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FOREWORD 

I n  a l e t t e r  t o  the  Admunstrator  o f  Clvll Aeronautlcs,   dated  Aprll  3, 1942, 
t he   D i rec to r  of Base Servlces ,  Army A n -  Forces,  approved  the  Inauguration  by  the 
Technxa l  Development  Dlvlslon,  Civll  Aeronalltlcs  A&ln;stratlon, of an  Invest lga-  
t l o n  f o r  the  purpose of deve lop ing   r a tu ra l   o r   syn thehc   chenca l   subs t ances ,   e l t he r  
organlc  o r  l n o r < a n i c ,   t h a t  would  be e f f e c t l > e  as s o l 1   s t a b l l l z l n g   a g e n t s  Endorse- 
ment of this   pro.]ect  and c e r t i f l c a t l o n  of I t s  mlll tary  Importance  were  glven by t h e  
Sec re t a ry  af  War t o  tne Secretary  of  Commerce I n  a l e t t e r   d a t e d   A p r l l  21, l9L2 

Smce  t lns inves t lga t lon  was c l a s s l f l e d   a s   b e i n g  of  an  emwgency na ture ,  
speclal a t t e n t l o n   h a s   b e e n   g i v e n   t o   t h e   f o l l o m n g   f a c t o r s   i n   t h e   s e l e c t i o n   o f  
m a t e r l a l s   t o  be s tud led  

1 Effect lvpness  and ease  nf a p p h c a t l o n  of t he   ma te r l a l  under  adverse 

2 Froxlmity of sources of t h e   m a t e r l a l   t o   a r e a s  m whlcn It may be  used 
3 Ease 01 t r a n s p o r t a t i m  t o  s i t e s  where the   ma te r l a l  .nay not   he 

4 Quant l ty  of t hc   md te r l a l   ava l l ab le  for uze 

cons t rnc t ion  conditions 

l o c a l l y   a v a d a b l e  

To d a t e   t h e  work on th i s   p roJec t   has   p rog res sed   In  a s a t i s f a c t o r y  manner 
A r e p o r t  on t h i s   s t u d y   e n t i t l e d  "Sol1 S t a b i h z a t l o n  by the  Use of  Rosm",  Technlral  
Development  Note No 34, contains   data   showing  that   rcs lnous materials can be ef-  
f ec t lve ly   u sed   a s  s o l 1  s t a b I l u i n g   a g e n t s  The present   repor t ,  "A Laboratory  Study 
of t h e  S o i l  S t ab l l l a ing   E f fec t lvenes i  of a Complex S a l t  of Ablet lc  Acld", Technical 
Developnent Note No 35, I S  the  second of t h i s   s e r l e s  As concluslve  data  concern- 
ing   o ther   mater ia l s   under  investigation become ava i lab le ,  additional r e p o r t s  T n 1 1  

be r e l eased  

THE SOIL  STABILIZING  EFFECTIVENESS 
A LABORATORY STUDY OF 

Or A COMPLEX SALT  OF ARImIC A C I D  

SUMMARY 

This  report   presents  the  results  obtalned  from a l abora to ry   l nves t lga t lon  

merc l a l ly  under t h e   t r a d e  name "Resm S t a b l l l z e r  321." T h s  mater la l ,  a f l n e l y  
of t h e  s o l 1  s t a b l l i z m g   p r o p e r t l e s  of a complex salt of a b l e t l c   a c i d ,  known  com- 

powdered rrhlte  reslnous  substance,  1s except ional ly   l ight ,   welghing  only 16 pounds 
per   cublc   foot ,  and, not  belng  hygroscoplc,  can  he  packaged and s tored   wi thout  de- 
t e r1o ra t lon  or loss of e f f e c t i l e n e s s  

In   o rde r  Lo f u l l y  eva lua te   the   e f fec t lvenees  of t h i s   a g e n t ,   e l g h t   d l f f e r e n t  

response o i  each s o i l  Lo t rcatment   with 0 2 and 0 5 percent  of stabilizer was 
s o l 1  type:, r a y i n g   i n   t e x t u r e   f r o m  s i l t y  f l n e   s a n d   t o   c l a y ,  were employed The 

measured by three   p rocfdures ,  namely, California  Bearing  Ratio Tests (modlfled), 
Water  Absorption  Tests, and  Unconflned  Compresslon Tes ts  

a l l  were pi-eatly bener l ted  by t reatment  For Ins tance ,   the   addl t lon  oi Resm  321 
more than   douhled   the   bearmg r a t l o  value of soaked  specimens of every so11 type 
and mater la l ly   reuuced  the amount o f  expansion  In  a l l  c a s e s ,   t h e   r a t e  of water 
absorption was ,greatly  reduced  Untraated  specmens of a l l  s o l l s   f a d e d  by s lak-  
l n g   l n   l e s s   t h a n  1 day  of  soaklng  wblle  treated  spcclmcns  remained  In  excellent 
condl t lon   even   a f te r  Leing s u b J e c t e d   t o   t h e  same condl t lons f o r  a per iod of 7 uays 
The unconflned compressive s t r z n g t h   t e s t s  showed tha t   Res in  321 does  not add t o  
I h e  coheslon o f  t h e  s a i l  system 

Wklile the   e f fpc t lveness  of t he  s t a b i l i z e r   v a n e d   w i t h   t h e   d l f f e r e n t  smls, 

. 
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1 s  except lona l ly   hght ,   havlng  a welght of only 16 pounds per   cublc   foot  

l m l t e d ,  however, t he  amount 1 s  adequate   for   ex tens lve   l abora tory  and f le ld   mnvest l -  
gatlons.  It 1 s  understood  that   the  manufacturer  has  perfected a large-scale  produc- 

demands can  be  constructed l n  a comparatively shor t  tme 
t lon   process  and t h a t  a plant  capable  of producing s u f f l c l e n t   q u a n t l t l e s   t o  meet any 

A t  t h e   p r e s e n t   t m e ,  ti-e ava l l ab le   quan t l ty  of t h l s  ma te r l a l  1 s  r a t h e r  

&& 

f i g h t  different solls, v a r p n g   I n   t e x t u r e   f r o m   s l l t y   f m e   s a n d   t o   c l a y ,  were 
used   In   t h l s   s tudy  The p l a s t l c l t y   I n d e x  of these  s o l l s  ranged  from 2 t o  31 

I n   a l l  s o l 1  s t a b l l l z a t l o n  by the   use  of chemicals, e spec la l ly  where t h e  
quan t l ty  of  admutture employed 1s very  small ,   the   chemlcal   propert les  of t h e   s o l l s  
are of  conslderable  Ynportance  For thls  reason,  the  base  exchange  capaclty,   the 
base  saturat lon,   the   percent  of carbon,  the  percent of organlc  matter,  and t h e  pH 

n t h   t h e  physlcal   propert les  of t h e  sol ls ,  a r e  shown I n   t a b l e  I The g ram  s l ze -  
values  have  been  carefully  determmed  for each of t h e  solls These da ta ,   toge ther  

d l s t r lhu t lon   cu rves   a r e  s h m  m f l g n r e  1 and the  molsture-densl ty   re la t lonshlps  In 
f l w e  2. 

TESTING PROCEDURES 

Unfortunately,   there   exls ts  no general ly   accepted  laboratory method  of evalu- 
a t l n g   t h e   s o l 1   s t a b l l l z m g   e f f e c t l v e n e s s  of  chemrcal  admmtures The tes t   p rocedure  

used f o r  soll-hltumen  do  not  appear t o  h e   s u f f l c l e n t l y   c o n s l s t e n t  t o  De adopted  for 
employed for  soll-cement 1 s  not   appl lcable  and  most of t h e   s l x t e e n  or more methods 

the  evaluatlon  of a n m   t y p e  of s t a b l l l z l n g   m a t e r l a l  

deslgn of base   cour ses   fo r   f l ex l t l e  pavements, lt mas employed a s   t h e   b a s l c   t e s t  
Smce   the   Cal l forn lz   Bearmg  Rat lo   Tes t2  1s now extens lve ly   used   for   the  

f o r  t h l s  study, m t h  such  s l lght   modlf lcat lon  as   appeared  necessary  for   the  proper  
eva lua t lon  of  a ct .emlcally  treated s o l 1  Inasmuch a s   t h e   c h l e f   f a c t o r   I n   t h e   a c t l o n  
of Resm 321 as  a s o l 1  s t a b l l l z e r  1 s  Its abl l l ty   to   reduce   the   mols ture   absorp t lon  
of a s o l l ,  t e s t s  were performed t o  ob tam  addl t lona l   ln format lon  on t h l s   f a c t o r  
A t  the  completlon  of  the  absorptlon  cycle,   supplemental   data  were  obtalned on t h e  

p r e s s l o n   t e s t s  
comparative s t r eng th  of t r e a t e d  and untreated  speclmens  by  runnlng  unconflned c m -  

Calrfornla  Bearlng  Ratlo  Tests 

The Cahfornla   Bearlng  Rat lo   tes ts   were made on r ep resen ta t lve  sol1 samples 
contalnlng 0 0, 0 2,  and 0 5 percent ,   respect lvely,  of Resm S t a b l l l z e r  321 I n  
p repa rmg   the   t r ea t ed  speclmens the  chemlcal was added t o   t h e   d r y  sol1 and thoroughly 
31spersed  before   the  addl t lon  of   the  water  

values,  It was necessary  to   determme  the moisture-denslty re l a t ionsh lp   fo r   each  
Before  proceedrig m t h   t h e  evaluation of t h e  expansion and h e a r l n g   r a t l o  

sol1 sample t o  be   t es ted  Thls was done  by  the  statlc-load method I n   t h l s  pro- 
cedure  samples of each so11 (approxmate ly  14 pounds) were mixed n t h  Increments 

Each sample was then   p laced   In  a &Inch  dlamter mold, l l g h t l y  tamped,  and  compressed 
of water t o  oh ta ln  a range of molsture  contents  well  on both  s ldes  of t h e   o p t l m  

Board, Vol  18, Pa r t  I1  (1938); a lso ,  0 J .  Por te r ,  "Foundations fo r  F l e a b l e  
Pavements,” R o c  , Highway Research Board, Vol. 22 (1942) 

0. J Por te r ,  “The Preparation of Suhgrades,”  Roc., Hlghway Research 
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under a s t a t i c   l o a d  of 2,000 pounds  per  square  inch I n   a p p l j j n g  the load  between 
1,000  and 2,000 pounds per   square  mch,   the  head  of   the  hydraul ic   tes t lng  machlne was 

t a m e d  on the   sample   for  1 mlnute  before  belng  graduall3-  released  durmg a per lcd  of 
lowered a t  a r a t e  of a p p r o x l m t e l y  0 05 Inches  per  mlnute The m a x m  load was maln- 

about 20 seconds 

The dry d e n s l t l e s 3   f o r   t h e  var~ous  molsture   condi t lons of each  sample were 
obtalned,   the   values   plot ted  agalnst   then-   corresponding  molsture   contents ,  and a 
smooth curve  dram  through  the resulting p o m t s  The we leh t   pe r   cubx  f o o t  and t h e  

t h e  m a x l m u m  d ry   dens i ty   and   t he  optimum mols ture   conten t ,   respec t lve ly ,  of t h e   p a r t i -  
correspondlng  percentage of m o l s t u r e   a t   t h e  peak  point  of  thls  curve  were  taken as 

cu lar  so11 

I n  preparing t h e   s p e c m e n s   f o r   t h e   C a l l f o r n l a  tests t h e  sol1 was m x e d   m t h  
an  amount of water   correspondlng  to   the optLnum molsture  content,   placed m a 6-mch 
dlameter mold, h g h t l y  tamped,  and  compacted  by t h e   a p p l l c a t l o n  of  a s t a t l c   l o a d ,   a s  
p r e n o u s l y  described 

The  compacted  speclmens, s t d l  m t h e  mold, were   oven4r led   for   about  2 days 
a t  a temperature  of 65' C 4 They  were  then  weighed,  covered  >nth a 7-lnch f l l t e r  
paper,  and a per fora ted   base   p la te  clamped  over  the  top The mold was then   Inver ted  
and a f i l t e r  paper, a per fora ted  Dase p l a t e   n t h  an   adJus tab le  sten, and a  10-pound 
surcharge  were  placed on t o p  of t h e   s p e c m e n  A gaee  and  tr lpod  assenhly,   used  for 
measurlng  the amount  of swel l  of t he   specmens ,  was fas tened   over   the  mold  and t h e  
stem of t h e   p e r f o r a t e d   p l a t e  was a d J u s t e d   t o   q v e  a zero  page  readmg The  mold 
was then   p l aced   In  a tank,  surrounded n t h  water t o  a l e v e l  below t h e   t o p  of t h e  mold, 

per lcd  of 24 hours A t  t h e  end of t h l s   t l m e   t h e  gage readmg  measurlng  the  mount  
and the   specmen  a l lowed  to   absorb   mols ture  from the  bottom by c a p l l l a r l t y   f o r  a 

of expanslon was noted, and the  specmen was removed  from the   t ank  and  welghed t o  
a e t e m l n e   t h e  amount of water absorbed 

The mold was aga ln   p l aced   In   t he   t ank  of water, t h l s  tme b e i n g   c m p l e t e l y  

measured t r n c e  a day  and  the  percentage  thereof  calculated m terms of t he   he lgh t  
Immersed,  and  allowed t o  soak  for  4 days  Durlng t h l s  tme the  expanslon was 

of  t he   specmen   be fo re   soakng  

A t  t h e  end  of toe  soakmg  per lod,   the  10-pound surcharge ,   the   per fora ted  
p l a t e s ,  and t h e   f i l t e r  paper  were  carefully removed  The specmen was allowed t o  
d r a m   f o r  1 mlnute,   after  which I t s  welght was determined 

test A 10-pound surcharge was placed on t o p  of t h e  speclmen  before it was centered  
The  same speclmen, s t i l l  remalnmg m t h e  mold, was u s e d   f o r   t h e   p e n e t r a t l o n  

under   the  loadmg  head of t h e   t e s t i n g  machme. The penet ra t lon   p l s ton ,   havlng   an  

t o  a zero  readmg  before   the start of t h e  test. In applymg  the  load,   the   head of 
end a rea  o f  3 square  inches,  was f u d y  sea t ed  on t h e  speclmen  and  the  dlal   adJusted 

t h e  machine was lowered a t  a rate of approximately 0.05 Inches per rmnute The load 
m pounds  per  square  Inch was recorded a t   p o l n t s  of 0 05, 0 1, 0.15, 0 2, 0 3, 0.4, 

Dry density=- V(l+w) ,  where ?l = t o t a l   w e l g b t  of the  speclmen as molded; 
w 

V = t o t a l  volume of the  specmen,  w =  the  r rois ture   content  of t h e  specimen= 

weight  of  water . Knornng the   d lameter   o f   the  mold, t h e  volume  of t he   specmen  
dry  welght  of s o i l  

was computed by neasur lng  Its he lgh t  The molsture   content  was d e t e n n e d  from 
small representat lve  samples   of   the  soil 

4 Thls   departure   f rom  the  s tandard  Cal l fornla   procedure mas found t o  he 
a d n s a b l e  as a r e s u l t  of ea r l i e r   expe r lnen t s   l n   wh ich   t he   t r i ax la l   compress lon  
test was used   These   t es t s  showed t h a t  In  order   to   deve lop  Its g r e a t e s t   s t a b i l l -  
z m g  p m e r s ,  Resm 321, the  same as  other  chemlcal  and bituminous s t a b l l l z l n e  
agents ,   requlres  a c e r t a m  amount of  cur ing  o r  d r p n g  back 



Tenet ra t lon  
111 inches 

c 1  
0 2  
G ?  
0 L  
0 :  

P o m d s  per  Square Irctls 
StandaId Loaa l rL  

1000 
:5uu 

TEST RTSLLT3 

The da ta   nb ta ln la  from t h e   C a l l f o r n l a   m a r l n g  Ratm t e s t s ,  +.he mclsture 
absorption apd  tk>e unconfined cm?,rcss:on t c s t s ,  f n l l o n -  th;s t e x t  On the  b a z l s  
of t - e s e  data, the f o l l n m n r  s l a t emer t s  may 1)e .nade 

Cal I Iorn la  RearlnK ha t lo  Tests 

(See f lgurcs  3 through 11) 

1 Treatment n t h  Hesln 321 ,geat l : ,   Increased  the  bearmg ra t ln  value 
of a11 s o l 1  errplojed i n  th l s  Investq!ation 

Valnes fgr  crbshed stone 
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proved more e f f e c t l v e  I n   m c r e a s l n g   t h e  bearlng r a t l o   v a l u e  than 
I n   a l l  cases out one (sol1 P),  t rea tment  n t h  0 5 percent  of Resm 321 

t rea tment  n t h  0 2 percent 
The lnc rease   In   e f f ec t lveness  of 0 5 percent  of Resm 321 over 0 2 
percent,  as measured  by t h e n   b e a r l n g   r a t l o s ,  was n o t   p r o p o r t l o n a l   t o  
t h e  amount of admlxture  used  except n t h  s o l 1  N. 

more than  50 percent  the  expanslon dpon exposure t o  water 
I n   a l l   c a s e s  hut  one ( so l1  E) ,  t rea tment  n t h  Resln 321  reduced bf 

I n  four   cases  ( so l l s  L, U, N, and V) ,  0.5 percent  of  Resln  321 was 
more e f f e c t l v e   t h a n  0 2 percent   In   reducing  the  expanslon;   in  one 
case ( s o l 1  M), 0.2 percent was  more e f f ec t lve   t han  0 5 percent ,   In  
three   cases  (solls P, B, and E),  on ly   s l l gh t   d l f f e rences  were oh- 
served  between  the  effectlveness of t rea tment  n t h  0 2 percent and 
0 5 percent 
I n   t h e  case of t he   un t r ea t ed  s o d s ,  t hose   t ha t  showed t h e   p e a t e s t  
expanslon upon exposure t o  water   a l so  showed the   l owes t   bea r ing   r a t lo  
values 
Treatment n t h  Resm 321  decreased  the  water   absorpt lon m a l l  cases  
I n  a l l  cases ,   t reatment  n t h  0 5 p e r c e n t   r e s u l t e d   l n   l e s s   a t s o r p t l o n  
than  t reatment  n t h  0 2 percent 
The decrease  In   the  percent  of ahsorptlon was most  pronounced I n  
t h e   l e s s   p l a s t l c  so l l s  (P. B E, and L).  

4 

5 

6 

7 
8 

9 

10 

11 

1 2  

13. 

14 

15 

16 

17 

18 

19 

Water Atsorptlon Tests 

(See   f lgures  12 through 16) 

Treatment m t h  Resln 321 great ly   reduced  the  molsture   absorpt lon o f  
a l l  so l l s  t e s t e d  
All unt rea ted   specmens   fa l led   by   s la lang   In   l ess   tha t  1 day of 
m e r s l o n  I n  water 
For a l l  solls except U, treatment n t h  Resm  321  prevented  fa l lure  
upon immerslon I n  water 
For slmllar moisture  contents a t   t h e   b e g m n l n g  of s o a h n g ,   t h e  per- 

7 days of s o a h n g  was less than   tha t   ob ta lned  by t h e  un t rea ted  
cent of optmum molsture  obtalned by the   t r ea t ed   spec lmens   a f t e r  

specunens I n  of soakmg, f o r  a l l  so115 except U 

d u c m g   t h e  water In take   than  0 2 percent.  
I n  most cases ,  0.5 percent  of  Resln 321 was more e f f e c t l v e   I n   r e -  

The lnc rease  I n  e f f ec t lveness  of 0 5 percent  over 0 2 percent was 
n o t   p r o p o r t l o n a l   t o   t h e  amount of admixture used. 

whlch  had t een  dried back to   moisture   contents  of approxlmately 60 
The water content of t rea ted   specmens  of so l l s  E, B, L, and M, 

molsture for compactlon The water conten t  of the   t rea ted   specunens  
percent of optimum, was, a f t e r  one  day of soak-, b e l m   t h e  optlmum 

of solls P, N, V, and U exceeded the optmum  molature  content  under 

I n  a l l  cases of t r e a t e d  ~0115, drying of the   specmens   p renous   t o  
t h e  same condltlons.  

soakmg  decreased t h e n   f l n a l  water content.  No c r l t l c a l   m o l s t u r e  
content was found  below  which  drylng would be  undeslrable. 

~ 

Unconflned  Compression Tests 

(See f l g w e s  17 and 18) 

A l l  un t rea t ed   specmens   f a l l ed  upon Immerslm  In  water and conse- 

After 7 days of soaklng,  the  treated  speclmens of each 5011, whlch 
quently no compressive  s t rengt t   data   could  he  obtained 

bad rnolsture  contents a t  the  beglnnmg of soaklng   of   approxmte ly  
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Inch)   as   fo l lows  E - e6, M - 80, B - 68, P - 36, L - 36, N and V -  
70 percent,  had compressive  s t reneths   (expressed  In  pounds  per  square 

less than  32,  and U -  f a d e d   d u r l n g   m e r s l o n .  

specmens   tha t  were soaked had conslderably less compresslve  s t rength 

21  For the  speclmens  that  were t e s t e d  a t  mols ture   conten ts   a t tamed  by  
than  those  that   were  not   soakeo 

drymg-back  alone  (no  soakmg),   the  strength-molsture  content re- 

22 I n   t h e  unsoaked  condltlon,  Loth  the  treated and unt rea ted   specmens  
l a t l o n s h l p  of t h e   t r e a t e d  and untreated  specmens,  was very  s m l a r  

of s o l l s  N, M, V, and U showed cons lderably   g rea te r   s t rengths  a t  t h e  
lower  molsture  contents  than  dld  the  specmens o f  sol ls  E, B, L, and P 

20 For sunllar molsture  contents a t   t h e  tlme of t h e  test, t h e   t r e a t e d  

DISCUSSION 

Tes t  Methods  Rnployed 

n e c e s s a r y   t o   s t u d y   t h e   r e l a t l o n s h l p  between t h e   t e s t  method  employed  and t h e  proper- 
t l es  of t he  s o l 1  systems  evaluated  by  each o f  t hese  methods 

In   o rde r   t o   unde r s t and   t he  true meanlng  of t h e  test  data   presented,  It 1s 

s lgn  of f lex lh le   pavenent   hase   courses  and 1s of value  because It. has  been  correlated 
m t h   f l e l d  performance  Bemg of an   emplr lca l   na ture ,  however, t h e   t e s t   p o s s e s s e s  
meanlng  only f o r  t h o s e   n a t e r l a l s  I o r  whlck It was designed, namely, n a t u r a l  s o l l s  
The s t anda rd   t e s t   p rocedure   p re sc r lhes  a soaklng  perlod of 4 days  whlch f o r  n a t u r a l  

m t h l n  t h e   a c t i o n  zone of t h e  penetrat lon  plunger  However, f o r  waterproofed sol1 
sol15 1s usua l ly  s o f f l c l e n t   t o  p e m t   s a t u r a t l o n  of t ha t   po r t lon  of t he  speclmen 

specmens   In  which t h e   r a t e  of water absorptlon 1s r e t a rded ,  t h l s  sa tura ted   condl -  
t l o n  may n o t   o c c u r   m t h l n   t h e   s p e c l f l e d  tlme Consequent ly ,   the   bear lng   ra t lo   da ta  
from  such sol1 systems  cannot  be  used ln   conJunct lon   wl th   the   s tandard   des lgn  
curves  whlch  were  developed f o r   u s e   m t h   n a t u r a l  s o l l s  In t he   p re sen t   s t l l dy   t he  
bea r lng   r a t lo   da t a   a r e   u sed   on ly  as a means o f  m d l c a t l n g   t h e   r e l a t l v e   e f f e c t  of 
t rea tment  on t h e   s t a t l l l t y  of t h e  s o l 1  

The Cal l fornla   Bearmg  Rat lo   Test  was developed  prlmarlly for use I n   t h e  de- 

t e s t  1s t h e   r e l a t l o n s h l p  between t h e  rate of p e n e t r a t l o n   a n d   t h e   n s c o u s  or p l a s t l c  
r e s l s t a n c e  of the   t es ted   spec lmens  It 1s a w e l l - h o r n   f a c t   t h a t   t h e   r e a c t l o n  of a 
p l a s t i c  material, such as a s p h a l t x  cement, t o   a n  unposed  load  depends on t h e  rate 
a t  w h x h   t h e   l o a d  1 s  appl led ,  w‘nle a p p e a r m g   r l p d   u n d e r  a sudden app l l ca t lon ,  

slowly It 1s possible, t h e r e f o r e ,   t h a t   t h e   r a t e  of pene t r a t lon   spec l f l ed  f o r  these  
such materials t e n d   t o   f l m  when t h e  same or  even   lesser   loads   a re   appl led  more 

bear in ;   ra t los   ob ta ined  I n  t h e s e   t e s t s   a r e  more l n d l c a t l v e  of t he   compress lh l l l t y  
t e s t s  1 s  too   h lgh  f o r  waterproofed  coheslve so l1  s y s t e m   a n d   t h a t  some of the  hlgh- 

t h e s e   c o n t r l b u t e   t o   s a t l s f a c t o r y   b e h a n o r   l n   t h e   f l e l d  where f l e e t i n g   r a t h e r   t h a n  
of t h e  s o l 1  sample  than of Its s t a b l l l t y .  It 1s not  known t o  what extent   each of 

s t a t l o n a r y   l o a d s   a r e  t h e  r u l e  Such questions can  only h e  answered by a c t u a l  ex- 
p e r l m e n t a l   f l e l d   l n s t a l l a t l o n  

Another f a c t o r   t o   b e  considered l n  reviewing t h e   d a t a  from t h e   C a l l f o r m a  

As descrlbed  under  “Testmg  Procedures,“ a l l  s p e c m e n s   u s e d   I n   t h e   C a l l f -  
ornla   Bearlng  Rat lo  tests were partially & l e d   b e f o r e   b e i n g   m e r s e d  The 

p l a s t l c  so l l s ,  t o   cause  a vold  between  the  speclmens and t h e   s l d e s  of t h e  mold 
shrinkage r e s u l t l n g   f r o m   t h l s   d r y l n g  was s u f f l r l e n t ,   l n  t h e  cases of t h e  more 

Consequently, a t  t h e   s t a r t  of the  soaklng  per lod,   water  was access lb l e  t o  t h e  
speclmen f ron   t he   s ldes   a s  N e 1 1  a s  i r o m  t h e   t o p  and t h e  bottom A renew of 

t h e   t e s t   r e s u l t s ,   d u e ,  most h k e l y ,   t o   t h e   f a c t  t h a t  the  speclmens  swelled  qulckly 
t h e   t e s t   d a t a  sholrs t h a t   t h l s   s h r m k a g e   c a u s e d  no s lgn l f l can t   d l sc repanc le s   In  

when we t t ed ,   t he reby   comple t e ly   r e f l l hnc   t he  mold 

f o r  a perlod of 7 days,  glve more r e p r e s e n t a t l v e   d a t a  on tlie water  absorptlon  pro- 
p e r t l e s  of t h e  sol1 than  do cor respondme  resu l t s   ob tamed  f rom t h e  Ca l l fo rn la  
Bearlng  Ratlo Tests where l a rge r   specmens  were  soaked fo r   on ly  a &day per lod  

Water Absorption T e s t s   I n  whlch  unconfmed  2-lnch  speclmens were Irmersed 
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These tests, however, a r e   n o t   s u l t a b l e  for use   wl th  s o l l s ,  o r  sol1 systems,  posses- 
sing low  cohes lve   p roper t les ,   s lnce   In   these   cases   the  specimens o f t e n   f a l l  by 
s l ak lng  due t o  a l a c k  of l a t e ra l   con f lneTen t  Thls cond l t lon   a l so   ho lds   t rue   fo r  
calcareol-s  materlals suct as ca l lche   ana  f o r  5011s c o n t a l n l n g   l a r g e  amounts of ca l -  
C ~ U T  carbonate Such na te r l a l s ,   a l t hongh   nak lng   exce l l en t   base  courses when l a t z r a l -  
ly corlflned, may d l s m t e g r a t e   r a p l d l y  when s u b J e c t e d   t o   n o l s t u r e   w h l l e  I n  an  uncon- 
f m e d   c o n d l l l o n  It IS, therefore ,   apparent  t h a t  a l thouqh  the  unconfmed  molsture  
absorp t lon  tes t  does  glvz  an  Indlcat lon of tpe e f i e c t  of   t reatment   wlth most s o l l s ,  
f o r  L.le spec la l   Ta ter la l s   nenl loned   above ,  lt posses ses   ne l the r   quan t l t a t lve   no r  
q u a l l i a h l e   l a l u e  for de te rmln lng   t he l r   su l t aD1l l t . y   fo r   f l e ld   cons t ruc t lon  

SubJected t o   s o a i l n p  provlcc a m a r s  o f  evaPUat lng   t he   s t ab l l l z lng   e i i ec t lveness  of 
Reslr, 321 However, t h e  severity of the  lnmerslon t es t  employed I n  t h l s  s t u d j  caused 
manr of t h e   s p e c m e n s   t o  l a u  before  b r easu re  o f  t h e l r   s t r e n g t h   c o u l d  be r ade  Ey 
conf lmng  t t c  specmens  dLrlng  the  sgaklni .  and conpres s lon   t e s t s ,  more q L a n t l t a t l v e  
da ta   coula  oe oCtalned 

Unconimed  Compresslve  StrenEth  Tests on s p e c m e n s   t h a t  have  t ,een  orevlously 

no t ,   mc lca t l%-e   o f   t he   deg ree   o f   s t acd lza t lnn   T te se   da t a   were  of v a l u e   I n   t h l s  
study,  however, f o r  determlnlng  whet,rer o r  not  Resln 321 aaded t o  the  coheslon of 
t h e   s o l 1   s y s t e i r  

The s t r e n g t t  of  specmens tYLat  have  not  been  soaked prevlous t o   t c s t l n r :  1s 

I n  stlmmar;zlng, It may  Le s a l d   t h a t   I n   o r d e r   t o   e v a l u a t e   p r o p e r l y   t h e  

keep I n  mmd the   forero lng   ldeas   concer r ln :   the  tes t  net'oiis Alt,houp'- I t  nay seem 
t e s t  d a t a  dnd t o  fdly \InaErstana t?.e u s c m s l o n s  urhlch ~ o l l o w ,  lt. 1s necessa ry   t o  

r u s t  ,)e  remembered t h a t  no l a t l o r a t o r y   t e s t s  now In  use   o f fe r  a d l r s c t   I n h c a t l o n  
t h a t  tk,e tes t s   enployed  show l l t t l e   c o r r e l a t l o n  uetween l abora to ry  and f l e l d ,  It 

rtlsillts c t t a l n e d   l n d l c a t e   o n l y   t h e   r e l a h v e   r a l u e  of t rea tment  Ly Eesln 321 a s  
of what  happens In   an   ac tua l   f l e ld   y l ace r ren i  of chem1calk.r  sLab;lllzed s o l 1  ?he 

measxed  L y  t h e  oest l a b o r a t o r y   t e s t s   n m   a v a l l a b l e  Cor approxmat lnc   t he   va r lous  
f a c t o r s   a i f e c t l n ;   f l e l d   m s t a l l a t l o n s  

Ef fec t  of Rrsm 321 

Resin 321 reduces   the  nolsture aoso rp t lo r  oi snlls Thls r edLc t lon   pe r t ams   no t  
o n l y   t o  tk,e toLal   arount  of w a t e r   a b s o r o e d   b u t   a l s o   t o   t h e   r a t e   a t   w h c h  t h l s  a t -  
sorp t lon   occurs   Wl l le  t o t :  e f A e c t s  are Important,  It a p p e a r s   t h a t   t h e   l a t i e r  
1s t h e   n o r e   s l g n l f l c a n t .  It 1s l a o m  t h a t  a c e r t a n  amonnt of water,  If r a p l d i y  

may l e a v e , t h e   s p e c m e n   I n t a c t ,  resulting only I n  a lowermg of I ts  compresslve 
absorted,   nay  destroy  the  ccherence 0' a s o l 1  speLlman,  pihlle I f  s lowly absorbed 

s i r e n z t q  'i T:-,ls phenomenon was b e s t   I l l u s t r a t e d   b y  a nuvber of tests Fade du r lng  

which t ' l e   t rea ted   samples   s tood   up   qu l te   wel l   That   th l s  1 s  due t o   d l f f e r e n t  
t h l s  s tudy  I n  whch   un t r ea t ed   spec i r r ens   f a l l ed  on reaching   mols ture   conten ts   a t  

r a t e s  of water  IntaKe seem c e r t a l n   s m c e   t t , e   s t a b l l l z e r   d o e s   n o t   a d a   t o   t h e  co- 
' l e s lve   p rope rhes  of t h e  so l1  T h l s  l a t t e r   f a c t  1s conflrrned by a s tudy  of 
f l w i r e s  17 a rd  1 9  From these  curves  It czn  be  seen  that ,   for  unsoaked  speclmens,  
the  molstxre   content-compresslve  s t renLth  re la t lonsblp IS prar t lca l ly   Independent  
o f  the  percentage of  t rea tment .  

A l l  t e s t   d a t a   o b t a m e d  I n  t h i s   l n v e s t l r a t l o n  show t n a t   t r e a t m e n t  w l t h  

071; on t h e l r  water con ten t   bu t   a l so  upon t h e   n a n n e r   i n  whlch t h l s   v a l u e  was 
reacbea.  For equal   water   contents ,  a speclnen  whlcb  had  teen  drled  back  from a 
'-1Eher t o  a lower  value showed g rea tp r  compressive stren&tb  than one  whlch  had 

nhlch 1 s  of both practical and theoretical s l ,gnf lcancr ,  1 as   been  observed  to  
reached  the same water conten i  from t h e  d ry  s l d e  ty absorp t lon  Th15 phenomenon, 

o c c ~ r   a l s o   i n   o t h e r  t3'pes of s t a h h e e d  so11 

The c w p r e s s l v e   s t r e n q t h  of t h e   t r e a t e d   s p e c m e n s  was found t o  depend  not 

Systems," - S o l 1  Sclence,  Vol  54, t:o 4,  (1942) 
i; Hans F Wlnterkorn, "The Mechanlsn of mater  Attack on Dry Cohesive S o l 1  
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Tte  d a t a   o c t a m e d   i n   t h l s   m w s t l g a t l o n  do  not   a l low  the aramcg of d e f m l t e  
conclus lors  concerning t h e  optlmunl amourt of s t a p z l l z e r   t o  be used w l t b  t h e  different 
solls, as  onl:. +,wo d l f f e r e r t   p e r c e n t a p s  of t t e   s t . a b l l l e e r   w e r e  employed  however, 

vo l s th re   l n t a l - e ,  srows l l t t l e  a l i f e r e n c e  met..een the Inf luence  of 0.2 and 0 5 per- 
t h e  bar p-aph shown ~n f1gu-e 11, w h c h   s w a r l z e s   t h e   e f f e c t  of Resm  321 on 

s e n t  o f  t he   s t a !n lLze r  W d e  t;ls o l s e r - a t l m  1s subs t an t l a t ed  hy t h e   m o l s t w e  ab- 
sorption d a t a  f r o 7  tne C a h f ~ r m   t e s t s ,  t L e  . e a r m i .   r a t l o   m l u e s  f o r  t h e  more 
p l a s t l c  sn l l s ,  e s p e c ~ a l l v  sol1 N, a r e   c c n s ~ d e r a b l g   h l g h e r  n t h  0 5 percent  of t h e  
s t a o l l l z e r  t - a n   t h e %   a r e  w i t h  0 2 percent Cn t h e   b a s i s  of t he   da t a   ob ta ined   In  
t l ' l z   and  3 r e v l o x  worh, :t 1 ~ 2 7 '  he st,a;ed that, :he optxmuq moun t  of s t a t J 1 l l z e r  
pr,,-,aLlw. l i e s  'uetweer 0 2 and 1 pcrce- t ,   the   op tmum  mcreasmx \ n t h  t h e  amount 

wlt'~ ?iesln  321 anu s w l l a r  r e s m  comple.-es ',I - igher  a l k a l l   c o n t e n t  I n d l c a t r  2 
and a c t l x l t y  of t h e  c l a )   con ta l r ed  In t h e  sol1 sTsten Experiments mad? Drenous1~-  

sln:hn; of t n e  optlmllrr amomt  requlred  toward  smaller  values m t h  an   l nc reasmg  
a l k a h  crlntant of t he   s t a ln l l ze r   Ccnseqren t l ;  , an   Increase   ln   the   anol ln t  of Resin 
321 at,ove ~ t s  c p - r ~ ~  ranpe uoeb not  rFsult I n  an  lmproved s t a l a l1 t ; i  and In   scne  
casvs  may even :me Let r lTen?a l  The f a c t   t h a t   t r e r e  1s an op tm>m amount oi a lka l1  
t h a t  ray be added t n  a so11 t o   o b t a m  best r e s u l t s  1s corroborated by expe rmen t s  
I n  mhlcr. soap \"as I.CCU Ln c m u l n a k o n  In tk l  road 011 f o r  so11 t.reat.rent 7 Althouch 
substances n t h  =-her z l k d l  cnnkent r ~ p r e s ~ n t  a more a c t l v e  s t a t l l l ze r  than  R?sm 
321, they  are  Tore hyjroscoplc arid n e r e s h l t a t e   q e a t e r  care In sh lppmg and  apF11- 
c a t l o n  

f e c f l r e n e s s  01 Reslr jZ1 ~n t rzat lnr , .   d ; f Ierent   types o f  solls The s o ~ l s  Lsed were 
s e l e c t e d  011 the  basls of t h e l r  physlcal  c h a r a c t e r l s t l c s  and vary  from s d t y  21ne 

s u 1 t a h l l t : r  as b a s e   c o ~ r s e s  or te-nporar; wcarln: s u r f a c e s   a f t e r   t r e a t m e n t   m t h  
sard  (i') t o  c l a j  (IU and V) I n   o r d e r   t o   J u d g e   t h e   s o d s  on t h e   b a s l s  of t h e n  

Resm 321, the. have teen  arraqged 11 accordance wltt t he   da t a   ob ta lnea  f rm t h e  
d l f i e r e n t   t e s t s   I n a s m c h  as nu s1n;ic t e s t ,  employed t e l l s   t h e   e n f l r e   s t o r y   a b o u t  
a 30x1, a co'nposlt? ratl-6. has   bwn rade tha t   g i - res   apprcpr laze  weight t o   t h e  
r a t r e   o b t a m e d  f r o r  eacL t z s t  A l l  r a t ~ n g s  arc based on the  periormance  of  the 
speclmens  t reated ~11th 0 5 percent  of Resln  321  and are arranged 1~ order of de- 
s cendmg  accep tab l l l t y  

One of t h e  ormar) u x p s a s  of t h l s   ~ n v s s t l g a t l o r  was t o  determine tile ef- 

The da ta  from t h e   u l f _ e r z n t   t e s t s   l n - l l c a t e   t h e   r o l l d m n g   r a t m g s  of t h e  
so115 

Cal l fo rn la  Bearing R a t l o  Tes t s  

b Expansion durlnp  soaklnz 
a B e a r m 6   r a t i o   l a l u e  E , B , U , L , U , V , M , P  

B , P , E , L , U , M , N , U  

Water  Absorptlon  Tests' E =  b, N =  L, P. 11. V ,  U 

Unconilned  Compresslo-  Tests on 
%aked Specimens E ,  N, B, P= i, N = V, U 

Sznce 5 e b e a r ~ q g   r a t i o  and  expanslon  data  were  obtalnea on t h e  sane 
specITens,   these  res l l l ts   can be c o r r e l a t e d   t o   o b t a m  a corrposlte r a t m g  of t h e  

tes t   da ta ,   s lnce   they ,   too ,   were   ob ta lned  on smllar speclrrens  These  composlte 
so l l s  The sane procedllrz  can  L,e  followed for t he   abso rp t lon  and conpresslon 

r a t l n e s   f o l l o w  

Cal l forn la   Bearmg  Rat lo   Tes ts  E = B, L, U, K, V, (N and P, 
m d e f i n l t e )  

and Engmeermg  Chens t ry ,  (1933) 
7 "Olllng of Earth Roads, Ppp l l ca t lon  of Sur face   Chemls t ry , "   Indus t r~a l  
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Water Absorption Tes ts  and 
Onrcnfmed  Compressmn  Tests 
on Soalred Specmen E = B. M = L, P,  11, V ,  and U 

It wlll be  noted t h a t  t h e  ratings a r e   q u l t e   s l m l l a r  TFe best graded   so i l s ,  
E and E ,  r a n k   h q h e s t  wide the m o s t  p l a s t i c  5011, V, IS shovm t o  8.e t h e   l e a s e  de- 
s i r a b l e  It 1s bel ieved  t.rnat t h e   m e r l t s  of s o d s  N and P r e l a t l v e   t o   t h e   o t h e r  
sol ls ,  alLhough  mndeflnite ;n t h e  California tests, a r e  fairly wel l  shown b y  t h e  ab- 

ably d l e  t o  d l f f e rence   In  tLe types of t e s t s ,  m t he   Ca l l fo rn la  method the  speclmens 
so rp t lon  and compression test  a a t a  The v a r l a t l o n   I n   t h e   r a t l n g  of so11 U 1 s  proL- 

are   confmed w h i l e  I n   t h e  o ther   t es t s   they   a re   unconf lned  

solls can  perhaps rme o t t a lned  ty  d i s c u s s m g   t r e  specific c h a r a c t e r l s t x s  o f  each 
s o l 1  t h a t  may in f luence  i t s  s u s c e p t l h l l l t y   t o   E t a h L l l z a t l o n  

Further  understanding of the   e i fec t lvenes ;  of Res l r  321 m t b  t h e  d l i f e r e n t  

S o i l  P has a necban~ca l   co rpus l t l on  of 77 percent  sand, 12 percent s l l t ,  and 
,1 percent clay,  and a p l a s t l c l ty   Index  of t w o  The absorpt-on  aata Indicate t h a t  
Resm 321 1s e f i ec t lv t .  i n  reducint: the   water   In td le   o f   th i s  sn11 Tbe hea rm, -   r a t lo  
valn? o f  t ne   t r ea t ed   specmens ,   vh l l e  tie lofirest o f  all t h e  solls t essed ,  was more 
t l a n   t v c c e  that of the  untreated  z1ecInens It appears   that  t h s  so11 does not pos- 
355s ~ u f f ~ c i e n t   c o t e s l o n  t o  be  rendered  suitahle i o r  us& as  a  wearm: sur face  ly a 
p r e l y   w a t e r p r c o f l r g  agen;  However, IS i t  1s t o  Le confmed, as I n  a base  cnwsc,  
It should  perforrr s a t l s f a c t a n l ~ ~ ,  and such treatment would be oene f l c l a l  

Sol1 U ha; a rrecl a m   c a l  cc~pos1t1an  n i  3" percent  sand, 41 percent s i l t ,  
and 20 Farcent  cla; I t s  l lqu ld  l l n l t  1s 31.8 percent, 2nd I t s  p l a s t l c l t )   l n a e x  
11 7 On tlie hasls of ttBesa p h y n c a l   c ? a r a c t e r ~ s t , i c s .   t h i s  s o d  wcmild norrwlly be 

d l f f e r z n t  orde? of ra?klrFc,  i ts  performance  #aa some~vl a t  I r r e e n l a r  In t h e  ~ 0 1 s -  
expected t o  make a ,com,d shomng  In  a l l  t h e  t e s t s  However, as 1ndlca:ed b y  t he  

t u r e  a b s o r p t l a n  t e s t s   t h e   t r e a t e c  s3eclmcnc showed cistress a f t e r   on ly  3 days of 
s o a k ~ n g ,  and then Kmstu re   con ten t   a t  tbe e?d of t h l s  t m e  rxad react-ed 2110 percent 
of t h e  o$,lmu-n for cornpachon  In   the   Cal l iorn la   t es t s ,  however, &ere  she spec:- 
 me^ was cnnl'ined d u r m g  the soa'an; w r l o d ,  t rea tment   g rea t ly  mer-ased t h e  
b e a r m -   r a t l o   v a l u e  a7.d decreases the  amount of expansion 

p rope r t l s s  nl' so l1  U Tt,;s sol1 IS t h e   o n l y   m e  emriloyed In   t he   l nves t lga t lon   -ha t  
g1te5 an a l k a l l r e   r e a c t l o n  It h a s  a pH balue of 7 7 and con tams  1 2 e  percent of 
calcium  carbonate, ahlch 1s a r e l a t l x e l y  high amount lor such  materials It 1s 

mkls a s o d  s u s c e p t l b l e   t o  s lann; .  ahen  lnmersea  In wazer, If unconflned However, 
knmm f rm past  experlencn t h a t  Ute presence o i  i ree  carbora te  i n  suck, proportions 

nhen confmed,  suct soils have  been Cound t o  perform s a t i s f a c t o r ~ l y .  T h i s  same 
t rend  bas   teen  notcd I n  ,cranular s t a b l l l e d t l o n  when the  actLon nf l ines tons   aggre-  
ga t2  and screenlngs  '-as  teen compared mt\ t r a t  of sil;clous  gravel  Unconflnea 
Mater abso rp t in r   t , e s t s  on specmans   conta ln lng   these   mater ia l s  u u a l l y  i n a l c a t e  
t h a t   t h e   g a l e l  1 s  super lor ,  vh l l e  the  results fro," a c t u a l   f i e l d   i n s t a l l a t i o n ;  shox 
'he hme-tone t o  Le t h e  more d e s l r a d l e  F c r  t h l s  reasop, lt appears   tha t   the   e f -  

An exp1ara;ion of t h i s   a lve rgence  of au t lon  may be f n m d  I n  t>e chemlcal 

those  specmcns,  whlch,  beIore  soallnp, had be%- d r l e d  hack t o  d n o l s t u r r  cont3r.t 
of 70 percent  of optmum It 1s d l f f l c u l t  t o  declde  whetter it 1s mcre apprnprl- 
a t e  i o  e x y x s s   t h e  amount of water   Intake ty t l n s  method o r  a s  a percentage of 
t h e  r c spec t lve  optmmms of eac-. s o l 1  The l a t t e r  ra51s 1s t h e n r c i i c a l l y   a t i r a c t -  
1 v E  and T ~ Y  a l s o  be of p - a c t l c a l   l m p x t a n c e  when t?,e  percentage of a l r   \ @ i d s   r e -  
mauls  constant llovraver, i r o n  an  englneerlng ?art of xlew, a water   Intake of, 

f e r z n t  manner For Ins tance ,   an   in take  of such  an  amomt 01 water w o u h  cause a 
fcr exarrsle, 150 percent of t h e  ortlmum I;ay d l e c t  two -011s I n  an e n t i r e l y  d1f- 

hlghl)   cohts lve 5 x 1  t,o expard muct nare   than it would  a s o d  low in   cchealo-  The 
e fcec t  of such v o l m e  chan,ze  r.ot c o n ~ l ~ l e r e u  when the  water  m t a i e  1s expressed 
as a pcrccn:age o f  the  optmum Ttxs  f a r t   s h o u l d  be kept in mmd \%?en  evaluatlne 
water absorption a a t a  For t h e   t e s t e   I n   t h l s   s t u a g ,  hovrel-er, t h e  baTe r a l m g  of 
t h e   s o l l s   a a s   o b t a m e d  by each  reL'od 

* T;.za r a t m g  1s based on the   abso lu t e   i nc rease  I n  molsture  content of 
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f e c t l v e n e s s  of Resln  321 n t h  s o l l s  cor ta lnlng  calcl&T  carbonate   cannot   be  properly 
eva lua ted  by unconf lned   water   absorp t lon   tes t s  

22 percent   c lay  Its p l a s t l c l t y   I n d e x  1 s  4 1 Experience m b l t m m o u s  s o l 1  s t a b l l l -  
a a t l o n  has  demonstrated  that  s o l l s  conta ln lng  65 percent  or more  of coa r se -gamed  
components u s u a l l y   r e s p o n d   w e l l   t o   t r e a t q r n t  The mam  r easpn   fo r   t he  good sbomng 
of s o l 1  B 1 s  probably l t s  g rada t lon  Of Importance  a lso 1 s  t h e  low c o e f f l c l e n t  of 
permeabl l l ty  Thls va lue ,   fo r  a d r y   d e n s l t y  of 110 pounds  per  cublc  foot, was 5 x 
l o -e  centmeters   per   seconc  The pII value of b 5 shows t h a t   t h e  s o l 1  r e a c t s   s h g h t l y  
ac ld ,  a f a c t  t kz t  1s f a v o r a t l e   t o   t h e   a c t l o n  of Resln  321 

S o l 1  B has a mechanlcal  composltlon of b'/ percent   sand,  11 percent  sllt ,  and 

10 percen t   c l ay  Amde the   cons is tency  mdlces f o r   t h l a  s-11 a r e   t h e  same a s   t h o s e  
f o r  s o l 1  3, lt does  not have as good a s a n d - s l l t   r a t l o  However, I t s  s l l t - c l a y  
r a t l o  1 s  sonewhat b e t t e r   t h a n  t h a t  f o r  s o l 1  E Ilotewortby m comparing the   p roper -  
ties of t h e s e  two s o l l s  1 s  t n e l r   c o n t e n t  of organlc matte , whlch 1s 2 47 percent  
f o r  s o l 1  E and 136 percent  f o r  so11 3 Fast   experlence *,as demonstrated t h a t  dry- 
land  organlc   mat ter  may Lie vers- h e l p f L l   I n   t h e   s t a b i l l z a t l o n  of 5011, I n   c o n t r a s t  
t o  wet-land  organlc  natter  whlch 1s u s u a l l y  detrimental Inasmuch as   the   o rganlc  
matter contamed by these  so115 1s  of the  ary- land  type,   the  good showme of sol1 
E ray be  part1.i due t o  I t s  h q h e r   o r g a n l c   n a i t e r   c o n t e n t  

So11 E has a mechanlcal  composltlon of 50 perceqt   sand,   32  percent  s l l t ,  and 

55 p e r c P G d ,  2 8   p e r c e n t   s l l t ,  and 17 percent   c lay  kowe.ier, the  periorilance  of 
so11  L 1 s  c o n s l d r r a b l y   I n f e r l o r  t o  t i a t  of s o l 1  E M q o r  d l f ie rences   In   ck .a rac te r  

10-7 centlmeters  per  second  whlch 1 s  auout 10 t l r e s  more pe rnoks ,  a t  comparaLle 
of tnese  two s o l l s   a r e .  S o d  L nas a p e r ? e a t . l l l t g  of t he   o rde r  of magnltude of 

a e n s l t l e s ,  :ran s o l 1  E, sol1 L con tams  o r ly  1 47 p e r c e n t   c r g a n l c   p a t t e r ,   a s  com- 
pared t o  2 47 percent   cnnta lnea  by s o l 1  E, cox1  L l c  n e u t r a l ,   p o s s e s s ~ n g  a pl' va lue  
of 7 a s  compared wl th  one of b 4 f o r  5011 L 

S o l 1  L has a Techanlca l   cmpns l t lon  apprm?xm,atlng t h a t  of s o l 1  E, namely, 

and 25 percent   c lay  The c l ay   po r t lon  of  1 . 1 ~ 5  sol1 17 vei-27 ac t lve ,   a s  shovm by t h e  
shrinkage of the   Cahfo rn la   specmens  irom tk,e  molds cillrmg d r y m g  and Ly t h e   h 5 h  
base  exchange  capaclty 

Sol1 M has a nechanlcal  composltlon of $5 percent  sand, 30 percent s l l t ,  

t l n g   t h a t   w a t e r   m y   b e   a t t r a c t e d   t o   t h e  so11 n t h  s u f f l c l e n t l y   p e a t   e n e r $ y  t o  ofL- 
s e t  t!lr advantage of 1 % ~  low pe rmeab lh ty ,  which 1s of the   o rde r  of rnagnltude of 

b e   n o t e d   t h a t   t h e   w a t e r   a f f l n l t j  o f  s o l 1  M 1s much h g h e r  t h a n   t h a t  of sol1 L 
10-9 cent lmeters   per   second  In   comparlnp  the  act lon of s o l l s  M and i, It shculd  

T h l s   f a c t  1 s  I l l u s t r a t e d  by t h e  dLfe renc -c  I n  t he i r   Lase  exchange c a p a c l t l e s , ,  
16 24 ml111-Pqulvalents  per 100 grans of $011 a e a m s t  8 71, a d  a lso by t h e   d l f -  
f e r e n c e   I n   t h e l r   l l q u l d   h m l t s  whlch f o r  s o l 1  M 1s  32 1 percen t   a rd  f o r  s o l 1  L 
23 4 percent  

T h l s   l a t t e r   p r o p e r t y   a l s o   l n d l c a t e s  a high water a f f l n l t j i ,  a f a c t   m d l c a -  

Solls N and V have  mechanlcal  composltlon,  respectlvely, of 33 and 34 
percent  sand,  27 and 21 percent sllt ,  and 40 and 45 percen t   c l ay  They a r e   t h e  
most p l a s t x  of t h e  sqlls employed, t h e   p l a s t l c l t y   I n d e x  of N b e m g  25 1 and t h a t  

t u r e   a b s o r p t l o n  and  drglnc:,  both  urdergo  conslderable volume change While bc th  
of V beln6  31 1 Both s a l i s  e x h l b l t  a g r e a t   a f f l n l t q  f o r  water  and,  durlnc  mols- 

t h e   w a t e r   a f f l n l t y  and the  vo lwre  change are   reduced   by   thL  addl t lon  of R e a n   3 2 1  
the   p -oper t les  of t h e   t r e a t e d   s y s t e m  are st111 f a r   f r o n   t h o s e  of a desirable base 
course  -oater;al. 

The d a t a  and dlsclmslans  presented s o  f a r  on t h e   r e l a t l v e  merlts of t h e  
d l r f e r e n t  s o l l s  a f t e r   t r ea tmen t   w l th   Res ln   321   r akes  It appa ren t   t ha t   t he   g rada t lon  

It IS t r u e ,  of cour se ,   t t ' a t  ;n a l l  +;pes of s t ab l l l zaCloE  work, t he  more n e a r l y  
of a s a l 1  1s a n   m p o r t a n t   f a c t o r   w l t h   r e g a r a   t o  I t s  s l ~ s c e p t a h l l l t y   t o   s t a b l l ~ z a t ~ n n  

t h e  graduation o i  a s o l 1  a p p r o r m a t e s   t n a t  of z mechanlca l ly   s ta t l l l z rd   sys tem or 
of an X-39 5011, t h e  l e s s   t h e   s t a t l l l z l n g   e f f o r t   r e q u l r e d .  



13 

Whlle gradation is thks  very  Important ,   the   preceding  discusslon of  t h e   m d l -  
v ldua l  s o l t s  shows d e f l n l t e l y   t h a t  It 1 s  n o t   t h e  whole s t o r y  It may oe s t a t e d   t h a t  
any  and  every  physlcal  and  chemlcal  property  possessed hy a soli Inf luences  I t s  s u -  
c e p t l b i l l t y  t o  c h e n c a l   s t a b l l i z a t l o n   T h l s   s l t u a t , l o n   p r e s e n t s   a n  open m v l t a t l o n  for 
a t te r rp ts  t o  f i n d  a s m g l e  correlation between t h e   s u s c e p t l b l l l t y  of t h e  soil t o   s t a b l -  
l l z a t l o n  and  one or Fore of t h e   b e t t e r  known s o l 1  p r o p e r t l e s ,   s u c h   a s   t h e   p l a s t l c l t y  
Index,  content of  o r g a n l c   n a t t e r ,  pH va lue   hea t  of wet t lng ,   e tc   Al though  these   a t -  
tempts may p r o d u c e   m p o r t a n t   l n f o r m a t l o n ,   t h e y   a r e   h a o l e   t o   l e a d   t c  over-emphasls on 

dangerous  half- t ruths  1s t o   s u r v e y   t k e   p r o b l e n   f r o n   t h e   f o c a l   p o l n t  of a s l n p l e  
some one f a c t o r  The only way t o  avold  succuntrmg t o  save of t h e   a t t r a c t i v e   b i t  

theoretical concept  of the  act lon  vechanism  of   the  Resm 321 

A Tneore t l ca l  Concept of t h e   S t a b l l l z m g   A c t l o n  of Resm 32t1O 

wh-ch may a l s o   b e   c a l l e d  a hydrophllic and a hydrophobic  character The h y d r o p h i h e  
charac te r  1s - r a n l y   d u e   t o  I t s  a l k a l l   c o n t l n t  whlch a l s o   r a k e s  It a good d l s n e r s l n g  
agent fo r  l o s t  s o l l s  The hydrophob lc   ~ha rac t e r  1s due t o   t h e  bu lk  of tt,e a b l e t l c  
ac ld   molecule   These   ckarac te rs   a re   loca l lzed  on s p e c l f l c   p a r t s  of t h e  complex 
molecule   o f   the   s tab l l ieer  and   Induce   t he   -o l ecu le   t o   o r l en t   and   a r r ange   I t s e l f   l n  
accordance m t h   t h e   m o r g a n l c  o r  organlc   qafure  of t h e   m a t e r l a l  'nth Nhlch It comes 

f a c t   t h a t  It 1 s  nel ther   so lu t , l e  I n  water  nor,  so  t o  speak ,   msotuble ,  b u t  dlspersos 
in con tac t  The t ra lmced  charac te r  of t b l s   a c e r t  1 s  furthermore ev;denced by t h e  

e a s l l y   I n t o   p a r t l c l e s  of u l t r a - r l c r o n  size On t h e  other  hanu, t k e  ?rater a f f m l t y  
of t h e   x a t e r l a t  IS small  enoueh  not t o  a t t rac t .   water  from a n o i s t  atmospkere 

Res ln   S t ab l l l ze r  321 possesses a batarced  lnorganlc   and  organic   character ,  

3ecsuse of i t s  a l k a l m l t y  and  spontaneous  dlspers lon  Into  ul t ra-mlcrons  ln  
conract witl w a t e r ,   t h e   s t a b l i l z e r  may e x e r t  a d l s p e r s m g   e i i e c t  on t h e   t r e a t e d  s o l 1  
Suc'l a n   e i f e c t   o f t e n   r ? s u l t e  m a ,meater  flna:  dFnslLy  than  that  obtamable  wlthout 

wne the r   t h l s   d l spe r s lnF   e f i ec t  1s cvident  or not,  a decrease  of t he   pe rme lb l l l t y  of 
t r e a t n e n t  This g r e a t e r   d r n s l t y   r e s u l t s   a l s o   I n  a decreased  permeabl l l ty  However, 

t h e  s o l 1  cari be  expected ~y t r a n s f e r  of s o c i m  I o n s   f r o n   t h e   s t a b l t l z w  t n  t h e  soll, 
making t b e   l d t h e r ,  a t  l e a s t  m p a r t ,  a sodlkm s n ~ l  It 1s well knvm  that,   the  sodlum 
modLf-catlonz 0- mosz s o l t ~  nossess t h e  1 m w s t  p e r T e a b l l l t l e s   f o r  a g;ven pcre   space 
a?d p o r e   s l z e  

s t a b l l l z e r  htcomes n - r e s e r s l n l y  changeo 1n snch h Nay t h a t  It l o s e s  I ts  d l s p e r s l n g  
After o r  whllc f u l l l l l l n g  L k  Iunc5lon of naking a s o l 1  l e s s  perv lous ,   the  

power There 1 s  no r e a s o n   t o   b e l l e v e   t h a t   t h e r e  exlsts onlJ one s p e c l f l c  Techhnlsm 
f o r  t5e l a t t e r   p r o c e s s ,  ratker, a F e a t  number of reac t lons   nay  and  probably  do oc- 
c u r   e l t h e r  singly or In   un lson  T r e  n r e v e r s l b l l l t - \ -  MY be  caused by exchange  re- 
a c t l o p  hetween t h e  sodlu3 and the  hydrogen Loris on tl-e s t a b l l l z e r  and the  Fydrogen 
and  other   adzorled Ions on the s o l 1  p r t l c l e s  The type  and  anount of humus l n   t h e  
s o l t  undoubtedly  play a r o l e  I n  t>ls connectlon The l r r c v e r s l b l t l t y  may a l s o  3e 
caused by pure ly   phys lca l   adsorp t lon  phenomena, Qr try any  and a l l  phy-lcal  o r  
chemlcal  sd-face  pheromena,  wklci  are !:rnwn t o   p l a y  a r o l l  I n   t h e  s o i l s  I n  t b l s  
connectlon  the  Importance of rmcroblolo,ylcat  phenomena  must  not be overlooked 

T h l s   f m l n g  of t h e  s t ah l l l ze r  by t h e  s o l 1  OCCUTS a l r eady   In   t he   mo l s t  medlum, 
however, d r p n g   a c c e n t l ' a t e s   t h l s  i lx lng  Ly mauc lng   t he  complex  molecules of t h e  
s t a b l l l z e r   t o   o r l e n t  thelr  morganlc   nydrop? , l l l c   faces  tov.aras the   l no rgan lc  s o l 1  
p a r t l c l e s  and their hydrophoblc resinous ends  toward  the  atmosphere 

A-1 so l1  as c l d s s l f l e d  by t h e  F'ubhc Roads Adnunls t ra t lon)  
9 C l n l  A r r o n a n t x s   A h n l s t r a t l o n ' s   c t a s s l f l c a t l o n   ( c o r l e s p o r d s  t o  an 

ana lys l s ,   appears   to   be   cont rad lc ted  by none of t h e   m o m   f a c t s ,   I n d e e d ,  It ap- 
p e a r s   t o  be t h e  only  concept  whlch  harmonlees some appa ren t ly   con t r ad lc to rg   da t a  
The respective Ideas  were  concelved b y  Dr Hans F Wmterkorn d a m &   t h e   H l n t e r  
of 19L2-43 and  were   recorded   In   a f f ldavl t  sworn t o  on May 22, 19L3 

lo Thls  concept,  whlle a product of l n t u l t l o n   r a t h e r   t h a n  of d e t a l l e d  



cen te r s  on t h e  s o l 1  p a r t i c l e s  and does  not p e m t  easy   wet t lne  of the  system The 
Becomng  fixed i n   t h i s   p o s l t l o n .  t h e  s t a b l h s e r   s h l e l d s   t h e   w a t e r   a t t r a c t l o n  

s t a b l l l z e r   d e c r e a s e s   t h e  water Z f f l N t y   a s   w e l l   a s   t h e   a c c e s s l b l l l t y   o f   t n e   I n t e r n a l  
sur face  of c o h e s l v e   s o i l s   w h l l e   l n t e r f e r l n g   l i t t l e  or  n o t   a t   a l l   m t h   t h e i r  coheslon 
I n  this connectlon It should   be   s ta ted   tha t  t h e  resm s t a b l h z e r  1s usable   on ly   for  
5011s of suf f lc ien t   c lay   conten t   to   possess   Inherent   cohes lon   under   d ry  and molst  

malntaln  the  natural   coheslon  of   the so11 by  preventlng  the  entrance  of excessive 
condl t lons  The s t a b l l l z e r   d o e s   n o t  add cokes lon   to  a system;  ra ther  It t e n d s   t o  

amounts of n a t e r  

one member of a l a rge   faml ly   o f   ac tua l  or  poss lh l e   r e s inous   s t ab l l l z lne   agen t s  Other 
members of t h l s   f m l y  have a l r eady  been lnves t lga t ed  or  a r e   b e m g   l n v e s t l g a t e d  m 
the   l abo ra to ry   a t   t he   p re sen t   t lme  

It should  be  kept  1n mlnd tha t   Res ln  321 1s not   an  unlque  mater la l   but   only 

COFICLUSIONS 

From t h e   r e s u l t s  of t h e   i n v e s t l g a t l o n  described m t h l s   r e p o r t ,   t h e   f o l l m n g  
c o n c l u s i o n s   a r e   d r a m   m t h   r e s p e c t   t o   t h e   s o l 1   s t a b l l l z m g   e f f e c t l v e n e s s  of Resln 321 

1. Treatment m t h  Resln 321 r e d u c e s   t h e   t o t a l  amount a n d   t h e   r a t e  
of  water  absorptlon  and,  througt,   thls  action,  protects  coheslve 
5011 s y s t e m s   a g a i n s t   t h e   d e t r m e n t a l   e f f e c t  of m o l s t u r e  f l uc tua -  

2 The quan t l ty  of s t a h l l l z e r   r e q u l r e d   f o r   e f f e c t l v e   t r e a t m e n t  1s 
t l o n s  

ve ry  smqll; 0 .2  percent,  on t h e   b a s l s  of t h e   d r y   a e l g h t  of t h e  
so11 (approxlmately 1 pound per   square   yard   for  a &Inch  depth 

3 Res in  321 1s malnly a waterprooflng  agent  and  does  not add t o  
of t r ea tmen t ) ,   g rea t ly  improved a l l  so11s t e s t e d   I n   t h l s   s t u d y  

n t h  s o l l s  possesslng low coheslve  propert les  
the   na tura l   cohes lon  of a s011, the re fo re  It 1s no t   e f f ec t lve  

reason,   experments  and obse rva t ions   des lgned   t o   fu r the r  Its 

poss lh l e  
eva lua t lon  must  be  based on as broad a fac tua l   foundat lon  as 

4 The ac t ion  mechaNsm  of Resin 3.21 1 5  very  complex; f o r   t h l s  

an   e f f ec t lve   s t ab I l1z lng   agen t ,  It 1s recommended t h a t  I t s  evaluat lon  be  fur thered 
by   the   cons t ruc t ion  of f l e l d  tes t  s e c t l o n s  

S l n c e   t h e s e   d a t a   s h m   t h a t ,  from a l abora to ry   po ln t  of new, Resin 321 1s 

APPENDIX 

CKEMICkL  TESTS MADE FOR THE 
CHARACTERIZATION OF RESIN STABILIZER 321 

Testa  Performed 

1 D e t e m n a t l o n  of t h e   a n d  number  of Resm 321 by means of t h e  A.5.T M 
method DL&-12 and  by a ma l l f l ed  method p e m t t m g  longer   tune of r e a c t l o n  
between t h e   a l k a l l  and t h e   s t a b l l l z e r  

2 C r a m e t r l c   d e t e r m l n a t l o n  of t h e  sodlum content  of Resln  321 
3 D e t e n n a t l o n  of t he   me l tmg   po in t  of Resln 321 on t h e   p l a t e  of a 

4 Determnat lon   of   the   mel tmg  po in t  of pure  ablet lc   acld  prepared  f rom 

5. P o t e n t l o m e t r l c   t l t r a t l o n  of pure a b l e t l c   a c l d   n t h   a l k a l l   I n   a n  

b P o t e n t l o m e t r l c   t l t r a t l o n  of t h e   R e s m   3 2 1 m t h   a l k a l i  and acid,   respec-  

Flsher-Johns  meltlng  point  apparatus 

Resm 321 

aqueous medIum 

tlvely, m an  aqueous medlum. 
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7 Determlnation of m o i s t u r e   a h o r p t l o n  of comple te ly   and   par t ia l ly   neut ra l ized  
r o s i n  i n  an  atmosphere over a 30 percent  aqueous  solutlon of s u l f u r i c   a c l d   a t  
room temperature  

mscus.;1on of Resul t s  

The d a t a   o b t a m e d   I n   t e s t s  1 through 4 a r e   e v e n   I n   t a t l e  I1 Ttey chow 
tha t   Res in  321 1 s  a d e r l v a t l v e  OS a b l e t l c   a c i d   n t h  a composltlon  corresponding  very 
closelg- t o   t h e   t h e o r e t i c a l  composition of t h e  complex s a l t   c o n s l s t i n E  of 1 molecule 
of sod~urr a s l e t a t e  and 3 molecules of a b l e t l c   a c i d  The f a c t   t h a t  the ac ld  number 
o f   t h e   s t a c l l l z e r  is  somewhat iower  than t . e  t h e c r p t l c a l ,  and h a t  t h e  T e l t l n c   p o l n t  
1 s  also  lower  than  that .   founa by  otker  mnvrst1,yators for the  at ,ove named complex 

t h x  type of m a t e r i a l s   a r e   r a t h e r   e r r a t l r :  and  consequent ly   are   rot   a lways  re l iable  
sal t ,   1ndicaLes  the  presence of some impur l i i e s  However, t he   . ne l t l ng   po in t s   fo r  

c r l t e r l a  

flgure shows thal, t t e   a l k a l i   c o n t a i n e d  ln t he   comnerc l a l   s t an l l i ze r  1s considerar,ly 
l e s s   a c t l t e   t h a n  tPe a l k a l l   I n  a f r e s h l y   p r e p a r e d   n a t e r l a l  of the  saTe  conposi t ion 
This  behavlor is due t o   t h e   f a c t   t h a t   a q u e o u s   a i s p e r s l o n s  of a lPs l l - aL ie t l c   ac id  
complexes r ep resen t  colloidal systems  In  whlch  aqing  plays a considerable r o l ?  
This 15 a n   l n p o r t a n t   c h a r a c t e r u t l c   m t h   r e s ; e c t  t o  the   use  of these   mater la l s  in 
s o l 1  s t a b l l l z a t l o n ,  a 1op;lcal  consequence o f  t h l s   c h a r a c t e r i s t i c  1 s  t h e  improvement 
of t he   wa te r   r e s l s t ance  of s o i l s  t r e a t e d   > n t h  2 conpound such  as  Resln 321 by dry- 
c u r l n g  p r e n o u s   t o   e x p o s u r e   t o   w a t e r  

The d a t a   o b t a m e d   i n   t , e s t s  5 ana 6 are   g-ren  Fapblcal l : .  Ln fquure 19 Thls 

The d a t a   o b t a l n e d   I n   t e s t  7 a re   g iven  m t a b l e  111 They I n d i c a t e   t h a t  
a b l e t i c   a n d  w h x h  has   one - fo~r th  of its a c l c  number s a t i s f i e d  by sodlum lonz ( thls  
cor responds   to  tt,e conposl t lon of Resin 321) possesses  a low w a t e r   a f f l r i t y   T h i s  
1 s  an  advartage 1r t t e   c a s e  of shipping under  condltlons of high  atmosonerlc ~ 0 1 s -  
t u r e   c o n t e n t  

TABLE I1 

A COYP&RISCN O? TIIF PXOFERTIFS OF E S I N  STUILIZER 321, 

1 MOLECULE OF SODIUM AriIETATE A I D  3 MOLXCULES CT AbIETIC n C I D  
A->IETIC ACID, AND A COMPOUIIC COIISISTING OF 

Compound 

1 sodium a b i e t a t e  - 7 a b l e t i c   a c l d s  

Res ln   S t ao i l l ze r  321 

Pure a t i e t i c   a c i d   p r e p a r e d  Srom 
Resin  Sta1, i l lzer  1 2 1  

(1) Frov t h e o r e t l c a l   c m p u t a t l o n s  
(2) IXoont  and  Desalures 
i3j  Paiklns  and Harris, J k c s , v o l  56,  (1934) 
( 4 )  A S T M nethod 
( 5 )  Modlfied met'-od perrr;ttms  longer t lne o f  contact .  
( b )  Poss lb l l l ty   o f  small l o s s  In g r a v i r e t r l c   a r a l y s l s   a u e   t o  non- 

(7)  As found m labora to ry  
a v a l l a l i l i t y  of p l a t l n u  ware 
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(8) The f o l l m n g   d a t a  are p v e n   I n   t h e  literature f o r  t h e   T e l t l n g  
po ln t   o f   ab l e t l c   ac ld   ob ta lned  oy  

a Vacuum d l s t l l l a t l o n  of r o s m  - 158' C 
b Extraction m t h   b o l l l n g   a c e d l c   a n d  - 1'.1°-1650 c 
c C r y s t a l l l z a t l o n  f rm colophony - 137' -166~ C 

TABLE I11 

MOISTURE  AESORPTION OF COMPL5TELY ANT 

30 PERCENT AQUEOUS SOLUTION OF S ~ I C  ACID AT ROOM TEMPERATURE 
PARTIALLY NEUTRALIZED ROSIN I N  AN kTMOSPHEfiE OVER k 

Percent  of mater In t ake  on b a s l s  
of d r y  itrelght specmen  

Pe rcen t   Neu t ra l l za t lon  2 weeks 1 week 3 days 1 day 

100 

50 
75 

16.7 15 5 13 4 11 05 
7 72 9.15 10 4 

4 52 
25 (Resln 321 ) 1 75 

5.55 

0 
1 85 

0 18 
1 91 

0 18 
3 11 

0 2  0 3  

L 26 4 55 
5b 

1 

3 
2 

4 
5 
6 
7 
8 
9 
10 
11 

12 
13 
u 
15 

15 

17. 

18 

19 
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Figure 1 Gram S m  - Dmtnbutlon Curves of the Different Sods 
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WATER  CONTENT  IN  PERCENT OF OPTIMUM  MOISTURE AT START OF SOAKING 

Flgure 14 Influence of the Molsture  Content at  the  Start of Soaklng on the 
Water Ahsorptlon of the Dlfferent S o h  

0 10 20 30 40 50 60 

SOAKING TIME IN MINUTES 

Flgure 15 Water Ahsorptlon of Untreated Sod Figure l6 Effect Of 321 In "lclng the 
Water Absorption of the  Dlfferent 
So~ls  - One Day of Soak~ng Specmens- One Hour of Soakmg 



25 

IS
 d 001 NI 

H
1

3
N

3
U

S
 3A

lS
S

38d
W

03 

0
 

E
 

0
 

m
 

0
 

w
 

0
 

* 0
 

N
 

0
 

I S
d

 001 
N

I  H13N
3tlL

S
 

3A
lS

S
3LldW

03 



2
t 

7- 


	FOFEWORD
	SmY
	INTRODUCTION
	DESCRIPTION OF MATERIALS
	TESTING PROCEDURES
	TEST RESULTS
	DISCUSSION
	CONCLUSIONS
	FIGURE INDEX
	I Identlflcatlon of the Solls Rnployed
	2nd 3 Molecules of Abletlc Acld

	Sulfurlc Acld at Room Temperature

	Molsture - Density Relatlonsh,p of Pie Dlfferent Solls
	Callfornla Bearing Ratlo Test Data - Sol1 B
	Cailfwnla Bearlng Ratlo Test Data - Sol1 E
	Callfornla Bearme Ratlo Test Data - Sol1 L
	Callfornla Bearlng Ratlo Test Data - Sol1 M
	Callfornla Bearlng Ratlo Test Data - 5011 N

