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The very expansive, s l i c k e n s l d e d Yazoo c l a y i n the 
Jackson, Miss., area has presented many problems t o 
engineers. Upheavals o f roads and s t r e e t s o f as. much 
as one f o o t are common. Str u c t u r e s on h i l l s i d e s i n 
which conventional foundations were used have moved 
d o w n h i l l s e v e r a l f e e t . Many s l i d e s have occurred i n 
excavation slopes where the Yazoo c l a y was exposed. 

Laboratory I n v e s t i g a t i o n s and observations have 
I n d i c a t e d c e r t a i n c h a r a c t e r i s t i c s t h a t can be taken 
i n t o account i n design and c o n s t r u c t i o n t o e l i m i n a t e , 
or a t l e a s t minimize, undesirable performance o f the 
expansive c l a y . 

•JACKSON, MISS., l i e s i n a physiographic b e l t known as the Jackson 
Plateau, which i s a s u b d i v i s i o n o f t h e Gulf Coastal P l a i n s Province, This 
b e l t rims i n a g e n e r a l l y east-west d i r e c t i o n across the State o f M i s s i s 
s i p p i w i t h i t s western end a t the eastern edge o f the Yazoo River b a s i n 
and becomes i n d i s t i n g u i s h a b l e near the Alabama l i n e on the east. The 
predominant s o i l o f t h i s b e l t i s a f a t , v e r y expansive, s t i f f marine c l a y 
c a l l e d the Yazoo c l a y because o f i t s outcropping along the Yazoo River 
b a s i n . 

GEOLOGIC HISTORY OF AREA 
The Yazoo c l a y was deposited i n g l a c i a l times, probably i n the r a t h e r 

shallow waters o f the Gulf o f Mexico t h a t covered most o f M i s s i s s i p p i 
d u r i n g s e v e r a l p e r i o d s . The deposit i s g e n e r a l l y t h i c k — a b o u t ^00 f t 
around Jackson. I n l a t e r periods the Yazoo c l a y was covered w i t h a l o e s -
s l a l - t y p e m a t e r i a l t h a t ranges i n depth today from 0 t o 10 or 12 f t . The 
l o e s s l a l - t y p e m a t e r i a l i s g e n e r a l l y c l a s s i f i e d as a lean c l a y . 

CHARACTERISTICS OF YAZOO CLAY 
The t o p 10 t o 15 f t o f the Yazoo c l a y became h i g h l y weathered w h i l e 

exposed d i i r i n g i t s e a r l i e r h i s t o r y and t h i s changed the c o l o r from the 
normal dark blue t o a y e l l o w i s h green. The many shrinkage cracks t h a t 
developed i n the weathered p a r t closed d u r i n g subsequent periods when the 
overburden was placed, but they remain i n evidence today as j o i n t s or 
s l i c k e n s i d e s . The imweathered p a r t i s not j o i n t e d . A t t e r b e r g l i m i t s and 
volume change t e s t s on a hxmdred or so samples o f Yazoo c l a y from the 
Jackson area showed l i q u i d l i m i t values ranging from 50 t o 120, p l a s t i c i t y 
index values ranging from 30 t o 80, and volume changes from the l i q u i d 
l i m i t ranging from 70 "to I90 percent. 
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I n connection w i t h the paving design f o r the new Jackson Municipal 

A i r p o r t , laboratory-soaJced CBR t e s t s were performed on s e v e r a l specimens 
of t y p i c a l Yazoo c l a y . F i g i i r e 1 shows the r e s u l t s o f such a t e s t on a 
t y p i c a l sample w i t h l i q u i d l i m i t of about 70 percent and volxmie change 
from l i q u i d l i m i t o f about 100 percent. The graph a t the bottom shows the 
moisture-density r e l a t i o n s h i p , and the middle graph shows soaked CBR values 
versus molding moisture contents. I t should be noted t h a t the soaked CBR 
values are low (about ^) at low molding moisture contents b u t increase t o 
a peak value (about 15) a t a moisture content j u s t above optimimi. The 
upper p l o t o f percent s w e l l versus molding moisture content shows t h a t the 
amount o f s w e l l i s highest a t low molding moisture contents and decreases 
r a p i d l y as optimimi i s approached. At a molding moisture content o f 8 l / 2 
percent, the h e i g h t o f the specimen increased l8 percent; w h i l e a t optimum 
(15 percent) the s w e l l was only 2 percent. Even le s s s w e l l was experienced 
where the molding moisture content exceeded optimimi. These c h a r a c t e r i s t i c s 
and r e l a t i o n s h i p s have been found by a number of i n v e s t i g a t o r s ( l ) of clays 
and are considered t y p i c a l o f such s o i l s . 

The e f f e c t s o f d r y i n g on the amount of s w e l l during subsequent w e t t i n g 
when specimens of the p r e v i o u s l y described sample were molded a t 95 per
cent m o d i f i e d and optimum are i l l u s t r a t e d by Figure 2. Specimens were 
allowed t o dry i n an a i r - c o n d i t i o n e d room f o r 10 days, a f t e r which they 
were submerged f o r 8 days. The shrinkage i n 10 days amounted t o about 
0.5 percent; and subsequent 8 days o f soaking produced a s w e l l o f about 
12 percent. A l a b o r a t o r y CBR t e s t s i m i l a r t o the one shown i n Figure 1 
was performed on t h i s m a t e r i a l except t h a t the compactive e f f o r t used was 
approximately 95 percent o f m o d i f i e d AASHO e f f o r t . The specimen molded 
a t about optimum moisture content showed a s w e l l o f about 2 percent when 
soaked f o r k days as compared t o about 9 percent f o r the sample o f ( F i g -
Mce 2) t h a t had been allowed t o dry f o r 10 days. 
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Figure 1. CBR t e s t — Yazoo c l a y . Figure 2. E f f e c t s o f d r y i n g on 
amount o f s w e l l . 
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When a i r - d r i e d Yazoo c l a y i s subjected t o w e t t i n g , i t slakes q u i c k l y , 
whereas m a t e r i a l a t n a t u r a l moisture content i s a f f e c t e d very l i t t l e by 
water. An a i r - d r i e d lump about the size o f a t e n n i s b a l l was placed i n a 
d i s h c o n t a i n i n g about l / 2 i n . o f water and a t the same time a s i m i l a r -
s i z e d specimen a t natiu-al moisture content was submerged. At the end o f 
an hovir the a i r - d r i e d specimen was almost completely slaked w h i l e the other 
specimen showed o n l y a b a r e l y n o t i c e a b l e amount o f s l a k i n g . 

Because o f the s t r u c t u r e o f the s o i l i t i s very d i f f i c u l t t o a r r i v e a t 
a shear s t r e n g t h f o r the h i g h l y f i s s u r e d , weathered Yazoo c l a y ; the shear 
s t r e n g t h o f th e unweathered m a t e r i a l can be determined more s a t i s f a c t o r i l y . 
A study o f values a v a i l a b l e from a number o f p r o j e c t s around Jackson showed 
t h a t shear s t r e n g t h values o f the weathered p o r t i o n range from about 0.14-
t o over 1 t o n per sq f t , and those f o r the tmweathered p o r t i o n ranged up
ward from 1.75 tons per sq f t . Attempts t o use va r i o u s types o f t r i a x i a l 
and d i r e c t shear t e s t s on the weathered m a t e r i a l have not proven s a t i s f a c 
t o r y , and most engineers have used the unconfined compression t e s t f o r 
design purposes. General p r a c t i c e i n the area has been t o use about the 
lower q u a r t i l e o f the range o f unconfined compression t e s t s , o r even lower, 
f o r design shear s t r e n g t h s . This has proven so s a t i s f a c t o r y t h a t i t r a i s e s 
a question as t o whether these values are u l t r a c o n s e r v a t i v e . However, un
t i l f u r t h e r i n v e s t i g a t i o n i n d i c a t e s c o n c l u s i v e l y t h a t higher values can 
be used reasonably, i t i s b e l i e v e d t h a t the more conservative approach 
should be used. 

From the p h y s i c a l c h a r a c t e r i s t i c s o f the p r e v i o u s l y discussed c l a y i t 
may be s t a t e d t h a t d e t r i m e n t a l s w e l l i n g can be expected when Yazoo c l a y 
i s allowed t o dr y below optimum and i s then wetted. Slaking w i l l occur 
when a i r - d r i e d m a t e r i a l i s wetted. 

DIFFICXJIiTIES 
Many cases o f s t r u c t u r e d i s t r e s s due t o heaving or s l i d i n g o f the 

Yazoo c l a y are t o be found. These " d i s t r e s s e s " v a r y from v e r y s l i g h t 
movements t o displacements o f as much as 1 f t and are t o be found i n every 
type o f s t r u c t u r e : p r i v a t e homes, p u b l i c b u i l d i n g s , u t i l i t y l i n e s , s t r e e t s , 
highways. A few examples o f the most evident t o the casual passer-by w i l l 
be discussed. 

Before c i t i n g these examples i t would be w e l l t o c a l l a t t e n t i o n t o the 
change o f moisture content w i t h i n s o i l . When s o i l i s exposed t o t h e a t 
mosphere, i t goes through d r y i n g and w e t t i n g cycles according t o the 
weather. When s o i l i s covered w i t h a highway o r a i r p o r t pavement t h e r e i s 
a tendency f o r s o i l s w i t h moisture contents below optimum t o become w e t t e r 
w h i l e those w i t h h i g h e r moistiure contents may ten d t o d r y s l i g h t l y ( 2 ) . 
These tendencies, however, may be changed i f the s o i l i s covered w i t h a 
f l o o r slab f o r a b u i l d i n g t o be a r t i f i c i a l l y heated o r cooled, thereby 
producing a d i f f e r e n t subgrade thermal regime. 

Roads and s t r e e t s show some o f the most s t r i k i n g examples o f t r o u b l e s 
t h a t stem from the presence o f Yazoo c l a y . Examination o f the p r o f i l e s o f 
pavement surfaces shows t h a t most o f the "wavy" c o n d i t i o n i s caiised by up
heavals above the a s - b u i l t grade. Cracks i n the pavement and the curbs 
are wider a t the t o p than a t the bottom as a r e s u l t o f t h i s upward move
ment. Figure 3 shows t h e h i g h p o i n t o f such a movement w i t h a d i f f e r e n t i a l 
displacement i n the curbing of about 3 i n * The lower side o f the curbing 
was estimated t o be about 1 i n . above a s - b u i l t grade. There i s no r e a d i l y 
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Figure 3. Figure k. 

apparent explanation for the difference i n amount of heave of the two 
sides of the j o i n t . Probably i t i s due to difference i n resistance to 
heave. Many of these areas of heave can be i d e n t i f i e d as places where the 
pavement was cut, the subgrade trenched for u t i l i t y connections, and the 
trench walls allowed to dry; or where 6JCJ b a c k f i l l was placed around struc
tures, i i , 

No "drunken fo r e s t s " have been observed but a " t i p s y sidewalk" was 
seen i n front of one home i n Jackson (Figure k), Indications are that the 
u t i l i t y l i n e s to the house are located i n a trench along the right-hand 
side of the walk and that heave occurred over the trench. Figure 5 
shows one case at a bridge abutment where the upheaval amounted to 5 i n . 

r. B A S E COURSE 
777777 

/ YAZOO CLAY 
/(NATURAL MATERIAL) 

/ 
/ 

- B A C K F I L L 
Figure 5* Upheaval at bridge abutment. 
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The nat\iral ground, Yazoo clay, was ^ — R O O F FRAMING 
excavated to give working room and 
the space b a c k f i l l e d with non-heav
ing m aterial. I t i s noted that the 
heave has occiorred over the i n t e r 
face between the natural ground and 
the b a c k f i l l . The face of the na-
tiaral ground would have had ample 
opportunity to dry considerably 
while the bridge was being con
structed and before the b a c k f i l l was 
placed. L i t t l e e f f o r t i s made dur
ing the course of normal construction 
to prevent cut faces or f i l l mater
i a l from losing moisture, and there
fore, l i t t l e Imagination i s required 
to envision a detrimental amovint of 
drying taking place i n cut faces, 
trench w a l l s , road foundations, and 
stockpiles of f i l l or b a c k f i l l ma-

Figure 6. 
With respect to d i s t r e s s e s i n 

buildings, cases of d i f f e r e n t i a l ver
t i c a l movement of as much as 1 f t i n 
ordinary dwellings have been reported. 
One interesting case of a 1)—story 
building i s i l l u s t r a t e d i n Figure 6. 
The bearing walls were placed on p i l 
ing and showed no movement. P a r t i 
t i o n walls on the lower f l o o r were 
placed on a slab with a few inches 
of base course l a i d d i r e c t l y on Yazoo 
clay. Upheaval i n the i n t e r i o r of 
the f l o o r slabs forced p a r t i t i o n 
walls upward caiising much damage to 
i n t e r i o r w a l l s , f l o o r s , and c e i l i n g s 
a l l the way to the top f l o o r . 

Figure 7 shows a case where up
heaval has cracked the e x t e r i o r wall 
severely. The window s i l l has been 
displaced upward over an inch. The 
i n t e r i o r of t h i s building presents 
a rather disturbing appearance with 
cracked walls and f l o o r slabs up- Fig\ire 7. 
l i f t e d as much as 2 i n . The condi
t i o n of t h i s building i s t y p i c a l of 
several small buildings with conventional foundation and no p i l i n g . I n 
every case the buildings were located where the Yazoo clay had l i t t l e or 
no overburden. 

Many s l i d e s have occurred i n cut slopes i n the h i l l s around Jackson 
where the Yazoo c l a y has been exposed. Examination of a number of s l i d e s 
indicated that none has occurred where good txirf has been established or 
where drying of the exposed fax:e was prevented. A t y p i c a l section of a 
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Figure 8. Section of a s l i d e . 

s l i d e investigated i n considerable d e t a i l i s shown i n Figiare 8. This area 
was bare of vegetation, had been exposed for several Weeks, and was ob
served to have developed large shrinkage cracks. Several rains occurred 
during the time the cut face was exposed. When the s l i d e was repaired, 
the slaked material was found at the toe of the slope. The other material 
showed no evidences of slaking and became quite stable under a l i t t l e t r a f 
f i c of earth-moving equipment. A t y p i c a l s l i d e along a roadway i s shown 
i n Figure 9. I t has been necessary for maintenance forces to remove slaked 

material that has flowed out over the 
roadway here several times. 

DESIGN AND CONSTRUCTION 
I t i s considered t h e o r e t i c a l l y 

possible to construct an embankment 
of Yazoo clay for a roadway or street 
that would be e n t i r e l y s a t i s f a c t o r y 
for many years. However, i t i s con
sidered improbable that such a struc-
tixre coiild be maintained so that de
trimental moisture change of the 
Yazoo clay could be e n t i r e l y pre
vented. I t i s believed that any 
circumstances that removed vegeta
t i v e cover from the slopes or changed 
the thermal regime produced by the 
pavement woiild cause volume change 
i n the clay. Therefore, i t i s be
lie v e d necessary to r e s t r i c t the use 
of Yazoo clay as a f i l l material to Figiire 9-
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the bottoms of deep f i l l s and to cover side slopes of such embankments 
with ample amounts of leaner s o i l s and turf. 

I t i s obvious from the laboratory data presented i n Figure 1 that 
Yazoo clay should be placed i n an embankment at a moisture content above 
optlmimi to prevent swelling. The shear strength of such an embankment 
w i l l be l e s s than one compacted at lower moisture contents, and t h i s must 
be taken into consideration during design from the standpoint of s t a b i l i t y 
and settlement. Under c e r t a i n circumstances the s o i l might dry out a f t e r 
being compacted wet of optirnvm, but l i t t l e or no detrimental shrinkage may 
be expected because the shrinkage l i m i t i s only s l i g h t l y l e s s than the 
compaction moisture content. 

Foimdations for buildings shoxild be so designed that v e r t i c a l move
ment of the structiire of the Yazoo clay w i l l not be r e f l e c t e d i n the struc
ture. Poured-in-place p i l i n g are recommended with s u f f i c i e n t clearance 
under grade beams for considerable movement to take place without a f f e c t 
ing the beams. Experience has shown that there i s l i t t l e or no moisture 
change below 8 f t . I t i s considered good practice to l i n e the top 6 or 
8 f t of each hole with b\iilders' paper, p l a s t i c sheeting, or some other 
bond-breaking material, so that the p i l e would not be subjected to an up
ward force i n case of heave along the p i l i n g . S u f f i c i e n t length of p i l i n g 
i s provided below the 8-ft depth to absorb the Imposed load i n skin f r i c 
t i o n and end bearing. Slab foundations shoiild not be used even when as 
much as a foot of base course material i s placed between the slab and the 
Yazoo clay . 

Cut slopes shoiild be completed, blanketed with t o p s o i l , and grassed 
i n as neetrly a continuous operation as possible to prevent drying of the 
clay. Although no s l i d e s were observed on slopes d e f i n i t e l y i d e n t i f i e d 
as f l a t t e r than 3 to 1, f l a t t e n i n g slopes above shoiald not be considered 
s u f f i c i e n t protection against s l i d i n g . The use of li- to 1 or 5 to 1 slopes 
for cut sections, however, i s recommended wherever possible as added pre
caution. Establishment of t u r f by the quickest method possible (prefer
ably s o l i d sodding) i s considered highly e s s e n t i a l . 

The foregoing discxission indicates that a prime e f f o r t i n both design 
and construction where Yazoo clay i s involved should be expended i n keep
ing the material from drying during construction operations. I t i s be
l i e v e d that adherence to these recommended design p r i n c i p l e s and construc
t i o n procedures w i l l do much to eliminate the trotiblesome e f f e c t s of Yazoo 
clay. I t i s further believed that application can be made to expansive 
clays I n other sections of the country. 

REFERENCES 
1. SEED, H. B., and CHAN, C. K., "Structure and Strength C h a r a c t e r i s t i c s 

of Compacted Clays." Jour. S o i l Mechanics and Foundations 
Division, ASCE, 85: 87 (1959). 

2. REDUS, J . F., "Mbistiire Conditions under F l e x i b l e A i r f i e l d Pavements." 
Jour. S o i l Mechanics and Foundations Division, ASCE, 83: 
1159-61 (1957). 




