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HIGHWAY RESEARCH BOARD 

The Highway Research Board i s o r g a n i z e d under t h e a u s p i 
ces o f t h e D i v i s i o n o f E n g i n e e r i n g and I n d u s t r i a l R e s e a r c h o f 
t h e N a t i o n a l R e s e a r c h C o u n c i l . I t s p u r p o s e i s t o p r o v i d e a 
n a t i o n a l c l e a r i n g house f o r highway r e s e a r c h a c t i v i t i e s and i n 
f o r m a t i o n . The membership c o n s i s t s o f 36 e d u c a t i o n a l , t e c h n i c 
a l and i n d u s t r i a l a s s o c i a t i o n s o f n a t i o n a l scope. A s s o c i a t e s 
o f t h e B o a r d a r e f i r m s , c o r p o r a t i o n s and i n d i v i d u a l s who a r e 
i n t e r e s t e d i n h i g h w a y r e s e a r c h and who d e s i r e t o f u r t h e r i t s 
work. 

I n i t s p r a c t i c a l w o r k i n g s t h e Board p r o v i d e s a for u m f o r 
t h e d i s c u s s i o n and p u b l i c a t i o n o f t h e r e s u l t s o b t a i n e d by i n 
d i v i d u a l r e s e a r c h w o r k e r s ; o r g a n i z e s c o m m i t t e e s o f e x p e r t s t o 
p l a n and s u g g e s t r e s e a r c h work and t o s t u d y and c o r r e l a t e r e 
s u l t s ; p u b l i s h e s and o t h e r w i s e d i s s e m i n a t e s i n f o r m a t i o n ; p r o 
v i d e s a r e s e a r c h i n f o r m a t i o n s e r v i c e ; and c a r r i e s on f a c t f i n d 
i n g i n v e s t i g a t i o n s . W i t h t h e c o o p e r a t i o n o f t h e h i g h w a y de
p a r t m e n t s o f t h e S t a t e s and t e r r i t o r i e s and t h e P u b l i c Roads 
A d m i n i s t r a t i o n , t h e Highway R e s e a r c h B o a r d c o n d u c t s a Highway 
R e s e a r c h C o r r e l a t i o n S e r v i c e . I t i s t h e f u n c t i o n o f t h i s S e r 
v i c e t o a i d t h e many h i g h w a y r e s e a r c h a g e n c i e s t o c o r r e l a t e 
t h e i r work t h r o u g h p e r s o n a l v i s i t s , c o n f e r e n c e s , committee work 
and d i s t r i b u t i o n o f p e r t i n e n t i n f o r m a t i o n . 
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REPORT OF COMMITTEE 

ON COMPACTION OF SUBGRADES AND EMBANKMENTS 

The Committee on Compaction o f Subgrades and Embankments 
was formed i n 1941 f o r t he purpose o f s t u d y i n g t h e p r i n c i p l e s 
o f c o m p a c t i o n , i t s use, c o s t , and t o o b t a i n a l l i n f o r m a t i o n 
a v a i l a b l e t h a t i s p e r t i n e n t t o t h e s u b j e c t . A q u e s t i o n n a i r e 
was p r e p a r e d and s e n t t o a l l o f t h e 48 s t a t e s and t h e D i s t r i c t 
o f Columbia i n 1942 i n o r d e r t o o b t a i n i n f o r m a t i o n on embank
ment pe r f o r m a n c e and co m p a c t i o n r e q u i r e m e n t s . The i n f o r m a t i o n 
f r o m t h i s q u e s t i o n n a i r e t o g e t h e r w i t h r e c o m m e n d a t i o n s o f t h e 
Co m m i t t e e f o r embankment and s u b g r a d e c o n s t r u c t i o n and com
p a c t i o n was p u b l i s h e d i n Wartime Road Problems B u l l e t i n No. 1 1 , 
'Compaction o f Subgrades and Embankments" by t h e Highway Re
se a r c h Board. 

The Committee i n 1946 p r e p a r e d a n o t h e r q u e s t i o n n a i r e and 
s e n t i t t o t h e 48 s t a t e s , t h e D i s t r i c t o f Columbia, t h e U n i t e d 
S t a t e s E n g i n e e r D e p a r t m e n t , and t h e Bureau o f Yards and Docks 
o f t h e U n i t e d S t a t e s Navy D e p a r t m e n t . T h i s q u e s t i o n n a i r e was 
d e s i g n e d t o o b t a i n i n f o r m a t i o n on c o m p a c t i o n m e t h o d s and 
r e q u i r e m e n t s , c o m p a c t i o n e q u i p m e n t u s e d , i n s p e c t i o n methods 
and t e s t s , and c o s t f o r b o t h embankments and s u b g r a d e s . A l l 
o f t h e r e p l i e s and an a n a l y s i s o f some o f them a r e i n c l u d e d 
i n t h i s r e p o r t . 

A n o t h e r i n t e r e s t o f t h e C o m m i t t e e i s t h e i n f l u e n c e 
c o m p a c t i o n has on t h e a b s o r p t i o n o f m o i s t u r e i n e a r t h t y p e 
bases and subgrades and the e f f e c t o f t r a f f i c on t h e i r d e n s i t y . 
Some i n v e s t i g a t i o n has been done on t h e s u b j e c t and more i s 
p l a n n e d i n 1947 and i t i s hoped t h a t a r e p o r t - p r o b a b l y a 
p r o g r e s s r e p o r t - may be made o f t h e r e s u l t s o f t h e i n v e s t i 
g a t i o n ' n e x t year. 

The c o m p a c t i o n o f subgrades and embankments f o r a i r p o r t s 
w i l l be s t u d i e d more i n t h e f u t u r e , e s p e c i a l l y t h e use o f 
"super c o m p a c t i o n " . Three w e l l known e n g i n e e r s w i t h c o n s i d e r a b l e 
a i r p o r t c o n s t r u c t i o n e x p e r i e n c e have c o n s e n t e d t o s e r v e on t h e 
committee and a s s i s t i n t h i s s t u d y . 

QUESTIONNAIRE RESULTS 

EMBANKMENTS 

The f o l l o w i n g i s a d i s c u s s i o n o f t h e d a t a o b t a i n e d f r o m 
t h i s q u e s t i o n n a i r e , and comparisons are made, whenever p o s s i b l e , 



w i t h t h e d a t a o b t a i n e d f r o m a s i m i l a r q u e s t i o n n a i r e s e n t o u t 
i n 1942. The 1942 q u e s t i o n n a i r e c o v e r e d embankment performance 
as w e l l as c o m p a c t i o n . I t i s t o be n o t e d t h a t t h e 48 s t a t e s 
are d i v i d e d i n t o seven gr o u p s , as was done i n t h e 1942 summary, 
i n an a t t e m p t t o p l a c e t o g e t h e r t h o s e s t a t e s h a v i n g s i m i l a r 
c l i m a t i c and s o i l c o n d i t i o n s . W i t h a few e x c e p t i o n s , t h e 
s t a t e s i n each g r o u p use t h e same methods o f c o m p a c t i o n and 
have a p p r o x i m a t e l y t h e same r e q u i r e m e n t s . 

i. Layer Thickness, Equipnent, and Required Compaction. The 
1942 q u e s t i o n n a i r e r e v e a l e d t h a t embankments i n a l l o f t h e 
s t a t e s w e r e b e i n g c o n s t r u c t e d i n l a y e r s and c o m p a c t e d by 
r o l l e r s o r d i s t r i b u t i o n o f h a u l i n g o r b o t h . The same methods 
a r e s t i l l b e i n g used by a l l o f t h e s t a t e s , a c c o r d i n g t o t h e 
1946 s u r v e y (See T a b l e 1 ) , excep't t h a t s i x s t a t e s r e p o r t u s i n g 
t h i n n e r l a y e r s . The t h i c k n e s s o f compacted l a y e r s v a r y f r o m 
3 i n . t,o 24 i n . The t a b u l a t i o n below g i v e s t h e v a r i o u s t h i c k 
nesses s p e c i f i e d and t h e o r g a n i z a t i o n s s p e c i f y i n g them: 

T h i c k n e s s o f L a y e r s 
I n c h e s 

3 - 6 

Number o f O r g a n i z a t i o n s 

1 s t a t e 

24 

15 s t a t e s . D i s t r i c t o f 
Columbia, and U. S. E. D. 

6 - 8 

6 - 9 

8 

8 - 12 

10 

12 

24 

3 s t a t e s 

1 s t a t e 

13 s t a t e s 

3 " 

2 " 

7 " and Navy Dept. 

1 s t a t e 

A p p a r e n t l y t h e most p o p u l a r t h i c k n e s s i s 6 i n . , w i t h 8 i n . 
r u n n i n g a c l o s e s e c o n d . A summary o f t h e p r a c t i c e i n t h e 



TABLE 1. EMBANKMHNTS - UYER THICKNESS, EQUIPMHNT AND 
REQUIRED COMPACTION ( 1 % 6 SURVEY) 

State 

Are 
embankments 
constructed 
i n layers. 
What thick
ness? 
(Inches) 

What method 
of compaction 
i s used for 
various soil s ? 

Coiiq>aetion 
requirement 
and measurement. 

North-eaat 
Maine 12 Max. Smooth or 

pneumatic rol l e r s Satisfactory 
New Hampshire 8 - 1 2 Tamping and 

smooth rollers Satisfactory 
Vermont 12 Tamping rollers 6 trips of 

roller-minimum 
Massachusetts 12 Tamping and 

smooth rollers 
1 r o l l e r per 100 cu. 
yds, per hour 

Connecticut 12 Equipment Satisfactory 
Rhode Island 2h Smooth rol l e r s Satisfactory 
New York 6 - 8 Smooth, tamping 

& pneumatic rol l e r s 90^ AASHO-Minimum 
Michigan 8 - 1 2 Tamping and pneu

matic rol l e r s 95% AASHO 
Wisconsin 8 - 1 2 BJquipment, tamping 

roll e r s - special Special-95^ AASHO 

Middle-east 
I l l i n o i s 6 Max. Tamping, smooth & 

pneumatic rollers 
6 to 9 t r i p s . Also 
90% AASHO 

Indiana 6 - 9 Smooth & Tamping 
ro l l e r s & tractors 90^-95? AASHO 

Ohio 8 Tamping & smooth 
rollers 9O%-102% AASHO 

Pennsylvania 8 Tamping and 
smooth rollers Satisfactory 

New Jersey 6 Smooth, tamping & 
pneumatic rollers 

4 to 8 passes 
of rollers 

Kentucky 12 Tamping and pneu
matic rollers 90^-100* AASHO 

Tennessee 6 Tamping r o l l e r s 100? AASHO 
V/eat Virginia 8 Tan^ng and 

smooth rollers 90^-100? AASHO 
Virfflnia 8 A l l type rol l e r s 952 AASHO 
Maryland 8 Tamping & smooth 

roll e r s & equip. 90^-100? AASHO 
Delaware Tamping rol l e r s 95? AASHO 
Dis t r i c t of 

Columbia 6 
Smooth & tamping 
roll e r s 90^-1002 AASHO 



TABLE 1 - Continued 

State 

Are 
embankments 
constructed 
i n l a y e r s . 
V/hat thick
ness? 
(Inches) 

- '.Vhat method 
of compaction 
i s used f o r 
various s o i l s ? 

Compaction 
requirement 
and measureinent. 

Uountain 

Montana 8 A l l types of roll e r s 
and equioment 90^100? AASHO 

Idaho 8 A l l tvDes of r o l l e r s 9C«-100? AASHO 
Wyoming 5 Tamping & pneumatic 

roll e r s Satisfactory 
Utah 8 TampinK ro l l e r s 90!J-100? AASHO 
Colorado 8 Tamping & smooth 

rol l e r s 90^1002 AASHO 
Nevada 8 Tamping & smooth 

rol l e r s & equio. 85«-90Sb AASHO-Mod. 
New Uexlco 3 - 6 Tadiping, smooth, & 

nneumatic rol l e r s 90jb-100!e AASHO 
Arizona 12 Tanking & pneumatic 

ro l l e r s & e qulpment 95% AASHO 

Pacific 

Washington U - 2U Tanqalng & smooth 
ro l l e r s & equip. 95^1002 AASHO 

Oregon 8 Taa^ng & pneumatic 
roll e r s 95% AASHO 

California (,-8 Tamping & smooth 
rol l e r s «90^ Cal. Standard Ulr 

U.S.E.D. 6 Taiq>lng, pneumatic, 
smooth ro l l e r s & 
crawler type equlp-
msnt 90% Uod. AASHO 

Bureau of lards and 
Docks, Navy Depart
ment 12 Tamping, smooth, & 

pneumatic r o l l e r s 90?-95? AASHO 
«Callfomla 

Expect to secure the maximum compaction obtainable with a given s o i l containing a 
suitable moisture content and the specified amount of rolling. 



TABLE 1 - OoBtlimed 

State 

Are 
MiihftfilniMint.ii 

eonatrueted 
i n layers. 
What thick
ness? 
(Inches) 

ttiat method 
or fioiHpH ction 
i s used fbr 
various s o i l s ? 

Coiqpaetion 
requirement 
and measurenient. 

South-east 

UississiDDi 6 Tamidnit r o l l e r s Satisfactory 
Alabama 8 Tamping, smooth & 

Dnaumatie r o l l e r s 95% AASHO 
North Carolina 6 A l l types of r o l l e r 2 t r i p s per inch loose 

thickness of layer 
South Carolina 6 Equipment, taiqiing 

r o l l e r s . & .lettlnx Satisfactory 
Georgia 6 Tamping and pneu

matic ro l l e r s 
5 t r i p s of r o l l e r 

Florida 

North-central 

6 Tamping r o l l e r s 
and tractors Satisfactory 

lUnnesota 12 Max. Tamping r o l l e r s 6 to 12 trips of r o l l 
95i-iOOi AASHO 

Iowa 6 Taiqping r o l l e r s 6 to 12 tr i p s of 
r o l l e r 

Uissouri 6 T&fflplnR r o l l e r s 90% AASHO 
South Dakota 6 TamplnK r o l l e r s Satlsfactonr 
North Dakota 10 TamnlnK ro l l e r s 90S AASHO 
Nebraska 6» Tanking or smooth 

ro l l e r s 902 AASHO 
Kansas 

South-central 

6 Tamping & pneo-
matic r o l l e r s 90^ AASHO 

Arkansas 10 Tamping and pneu
matic r o l l e r s Satisfactory 

Loulsiama 8 taiapi.ng r o l l e r s 
and tractors 952 AASHO 

Oklahoma Tamping & pneu
matic r o l l e r s Satisfactonr 

Texas & - 8 Tamping & pneu
matic r o l l e r s 902 AASHO 

»Kebraska 

On secondary roads and with sands, no rolling i s required and layers up to 12 i n . 
are perratted. iio density requirement specified for this type of work. 



F i g u r e 1 
Thi c k n e s s of L i f t - Compaction of Embankments - 1946 

v a r i o u s s t a t e s on the t h i c k n e s s o f l i f t f o r c o m p a c t i o n o f 
embankments i s shown i n Fi g u r e 1. 

Compaction requirements vary somewhat, a c c o r d i n g to the 
1946 s u r v e y . The most p o p u l a r r e q u i r e m e n t seems t o be a 
c e r t a i n p e r c e n t a g e of the compaction o b t a i n e d by a s t a n d a r d 
t e s t adoptexl by t h e A m e r i c a n A s s o c i a t i o n o f S t a t e Highway 
O f f i c i a l s under the d e s i g n a t i o n T99-33. The r e q u i r e d p e r 
centage v a r i e s from 90 to 100 p e r c e n t . Twenty-seven s t a t e s , 
the D i s t r i c t of Columbia, and the Navy Department s p e c i f y t h i s 
requirement. One s t a t e s p e c i f i e s t h i s requirement on s p e c i a l 
work. 

Two other compaction t e s t s are used as a measure of com
p a c t i o n ; the Modified AASHO and the C a l i f o r n i a Standard. Both 
t e s t s use higher compactive e f f o r t s and secure higher d e n s i t i e s 
a t lower m o i s t u r e c o n t e n t s . One s t a t e and the U.S.E.D. use 
the M o d i f i e d AASHO as a measure o f compaction and s p e c i f y a 
requ i r e m e n t o f 85 to 90 p e r c e n t , r e s p e c t i v e l y . The S t a t e of 
C a l i f o r n i a , a l o n e , u s e s t h e C a l i f o r n i a S t a n d a r d t e s t and 
s p e c i f i e s a minimum requirement o f 90 p e r c e n t o f the d e n s i t y 
produced by i t . 

Twelve s t a t e s s p e c i f y t h a t compaction s h a l l be done to 
the s a t i s f a c t i o n of the engineer. The t h i c k n e s s of l a y e r s and 
r o l l i n g a r e r e q u i r e d by t h e i r s p e c i f i c a t i o n s , but the amount 
of r o l l i n g i s l e f t up to the en g i n e e r i n charge of the'work.. 
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0 e t c 90-100 

USCO 90Mod AASHO 

• 0 - 9 5 « < 
AASHO 

F i g u r e 2 
Compaction Requirements 1946 

T h i s i s the second most p o p u l a r r e q u i r e m e n t a s r e v e a l e d by 
the 1946 compaction survey. 

F i v e s t a t e s s p e c i f y a d e f i n i t e number or a minimum 
number of t r i p s to be made by the r o l l e r over the f u l l width 
o f e a c h l a y e r . One of the f i v e s t a t e s s p e c i f i e s two t r i p s 
per i n c h of loose t h i c k n e s s of l a y e r . 

One s t a t e r e q u i r e s one r o l l e r per 100 cu yd of embankment 
per hour. The p r a c t i c e of the v a r i o u s s t a t e s on compaction 
requirements i s summarized g r a p h i c a l l y i n F i g u r e 2. 

2. Moisture Requirement, Cost of Compaction and Water. Data 
from T a b l e 2 r e v e a l s t h a t compaction a t a d e f i n i t e m o i s t u r e 
content known as the "optimum" f o r the s o i l i s s p e c i f i e d by 17 
s t a t e s , the D i s t r i c t of Columbia, the U.S.E.D., and the Navy 
Department. Two s t a t e s use t h i s requirement o n l y on s p e c i a l 
work.. 

Compaction i s p a i d f o r d i r e c t l y by 11 s t a t e s a t a c o s t 
o f $0.03 to SO.075 per cu yd of embankment. Two st«tes pay 
f o r compaction d i r e c t l y on s p e c i a l work a t a c o s t o f SO.025 
to SO.05 per cu yd of embankment. Other o r g a n i z a t i o n s do not 
pay f o r compaction d i r e c t l y , as i t i s i n c l u d e d i n the u n i t 
p r i c e for e x c a v a t i o n . 

T w e n t y - f i v e s t a t e s r e p o r t p a y i n g f o r w a t e r u s e d i n 
r a i s i n g the moisture content of the s o i l to the "optimum" f o r 
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UBLB 2. aiBMIKIIBITS - HOISTURE RBQUIREUENT. 

(XaPACTIGN AND HATER (1946 SURVEY) 
COST OF 

I s speci I s "optlmim" I s water paid 
fied re moisture for I s eonqpaetlon paid for directly? 
quirement coiq>aetlon for d i r e c t l y ? What What i s the 

State net? soecifled? i s the cost? Cost? 

NortN-Mst 

llaine ____ No No No 
New Hampshire Yes No No No 
7ennont Yes No No No 
Uassaehusetts Yes No No No 
Connecticut Yes No No No 
Rhode Island Yes No No No 
New York Yes Yes No Special 
Uichigan Yes Yes No No 
Wisconsin Yes Special - 5f per No 

cu. yd. 

Uiddle-east 

l U i n o i s Yes Yes No Force Acct 
Indiana Yes Density only No No 
Ohio Yes Yes No 13 per M. Gal. 
Pennsylvania Yes No No No 
New Jersey Yes No No No 
Kentucky Yes Yes No $1.50 per 11. Gal. 
Tennessee Yes Yes No $3 per U. Gal. 
West Virginia Yes Density only No $$ per U. Gal. 
Virginia Yes Yes No No 
Maryland Yes No No No 
Delaware Yes Yes No No 
Di s t r i c t of 

Columbia Yes Yes No No 

South-east 

Uississippi Yes Where practi No No 
cable 

Alabama Yes Yes No No 
North Carolina Yes No No No 
South Carolina Yes No No No 
Georgia Yes No No No 
Florida Yes No No No 



IftBLE 2 - Continued 

I s speci I s ltfipf.-|iinlinlt I s water paid 
fied re ffloisture for I s collection paid for directly? 
quirement coiq>8etion for directly? What What i s the 

Stats met? sneelfied? i s the cost? 00^? 

Horblwcentral 
Unnesota Generally No No %k per H. Gal. 
Iowa No No No 
UiBSOurl Yes Density only Yes, Cost 7i per 80^ per U. Gal. 

cu. yd. 
South Dakota No No $2.25 per U. Gal. 
North Dakota Yes Special No $2 per U. Gal. 
Nebraska Yes Special No t l per U. Gal. 
Kansas Yes Density only Yes, Cost, J.9t per 2kt per U. Gal. 

cu. yd. 
South-central 

Aricansas ... Ko Yes, Cost 3< per Yes. U. Gal. 
cu. yd. 

Louisiana Yes Yes No No 
Oklahoma Yes Yes Yes, Roller hours. $1.90 per U. Gal. 
Texas Yes Yes Yes, Cost 3»5i per $1.50 per M. Gal. 

cu. yd. 
Uountain 

Ifontana Yes No 'Special. Cost 2.5# $2 per M. Gal. 
per cu. yd. 

Idaho Yes Density only Yes. %k to $6 per $1.50 per 11. Gal. 
r o l l e i ^ h r . 

$1.50 per 11. Gal. 

lemming Yes No Yes. S3.50 per $2 per II. Gal. 
roller-hr. 

$2 per II. Gal. 

Utah Yes Yes *Yes. per cu. yd. $1.63 per U. Gal. 
Colorado Yes Yes. $3 per roUer-hr. $1.50 per U. Gal. 
Nevada Yes Yes Yes. Itt per cu. yd. 3t per cu. yd. 
New Uexlco Yes Yes No $3 per U. Gal. 
Arizona Yes Yes Yes. $< per cu. yd. $3 per U. Gal. 

Pacific 
niashlngton Yes Yes No $2.50 per H. Gal. 
Oregon Yea No Do $2.75 per U. Gal. 
Cd.ifomia Yea Density only No $2 per U. Gal. 
U.S.E.D. Yes Yes Optional i n some eases $2 

to $3 per M. Gal. 
Bureau of Tarda 
and Docks, Navy 
Departnant Yes Yes No No 
imtah 

Paid for at unit bid price per r o l l e r hour and unit bid price per 1000 gal. of 
vater, frii^ch amounts to 7ii to 8^ per cu. yd. 
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compaction. The c o s t of t h i s water v a r i e s from $0.24 to $5.00 
per 1000 g a l l o n s , with an average o f $2.19. One s t a t e pays f o r 
w a t e r by F o r c e A c c o u n t . One s t a t e pays f o r w a t e r o n l y on 
s p e c i a l work. 

The s t a t e s which pay for water seem to f a l l i n t o c e r t a i r 
d e f i n i t e groups. A l l s t a t e s i n the Mountain and P a c i f i c groups 
pay f o r w a t e r . A l l e x c e p t one i n t h e S o u t h - c e n t r a l group, 
and a l l e x c e p t one i n the N o r t h - c e n t r a l group pay f o r t h i s 
item. Only f i v e out of 12 i n the Middle E a s t group pay f o r i t . 

SUBGRADES 

i . Requirements and Costs. The compaction s u r v e y o f 1946 
i n c l u d e d the compaction of sub g r a d e s , s e p a r a t e from embank
ments. The survey r e v e a l e d t h a t the requirements f o r subgrade 
compaction was the same as fox embankments i n 30 s t a t e s (See 
T a b l e 3 ) . Nine s t a t e s s p e c i f y " s a t i s f a c t o r y r o l l i n g " ; four 
s t a t e s u s e a p e r c e n t a g e o f the c o m p a c t i o n produced by t h e 
AASHO t e s t ; one s t a t e u s e d t h i s l a t t e r r e q u i r e m e n t o n l y on 
s p e c i a l work; C a l i f o r n i a s p e c i f i e s 90 percent of the C a l i f o r n i a 
Standard as a minimum requirement; one s t a t e and the U.S.E.D. 
s p e c i f y a c e r t a i n p e r c e n t a g e o f t h e compaction produced by 
the m o d i f i e d AASHO compaction t e s t ; two s t a t e s and the Navy 
Department s p e c i f y e x t r a r o l l i n g of the subgrade; and F l o r i d a 
r e q u i r e s a b e a r i n g of 30 to 60 l b per sq i n . 

Twenty-four s t a t e s make no s p e c i f i c requirement as to the 
depth the subgrade i s to be compacted. Most of them have the 
same r e q u i r e m e n t s f o r subgrade as they do f o r embankments. 
S e v e r a l ' s t a t e s s p e c i f y t h a t t h e su b g r a d e be r o l l e d t o t h e 
s a t i s f a c t i o n of the engineer. Twenty-three s t a t e s , the U.S.E.D., 
and the Navy Department s p e c i f y d e f i n i t e t h i c k n e s s e s f o r sub-
grade compaction. One s t a t e s p e c i f i e s a d e f i n i t e t h i c k n e s s 
only on s p e c i a l work, and one s t a t e makes a v a r i a b l e r e q u i r e 
ment. Ten s t a t e s s p e c i f y a t h i c k n e s s o f 6 i n . ; four s t a t e s 
s p e c i f y an 8 - i n . t h i c k n e s s ; s i x s t a t e s s p e j c i f y a 1 2 - i n . t h i c k 
n e s s ; other s t a t e s and the Navy Department s p e c i f y t h i c k n e s s e s 
from 6 i n . to 18 i n . ; and the U.S.E.D. uses a v a r i a b l e t h i c k 
n e s s requirement, depending upon the s o i l s and type o f work. 

Only 11 s t a t e s pay for subgrade compaction; the remaining 
s t a t e s and o r g a n i z a t i o n s r e q u i r e the c o s t to be included i n the 
u n i t p r i c e b i d f o r e x c a v a t i o n . Payment i s made by the square 
yard by two s t a t e s , the c o s t v a r y i n g from $0.10 to $0.15 per 
sq yd; by the c u b i c yard by f i v e s t a t e s , the c o s t v a r y i n g from 
$0.02 to $0,039 per cu yd, except i n one s t a t e , which r e p o r t s 
a c o s t of $0750 per cu yd; by the mile by one s t a t e , the c o s t 
v a r y i n g from $400 to $1300 per m i l e . Two s t a t e s r e p o r t paying 
f o r subgrade compaction by the day and by the r o l l e r - h o u r , the 
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c o s t b e i n g $30 to $40 per day and $3.00 p e r r o l l e r - h o u r . -

EMBANKMENT AND SUBGRADES 

1. Moisture-Density Procedure, and P e r s o n n e l and Equipment. 
T h e a s s e m b l e d d a t a i n T a b l e 4 show t h a t t h e mo i s t u r e - d e n s i t y 
c o m p a c t i o n p r o c e d u r e i s u s e d by 24 s t a t e s , t h e D i s t r i c t o f 
C o l u m b i a , the U.S.E.D., and t h e Navy D e p a r t m e n t . S e v e n s t a t e s 
r e p o r t u s i n g the p r o c e d u r e o n l y on s p e c i a l work, and two s t a t e s 
r e p o r t u s i n g i t o n l y i n t h e c o m p a c t i o n o f s u b g r a d e s . Many 
s t a t e s s p e c i f y o n l y a d e n s i t y r e q u i r e m e n t . 

2. M i s c e l l a n e o u s Information. The 1946 s u r v e y a l s o i n c l u d e s 
d a t a on f i e l d i n s p e c t i o n p e r s o n n e l , f i e l d t e s t i n g e q u i p m e n t , 
amount o f f i e l d t e s t i n g , methods o f d e t e r m i n i n g f i e l d d e n s i t y 
a n d m o i s t u r e , c o n t e m p l a t e d c h a n g e s i n s p e c i f i c a t i o n s , a n d 
p r o c e d u r e s f o r d r y i n g out wet s o i l s i n embankment c o n s t r u c t i o n . 
T h e s e d a t a a r e shown i n T a b l e s 5 t o 8 i n c l u s i v e . 

I t IS b e l i e v e d t h a t the 1946 c o m p a c t i o n s u r v e y shows t h e 
t r e n d o f t h e c o m p a c t i o n o f s u b g r a d e s and embankments i n t h i s 
c o u n t r y a t t h e p r e s e n t t i m e . More a t t e n t i o n i s p a i d t o com
p a c t i o n now t h a n i n 1 9 4 1 , and i t i s r e a s o n a b l e t o c o n c l u d e 
t h a t i t s i m p o r t a n c e i s b e i n g r e a l i z e d by a l l o r g a n i z a t i o n s 
w i t h t h e r e s u l t t h a t i n t h e f u t u r e , c o m p a c t i o n r e q u i r e m e n t s 
w i l l be more r i g i d on a l l work. More a t t e n t i o n c o u l d be p a i d 
t o t h e c o m p a c t i o n o f s u b g r a d e s and i t i s t h e i n t e n t i o n o f t h e 
co m m i t t e e t o s t r e s s t h i s f a c t i n t h e f u t u r e , by making i n v e s t i 
g a t i o n s and r e p o r t i n g t h e r e s u l t s . Some work a l o n g t h i s l i n e 
i s now under way and w i l l be r e p o r t e d n e x t y e a r . 
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TABLE 3. SUBOIADES - REQUIREMENTS AND OOSTS (19/.6 SURVET) 
What Is the depth 

What i s the requirement of this reqilr»- What i s the 
State for subgrade compaction? ment? cost? 

North-east 
Maine Same as for Bnb. 
New Hampshire Satisfactory rollin;^ 
Vermont Same as for Qnb. 
Massachusetts Satisfactory r o l l i n g 
Connecticut Satisfactory r o l l i n g 
Rhode Island Same as for Qnb. 
New York 95% AASHO /̂ 8" i n Einb. 
Michigan Satisfactory r o l l i n g 
Wisconsin Same as for Qnb. 

Middle-east 
I l l i n o i s Special Variable Not given 
Indiana Same as for Emb. 6" No pay item 
Ohio 95^105? AASHO 6" No pay item 
Pennsylvania Satisfactory r o l l i n g Not specified No pay item 
New Jersey Same as for Qnb. 
Kentucky SatisfaotoiT r o l l i n g No pay item 
Tennessee Satisfactory r o l l i n g No pay item 
West Virginia Satisfactory r o l l i n g 6" — — 

Virginia Same as for Qnb. 8" No pay item 
Maryland Same as for £>nb. No pay item 
Delaware Same as for Binb. No pay item 
District of 

Columbia Same as for litab. No pay item 
South-east 

Mississippi Same as for Qnb. 
Alabama lOQS AASHO 6" 1.'0 pay item 
North Carolina Same as for Einb. 
South Carolina Satisfactory r o l l i n g No pay item 
Georgia Same as for Qnb. — — No pay Item 
.Florida 30 to 60 p.s.i. 12" ' 10^ to 15* 

Bearing per sq. yd. 
North-central 

Minnesota Extra r o l l i n g 12" No p«y item 
Iowa 95% AASHO 6" iUOO to $1300 

per mile 
Missouri Same as for Einb. 12" & 18" 50* per cu. yd. 
South Dakota Same as for Einb. 12" No pay item 
North Dakota Same as for Sab. Same as for Bnb. No j)ay Item 
Nebraska Same as for Einb. 6" No pay item 
Kanaaa Same as for Einb. i," 3.9* per cu. yd 
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TABLE 3 - Continued 

State 
What i s the requirement 
for suberade compaction? 

What i s the depth 
of this require
ment? 

What is the 
cost? 

South-central 
Arkansas Same as for Emb. 8" No pay item 
Louisiana Same as for Bnib. 
Oklahoma Same as for Emb. 6" to 12" 10* per aq. yd. 
Texas Same as for Emb. 6" to 8" 3* to 3it per 

cu. yd. 
Mountain 

Montana Same as for Qnb. 8" including cuts 2* to 3* per 
cu. yd. 

Idaho Same as for itnb. 8" including cuts - $30 to W 
per day 

\fyoa±np. . Same as for Qnb. 12" including cuts No pay item 
Utah •''Extra r o l l i n g Not specified *No pay item 
Colorado Same as for Qnb. 12" 53 per hr. for 

ro l l e r 
Nevada Same as for Smb. i " RolUng hr 3i 

per cu. yd. 
New Mexico 95% AASHO 6" No pay item 
Arizona Same as for E^. 

Pacific 
UashiinKton Same as for £mb. 12" including cuts No pay item 
Oregon Same as for iStb. i;ot specified No pay item 
California •«<90̂  Cal. Std. 6" No pay item 
U.S.E.D. -

IliRhweys 95i Mod. AASHO 6" Minimum No pay item 
U.S.E.D. -

Airfields 90%-100% Mod. AASHO 
Varies with wheel 
load & so i l types.* »* No pay item 

Bureau of Yards 
and Docks, Navy 
Department Extra r o l l i n g 6" to 18" No pay item 

<ticiaifornia - 90% CaUfomia Standard i s the minimum requirement. Expect to secure 
the maziimun compaction obtainable with a given s o i l containing a suitable moisture 
content and the specification amount of r o l l i n g . 

•wtThe following i s a table of Con^iaction Re<jiirements for Flexible Pavements. 
(Airfields) 

TABLE A 
CCUPACTION RBaUIROffiNTS 

Depth i n Inches Below Pavement Surface to 
Which Indicated % of Mod. AASHO Density 
Should Extend 

A l l Subgradea CoheslonlesB 
SandB 

Wheel Load 
5,000 
15,000 
W),000 
60,000 

150,000 

12 
18 
30 

95% 100» w 
12 12 2k 
18 2U 36 
30 30 U» 
5k 1*8 78 
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XABLE k. aiBANKMBITS AND SUBGRADES - MOISIVRE-DOISITr PROCEDURE 
AND PBiSONNEL AND BSUIPUENT (19^6 SURVEY) 

State 
Is lloisture-density 
procedure used i n 
compaction? 

What personnel and equipment are re
quired for inspection when this pro-
cedure is used? 

North-east 
Maine No 
New Hampshire No 
Vermont No 
Massachusetts No 
Connecticut No 
Rhode Island Ko 
New York Yes 2 men, scales, compaction k i t , field 

density apparatus, gasoline stove, etc. 
Michigan Yes 1 man, scales, compaction k i t , field 

density apparatus, oven, etc. 
Wisconsin 

Middle-east 
I l l i n o i s 

Special only-

Yes 1 man with density apparatus, compaction 
Indiana Density Control www V yAAAm^n w V W v w t W V \JH 1 V uv> • 

1 man with density apparatus, scales 
etc. 

Ohio Yes 1 man with density apparatus, compaction 
test equipment, penetrometer, scales, 
oven. etc. 

Pennsylvania No 
New Jersey No 
Kentucky Special work 2 m9n with density apparatus, oven, 

scales, etc. 
Tennessee Yes 1 man with density apparatus, oven, 

scales, etc. 
West Virginia Yes 1 to 3 men, density apparatus, oven, 

scales, etc. 
Virginia Yes 1 man with density apparatus, compaction 

test equipment, oven, scales, etc. 
Maryland Yes 1 man wlx,h density apparatus, compaction 

test equipment, oven, scales, etc. 
Delaware Yes 1 man and helpers with density apparatus 

compaction test equipment, oven, scales, 
etc. 

District of 
Columbia Yes 

1 man with density determination equip
ment, scales, etc. 

South-east 
Mississippi Yes Field laboratories 
Alabama Yes 1 man with density apparatus, ovens, 

scales, etc. 
North Carolina No 
South Carolina No 
Georgia Special work 1 man and necessary equipment 
Florida 

North-central 
Minnesota 

No 

Special work 1 man with density determination equip
ment, compaction test equipment, scales, 
stove, etc. 

Iowa Subgrades only 1 man, necessary equipment 
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TABLE U - Contlimed 

State 
Is Ifoisture-denslty 
procedure used i n 
conoaetion? 

Rhat personnel and equipment are re
quired for inspection «hen this pro
cedure i s used? 

yXaaaoA Xes 1 man «lth density determination equip
ment, compaction test equipment, scales, 
stove, etc. 

South Dakota No — 
North Dakota Special woiic Necessary equipment for ecnpaetlon test 

and embankment densltT determination 
Nebraska Tes 1 man «lth each outfit equipped with a l l 

necessary coiqMctlon test and density 
Kansas Special woric A l l necessary equipment for eompaetion 

test and enfcankmsnt density determination 
Soutlweentral 

Arkansas No 
Louisiana Tes 1 man and necessary equipment for eaB> 

paction test and embankment density 
Oklahoma Special work 1 man for each outfit equipped with 

necessary equipment for coqpaction test 
Xes 1 man aith equipaent necessary for per-

Mountain 
Uontana Tes Necessary men and equipment for perfom-

ine eoffloactlon and density tests 
Idaho Density control 1 man nith each outfit with necessary 

eauloment for detenaLnlns dry densities 
tiQrOtaiiiig Tes 1 man «ith each outfit «ith ccnq>aetlon 

and density equipment, penetrometer, 
stoves, scales, etc. 

Utah Yes 2 men and neeessazy equipneot for con-
Colorado Tes 2 men and neeessaiy con^etion and 
Nevada Tes 1 man nith small f i e l d laboratory for 

eauMrtion and density tests 
New Mexico Yes. Sidigrades only 1 man with coapaetlon and density acplp-

ment Axisona Tes 1 nan alth eompaetion and density eqoip-mnt 
Paem« 

Itashlngton Tes 1 man with compaction and density equip
ment 

Oregon Tes 1 man with compaction and density equip
ment 

California Tes 1 man with compaction and density squlp-
msnt 

U. S. E. D. Tes 1 man with each outfit «rith compaction 
and density eaulnment 

Bureau of Yards 
and Docks, Navy 
Department Tes 

2 men with equipment for detemialne 
moisture and density tests 
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TABLE 5. . FIEU) TESTS FOR CONTROL (1%6 SURVE7) 

State 
m n< rmim f i e l d tests for enbankment caqpaction control 
Moisture Tests Density Tests Other Tests 

North-east 
Itolne 
New HaiqMhlre 
Termont 
Ifassachusetts 
Connecticut 
Rhode Island 
Mew Tox4c 
Michigan 
nlsoonsln 

Middle-east 
I l U n o l s 
Indiana 
Ohio 
Pennsylvania 
New Jersey 
Kentucky 
Tennessee 
ffiast Virginia 
Virginia 
llaiyland 
Delamre 
Dis t r i c t of 

Colunbla 

South-east 
lasslssippi 
Alabama 
North Carolina 
South Carolina 
Georgia 
Florida 

As required 
None 
None 
None 
None 
1 every 3 hrs. 
U per day 
As required 

Not specified 
None 
As required 
None 
None 
As required 
As required 
Each U f t 
if per day 
As required 
As required 
As required 

As required 
As required 
None 

As required 
None 
None 
None 
None 
1 every 3 hrs. 
h per day 
As required 

Not specified 
As required 
As required 
None 
None 
As required 
As required 
Each l i f t 
i i per day 
As required 
As required 
As required 

As required 
As required 
None 

None 
None 
None 
None 
Cheek tests 

None 
None 
None 

None 

As required 
Visual 

As required 
None 

None 
None 
None 

North-central 
Minnesota 
Iowa 
Missouri 
South Dakota 
North Dakota 
Nebraska 
Kansas 

As required 
As required 
As required 
None 
U per day 
As required 
As required 

As required 
As required 
As required 
None 
4 per day 
As required 
As required 

None 
None 
As rsquired 
None 
Penetrometer 
As required 
None 
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TABLE 5 - Continued 

State 
Mirimiini f i e l d tests for enbankment compaction control 
Moisture Teats Density Testa Other Teats 

South-central 
Arkansas 
Louisiana 
Oklahoma 
Texas 

None 
1 per 1000 f t . 
2 per l i f t per s o i l 
1 for each s o i l 

None None 
1 per 1000 f t . 
2 per U f t per s o i l 
1 f o r each s o i l Density 

Mountain 
Montana 
Idaho 
Utah 
Colorado 
Nevada 
New Mexico 
Arizona 

Pacific 
Washington 
Oregon 
California 

As required 
1 per 500 cu. yd. 
As required 
1 per 2000 cu. yd. 
As required 
As required 
1 per 2000 cu. yd. 
As required 

As reqiired 
As required 
As required 

1 per 5000 cu. yd. 
1 per 500 cu. yd. 
1 per 2000 cu. yd. 
1 per 2000 cu. yd. 
1 per 2000 cu. yd. 
As required 
1 per 2000 cu. yd. 
As required 

As required 
As required 
As required 

None 
None 
L.L. & P.I. 

None 
None 

U.S.E.D. As required 

Bureau of Yards 
and Docks, Navy 
Department As required 

As required 

As required L.L. & P.I. 
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SUte 

UBLE 6. amAHKMBITS USD SUBCBAOES - HOISTURB DETBailHAtKI) 
UBTHOOS (1%6-SORVEr) 

How are moieture drtermlnattona jMe? ~ 
•orth-aaat 

lav Haavahire 
VtavMoi 
liassMlmsatts 
ComMetieat 
BlMde Island 
HOT ToKk 
IfLehiffm 

RLseoiuin 
inddl—aast 

lUlBOiS 
Ohio 
PennajaTODla 
HOT Jenoy 
Kantudky 
Tennessee 
West Virginia 
Virginia 
Haiyland 
Delaware 
Dis t r i c t of 
Columbia 

South-east 

Hone made 
Oven drying 
Hone reqjoired 
Hons required 
Drying i n pan over stove 
DiTing i n oven i n labcratoiy. 
Drying i n oven 

Over stove i n f i e l d . 

Alcohol mathod and drying over stove 
Drying over stove 
By penetrometer reading on sample compacted i n aold and vet wight 
Not made 
Drying over stove 
brying over stove 
Drying over stove 
Drying over stove 
Drying over stove 
Not determined 
Drying over stove 

Drying over stove 

ULssissippi 
Alnhama 
North Carolina 
South Carolina 
Georgia 
Florida 

North-central 
lannesota 
l o m 
Uissouri 
South Dakota 
North Dakota 
Nsbraska 
Kansas 

Oven drying and drying over stove 
Drying over stove 
Not determined 
Drying over stove or i n oven 
Drying over stove 
Not made. Visual inspsction ussd 

Sanple placed i n a i r - t i g h t can and dried i n lab. oven 
Drying over stove 
Drjping over stovo 
Not determined 
Drying i n oven 
Drying i n oven or over stove. Also by penetrometer reading 
Drying over stove 
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TABLE 6 - Continued 

Soatlweentral 

Axkanaaa 
Louisiana 
Tens 

Not determined. 
Drying i n oven 
Drying i n oven 
Dxying i n oven 

Visual inspection used. 

Mountain 

Montana 
Idaho 
IQroiiilng 
Utah 
Colorado 
Nevada 
New Mexico 
Arizona 

Pacific 
Iteshington 
Oregon 
California 

Drying i n oven 
Drying over stove 
Drying Aver stove 
Drying i n oven 
Drying over stove 
Drying over stove 
Drying in,oven.' Also, alcohol method. 
Drying over hot-plate or i n oven 

Sanple placed i n a i r - t i g h t can. 
Drying over stove or I n oven 
DiTing i n oven 

Dried i n lab. oven. 

U.S.E.D. Drying over hot-plate or i n oven 

Burean of brd s 
and Docks, Navy 
Department Drying i n oven 
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TABLE 7. aOANKUENTS AND SUBGRADES - DERSITT OETBtUINAnON 
METHODS (1946 SURVEY) 

How are f i e l d density determinations aade? 
Morth-ast 

Hew Hupshire 
Termont 
Kassaebusotts 
Conneatiettt 
Rhode Island 
Hew York 
ULchigan 
RlaoDnsiB 

None made 
On undisturbed samples - paraffin coated 
Hons mads 
Hone required 
Hons made 
Hone made 
Balloon apparatus 
On undisturbed saiqales and balloon apparatus 
Sand method 

XUiBOiS 
Indiana 
Ohio 
PMttsylvanLa 
Hew -Jerssy 
Kentucky 
lannaesae 
Vast Virginia 
Virginia 
Maryland 
Oalamro 
U a t r i c t of 

Coluabia 

Sand method 
Sand msthod 
Sand method 
Hot made 
Not made 
Sand method 
Balloon aiethod 
Sand method 
Sand method 
Sand method 
Sand msthod 

Sand method 
South-east 

Mississippi 
North Carolina 
South Carolina 
Oeorgia 
nor ida 

Sand method 
Sand msthod 
Balloon apparatus 
Sand msthod 
Sand method 
Hone made 

Horth-eentral 
Minnesota 
Iowa 
Ussouxl 
South DakoU 
Horth Dakota 
Hobraska 
Kansaa 

Sand method 
Heaiy o i l msthod 
Sand method 
None made 
Heavy o i l msthod. Also penetrometer reading 
Undisturbsd sanple, sand, and heavy o i l methods' 
Sand method 
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TABLE 7 - Continued 
State How are f i e l d density detemdnations made? 

South-central 
Aricansas 
Louisiana 
Oklahoma 
Texas 

Mountain 

None made 
Sand method 
Sand method 
Balloon apparatus 

Uontana 
Idaho 
laming 
Utah 
Colorado 
Nevada 
New Mexico 
Arizona 

Heavy o i l method 
Sand method 
Sand method 
Sand method 
Sand method 
Sand method 
Sand method 

Pacific 
Ifeahington Sand method 
Oregon Heavy o i l and sand methods 
CaUfomla Sand method 

U.S.E.O. Heavy o i l , balloon, sand, and undisturbed samples 

Bureau of Yards 
and Docks, Navy 
Department Sand method 
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TABLE 8. BiBANKMaiTS AND SUBQiADES - OOITBIPUTB) SPECmCATIQN 
CHANGES AND ERYING OUT WET SOILS IN SffiANKMENT 0CNS1KUCTI0N 
(1946 SURVET) 

State 
Are changes i n specification 
requirements conteaiDlated? 

How are wet SOIIB dried out 
i n entoarikment construction 

North-east 
Maine 
New Hampshire 
Vemont 
Hassaohusetta 
Connecticut 
Rhode Island 
Mew Tor4c 
Michigan 
W3.8Consin 

Middle-east 

XlUnoia 
Indiana 
Ohio 
Pennsylvania 
New Jersey 
Kentucky 
Tennessee 
Vast Virginia 
Virginia 
Maryland 
Delaware 
Dis t r i c t of 

Colunibla 

No statement 
Possible 
Yes 
No 
Yes, by qpecial provision 
Yes 
No 
No 
Yes 

NO 
No 
No 
No 
Yes 
No 
No 
No 
No 
Yes 
Yes. Mod. AASHO 

No 

No statement 
Aeration 
Aeration 
No procedure spedXled 
No e:q>erience 

Aeration 
Aeration 
Aeration 

Aeration 
Aeration 
Aeration 
Aeration 
Aeration 
Aeration 
Aeration 
No statement 
No definite nnthod 
Aeration 
Aeration 
Aeration 

Souttweast 
Mississippi , Yes, to specify density No statement 
Alabama Yes. V&riable density requirement Aeration 
North Carolina No Aeration 
South Carolina No No statement 
Georgia Yes, to specify density Aeration 
Florida Possible Aeration 

North-central 

Minnesota No 
Iowa No 
Missouri No 
South Dakota No 
North Dakota No 
Nebraska Yea 
Kansas No 

Aeration 
Aeration 
Aeration 
Aeration 
Aeration 
Aeration 
MU with dry s o i l or 

aeration 



23. 

TABU 8 - Continued 

State 
Are ehanges i n apedfleatlon 
raaulremepfc" eontmplated? 

How are wet soils dried out 
i n eaaaiiknaBt construction 

Sogth-eentral 
Arkansas 
Louisiana 
Oklahoma 
Tens 

Yes, moisture density control Aeration 
No Aeration 
No Aeration 
Yea. Increased density require
ments Aeration 

Moantoin 
Montana 
Idaho 
IQranlng 
Utah 
Colorado 
Nevada 
New Mexico 
Ailaona 

Pacific 
Washington 
Oregon 
California 

No Aeration 
No Aeration 
Yes, heavier ro l l e r s Aeration 
PO){Bslble by special provisions Aeration 
No Aeration 
No Aeration 
No Aeration 
No Ho problem 

Yes. More r i g i d conqpaetion control. Aeration 
Yes. Bid price for coiq>aetlon Aeration 
No Aeration 

U.S.E.O. Yes. Variable density requlre-
nsnts. Aeration 

Bureau of Yards 
and Docks. Navy 
Department No Aeration 
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