 2 6 7 - s q - i n . 
c o n t a c t a r e a 

2 0 . 0 HP 
1 5 . 0 HP 
2lt .O HP 
3 6 . 0 HP 

C . S o u r c e o f D a t a 

A s s e m b l y Load* 
A s s e m b l y Type 

1 0 2 . 7 
9 8 . 5 
9 6 . 7 
9 2 . 0 

1 5 . 5 
2 2 . 5 
1 2 . 0 

6 . 8 

A i r f i e l d Pavement E v a l u a t i o n , 
R e p o r t H o . 3 , Boca R a t o n A i r 
f i e l d , F l o r i d a , TM 3-3^4 
6 2 , 0 0 0 l b ' 
D u a l , 37 I n . c - c , 3 6 0 - s q - i n . 
c o n t a c t a r e a 

1 1 . 0 HP 9 6 . 0 1 7 . 8 
2 5 . 5 HP 9 6 . 0 6 . 8 
1 0 . 5 BP 9 4 . 0 1 8 . 5 
21).0 HP 8 4 . 0 7 . 5 
1 0 . 7 5 HP 9 1 . 0 1 8 . 1 
1 0 . 0 HP 9 6 . 0 2 0 . 7 
211.0 HP 9 1 . 0 7 . 5 
1 1 . 0 BP 9 6 . 0 1 7 . 8 
2 ' t . O HP 9 3 . 0 7 . 5 

D e p t h 
f r o n i 

S u r f a c e 
Plas
t i c i t y 
I n d e x 

P e r C e n t 
Mod 

D e n s i t y 

Compac
t i o n 

I n d e a 

S o u r c e o f D a t a -

A B s e o b l y Load • 
A s s e m b l y T y p e 

3 . 0 6 
3 . 0 n 
3 . 0 BP 
3 . 0 HP 
3 . 0 HP 
3 . 0 HP 
3 . 0 HP 

1 1 . 0 BP 
1 1 . 0 BP 
1 2 . 0 BP 
1 2 . 0 HP 
1 0 . 0 HP 
1 0 . 0 BP 
1 2 . 0 HP 

S. Source o f D a t a 

A s s e m b l y L o a d ' 
A s s e m b l y T y p e ; 

3 . 0 10 
3 . 0 6 

1 6 . 0 1 1 
1 4 . 0 8 

^. Source o f D a t a , 

A s s e m b l y L o a d -
A s s e m b l y T y p e -

3 . 0 HP 
3 . 0 BP 
7 . 0 BP 
4 . 7 5 BP 
2 . 0 HP 
4 . 5 HP 
3 . 5 HP 
3 . 0 BP 
3 . 0 BP 
3 . 2 5 HP 
4 . 0 BP 
6 . 0 BP 
3 . 5 BP 

I j . O HP 
1 3 . 5 HP 
1 3 . 0 HP 
1 3 . 0 HP 
1 3 . 0 BP 
1 1 . 5 BP 

C o n d i t i o n S u r v e y , R e p o r t 
3» L a v a o n A i r F o r c e B a s e , 

F o r t B e n n i n g , G e o r g i a , MP h~l 
1 3 , 0 0 0 1b ^ ' ^ 
S i n g l e , 1 0 0 - p s l t i r e p r e s s u r e 

8 9 . 0 4 8 . 0 
8 9 . 0 4 8 . 0 
8 9 . 0 4 8 . 0 
8 9 . 0 4 8 . 0 
9 0 . 0 4 8 . 0 
8 9 . 0 4 8 . 0 
8 9 . 0 4 8 . 0 
8 9 . 0 9 . 7 5 
8 8 . 0 9 . 7 5 
9 3 . 0 8 . 5 
9 2 . 0 8 . 5 
9 0 . 0 1 1 . 0 
8 5 . 0 1 1 . 0 
8 5 . 0 fl.5 

C o n d i t i o n S u r v e y , R e p o r t 
H o . 4 , A r d a o r e A i r F o r c e B a s e , 
A i d m o r e , O k l a h o m a , MP 4 - 3 
2 2 , 5 0 0 l b 
S i n g l e , 1 0 0 - p s l t i r e p r e s s u r e 

1 0 2 . 0 
9 8 . 0 
9 2 . 0 
8 9 . 0 

5 7 . 0 
5 7 . 0 

8 . 5 
1 0 . 0 

A i r f i e l d Pavement E v a l u a t i o n , 
R e p o r t B o . b . P a l m B e a c h I n 
t e r n a t i o n a l A i r p o r t . F l o r i d a , 
m 3 - 3 U 
7 9 , 0 0 0 l b 
D u a l , 37 i n . c - c , 2 6 7 - s q - i n . 
c o n t a c t a r e a 

9 9 . 0 
1 0 0 . 0 

9 5 . 0 
9 3 . 0 
9 4 . 0 
9 5 . 0 
9 8 . 0 

1 0 1 . 0 
1 0 3 . 0 
1 0 4 . 0 
1 0 0 . 0 
1 0 3 . 0 

9 9 . 0 
8 9 . 0 
9 2 . 0 
9 2 . 0 
9 0 . 0 
9 1 . 0 
9 2 . 0 

8 1 . 0 
8 1 . 0 
4 2 . 0 
6 0 . 0 
9 6 . 0 
6 2 . 0 

8 0 . 0 
8 0 . 0 
7 8 . 0 
6 9 . 0 
4 9 . 0 
7 5 . 0 
2 1 . 0 
2 0 . 0 
2 1 . 0 
2 1 . 0 
2 1 . 0 
2 3 . 0 

D e p t h P e r C e n t 
f r o m P l a s  Mod Compac

S u r f a c e t i c i t y AASHO t i o n 
I n . I n d e x D e n s i t y I n d e x 

F . ( C o n t i n u e d ) 

2 1 . 0 HP 1 0 2 . 0 1 2 . 0 
3 3 . 0 BP 9 5 . 0 6 . 4 
1 4 . 5 HP 9 2 . 0 1 8 . 5 
2 6 . 5 HP 9 5 . 0 8 . 8 
1 7 . 5 BP 8 9 . 0 1 5 . 0 
2 9 . 5 HP 9 0 . 0 7 . 5 

8 . 0 BP 8 2 . 0 3 6 . 0 
2 0 . 0 HP 8 1 . 0 1 3 . 0 
1 1 . 0 HP 9 3 . 0 2 4 . 5 
2 3 . 0 BP 9 1 . 0 1 1 . 0 
1 4 . 0 BP 9 7 . 0 1 9 . 0 
2 6 . 0 HP 9 4 . 0 9 . 0 
1 9 . 0 HP 9 5 . 0 1 3 . 5 
3 1 . 0 HP 9 4 . 0 6 . 6 
1 1 . 5 HP 9 8 . 0 2 3 . 0 
2 3 . 5 BP 9 7 . 0 1 0 . 5 
1 9 . 0 BP 9 5 . 0 1 3 . 5 
3 1 . 0 BP 9 5 . 0 6 . 6 
1 7 . 0 BP 9 3 . 0 1 5 . 5 
2 9 . 0 HP 9 5 . 0 7 . 7 5 
1 7 . 0 BP 1 0 0 . 0 1 5 . 5 
2 9 . 0 BP 1 0 1 . 0 7 . 7 5 
1 4 . 5 BP 9 7 . 0 1 8 . 5 
2 6 . 5 BP 9 7 . 0 8 . 8 
1 6 . 5 HP 9 8 . 0 1 6 . 0 
2 8 . 5 HP 9 0 . 0 8 . 0 
1 2 . 0 HP 9 5 . 0 2 2 . 5 
2 4 . 0 HP 9 4 . 0 1 0 . 0 
1 3 . 5 BP 1 0 1 . 0 2 0 . 0 
2 5 . 5 HP 9 4 . 0 9 . 4 

G . S o u r c e o f D a t a - A i r f i e l d Pavement E v a l u a t i o n , 
R e p o r t H o . 2 , S h e p p a r d A i r 
F o r c e B a s e , W i c h i t a F a l l s , 
T e x a s , TM 3 -344 

A s s e m b l y L o a d , 157T5C l b 
A s s s u b l y Type S i n g l e , 1 0 0 - p s i t i r e p r e s s u r e 

3 . 0 
1 2 . 0 

3 . 0 
2 . 0 
9 0 
2 . 5 
3 . 0 

2 0 . 0 
1 4 . 5 
2 3 . 0 
1 3 . 0 
1 5 . 0 

2 . 5 
3 . 0 
2 . 5 

1 2 . 0 
1 3 . 5 
1 4 . 0 

BP 
7 

BP 
7 

11 
18 
18 
28 

1 0 0 . 0 
8 7 . 0 
9 4 . 0 

1 0 0 . 0 
8 9 . 0 
9 0 . 0 
9 7 . 0 
7 9 . 0 
9 4 . 0 
8 9 . 0 
8 5 . 0 
8 9 . 0 
9 1 . 0 
8 7 . 0 
9 3 . 0 
9 3 . 0 
9 1 . 0 
9 3 . 0 

5 1 . 0 
9 . 8 

5 1 . 0 
6 6 . 0 
1 4 . 5 
5 8 . 0 
5 1 . 0 

4 . 3 
7 . 4 
3 . 3 
8 . 8 
7 . 0 

5 8 . 0 
5 1 . 0 
5 8 . 0 

9 . 8 
8 . 2 
7 . 7 

( C o n t i n u e d ) 

\ 

D e p t h 
f r o m 

S u r f a c e 

P e r C e n t 
Mod 

AASHO 
D e n s i t y 

CoB^ac-
t l o n 

I n d e x 

S o u r c e o f D a t a 

A s s e m b l y L o a d 
A s s e m b l y T y p e . 

3 . 5 15 
3 . 5 4 
4 . 0 10 
4 . 0 1 8 
2 . 5 HP 
4 . 0 HP 
3 . 5 1 1 

1 1 . 5 20 
1 1 . 5 11 
1 2 . 0 17 
1 1 . 0 19 
1 1 . 5 23 
1 2 . 0 12 
1 4 . 0 12 
1 2 . 0 13 
1 2 . 0 12 
1 2 . 0 8 
1 4 . 0 13 

I . S o u r c e o f D a t a 

A s s e m b l y Load* 
A s s e m b l y T y p e 

1 5 . 0 HP 
1 5 . 0 HP 
1 5 . 0 BP 
1 5 . 0 7 
2 0 . 0 4 4 
2 0 . 0 44 
1 5 . 0 37 
1 5 . 0 11 
1 5 . 0 13 
1 9 . 0 32 
1 2 . 0 13 
1 3 . 0 1 
1 7 . 0 8 
1 3 . 0 1 
1 3 . 0 6 

A s s e m b l y L o a d : 
A s s e m b l y Type* 

U . O 17 
1 1 . 0 16 
1 9 . 0 20 
2 4 . 0 20 
1 9 . 0 18 
2 4 . 0 18 

A i r f i e l d R i v e n e n t E v a l u a 
t i o n , R e p o r t Wo. h, D a v i s -
M o n t b a n A i r F o r c e B a s e . 
TSiacon, A r i z o n a . T̂H ^-V*k 
7k,hot>'ib '-
D u a l , 37 i n . c - c , 2 6 7 - s q - l n . 
c o n t a c t a r e a 

9 4 . 7 7 1 . 0 
99*7 7 1 . 0 
9 8 . 5 6 5 . 0 
9 7 . 3 6 5 . 0 
9 7 . 9 8 5 . 0 
9 8 . 4 6 5 . 0 

1 0 0 . 7 7 1 . 0 
8 6 . 3 2 2 . 5 
9 2 . 7 2 2 . 5 
9 2 . 2 2 1 . 0 
9 6 . 9 2 3 . 5 
8 8 . 3 22 5 
9 0 . 2 2 1 . 0 
8 9 . 6 1 8 . 0 
9 0 . 3 2 1 . 0 
9 1 . 4 2 1 . 0 
9 7 . 6 2 1 . 0 
9 5 . 5 1 8 . 0 

F l e x i b l e Pavement B e h a v i o r 
S t u d i e s , I n t e r i m R e p o r t 

1 5 , 0 0 0 l b 
S i n g l e , 1 0 0 - p s l t i r e p r e s s u r e 

9 2 . 0 6*75 
9 4 . 0 6 . 7 5 
9 5 . 0 6 . 7 5 
9 4 . 0 6 . 7 5 
8 6 . 0 4 . 0 
9 2 . 0 4 . 0 
8 7 . 0 6 . 7 5 
8 4 . 0 6 . 7 5 
9 4 . 0 6 . 7 5 
8 6 . 0 4 . 5 
9 2 . 0 9 - 5 
8 6 . 0 8 . 5 
7 5 . 0 5 . 5 
9 4 . 0 8 . 5 
9 4 . 0 8 . 5 

l b 
1 0 0 - p s l t i r e p r e s s u r e 

7 9 . 0 1 2 . 0 
9 1 . 0 1 2 . 0 
6 9 . 0 4 . 8 
7 3 . 0 3 . 2 
7 4 . 0 4 . 8 
7 2 . 0 3 . 2 

I n e c o m p a c t i o n I n d e x I s t h e d e s i g n CBR v a l u e f o r t h e c o r r e s p o n d i n g l o a d a n d d e p t h . 



TABLE 4 (Continued) 
t e r tent 

Hod 
AASEO 

P e n a l t y 

D e p t h 
f r o m 

S u r f a c e 
P l M -
t i c l t y 
I n t o ! 

P e r c e n t 
H o d 

AASHO 
B e n s l t y 

Conipac-
t i o n 

I n d e x 

I . ( C o n t i n u e d ) 
A B s e m b l y L o a d : 
A B s e m U y T y p e : 

1 6 . 0 20 
1 3 . 0 11 
14.0 1 « 
2 5 . 0 17 
2 2 . 0 10 
2 5 . 0 15 

1 7 , 5 0 0 l b 
s i n g l e , 1 0 0 - p B i t i r e p i e B s u r e 

8 5 . 0 6 . 8 
6 8 . 0 9 . 5 
8I>.0 8 . 5 
6 9 . 0 3 . 2 
7 9 . 0 3 . 9 
7 8 . 0 3 . 2 

ABBenibly L o a d ; 
A a s e m b l y T y p e : 

1 5 . 0 2 0 
24.0 2 0 
1 5 . 0 2 0 
24.0 20 
2 0 . 0 9 
2 6 . 0 9 
17.0 2 
1 3 . 0 9 
1 5 . 0 14 
1 5 . 0 7 
15.0 7 
14.0 15 
1 5 . 0 5 

Source o f D a t a 

A s B e m b l y L o a d ; 
A s B e i n b l y T y p e . 

1 2 . 5 29 
24.5 P 
3 2 . 0 36 
40.0 ?• 
13.0 P 
2 5 . 0 P 
1 1 . 5 P 
2 3 - 5 P 
1 3 . 5 P 
2 5 . 5 P 
1 3 . 5 P 
2 5 . 5 P 
3 0 . 0 P 
42.0 P 
28.0 34 
40.0 P 
1 0 . 5 26 
2 2 . 5 P 
3 1 . 5 I B 
14.5 P 
2 6 . 5 P 
3 0 . 0 P 
42.0 P 

3 . 0 HP 
3 . 5 HP 

14.0 HP 
4 . 5 HP 

2 5 , 0 0 0 11) 
s i n g l e , I Q O - p B i t l x e p r e a s u x e 

87.0 
79.0 

8 3 ! ° 
8 5 . 0 
9 0 . 0 

1 0 6 . 0 
9 4 . 0 
84.0 

104.0 
7 5 . 0 
T5.0 

1 0 . 0 
4 . 7 

1 0 . 0 

4 . 0 
8 . 3 

1 2 . 3 
1 0 . 0 
1 0 . 0 
1 0 , 0 
1 1 . 0 
1 0 . 0 

A i r f i e l d I f c y e m e n t E v a l u a t i o n . 
R e p o r t HO. 1 , a j E ^ U A l r 
T O r c e B a e e . jtefiJay. T H 3 - 3 4 4 
146,060 lk> 
T x l n t a n d e a , 31 x 6 0 l a . c - c , 
2 6 7 - 8 1 1 - i n . c o n t a c t a r e a 

6 9 . 0 
7 2 . 0 
9 1 . 0 
8 8 . 0 

9r.o 
6 0 . 0 

9 0 . 0 

68!o 
9 1 . 0 
8 6 . 0 
9 2 . 0 
8 8 . 0 
9 1 . 0 
9 0 . 0 
ar.o 
9 5 . 0 
9 0 . 0 
6 9 . 0 

1 0 0 . 0 
9 6 . 0 

1 0 5 . 0 

2 2 . 5 
1 1 . 0 

21.4 
1 0 . 8 
24.0 
U . 7 
2 0 . 5 
1 0 . 6 
2 0 . 5 
1 0 . 6 

8.4 
5 . 3 
9 . 2 
5 . 6 

2 5 . 5 
1 2 . 2 

7 . 9 
1 9 . 2 

9 . 8 
8.4 
5 . 3 

9 6 . 0 
9 0 . 0 
2 0 . 0 
5 5 . 0 

l e p t l l 
txas 

S u r f a c e 
P l a s 
t i c i t y 
I n d e x 

J . ( c o n t i n u e d ) 

3 . 0 HP 
3 . 0 HP 
3 . 0 HP 
3-5 HP 

1 2 . 5 HP 
3-5 HP 

1 3 . 0 HP 
1 6 . 5 HP 

3 . 5 HP 
3 - 5 HP 

14.0 HP 
21.0 HP 

2.5 HP 
4 . 5 HP 

14.0 HP 

S o u r c e o f D a t a ; 

P l e l d : 
F a c i l i t y ; 
ABBeinbly L o a d ; 
A s a e i i b l y T y p e 

5 . 5 
5 - 5 

1 9 . 0 

10 
6 

OL 

F i e l d ; 
» c i l i t y : 
A S B e a b l y L o a d -
A B B C d i l y T y p e ; 

1 4 . 5 

itj 

i t i 
1 9 . 5 
24.0 

4 . 5 
14.5 

24!o 
4 . 5 

1 9 . 5 
24.0 

4.5 
14.5 

Hi 

l * r 0 e n t 
Had 

P e n a l t y 

1 0 2 . 0 
9 8 . 0 
9 9 . 0 
9 9 . 0 
9 4 . 0 
9 8 . 0 

Ufo 
1 1 0 . 0 

9 3 . 0 
1 0 0 . 0 

9 4 . 0 
1 0 9 . 0 
1 0 1 . 0 

9 9 . 0 

C c q p a c -
t i o n 

I n d e x 

9 8 . 0 
9 8 . 0 
9 8 . 0 
9 0 . 0 
2 2 . 5 
9 0 . 0 
2 1 . 4 
1 5 . 5 
9 0 . 0 
9 0 . 0 
2 0 . 0 
1 3 . 5 
8 1 . 0 
5 5 . 0 
2 0 . 0 

F i e l d H o l B t u r e C o n t e n t I n -
v e a t i g a t i o n U i v u b l i a h e d D a t a 
A r d m o r e A i r Torce Baae 
HS r u n u a y 
22,000 U 
S i n g l e , 100-psi t l x e preaauz* 

33-0 

B e n B B t r o m A i r F o r c e Base 
NV-SE r u n w a y 
1 5 , 0 0 0 l b 
S i n g l e , 1 0 0 - p s i t i r e p r e s s u r e 

1 104.0 3 4 . 0 
1 101.0 3 4 . 0 

HP 9 2 . 0 7,0 
44 86.0 4 , 2 5 
44 8 5 . 0 3 . 0 
1 I d . O 3 4 . 0 

HP 9 0 , 0 7.0 
44 86.0 4 , 2 5 
44 84.0 3.0 
1 104,0 3 4 , 0 

HP 8 9 , 0 7 , 0 
44 9 4 , 0 4,25 
44 9 4 . 0 3 . 0 
1 104.0 3 4 . 0 

HP 9 4 . 0 7 . 0 
44 9 2 . 0 4 , 2 5 
44 9 1 . 0 3 . 0 
1 104,0 3 4 , 0 

44 9 4 , 0 4 , 2 5 
44 86.0 3 . 0 
1 9 7 . 0 3 4 . 0 

HP 95.0 7 . 0 
44 92.0 4 . 2 5 
44 9 2 . 0 3,0 

P e p t l i 
f n i n 

S u r f n c e 
i n . 

P l a s 
t i c i t y 
I n d e x 

P e r c e n t 
Mod 

AASBD 
P e n a l t y 

CooiEac-
t i o n 

I n d e x 

K . ( C o n t i n u e d ) 

I h c i l i t y : 
A s s e n i b l y L o a d ' 
ABBembly T y p e -

T a x i v a y 1 
15 ,000 11) 
S i n g l e , l O O ^ B i t i r e p i e s s u r e 

4 . 5 3 104.0 3 4 . 0 
14.5 7 9 4 . 0 7 . 0 

1 9 . 5 39 86.0 4 . 2 5 
24.0 39 6 5 . 0 3 . 0 

4 . 5 2 100.0 3 4 . 0 

14.5 6 9 1 . 0 7 . 0 
1 9 . 5 3 8 84.0 4 . 2 5 
24.0 38 62.0 3 . 0 

E i c l l l t y . E . V r u n w a y 
A s s e m b l y L o a d ; 
A s s e m b l y T y p e ; 

4 . 5 
14.5 
1 9 . 5 

4 . 5 
14.5 

'1:1 
14.5 
1 9 . 5 

24.0 

24.0 
5 . 5 

14.5 
24.0 

5 . 5 
1 4 . 5 
24.0 

F i e l d , 
m c i l l t y : 
A s s e i i b l y L o a d : 

2 
37 
37 

U 
11 

2 
2 0 
20 

2 
29 
29 

F i e l d 
n i c l l l t y : 
A s s e m b l y L o a d : 

4 . 5 
1 0 . 5 
24.0 

4 . 5 
1 0 . 5 
24.0 

3 . 0 
6 . 5 

24.0 
4 . 5 

1 0 . 5 
24.0 

4 . 5 
1 0 . 5 

HP 
HP 
HP 

1 5 , 0 0 0 l b 
S i n g l e , 1 0 0 . p s l t i i e p x e s s u x e 

1 1 0 2 . 0 3 4 . 0 
7 8 9 . 0 7 . 0 

31 9 1 . 0 4 . 2 5 
1 1 0 2 . 0 3 4 . 0 
8 9 3 . 0 7 . 0 

53 9 9 . 0 4 . 2 5 
HP 1 0 6 . 0 3 4 . 0 

4 9 0 . 0 7 . 0 
38 9 4 . 0 4 . 2 5 

B e r r y A i r F o r c e Base 
H e a t H-S r u n w a y 
1 5 , 0 0 0 11) 

1 0 2 . 0 
8 7 . 0 

1 0 6 . 0 
64.0 

loiio 
82.0 
6 9 . 0 

1 0 9 . 0 
9 1 . 0 
9 0 . 0 

B l y t b e A i r F o r c e 1 
H-S r u n w a y 
2 5 , 0 0 0 11) 

!̂o 
1 0 1 . 0 

9 2 . 0 

ee'.o 
1 0 3 . 0 

9 2 . 0 
9 2 . 0 

1 0 0 . 0 
9 4 . 0 
8 8 . 0 

2 7 . 5 
7 . 0 
3 . 0 

2 7 . 5 
7 . 0 
3 . 0 

2 7 . 5 
7 . 0 
3 . 0 

2 7 - 5 
7 . 0 
3 . 0 

16 !o 
4 . 6 

4 3 . 0 
1 6 . 0 

4 . 6 
5 9 . 0 
2 9 . 0 

4 . 6 
4 3 . 0 
1 6 . 0 

4 . 6 

l i io 
4 . 6 

P l a s 
t i c i t y 
I n d e x 

C o q p a c -
t i o n 

I n d e x 

K . ( C o n t i n u e d ) 

F i e l d : C a m p b e l l A i r F o r c e Base 
A i c l l l t y H-S r u n u a y 
A s s e m b l y L o a d 2 5 , 0 0 0 l b 
A s s e m b l y T y p e : S i n g l e , l O O - p s i t i r e 

p r e s s u r e 

6 . 2 5 HP 1 0 2 . 0 3 1 . 0 
1 4 . 2 5 20 &r.o 1 1 . 0 
24.0 20 7 9 . 0 4 . 6 

5 . 5 HP 1 0 1 . 0 3 5 . 0 
14.5 20 9 0 . 0 1 0 . 6 
24.0 2 0 8 3 . 0 4 . 6 

5-5 HP 1 0 3 . 0 3 5 - 0 
14.5 20 9 6 . 0 1 0 . 6 
24.0 20 9 5 . 0 4 . 6 

5 . 5 HP 1 0 6 . 0 3 5 . 0 
14.5 20 6 7 . 0 1 0 . 6 
24.0 20 9 1 . 0 4 . 6 
1 0 . 0 20 9 0 . 0 1 7 . 0 

F a c i l i t y ; VESH r u n w a y 
ASBcmbly L o a d ; 1 5 , 0 0 0 l b 
A s s e m b l y T y p e • S i n g l e , l O O - p s i t i r e 

p x e s s u r e 

6 . 0 HP 9 9 . 0 2 5 . 0 
1 5 . 5 15 8 8 . 0 6 . 4 

F i e l d ; C l o v l s A i r F o r c e Base 
F a c i l i t y ; H-S r u n w a y 
A s s e m b l y L a a d 3 0 , 0 0 0 l b 
A s s e m b l y Type S i n g l e , 1 0 0 - p B l t l i e 

p z e s B u r e 

4 . 0 7 1 0 0 . 0 5 2 . 0 
1 6 . 0 9 9 8 . 0 1 0 . 5 
3 2 . 0 9 86.0 3 . 3 

4 . 0 7 9 6 . 0 5 2 . 0 
1 6 . 0 9 1 0 3 . 0 1 0 . 5 
3 3 . 0 9 84.0 3 . 0 

4 . 0 7 9 6 . 0 5 2 . 0 
1 6 . 0 9 7 6 . 0 1 0 . 5 
3 2 . 0 9 1 0 2 . 0 3 -3 

F i e l d . D a v i B A i r F o r c e I a s e 
F a c i l i t y E-W r u n w a y 
A s s e m b l y Load* 6 5 , 0 0 0 t o 7 5 , 0 0 0 l b 
A s s e i o b l y T y p e ; D u a l , 37 i n . c - c . 2 6 7 -

s i i - i n . c o n t a c t a r e a 

6 . 0 
14.0 
2 3 . 0 

6 . 0 
1 4 . 0 
2 4 . 0 

9 5 . 0 
8 6 . 0 
9 2 . 0 

1 0 0 . 0 
9 3 . 0 
7 6 . 0 

4 5 . 0 
1 8 . 5 
1 0 . 2 5 
4 5 . 0 
1 6 . 5 

9 . 6 

F a c i l i t y : 
A s s e m b l y L o a d 
A s s e m b l y Type 

6 . 5 
14.5 
24.0 

10 
17 
17 

H-S r u n w a y 
6 5 , 0 0 0 t o 7 5 , 0 0 0 l b 
D u a l , 37 i n . c - c , 2 6 7 -
s q . - l n . c o n t a c t a r e a 

9 9 . 0 42.5 
9 2 . 0 17.75 
8 9 . 0 9 . 6 
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TABLE 4 (Continued) 

Dejith 
from 

Surface 
Plas
t i c i t y 
Index 

Per Cent 
Mod 

MSEO 
Cenelty 

Oon îac-
tlon 

Index 

K. (continued) 

Fie ld 
F a c i l i t y 
ABSenAly Load-
Assembly Type 

lA Junta Air Force Base 
E-W runway 
17,500 lb 
Single, 100-psl t i r e pressure 

9-5 9 
15.5 20 
2U.5 17 

9-5 9 
15.5 20 
21* 5 17 
7.0 H 

Ih.o 10 
7.0 l i . 

13.0 11 
22.0 11 

9 5 e 
15.5 10 

F a c i l i t y 
Assembly Load 
Assembly Type. 

7.5 ^ 
13.5 16 
2U.5 15 
7.5 3 

13.5 16 
211.5 15 

Fie ld 
F a c i l i t y . 
Assembly Load 
Assembly Type. 

7.0 6 
15-5 16 
2U.0 16 

6.5 11 
15.5 8 
211.0 8 

I S c l l l t y . 
Assembly Load 
Assembly Type. 

6-5 
llj.O 
18.5 
21>.0 
6.5 

ik.O 
18.5 
6.5 

llt.O 
18.5 
6.5 

lIl.O 
18.5 
6.5 

llt.O 

lOk.O lit .7 
85.0 7 2 
69.0 3.2 

108.0 111 .7 
85.0 7.2 
Sit.o 3.2 

100.0 22.0 
91.0 8.5 

102 0 22.0 
89.0 9.5 
79.0 3.9 
98.0 llt.7 
89.0 7.2 

Taxlway 5 
17,500 lb 
Single, 100-psl t i r e pressure 

100.0 20.0 
81l.O 9.0 
78.0 3.2 

100.0 20.0 
75.0 9.0 
69.0 3.2 

las Vegas Air Ptorce Base 
TaxlKay 3 
30,000 lb 
Single, lOO-psl t i r e pressure 

100.0 30.0 
82 0 11.0 
73.0 5.5 

109.0 33.0 
76.0 11.0 
80.0 5-5 

N-S rwxmy 
30,000 lb 
Single, 100-psi t i r e presBure 

»p 103.0 33.0 
26 91.0 12.6 
17 75.0 8.1i 
17 79.0 5.5 

6 100.0 33.0 
10 90.0 12.6 
17 90.0 B.k 

5 101.0 33.0 
12 88.0 12.8 
17 91.0 8.1> 

5 101.0 33.0 
17 88.0 12.8 
17 85.0 e.ii 

3 100.0 33.0 
HP 89.0 12.6 

8.1* 

Depth 
from 

Surface 
Plas
t i c i t y 
Index 

K. (Continued) 

6.5 
llt.O 
18.5 
2I1.O 
6.5 

llf.O 
18.5 
2U.0 

6 
18 
17 
17 

5 
3 

Per Cent 
!«>d 

AASHO 
Density 

103.0 
88.0 
92.0 
83.0 

100.0 
89.0 
79.0 
82.0 

Compac
tion 

Index 

33.0 
12.6 
8.1* 
5.5 

33.0 
12.6 

8.1i 
5.5 

F a c i l i t y 
Assembly Lsad: 
Assembly Type 

6.5 8 
13.5 NP 
21.0 HP 
6.5 6 

13.5 11 
21(.0 n 

6.5 5 
13.5 1 
20.0 1 
6.5 8 

13.5 BP 

HE-SW runvay 
30,000 lb 
Single, 100-psi t i r e piesi 

100.0 
98.0 
89.0 
96.0 
91.0 
83.0 
97.0 
93.0 
99.0 
99.0 
95.0 

33.0 
13.3 

5.9 
33.0 
13.3 

5.5 
33.0 
13.3 
T.lt 

33.0 
13.3 

Fie ld: 
F a c i l i t y . 
Assembly Load 
Assembly Type 

12.0 
llt.O 

I..5 
12.5 
Ik.O 

F a c i l i t y 
ABsembly Load 
Assembly Type-

5.5 5 
12.5 20 

5.5 5 
13.5 
23.0 20 

Uvson Air Force Base 
Taxivay 6 
15,000 lb 
Single, 100-psi t i r e pressure 

81l.0 3lt.O 
86.0 9-5 
75.0 7.5 
88.0 31*.0 
9I4.O 9.0 
T7.0 7.5 

Taxlway k 
15,0M lb 
Single, lOO-psI t i r e pressure 

87.0 27.5 
75.0 9.0 
87.0 27.5 
89.0 8.0 
89.0 3.2 

F a c i l i t y NE-Stf runway 
Assembly Load: 15,000 lb 
Assenibly Type Single, 100-psi t i r e pressure 

1,.5 6 89.0 3l>.0 
12.5 HP 89.0 9.0 
4.5 11 89.0 3l*.0 

12.5 NP 88.0 9.0 
k.i HP 89.0 3l>.0 

12.5 »P 93.0 9.0 
1(.5 IIP 89.0 3lt.o 

13.5 NP 92.0 8.0 

Depth 
from 

Surface 
in . 

Plas
t i c i t y 
Index 

Per Cent 
Hod 

AASHO 
Density 

ConQnc-
tion 

Index 

K. (Continued) 

J f c i l l l t y 
Assembly Load 
Assembler Type 

lt.5 NP 
11.5 NP 

ll.5 NP 
11.5 NP 

NW-3E runvay 
15,000 lb 
Single, 100-psi t i r e pressure 

3lt.O 90.0 
90.0 
89.0 
85.0 

10.0 
3li.O 
10.0 

F a c i l i t y NE-SW runway 
Assembly Load: 15,000 lb 
Assembly Type. Single, 100-psi t i r e pressure 

ll.5 NP 89.0 3lt.O 
11.5 NP 85.0 10.0 

F i e l d . 
F a c i l i t y : 
Assembly Load. 
Assembly Type-

6.5 NP 
11.5 7 
21.0 7 

5.5 NP 
10.5 »P 
20.0 «P 

I S c i l l t y 
Assembly Load 
Assembly Type. 

5-5 
15.5 
23.0 
6.5 

ll*.5 

Pope Air Force Base 
HE-Stf runway 
15,000 lb 
Single, 100-psi t i r e pressure 

95.0 22.5 
83.0 10.0 
81».0 3.8 
93.0 27.5 
81.0 11.6 
85.0 i*.o 

NW-SE runway 
15,000 to 25,000 lb 
Single, 100-psi t i r e pressure 

98.0 35.6 
100.0 9.6 
76.0 5.1 
92.0 29.0 
98.0 10.6 

NE-SW runway 
15,000 to 25,000 lb 
Single, 100-psi t i r e pressure 

99.0 27.5 
105.0 9-1 
96.0 4.3 
95.0 25.0 

105.0 12.0 
9l*.0 5.0 
9k.O 27.5 
89.0 9.1 
88.0 k.O 

F a c i l i t y : N-S runway 
Assembly Load- 15,000 to 25,000 lb 
Assembly Type Single, lOO-psI t i r e pressure 

7.5 NP 96.0 25.0 
12.5 12 91.0 13.1 
22.0 12 85.0 5.5 

B i c i l l t y ; Taxlway 1 
Assembly Load 15,000 to 25,000 lb 
Assembly Type- Single, lOO-psI t i r e pressure 

F a c i l i t y : 
Assembly IflaO 
Assembly Type 

7.0 NP 
16.0 NP 
25.0 UP 
7.5 NP 

13.5 NP 
23.0 NP 
7.0 NP 

16.0 12 
26.0 12 

Depth 
from 

Surface 
Plas
t i c i t y 
Index 

Per Cent 
Hod 

AASHO 
Density 

Cosipac-
tlon 

Index 

K. (Continued) 

F a c i l i t y N-S runway 
Assembly Load: 15,000 to 25,000 lb 
Assembly Type- Single, lOO-psI t i r e pres

sure 

6.0 
15.0 
25.0 

NP 

»P 

91.0 
99.0 
90.0 

31-7 
10,0 

1..3 

lUcHi ty : Taxiway 1 
Assembly Load- 15,000 to 25,000 lb 
Assembly Type- Single, 100-psi t i r e pres

sure 

7.0 
12.5 
22.0 

NP 102.0 
97.0 
98.0 

27 5 
13.1 

5.5 

R i c i l i t y : 
Assembly Load* 
Assenibly Type-

6.5 Hi 
10.5 t 
20.0 t 
7.0 HI 

U . O »I 
21.0 HI 

Taxivay 2 
15,000 to 25,000 lb 
Single, 100-psi t i r e pres
sure 

100.0 
92.0 
77.0 

100.0 
109.0 
99.0 

29.0 
16.0 

6.lt 
27.5 
15.1 

5.9 

F a c i l i t y Taxiway 5 
Assembly Load 15,000 to 25,000 lb 
Assembly Type Single, lOO-psI t i r e pres

sure 

6.0 
11.0 
21.0 

HP 
16 
16 

91.0 
91.0 
81.0 

31.7 
15.1 

5.9 

F a c i l i t y Taxiway 1 
Assenibly Load. 15,000 to 25,000 lb 
Assembly Type. Single, lOO-psI t i r e pres

sure 

6.5 
15.5 
25.0 

NP 

HP 

9I..O 
lOU.O 
105.0 

29.0 
9 6 
lt .3 

Jfeclllty Taxiway 2 
Assembly Load' 15,000 to 25,000 lb 
Assembly Type Single, 100-psi t i r e pres

sure 

6.5 
13.0 
25.0 

KP 
18 
18 

98.0 
98.0 
88.0 

29.0 
10.0 

h.i 

F a c i l i t y 
Assembly Load 
Assembly Type. 

Taxiway 5 
15,000 to 25,000 lb 
Single, 100-psi t i r e pres
sure 

6.0 
ll».0 
7.0 

1 U _ 
KP 
NP 

99.0 
102.0 
100.0 
108.0 

31-7 
11.1 
27.5 
12.0 
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TABLE 4 (Continued) 

from 

In . 

t-erceni 
Fliis- Hod 
t l e l t y AASBD 
imex Derulty 

DeptL 
frcm 

Surfkca 
In . 

t«T Cent 
Wd 

Benjlty 

103.0 
89.0 

100.0 

DepUi I»r Cent 
fnm F l u - I M 

Surface t l e l t y AA9B0 
in . Index Denelty 

K. (Continued) 

ConQHC-
tlon 

Index 

?»ell l ty: 
ABSobly Loed: 
Assembly Type; 

TulwyA3 
35,000 to 95,000 I t 
Dual, i*h In. c-c, 630-aq-ln. 
contact aiea 

5.5 
19.0 
29.0 

IIP 
IIP 

lOlt.O 
99.0 

106.5 

Ill.O 
12.2 
7.6 

yacll l ty: 
AsseiAily Load. 
AssemUy Type-

lE-SH Tunway 
35,000 to 95,000 u 
Dual, Vt i n . c-c, 630-s4-in. 
contact area 

6.5 
8.5 

IT.O 
26.5 

IP 
HP 

100.0 
103.0 
97.0 

102.7 

35.0 
27.5 
H.O 
8.5 

j a c i l l t y 
Assembly Uad-
Assembly Type: 

6.0 IIP 
18.0 HP 
28.5 IIP 

TaxinyAl 
35,000 to 95,000 lb 
Dual, i n . c-c, 630-8q-ln. 
contact area 

99.0 
97.0 
95.2 

37.0 
13-3 
7.8 

Percent 
Plas- tt>d 
t l d t y AASSO 
Index Density 

COB^C-
tlon 

Index 

faepiK 
from 

Surface 
In. 

K. (Continued) 

lacll l tys Apron C 
Assembly Lead: 35,000 to 95,000 lb 
Assembly Type: Dual, "A I n . c-c, 630-si-ln. 

contact area 

ll t .5 
2lt.O 
16.0 
25.5 

HP 
IP 
IP 
IP 

9^.0 
99.2 

100.0 
99.2 

1« .5 
9.5 

Field; 
Facility; 
Assedily lAad; 
Asse^ly Type: 

sk.o 

i g 

2'io 

Woodvard Air Force lase 
Taxinay 3 
25,000 l b 
Single, lOO-psi t i re pxessuze 

35.5 
10.6 

9 
It 

IP 
9 
9 

91.0 
88.0 
85.0 
95.0 
88.0 
92.0 
87.0 

l t .6 
35.0 
10.6 

11 

t lon 

K. (CoQtimied) 

Field: mmia Air Force Bast 
Facility: Taxlvay 7 
Assembly Load: 30,000 lb 

8.0 IF 105.0 25.8 
12.5 IP 103.0 l l t .5 
2lt.O IP 97.0 5.5 
5.5 HP lOlt.O 38.7 

12.5 IP 97.0 l l t .5 
17.0 IP 9>).0 9.6 

IkclUty: H-8 mmny 
Assembly Load: 30,000 lb 

r Type: Single, lOO-psi t i r e presBure 
6.5 IP lOlt.O 33.0 

15.5 IP 99.0 u . o 
24.0 IP 93.0 5.5 
6.5 IP 103.0 33.0 

l ' t .5 IF 99.0 12.0 
IS.O IP 101.0 8.S 

5.0 IP 100.0 ll3.0 
13.5 
2it.O 

IP 96.0 13.3 13.5 
2it.O HP 96.0 5.5 

6.0 IP 103.0 35.7 

Plas
t i c i t y 
Index 

K. (Continued) 

6.5 
16.5 
24.0 
7.0 

16.5 
2lt.O 

HP 
HP 
HP 

IP 
IF 

tion 
ndex 

U.O 
5.5 

33.0 
10.0 
5.5 

30.0 
10.0 
5.5 
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A N D L O A D 

i 1 ' I I I I I I ' I ' I I 
8 9 10 20 30 40 50 

figure 4. Compaction requirements of cohesive ( p l a s t i c ) s o i l s f o r 
pavements, Table 1 data. 

f l e x i b l e a i r f i e l d 

l id plasticity of the soil, and on the load, tire arrangement, tire pressure, and volume 
traffic. Table 3 summarizes the data from certain carefully controlled test sections; 

ese were considered of primary reliability. Table 4 summarizes data from airfields, 
•lich were considered of secondary reliability. 

The data from Table 3 are plotted as diagrams of percent compaction versus com-
.ction index in Figures 4 and 5. Since tolerable amounts of settlement from compac-

Wpn have not been established, the points shown in Figures 4 and 5 cannot be separated 
Ito "acceptable" and "nonacceptable" categories with a dividing line drawn between 
|em. The points in Figures 4 and 5 that plot toward the lower densities (for a given 

impaction index) represent cases where the amount of densification that occurred was 
k a i l . This could easily be due to a low volume of traffic or a moisture content con-
Uerably dry (or wet) of optimum. The points that plot toward the higher densities, 
Hwever, represent those cases where the volume of traffic was high and the moisture 

nditions were proper for compaction to occur. A limiting line, set high enough so 
t all points would fall below it, would be a completely safe limit; however, due to 

tinaccuracies involved in density sampling and in determining the proper reference 
3ity (modified AASHO), it is felt that such a limiting line would be unduly conserva-

e. Also, some of the points lying in high positions may be due to unusually high den
ies developed during construction, or to naturally high densities, rather than to traf-
. The lines shown in Figures 4 and 5 are intended to exclude the majority of the 
nts. The shape of the curves was influenced to some degree by the pattern of den-
y-depth-load relations which was in use prior to the time this study was made. 
In Figure 4, which treats cohesive soils, the material strength requirements and 
iultant normal design practices affect the values at high compaction indexes. Load-

Ks applied to a test section or airfield that would plot in the high range would pro-
Ke failure unless the materials involved had unusually high strengths (CBR values), 
^esive materials at or near optimum moisture content do not normally have these 

sually high strengths, but may have them at moisture contents well below optimum, 
ollows that the data which were obtained for cohesive materials at high values of Ci 
Îd not have been in the proper moisture condition to give maximum compaction. 
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C O M P A C T I O N I N D E X IS T H E D E S I G N C B R 
V A L U E F O R T H E C O R R E S P O N D I N G D E P T H 
A N D L O A D 

40 50 60 70 80 90 100 

Figure 5. Compaction requirements of cohesionless (NP) s o i l s f o r f l e x i b l e a i r f i e l d l 
pavements, Table 1 data. 

Therefore, data above a Ci of 50 have not been plotted, and some of the points immedi 
ately below a Ci of 50 must remain in question. f 

Figures 6 and 7 are plots of percent compaction versus compaction index for all thi 

111 70 

30 40 50 60 70 80 90 

Figure 6. Compaction requirements of cohesive ( p l a s t i c ) s o i l s f o r f l e x i b l e a i r f i e | 
pavements, a l l data. 
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iFigure 7. Compaction requirements of cohesionless (NP) s o i l s f o r f l e x i b l e a i r f i e l d 
pavements, a l l data. 

^ta. The curves on these figures are the same as those shown in Figures 4 and 5. 
I^ile at first glance it may appear that Figures 6 and 7 are an unrelated scatter of 
oints, the plots have meaning if it is accepted that the required degree of compaction 
.ecreases with decreasing compaction index. On this basis the uppermost points in 

lie right-hand portion in Figures 6 and 7 (the high Cj range) are considered to have re-
lulted from compaction by aircraft traffic. On the other hand, densities indicated by 
lie uppermost points to the left were not necessarily the result of compaction by air-
|raft traffic. For instance, 90 to 95 percent of modified AASHO maximum compaction 

commonly required throughout f i l l sections, with 95 to 100 percent required in the 
|>p 6 in. of the subgrade. Also it is possible in some cases for cut sections to be at 

gher densities than those that will be produced by aircraft using the overlying pave
ment. For these reasons, less importance should be attached to the high plotted points 

the left-hand portions of Figures 6 and 7. The absence of points indicating high den-
ties in the very high Ci range in Figure 6 is due to the inability of cohesive materials 
exhibit these unusually high strengths at optimum moisture contents, as discussed 

previously. 
It was first thought that soil type as expressed by the plasticity index (PI) would be 

sufficiently critical parameter that it might be treated in a number of ranges, such 

COHES/ONLESS SOILS 

COHESIVE SOILS 

N O T E C O M P A C T I O N I N D E X IS T H E DESIGN 
C B R V A L U E F O R T H E C O R R E S P O N D 
ING D E P T H AND L O A D 

I I I I I I I I 
5 6 7 8 9 10 30 40 50 60 70 BO 90 100 

Figure 8 . Compaction requirements f o r f l e x i b l e a i r f i e l d pavements. 



TABLE 5 

Ifeterial 

Base courses 

Subte.se8 and subgrades 

Percentage Compaction 

Materials vlth Design CBR Values of 20 and Atove 

Huclraum that can be obtained, generally In excess of lOOjt of modified AASHO maximum and never less than 100^. 

lOOjt of modified AASHO maximum except Tihere i t i s knovn that a higher density can be obtained practicably, in lAioh case 
the higher density should be required. 

Select material and subgrades 
in f i l l s 

Subgrade in cuts 

Materials ylth Design CBR Values Belov 20 

As shown below except that in no case wi l l cohesionless f i l l be placed at less than gSjt nor cohesive f i l l at less 
than gOit. 

Subgrade in cuts must have natural densities eqaal to or greater than the values l isted below. Where such i s not 
the case, the subgrade must (a) be compacted from the surface to meet the tabulated densities, (b) be removed 
and replaced, in \*iioh case the requirements given above for f i l l s apply, or (c) be covered with sufficient select 
materlELL subbase and base so that the uncompacted subgrade i s at a depth ^diere the in-place densities are satisfactory. 

Depth of Compaction fbr Select Ifaterials and Subgrades 

Depth of Compaction in Feet for Per Cent Modified AASHO Compaction Shown 
Cohesionless Materials Cohesive Ifeiterials 

Type of Assembly Gear Load, kip 100 95 _20_ 100 95 90 85 So 
Heavy Load Pavements 

Twin assembly, 37-11. 
spacing, 267-sq-in. 
contact area 

50 
100 
150 

2 
3 
k 

3-1/2 
5- 1/2 
6- 1/2 

5-1/2 
7-1/2 
9-1/2 

7 
10 
12 

1 
2 

2-1/2 

2 
3 
k 

3 

5-1/2 

k 
5-1/2 

7 

5 
7 

8-1/2 

Twin-twin assembly, 
37-62-37-in. spacing, 
267-sq-in. contact area 

160 
21(0 
320 

3-1/2 
k-l/2 
5-1/2 

6 
8 
9 

9 
11 
13 

11-1/2 
15 

2 
2-1/2 

3 

3 
U-l/2 
5-1/2 

5 
6 

7-1/2 

6-1/2 
8 

9-1/2 

8 
10 
12 

Light Load Pavements 
Single i*eel, lOO-sq-in. 

contact area 
10 
20 
25 
30 

1 
1-1/2 
1-1/2 
1-1/2 

1- 1/2 
2 

2- 1/2 
2-1/2 

2 
3 

3-1/2 
3-1/2 

2- 1/2 
3- 1/2 

1* 
U-l/2 

1/2 
1 
1 
1 

1 
1-1/2 
1-1/2 
1-1/2 

1 
2 
2 
2 

1- 1/2 
2 

2- 1/2 
2-1/2 

2 
2- 1/2 

3 
3- 1/2 

Miscellaneous 
Single \ftieel, lOO-psl 

t ire inflation 
10 
30 
50 
70 

1 
1- 1/2 

2 
2- 1/2 

1- 1/2 
2- 1/2 
3- 1/2 

1* 

-2 
3-1/2 
lt-l/2 
5-1/2 

2-1/2 
U-l/2 

6 
7 

1/2 
1 
1 

1-1/2 

1 
1- 1/2 

2 
2- 1/2 

1 
2 

2-1/2 
3 

1- 1/2 
2- 1/2 
3- 1/2 

h 

2 
3 
k 
5 
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Figure 9 . CBR design curves. 

as nonplastic, 0-5 PI, 5-10 PI, 10-25 PI, 
etc. On analysis, however, it was found 
that distinctions could not be made between 
the various ranges of plasticity, and that 
}nly the separation into cohesive and co-
lesionless (plasticity index zero or NP) 
was warranted. This finding was partly 
lue to the small differences between 
'anges and partly to the data being insuf-
icient to establish such small differences. \ 

The percent compaction versus com-
laction index curves (shown for both soil i 
ypes in Fig. 8) are the basis of the com- \ 
taction requirements shown in Table 5. \ 
"hese are the requirements contained in i 
le current (Aug. 1958) Corps of Engi- ' 
eers' design manual for pavement areas 
ubject to normal traffic distribution. The 

lompaction indexes from Figure 8 were 
sed with the respective CBR design curve 
) determine the depth to which the various 
agrees of compaction should be specified 
tr subgrades with design CBR values less 
an 20. The depths are rounded off to 
te nearest half foot. As in previous is-

tes of the manual, the minimum compac-
in requirements for fills are specified 
95 percent for cohesionless materials 

hd 90 percent for other soils. These are relatively moderate compaction requirements, 
lie values shown in Table 5 for 80 and 85 percent compaction are intended for use in e-
'luating the adequacy of the natural density in cut sections. Where the natural density 

less than the requirements, the soil must be compacted to the required density by 
Uing from the surface of the cut (not effective unless the moisture content at the time 

of rolling is proper) or by removal and re
placement in lifts. 

As shown in Figure 8, indicated percent
age of compaction for a compaction index of 
20 and above (design CBR of 20 and above) 
is in excess of 100 percent. Compaction 
requirements for materials with design CBR 
values in excess of 20 (base courses, sub-
bases, and high-strength subgrades) are 
given in Table 5 in a narrative form, rather 
than as a table, to emphasize the necessity 
for high degrees of compaction for these 
materials. 

The compaction requirements indicated 
by the compaction index apply only to the 
problem of densification by traffic. The 
problem of the consolidation produced in 
subgrades and foundations by high fills is 
a soil mechanics problem. 
Application to Civil Airfields 
and Highways 

PER CehT OF MOO AASHO MAX DENSITY 

> • — 

f 

y 

/ 
/ 

10. Example of density require
ments . 

Figure 8 can be used to establish com
paction requirements for civil airfields 
and for highways when CBR design curves 
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are available. The procedures are illustrated by the following examples. Figure 9 
shows CBR design curves for an 18, 000-lb, single-axle load (from Fig. IV-2, very 
heavy traffic class, (3)), andfor a Douglas DC-8 plane at 300,000 lb (from Fig. 4, (1)). 
The compaction index in Table 6 was read from Figure 8, and the corresponding thick
ness from Figure 9. For example, the compaction index for 95 percent of modified 
AASHO maximum density from Figure 3 is 3. 5 for cohesionless soils and 8.6 for other 
soils. The compaction index is converted directly to design CBR (compaction index of 
3. 5, design CBR of 3. 5) and the thicknesses read from the proper curve in Figure 9. 
For example for the 18,000-lb axle load, the thicknesses indicated from Figure 9 are 
17 in. for cohesionless soils and 10 in. for other soils. 

TABLE 6 

Cohesionless Soils^ Cohesive Soils 
"Thickness (in.) Compaction 

tion, % Index 18,000-lb Axle DC-8 Index 18,000-lb Axle DC-{ 
105 42 _ 9 - - -
100 9 10 32 19 6 17 
95 3.5 17 61 8.6 10 33 
90 1.8 27 92 5.0 14 49 
85 _ _ - 3.2 18 63 
80 - - - 2.4 22 79 

i p i = 0. 

Figure 10 is a plot of the percent compaction versus depth given in Table 6. Norm| 
ly, the curves in Figure 10 would be used to establish a step-pattern of compaction re 
quirements. For example, for the 18,000-lb axle load, 95 percent of modified AASH^ 
maximum density would be required to a depth of 14 in. from the finished surface of 
pavement, and 90 percent to a depth of 18 in., in cohesive soils. In cohesionless soi 
100 percent of modified AASHO maximum density would be required to a depth of 15 i 
from the finished surface of the pavement, 95 percent to a depth of 27 in. The depth 
would probably be shifted an inch or two to coincide with a l i f t . Also, 95 percent wou| 
probably be specified for all cohesionless fills, and 90 percent for other fi l ls . 

SUMMARY 
The design CBR, termed the "Compaction Index," C ,̂ provides a means of combiij 

ing into a single parameter the variables of load, tire arrangement, tire pressure, 
volume of traffic, and depth from the surface to the layer being studied. The relatioj 
developed by the Corps of Engineers Flexible Pavement Laboratory, between compa 
tion index and the required percentage of modified AASHO maximum density are pre-l 
sented. These relations can be used to develop compaction requirements for civil a' 
field and highway loadings. Examples of the procedures are given. 
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Discussion 

EDWARD A. ABDUN-NUR, Consulting Engineer, Denver, Colorado-In developing de
sign compaction requirements from the actual observations on compaction of the var
ious layers in airfields subjected to actual and to accelerated traffic, the authors have 
given the profession a very realistic approach to design criteria—badly needed in this 
field. They are to be highly commended for such a fine piece of work. 

Figures. 4 and 5 are most interesting in that they form the basis of the relationship 
between compaction requirements and compaction index, from which the requirements 
at different depths for different wheel loads, arrangements and tire pressures are 
later derived. Figures 6 and 7 are still more interesting in that they contain a much 
larger population, even though part of it may not be as reliable as that in Figures 4 and 
5. These figures represent, in essence, the basic data from which all the final rela
tionships and conclusions in the paper are drawn. 

The authors have very carefully and capably given various reasons and explanations! 
for the scatter of the data exhibited in these figures. Additional reasons and explana
tions that have also been factors in this scatter, can no doubt be enumerated. Howeve 
irrespective of any reasons and explanations, this scatter must be accepted as a norm 
physical picture of any universe being studied. The very orderliness that the authors 
have implied must exist in the data, and which their explanations tried to justify, simi 
does not exist in nature or on any project. 

With this in mind, the writer questions plotting the curves in these figures at what 
appears to be the 85 to 95 percentile of the universe. The effect of using such a high 
level for a basis of design is to inject a factor of safety that is not needed and 
that will unjustifiably increase the cost of facilities designed to such standards. If to 
this is added the fact that such levels obtained from 85 or 95 percentile points are fur
ther used as minima, then the additional factors of safety interjected by this mechanis 
lose their practical justification. 

It seems to the writer that a realistic approach would be to fit a curve around the 
average or mean of the data. This automatically allows for the scatter which is bouncS 
to result in the compaction on any construction job. If the ultra-conservative curves I 
shown in these figures and the resulting increased cost are justified by other considerl 
ations, then at least, the average requirement of compaction should be used instead o ' 
the minimum. 

Control of compaction in a universe to a definite minimum is unrealistic, impracti 
cal, and nearly impossible of attainment on a construction project. The reasons for 
this have been developed by the writer for portland cement concrete in a paper delive 
ed at the 1961 Convention of the American Concrete Institute. They are just as appli-l 
cable to soils, base courses, and bituminous concrete, except that the variations are 
of a different magnitude in each case. Control by maintaining an average compaction 
requirement that will assure a predetermined probability that no more than a predete 
mined percentage of the universe will fall below a given design figure is much more 
practical, represents the actual physical conditions on the job more realistically, an( 
is obtainable. Such an approach has been used by the writer for several years, and r 
been recommended recently for compaction, as a result of the AASHO Road Test by 
W.N. Carey, Jr., J. F. Shook, andJ. F. Reynolds in a paper presented at the 1960 
Annual Meeting of the American Society for Testing Materials. 

It such an average requirement is tied to the uniformity of a given contractor opei 
ation, a motivation can result that will improve the uniformity of the work far beyondl 
that obtained by any degree of inspection. 
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W. H. CAMPEN, Manager, Omaha Testing Laboratories—Apparently the densities 
which are sufficient to produce required CBR values in subgrades, subbases and bases 
are not high enough to prevent further densification in the field by loaded tires. The 
authors therefore are proposing a method whereby the necessary degree of density can 
be specified for various depths of the layered systems under different wheel loads and 
tire pressures. 

Based on the usual relationship between density and CBR the procedure recommended 
will result in higher values of CBR. Theoretically the thicknesses should therefore be 
reduced. Has this point been given consideration? 

The writer notices also that the sandy or cohesionless subbases attain much higher 
densities, in respect to designed densities, than other types of subbases. In the writer's 
opinion the results are to be expected because it is well known now that the impact meth-
3d used in the laboratory in making the moisture-density test gives low results on cohe
sionless materials. A comparison of the results obtained with the impact method with 
ihose obtained by the inundation-vibration method on ordinary sand may show the former 
0 be only 92 of the latter. 
:.R. FOSTER and R.G. AHLVIN, Closure—The authors agree that Mr. Abdun-Nur's 
>roposal to use statistical quality control methods in the control of compaction is a good 
ine. The Waterways Experiment Station has made limited use of such methods in re-
learch work involving repetitive density sampling. The Corps of Engineers, however, 
s not geared to use of such methods in connection with specification compliance deter-
ainations, and it will be some time before adequate service test trials and education 
f field personnel will permit their use. 

In regard to the analysis in the paper being discussed, it is doubtful that the methods 
Ir. Abdun-Nur proposes should be applied. As Mr. Abdun-Nur points out, scatter is 
ound to occur in the compaction on any construction job. The data being analyzed, 
owever, are for a multitude of jobs and not just one. Essentially, each plotted point 
1 the figures to which Mr. Abdun-Nur refers (4-7), represents a separate job and 
lerefore a separate universe in regard to the type of control proposed. An attempt to 
}ply the same methods to the universe of universes represented by the data involves 
random treatment of unknowns and uncontrolled variables of such magnitude that the 
iriability is greater than the significant range in parameters. Also, such an attempt 
ould result in an average which would apply to a collection of subsequent constructions 
ich that half of these constructions would be satisfactory with a degree of conservatism 
mging upward from none, whereas the other would be unsatisfactory, ranging from 
ightly to greatly unsatisfactory. 

Although the authors do not believe the methods proposed by Mr. Abdun-Nur apply to 
eir analysis, this in no way detracts from the merits of the methods, and one cannot 
i l to recognize their advantages in regard to construction control. 

Mr. Campen's question hews directly to the practical aspects of the interrelation of 
rength (CBR) and density, and reflects his intimate knowledge of the subject. A de-
gn CBR value must be determined for each material used in a pavement structure, 
d design values necessarily depend on the density to be attained. It is, or has been, 
mmon practice to select design values from laboratory CBR test results based on a 
iren percentage of a standard density—frequently 90 or 95 percent of modified AASHO 
iximum density. Mr. Campen points out that where a higher density is required, a 
;her design CBR value may be selected. 
Corps of Engineers' procedures specify a determination and plotting of CBR test re-

Its for a range of moisture contents, densities, and compactive efforts from which 
sign CBR values are selected. Plots of data of this type permit selection of CBR de-
;n values for any pertinent values of moisture content and density. 
The authors are glad to have Mr. Campen's comment on the agreement of his exper-
ice with theirs in regard to the ready attainment of higher densities in cohesionless 
.terials. 




