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A System of Soil Classification 
W . F . A B E R C R O M B I E , Engineer of Materials and Tests 
State Highway Department of Georgia 

T H I S paper describes a field and laboratory investigation on soil behavior in bases, 
subgrade and embankments as a part of a study by the State Highway Department of 
Georgia and the development of a soil-rating chart applicable to those soils found in 
the state. The classification developed has aided the department in securing a better 
understanding of soil behavior and in the design of roadway sections. 

• SEVERAL years ago i t became quite 
evident that the system of i-ating subgrade 
and embankment soils which was being used 
by the State Highway Department of Georgia 
was not satisfactoi'y. Where the system was 
applied on a number of projects i t was found 
that some soils, rated by the sj-stem to need 
subgrade treatment, stood up exceptionally 
well under the construction equipment and 
had served satisfactorily' as subgrade under 
old pavements. A t the same time, other soils 
which had been rated undei' the same system 
as requiring no treatment were actually re­
quiring treatment to get the construction 
equipment through (Fig. 1 and Fig. 2). 

Therefore, with these facts before us the 
department set about to study the problem of 
soil characteristics and design with the idea of 
correcting the i-ating system and developing 
the best knowledge i t could in an attempt to 
avei't in the future some of the failures we 
were having. 

The studies were conducted in the field on 
projects which had been constructed a number 
of years and consisted of driving over hundreds 
of miles of old pavements and studying the 
actual behavior of the soils when used in the 
various components of the roadbed—how 
the soil had acted a number of years when used 
in embankments, subgrades and bases. Notes 
were made as to whether or not the soils had 
acted satisfactorily or whether the\' had failed, 
the condition under which they had failed, 
i.e., whether due to wet roadbed conditions or 
otherwise and the soils were visualh- examined 
and studied and large samples taken for 
further laboratory study. 

I t was pai'ticularly noted, after several 
failures of subgrade had been examined, that 
those soils which had failed appeared to have 
much less body than the better-acting soils. 

Further field observations appeared to bring 
out that the excellent-acting soils were much 
denser than those which had failed. These 
observations set us to comparing soil mixtures 
with pavement mixtures, for instance, poi't-
land-cement concrete. I t is well known that a 
concrete mixture fu l l of honeycomb or voids is 
not nearly as as strong and dui'able one 
with a low-void content. From this the idea 
was conceived that possibly the difference in 
behavior of soils was due mainly to the differ­
ence in voids. Therefore, i t was concluded to 
study the soils f rom this angle. Since field 
studies showed that soils usually served some­
where near maximum density as determined 
by AASHO test method T 99-49, when origi­
nally compacted to this density, tests were 
conducted on the samples to determine the 
void content at maximum density. I n almost 
every case studied in northern Georgia, i t 
was found that the improper-acting subgrade 
materials contained over 40 percent voids, 
while those of the better-acting subgi'ade soils 
contained less than 40 percent voids, and the 
excellent ones contained less than 30 percent 
voids. To express these results conversely, 
based on a 2.65 specific gravity, i t was found 
that those soils wi th over 40 percent voids had 
a maximum density at optimum moisture of 
less than 100 lb. per cu. f t . , those soils wi th 
less than 40 percent voids had a maximum 
densit}' of more than 100 pcf. and those of less 
than 30 percent voids had a maximum density 
over 116 pcf. I t was further found that the 
excellent acting soils where used as subgrades 
were also the soils generally used as bases for 
surface treatment. 

Thei'efore, from these studies i t was con­
cluded that the very light fluffy, disintegrated 
rocks and highly micaceous soils which had 
been observed in north and central Georgia 
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Figure 1. Soil w h i c h by old rating system would require treatment. L L = 54, P I = 17; minus No. 200 
total volume change, 8 percent; maximum density, 95 lb. per c u . ft . 

62 percent; 

•HHB 
Figure 2. Soil which by old rat ing system would not require treatment. Nonplastlc; minus No. 200, 35 percent; 

total volume change, 16 percent; maximum density, 79 lb. per c u . f t . 

were examples of poor soils because of the 
high void content and lack of body. They 
failed to contain, after thorough compaction, 
sufficient solid material per unit volume to 
support the loads imposed upon them, i.e.. 

these soils contain more than 40 percent of 
their volume as air, or air and water, depend­
ing upon the condition, neither of which wil l 
support highway vehicles very well. 

As the field studies were carried further into 
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EMBANKMENT BASE a SURFACE COURSE 

C L A S S I I I B 

C L A S S M A 

C L A S S n B 

C L A S S H A 

C L A S S I 

C L A S S A 

C L A S S B 

0 - Z C % C L A Y 

2 0 % + C L A Y 

T O P S O I L 

SAND CLAY 

CLAY G R A V E L 

P E B B L E SOIL 

CHERT 

( G r o d i n g to c o n f o r m 

to s p e c i f i c a t i o n s ) 

I 140 130 IZO n o 100 9 0 

P o u n d s per c u b i c f o o t 

ot Z .65 s p e c i f i c g r a v i t y 

150 140 150 160 

P o u n d s p e r c u b i c f o o t 

a t 2 . 6 5 s p e c i f i c g r a v i t y 

140 130 I2( 

Pounds per c u b i c f o o l 

at 2.65 s p e c i f i c g rav i ty 

Figure 3. Rating chart for embankment, subgrade and base and surface courses developed and used by Georgia. 

t h e southern p a r t of the state, i t was f o u n d 
i n m a n y instances t h a t the dens i ty or v o i d 
con ten t f e l l w i t h i n the l i m i t a t i o n s fo r the 
be t te r -ac t ing soils of n o r t h Ccorgia , b u t the 
soil had fa i l ed under ser\-ice. With the same 
idea of dens i t j - or v o i d content i n m i n d , i t was 
t h o u g h t t h a t the dens i ty of the soils mus t 
a t some stage d u r i n g service become less 
t h a n shown at o p t i m u m mois ture and m a x i ­
m u m dens i ty . There fore , a s tudy was con­
duc ted on the components of the soil m i x t u r e . 
K n o w i n g t h a t the m i x t u r e consisted of g rave l , 
sand, s i l t and clay and t h a t the f i r s t three 
held closely t o the i r o r ig ina l vo lume t h r o u g h 
a n y change of t empera tu re or mois ture t o 
w h i c h t h e y m i g h t be subjected, studies were 
conducted on the clay f rac t ions . I t was f o u n d 
t h a t cer ta in clays, u p o n becoming wet , swelled 
a considerable a m o u n t , i n some instances 
as m u c h as 110 percent of the i r o r ig ina l d r y 
v o l u m e . T h i s swel l ing broke the complete 
soil s t ruc tu re d o w n t o such an extent t h a t the 
voids were higher t h a n i n the be t ter ac t ing 
soils, resu l t ing i n a dens i ty t h a t showed 
fa i lures under service i n n o r t h Georgia . 

F i ' o m th i s phase of the s t u d j ' i t was con­
cluded t h a t i t w o u l d be necessary t o set some 
l i m i t a t i o n on the v o l u m e change whereby a 
soi l u p o n becoming we t under n o r m a l f i e l d 
service w o u l d n o t change v o l u m e to the extent 
of expanding the soil m i x t u r e below the dens i ty 
requi red t o suppor t the loads. 

U p o n a r r i v i n g a t the t w o above conclusions, 
a d d i t i o n a l samples were t aken under b o t h 
good and bad condi t ions over the state a n d 
the v o i d contents a t o p t i m u m mois ture were 
de te rmined together w i t h the t o t a l vo lume 

change of a compacted specimen f r o m com­
plete dryness t o complete sa tu ra t ion ant l the 
results of these tests were p l o t t e d and the 
results c a r e fu l l y s tudied . Based upon the 
conclusions an E m b a n k m e n t , Subgrade, Base 
and Surface Course R a t i n g C h a r t (see F i g . 3) 
was developed and is now inc luded i n a l l 
sets of plans when pe r t i nen t t o the t y p e of 
cons t ruc t ion . 

E M B . - V N K M E N T M A T E R I A L S 

E m b a n k m e n t mater ia ls are separated i n to 
e ight d i f f e ren t classifications, f ive based upon 
m a x i m u m densi ty and t o t a l vo lume change 
and three u p o n other characterist ics. 

1. Soils w i t h a m a x i m u m densi ty of a t 
least 100 pcf . and a t o t a l vo lume change of 
no t more t h a n 15 percent general l j - re t fu i re 
no t r ea tmen t , except fo r cons t ruc t ion of 
sand-b i tuminous road m i x and l ime-rock . 

2. Soils w i t h a m a x i m u m dens i ty of a t least 
100 pcf . and a t o t a l vo lume change of between 
15 percent and 20 percent, general ly need 6 
inches of t r ea tmen t , except i n case of b i t u ­
minous-concrete base or por t land-cement -
concrete base or pavement when g rad ing shows 
more t h a n 70 percent re ta ined on the N o . 200 
sieve, and por t land-cement and b i t u m i n o u s 
s tabiUzat ion cons t ruc t ion . 

3. Soils w i t h a ma .x imum dens i ty of be­
tween 90 pcf. and 100 pcf. and a t o t a l v o l u m e 
change of no t more t h a n 25 percent, and soils 
w i t h a m a x i m u m densi ty of more t h a n 100 pcf . 
and a t o t a l vo lume change of between 20 
percent and 25 percent, general ly need 6 
inches of t r e a tmen t . 

4. Soils w i t h a m a x i m u m dens i ty of at 
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least 90 pcf . and a t o t a l vo lume change of 
between 25 percent and 50 percent general ly 
need 12 inches of t r ea tmen t . 

5. Soils w i t h a m a x i m u m dens i ty of less 
t h a n 90 pcf. and a t o t a l vo lume change of more 
t h a n 50 percent are general ly wasted or placed 
i n outer areas of embankments . I n special 
cases th is soil m a y be used i n b o t t o m of 
embankments t o a he ight of n o t over 10 feet 
w h e n the dens i ty is more t h a n 90 pcf . a n d the 
v o l u m e change is less t h a n 70 percent. Gen­
era l ly needs 18 inches of t r e a tmen t . 

6. T h e other three classifications are (a) 
peat a n d m u c k soils w h i c h are en t i r e ly re­
moved b y excava t ion or b las t ing ahead of 
embankmen t cons t ruc t ion ; (b) l a m i n a t e d 
soils w h i c h general ly require t r e a t m e n t de­
pending u p o n the dens i ty and v o l u m e change; 
and (c) sol id rock w h i c h is general ly t opped 
w i t h 12 inches of subgrade- t reatment ma te r i a l . 

S U B G R A D E M A T E R I A L S 

Subgrade soils f o l l o w somewhat the same 
arrangement b u t a l l mus t have a m a x i m u m 
dens i ty of a t least 100 pcf . 

1. Class A subgrade soils w h i c h are gen­
e ra l ly sa t i s fac tory f o r s a n d - b i t u m i n road-mix 
cons t ruc t ion ; l ime-rock cons t ruc t ion ; maca­
d a m , sand-asphalt and soil-base and surface 
cons t ruc t ion ; and b i tuminous-concre te base 
or portland-cement-conci-ete base or pave­
m e n t when g rad ing shows more t h a n 70 
percent re ta ined on the N o . 200 sieve, m u s t 
have a t o t a l v o l u m e change of no t more t h a n 
10 percent and i n a d d i t i o n mus t have a c lay 
content of no t more t h a n 20 percent. 

2. Class B subgrade soils m a y have a t o t a l 
v o l u m e change up t o 15 percent and includes 
those soils w h i c h have a t o t a l vo lume change 
of less t h a n 10 pei'cent b u t a clay content of 
more t h a n 20 percent . These soils are general ly 
satisfactory' f o r macadam, sand-asphalt, 
and soil-base and surface cons t ruc t ion ; b i t u ­
minous-concrete base or por t land-cement -
concrete base or pavement when the g rad ing 
shows more t h a n 70 percent re ta ined on the 
N o . 200 sieve; and por t land-cement and 
b i t u m i n o u s s t ab i l i za t ion cons t ruc t ion . 

3. Class C subgrade soils are those w i t h a 
v o l u m e change of between 15 percent and 20 
percent and are general ly sa t i s fac tory f o r 
b i tuminous-concre te or por t land-cement-con-
crete base or pavement when gi 'ading shows 
more t h a n 70 percent re t iuned on the N o . 

200 sieve, and por t l and-cement a n d b i t u m i ­
nous s t ab i l i za t ion cons t ruc t ion . 

Base and surface courses mus t c o n f o r m t o 
specific g rada t ion requirements f o r t h e var ious 
types of m a t e r i a l and i n a d d i t i o n m u s t show 
a t o t a l vo lume change of n o t more t h a n 5 
percent and a m a x i m u m dens i ty of n o t less 
t h a n 116 pcf . 

T h e g rad ing requirements are i nc luded 
t o select soils w i t h reasonably h a r d , durable 
part icles a n d t o p rov ide a field c o n t r o l t o 
secure r epe t i t i on . 

Where subgrade t r e a t m e n t is r equ i red 
selective g rad ing is n o r m a l l y employed i n 
an a t t e m p t t o t ake f u l l advantage of the 
soils encountered d u r i n g cons t ruc t ion . 

Where sa t i s fac tory soils are n o t avai lable 
b y th i s m e t h o d , selected subgrade t r e a t m e n t 
ma t e r i a l is bor rowed f r o m local m a t e r i a l p i t s 
economical ly avai lable t o the p ro jec t . T o 
insure t h a t i m p o r t e d m a te r i a l is w o r t h the 
price requi red fo r the ex t ra cost of m a t e r i a l 
and hau l , special requirements general ly are 
established f o i ' th i s ma te r i a l . F o r example, a 
soi l w i t h 98-pcf. dens i ty and a t o t a l v o l u m e 
change of 16 percent w o u l d n o r m a l l y be 
unsa t i s fac to ry as subgrade under soi l bases, 
and i t w o u l d be uneconomical t o replace th i s 
m a t e r i a l w i t h a soil w i t h a dens i ty of o n l y 
102 pcf. and a t o t a l v o l u m e change of 14 or 
15 percent. T h e specif icat ion f o r i m p o r t e d 
subgrade t r e a t m e n t m a t e r i a l general ly sets u p 
the m a x i m u m par t ic le size p e r m i t t e d , the 
q u a n t i t y of m a t e r i a l re ta ined on the N o . 10, 
N o . 60 and N o . 200 sieves and a t o t a l v o l u m e 
change of n o t more t h a n 10 percent . T h i s 
requi rement assui-es t h a t the m a t e r i a l w i l l 
c o n f o r m to the m i n i m u m requirements set 
up i n our specifications f o r the var ious t j ' pes 
of local base-course mater ia ls , ye t i t does n o t 
require the s t r ingent g rad ing controls nor­
m a l l y used f o r these mater ia ls . 

D E V E L O P M E N T O F T E S T 

A f t e r the l i m i t a t i o n s had been established, 
i t became necessary t o develop a r e l a t i ve ly 
r a p i d and inexpensive test t o de termine the 
vo lume change caused b y the absorp t ion , 
adsorp t ion and loss of water . T h e m a x i m u m 
dens i ty could be de te rmined b y the m e t h o d 
already established i n A A S H O test m e t h o d 
T 99-49. Therefore , i t was f e l t t h a t i f a tes t 
could be developed w h i c h w o u l d use some of 
th i s equ ipmen t the cost and a v a i l a b i l i t y w o u l d 
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be i n l ine . T o th i s end a m o l d 4 inches i n 
d iameter and 1 i n c h h i g h was made w h i c h 
w o u l d p e r m i t the use of the m o l d extension 
and r a m m e r n o r m a l l y used t o de te rmine 
m a x i m u m dens i ty . F u r t h e r , i f t he soi l could 
be placed i n the m o l d i n one layer us ing the 
same n u m b e r of b lows prescribed f o r the 
m a x i m u m dens i ty d e t e r m i n a t i o n i t w o u l d 
insure a specimen compacted as desired. I n 
a d d i t i o n t o th i s basic equ ipment , i t was 
necessary t o develop a measur ing s tand f o r 
the specimen w h i c h was t o be d r i ed and 
another s tand f o r the specimen t o be i m ­
mersed i n water . T h e othei ' piece of new 
apparatus necessary was a d i a l p la te , so 
called because i t w o u l d h o l d a d i a l m i c r o m ­
eter i n such a manner t h a t i t w o u l d f i t 
precisely on legs of the t w o stands, enabl ing 
changes i n v o l u m e t o be measured t o 0.001 
i n c h . 

P R O C E D U R E F O R D E T E R M I N I N G 

V O L U M E C H A N G E 

T h e soil t o be tested is f i r s t sieved over a 
N o . 10 sieve and a i r -dr ied t o a s l i g h t l y d a m p 

c o n d i t i o n . A 2.2 l b . sample is t h e n m i x e d 
t h o r o u g h l y a n d suf f ic ien t wa te r added t o 
b r i n g the t o t a l mo i s tu re con ten t t o t h e 
o p t i m u m as de te rmined b y A A S H O designa­
t i o n T 99-49. 

A f t e r i n c o r p o r a t i n g the wa te r i n t o the 
soil t he m i x t u r e is d i v i d e d i n t o t w o equal 
par t s and compacted i n t o t w o 4 - i n c h - b y - l -
inch-d iameter molds ( w i t h the extensions 
a t tached) b y the app l i ca t i on o f 25 b lows 
f r o m the t amper dropped f r o m a height of 12 
inches above the soil . D u r i n g compac t ing 
the m o l d rests on a u n i f o r m , r i g i d f o u n d a t i o n 
weigh ing 250 l b . , or a f o u n d a t i o n of equiva len t 
r i g i d i t y . 

T h e blows m u s t be u n i f o r m l y d i s t r i b u t e d 
over the surface of the soil being compacted . 
T h e extensions are removed and the com­
pacted soil c a r e fu l l y t r i m m e d even w i t h the 
t o p of the m o l d b y means of a steel s t r a igh t ­
edge. 

Specimen 1, m o l d and base pla te , is placed 
i n a t a n k and the water level raised t o w i t h i n 
]-i i n c h of the t o p of the m o l d . T h e m i c r o m ­
eter-dia l supi^ort is placed on the d ia l p la te 

Figure 4. Swell test: Upper left, before being placed in water; upper right, after 24 hours in pan of water; lower 
left, close-up of satisfactory subgrade soli (shown In Figure I ) ; and lower right, close-up of unsatisfactory 

subgrade soil (shown in Figure 2). 



5 1 4 S O I L S 

legs, the mic romete r reading t a k e n and 
recorded as the o r ig ina l d i a l reading. T h e 
specimen is a l lowed to r ema in i n the t a n k 
f o r 48 hours and the mic romete r d i a l and 
suppor t again placed on the d ia l -p la te legs 
a n d a second measurement ( f i na l d i a l reading) 
made (see F i g . 4 ) . 

T h e micrometer d i a l and suppor t are placed 
on the shor t d i a l plate legs of Specimen 2 
and the mic romete r reading is recorded as 
the o r ig ina l d ia l reading f o r thickness. T h e 
d i a l and d i a l suppor t are removed and the 
sample a i r -dr ied ( re ta ined i n the m o l d ) f o r a 
per iod of 12 hours. T h e specimen is t h e n 
d r i ed t o a constant we igh t i n an oven a t 
110 C. (230 F . ) . A f t e r d r y i n g , the d i a l a n d 
suppor t are again placed on the short d i a l 
p la te legs and the micrometer reading recorded 
as the final d i a l reading f o r thickness. T h e 
d r i ed specimen is t hen removed f r o m the 
m o l d and placed w i t h i ts d iameter perpendicu­
lar t o the base pla te of the shrinkage-pat-
measur ing s tand i n such a manner t h a t the 
d i a l s tem rests on the t o p edge of the speci­
m e n a f t e r the d i a l and suppor t are placed on 
the long legs of the measur ing s tand. T h e 
reading is recorded and the specimen ro t a t ed 
90 deg. and the mic romete r reading again 
recorded. T h e specimen is ro ta t ed u n t i l f o u r 
readings have been obta ined . T h e average 

of the f o u r readings is calculated and recorded 
as the final d iameter reading. 

T h e vo lume change is t h e n calculated f r o m 
the f o l l o w i n g f o r m u l a : 
T o t a l v o l u m e change 

V. - V, 
+ 

V , - V. 
X 100 

W h e r e : 

Vi = O r i g i n a l v o l u m e of Specimen 1 
V2 = F i n a l vo lume of Specimen 1 
V3 = O r i g i n a l v o l u m e of Specimen 2 
V4 = F i n a l v o l u m e of Specimen 2 

C O N C L U S I O N 

Since soils are considered t o f a i l t h r o u g h 
shear and since i t has been de te rmined t h a t 
shear is d i r ec t l y inf luenced b y dens i ty , the 
choosing of a soil m i x t u r e w i t h a h i g h dens i ty 
when compacted (and w h i c h w i l l r e t a in t h a t 
dens i ty i n service) results i n one w i t h a 
h i g h resistance t o shear a n d consequently one 
of h i g h s t a b i l i t y . 

I t is realized the l i m i t a t i o n s as now set 
u p are no t the complete and final answer t o 
soil classifications, b u t t o date the Umi ta t ions 
appear t o give excellent results w h e n used on 
the soils encountered i n Georgia. 




