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SYNOPSIS 
This paper reports the results of a laboratory study of the effect of various per

centages of lime and portland cement upon the engineering properties of a heavy, 
sticky, gumbo soil which is rather frequently encountered in highway construc
tion in southwest Iowa The soil is a very old, highly weathered montmoriUo-
nitic material of Nebraskan or Kansan age and contains about forty-five percent 
of five-micron clay. I t is an A-7-6 (20) soil in the Bureau of Public Roads classi
fication system 

Various percentages of unslaked lime (CaO) and of portland cement were 
added to the soil in the dry state and the influence of these admixtures was ob
served by comparing the results of certain tests of the mixtures with the test 
results on the untreated soil The properties chosen for these comparisons were 
the liquid limit, plastic limit, and plasticity index; the shrinkage limit, shrinkage 
ratio, linear shrinkage and volumetric change, the standard AASHO density and 
optimum moisture content; and the GBR with soil molded to standard AASHO 
density. 

The results of these comparisons indicate that a marked and favorable modi
fication of the soil is accomplished by both these admixtures in all properties 
studied with the exception of the standard AASHO density and optimum mois
ture content No change in these properties was observed. The comparisons 
further indicate that the unslaked bme was considerably more effective at low 
percentages of admixture in producing the observed modification than the port-
land cement. 

H 

Gumbotil or "gumbo" is a pecuhar gray to 
nearly black, waxy, sticky soil which is en
countered frequently in southwest Iowa and 
in other glaciated regions of the Illinoisan, 
Kansan and Nebraskan stages of the Pleisto
cene epoch. This soil is a heavy, impervious, 
clayey material developed m the zone of ac
cumulation under poor drainage conditions 
and contains relatively high percentages of 
fine clay and colloidal material. Gumbo ia very 
plastic at normal moisture contents and pre
sents very senous problems in design, con
struction and maintenance of highways in 
regions of its occurrence. Any practical means 
of modifying this soil to improve its engineer
ing properties would be a boon to engmeers 
responsible for the highways in such regions 
and would greatly benefit the highway user. 
The purpose of this paper is to summarize the 
results of a laboratory study in which various 
percentages of unslaked hme (CaO) and of 
Portland cement were added to a gumbotil and 
the changes m engineermg properties of the 
soil determined 

The sample of gumbo used in this study was 
taken from a pit dug in the back slope of a cut 
section on the north side of Iowa Primary 
Road 92 at station 740 -1- 60 approximately 

, 4 mi. east of US Highway 71, near Cumber
land, in Cass County, Iowa. The sample pit 
was 2 to 3 f t . below the slope surface and 10 or 
12 f t . below the natural ground surface before 
the highway cut was made The location of the 
sample is such that the soil is presumed to be 
of Nebraskan age, though some authorities be
lieve i t IS Kansan. I n any event, i t is a very 
old and highly weathered material. I t was 
selected for study because outwardly i t ap
peared to be similar to the so-called "black 
cotton" soil, or Begur, which exists over large 
areas in southern India. 

The soil as sampled was first analyzed by 
the standard identification tests specified by 
the AASHO. The mechanical analysis was 
also determmed by a long-arm centrifuge to 
obtain the particle size distribution of the frac
tion smaller than 1 micron. The results of the 
mechanical analysis by both the standard 
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T A B L E 1 
M E C H A N I C A L A N A L Y S I S O F O U M B O T I L 

S O I L 

Sieve No. 

Standard AASHO 
Bouyoucos Hy

drometer Method 
Long-Arm Centri

fuge Method 

U S Std U S Std 
Percent Percent 

bize Fmer oize Finer 

4 
MM 
4 7 100 

MM. 

10 2 0 99 8 
20 0 83 99 4 
40 0 42 98 3 
60 0 20 98 6 

140 0 105 94 8 
200 0 074 94 3 

Equivalent sphen- 0 039 86 1- 0 041 87 3 
cal sue computed 0 027 77 2 0 023 71 0 
from meaaurement 0 018 86 S 0 0175 65 9 
of settling velocity 0 010 56 7 0 0125 61 1 
by means m 0007 50 6 0 009 57 0 
Stokes' law 0005 44 7 0 0075 52 6 Stokes' law 

0 001 25 5 0 00525 46 6 
0 00375 41 8 
0 00280 36 8 
0 00222 34 6 
0 0016 29 0 
0 00135 25 2 
0 00098 21 3 
0 00075 17 5 
0 00057 15 2 
0 00046 13 6 
0 00034 10 0 
0 00023 9 0 
0 00016 8.0 

differential thermal method. The thermal 
curve of the soil sample and standard curves 
for pure montmonllomte and kaolmite are 
shown m Figure 3. This analysis mdicated that 
the predominant clay mineral m the minus 
0 2-inicron fraction of the soil was montmonl
lomte, with some kaolmite also present. 

The pH of the soil was determined by means 
of a Beckman pH meter and the organic mat
ter content by oxidation and titration with 
ferrous ammomum sulphate Other tests con
ducted were the modified AASHO density test 
and the CBR test, both as specified by the 
Corps of Engmeers, U . S. Army The CBR 
test was also conducted with the soil com
pacted to standard AASHO density The prop
erties of the natural soil as sampled, which is 
classified as A-7-6(20) in the revised Bureau of 
Public Roads classification system,' are shown 
in Table 2 

After the properties of the natural soil were 
determined, various amounts of hme and of 
Portland cement were added to the soil and the 
stabihzing effect of the admixtures observed 
by comparing the properties of the soil plus 
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Figure 1. Mechanical Analyses of Soil Used 

hydrometer method and the long-arm centri
fuge method are shown m Table 1 and Figure 
1. A photograph of the long-arm centrifuge is 
shown m Figure 2. 

The type of clay mmeral in the colloidal 
fraction of the soil was determmed by the 

admixtures with those of the natural soil. The 
properties chosen for these comparisons were 

> "Report of Committee on Classification of 
Materials for Subgrades and Granular Type 
Roads" Proceedings, Highway Research Board, 
Vol 25, p 375-392 (1945). 
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Figure 2. Long-Arm Centrifuge Used to Meas
ure Particle Size 

work. I t has a specific gravity from 3 15 to 
3.40 The portland cement used was a com
mercial grade obtamed from a local lumber 
yard. The specific gravity of cement is about 
3 20. The lime was pulverized and passed 
through a 100-mesh sieve before i t was added 
to the soil. The portland cement was used m 
pulverized form as taken from the bag. Both 
the lime and cement were added to the soil 
m amounts expressed as a percentage of the 
dry weight of the soil. 

In the plasticity tests, the lime and the 
cement were added to the soil in the amounts 
of 1,2,3,4 and 8 percent The soil and the ad
mixtures were mixed thoroughly in the dry 
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Differential—thermal curves 
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Figure 3. Differential-Thermal Curves of Test Soil Compared with Standard Samples 

1000 

the hquid limit, plastic limit and plasticity 
index; the shrinkage limit, shrmkage ratio, 
linear shrinkage and volumetric change, the 
standard AASHO density and optimum mois
ture content; and the CBR with the soil 
molded to standard AASHO density 

The lime used was USP calcium oxide ob
tamed from the chemistry department of Iowa 
State College I t corresponded roughly with 
the commercial unslaked or lump lime 
forinerly used widely in masonry and plaster 

powdered state. Then water was added to the 
mixture m sufficient quantity to produce a 
plastic mass Each mbdiure was then divided 
mto two parts. One part was tested for hquid 
limit and plastic lunit after standmg in a 
humidifier for one hour. The other part was 
allowed to stand for 48 hr. before testing. 
The results of the plasticity tests on the natu
ral soil and the various soil-lune and soil-
cement mixtures are shown in Table 3 and 
Figures 4 and 5 The changes in liquid limit 
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T A B L E 2 
P R O P E R T I E S O F G U H B O T I L S O I L 

Moisture content (aa aampled) 
Hygroeoopic moisture 
Field moisture equivalent 
Centnfuge moisture equivalent 
L i q w d limit 
Plostio hmit 
Plasticity index 
Shnnkage limit 
Shnnkase retio 
Volumetne ohange 
LiTifflr shnnkage 

TTnifoimi^ooefficient 
B P R elasmfieation (revised) 
T ^ e spemfie gravity (pycnometer method) 
Onanie matter 

(Beekman p H meter) 
nedominate olay mineral (—02 micron 

fraction) Hontmonllonite 
tandard A A S H O density 97 6 ] 

Optimum moisture 2S 39 
odiSed A A S H O density IW 0 j 

Optimum moisture 19 Vf^ 
C W o r m a Beanng R ^ ^ s t e - s a m p l e molded to Mod 

C B R (as molded) " " " ^ 24 
C B R (soaked4^<^) ^ 1 

Ct^OTma^lBeanng R a t u % i s - « a m p l e m o l d ^ to Std 
A A S H O density ' 

C B R (as molded) 2 i 
C B R W k e d 4 days) 1 : 
Expansion (soaked 4 days) 1 I 

A-7-6 (20) 

of bme and 4 pereent of cement These results 
are given in Table 5. 

California Bearing Ratio tests and swell 
tests were made on mixtures containing 2 and 
4 percent lime, and 4 percent cement. These 
tests were conducted according to the speci
fications of the U . S. Corps of Engineers, ex
cept that the soil was compacted in the molds 
to standard AASHO density instead of the 
usual Modified AASHO density. The results 
of the CBR test and the swell test are given in 
Table 6 

The comparisons between the properties of 
this gumbotil soil in its natural state and those 
of the soil plus admixtures indicate that, in 
general, the engineering properties of the soil 
were improved by the addition of lime and of 
Portland cement. There was a marked de
crease in liquid limit produced by the addition 
of both these materials. Also, the plastic limit 
was increased and consequently the plasticity 

T A B L E S 
R E S U L T S O F P L A S T I C I T Y T E S T S O N G U M B O S O I L A N D V A R I O U S M I X T U R E S O F S O I L - L I H E A N D 

S O I L - C E M E N T 

Muture 

Natural soil 

Soil + 1% hme 
Sod + 2% bme 
S o i l + 8% hme 
Soil + 4% hme 
Sod + 8% hme 

Sod + 1% cement 
Sod + 2% cement 
Sod + 3% cement 
Soil + 4% cement 
Sod + 8% cement 

One-Hour Hydration 

Liquid 
Limit 

% 
89.0 

64 0 
61 5 
S70 
M.5 
51.0 

62.0 
600 
680 
650 
550 

Plastic 
Idmit 

37.3 I 41 7 
Sod-Lime Mixtures 

Liquid 

47.0 
49 5 
46 0 
44 6 
43 5 

17.0 
12.5 
n.o 
10 0 
7.5 

605 
555 
51 0 
48 5 
45 5 

Sod-Cement Mixtures 
320 
38 0 
36.0 
350 
47 5 

30 0 

i : ! ! 
20.0 
7 5 

623 
63 5 
608 
555 
48 5 

48-Hour Hydration 

Plastic 
Lumt 

46 0 
47 5 
46 0 
44 5 
43 5 

307 
36 0 
37 4 
39 0 
45 0 

13 5 
8 0 
5 0 
4 0 
2 0 

31 6 
27.5 
23 4 
16 5 
3 5 

B P R Q a s s 

A-7-6(20) 

A-7-5(13) 
A-5 (11) 
A-5 (10 
A-5 (10) 
A-6 (9) 

A-7-5(20) 
A-7-5(19: 
A-7-5(17 
A-7-5h4 
A-5 (10) 

and plasticity mdex brought about by the 
addition of various percentages of lime and of 
cement are reflected by correspondmg changes 
in the Bureau of Public Roads classification 
of the soU plus admixtures. The classifications 
and group mdex ratings of the modified soils 
are shown in Table 3. 

Standard AASHO shrmkage tests were con
ducted on mixtures containing 2 and 4 percent 
of lime and of cement. The results of these 
tests are given in Table 4 and Figure 6. 
Standard AASHO density tests were con
ducted on mixtures containing 2 and 4 percent 

mdex was decreased. The decrease m PI was 
from 41 7 for the natural soil to 2.0 for 8 per
cent lime admixture, and 3.5 for 8 percent 
cement. However, as the percent added in
creased, the lime produced a much more rapid 
decrease in P I than the cement. For example, 
2 percent of lime reduced the P I to 8.0, where
as 2 percent of cement only reduced i t to 27.5. 

Similar favorable medication of the soil 
was noted with respect to the shrinkage fac
tors and the strength of the soil as revealed by 
the CBR tests. Both the bme and cement un
proved these properties of the soil, and again 
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the lime was the more effective of the two for 
equal amounts of admixture. I t will be noted 
m Table 6 that soaking the samples containing 
the lime and cement admixtures increased the 
CBR values as compared to the values "as 
molded". This, of course, is contrary to the 
usual effect of soaking natural soils and is 

cement reduced the density to 96.3 and 96.5 
pcf. respectively. These changes are not con
sidered to be ugnificant m view of the very 

Liquid Limit 

L r ' ' * » - - ^ . Iin» — 
^ P l o r t i c 

iquid Limit 

48 hours hydration 

I hour hydration v^Plosticrty Index 

>rPlasticity Index 

2 4 6 
PERCENT ADMIXTURE 

(by weight) 
Figure 4. Atterberg Limit Test Results after 

1-Hour Hydration 

probably due to the cementmg action of the 
admixtures. 

The addition of either lime or cement did 
not improve the density characteristics of the 
soil. In fact they appear to be affected some
what adversely. The addition of 4 percent of 
hme to the soil decreased the standard AASHO 
density from 97 5 pcf. for the natural soil to 

pcf. Two percent hme and 4 percent 

2 4 6 

PERCENT ADMIXTURE 
Figure 5. Atterberg Limit Test Results after 

48-Hour Hydration 

T A B L E 4 
R E S U L T S O F S H R I N K A G E T E S T S O N G U M B O S O I L 

A N D V A R I O U S M I X T U R E S O F S O I L - L I M E 
A N D S O I L - C E M E N T 

Mixture 

Natural soil 

Soil -I- 2% hme 
Sod -H 4% hme 

Soil + 2 
Soil -t- 4% cement 

Shrmk
age 

Lunit 

Sod-l 
9 5 

•liime 
24 0 

. 29 0 . 
Soil-Cement 

18 0 
21 9 

Shnnk-

Ratio 

. 2 1 
Mixtures 

1 6 
1 4 

Mixtures 
2 0 
1 7 

Volu
metric 
Change 

% 
» 8 

22 5 
13 0 

48 7 
267 

Linear 
Shrink-

% 
14 8 

6 5 
4 0 

12 5 
7 5 

favorable modification of the soil with respect 
to plasticity, shrinkage and swell, and strength 
properties. 
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This laboratory study indicates that i t is 
possible to modify favorably the gumbotil 
soils of southwest Iowa by the addition of lime 

Shrinkage Limit 

Shrinkage Ratio 

101 

0 

Volumetric Change 

I Lineal ShrinkMe * 
' 0 1 2 3 4 

PERCENT ADMIXTURE 
(by weight) 

Figure 6. Results of Shrinkage Tests at 0,2, 
and 4 Percent Admixture 

or Portland cement Also, the mdications are 
that lime is more effective than portland ce
ment and produces more extensive modifica
tion for the same amount of added material. 

The authors realize that the favorable results 
achieved m this laboratory study represent a 
goal which probably could not be completely 
obtained m the field. However, further study 
along this line, particularly with reference to 
practical methods of combining the materials 
in the field and the observation of field results, 
would appear to be justified. 

T A B L E S 
S T A N D A R D A A S H O D E N S I T Y T E S T O N G U M B O 

S O I L A N D V A R I O U S M I X T U R E S O F S O I L -
L I M E A N D S O I L - C E M E N T 

Mixture Maximum 
Density 

Optimum 
Moisture 

f f % 
Natural i 97 S 2S 3 
Soil-<-2< • bme 96 3 21 8 
8oil + 4< 9 hme 92 8 26 0 
Soil -f- 1< 'o cement 96 S 23 0 

T A B L E 6 
C A L I F O R N I A B E A R I N G R A T I O T E S T S O N G U M B O 

S O I L A N D V A R I O U S M I X T U R E S O F S O I L -
L I M E A N D S O I L - C B J I E N T 

(specimens molded to standard A A S H O density) 

Mixture 
Pene

tra
tion 

As Molded Soaked 4 days 

Mixture 
Pene

tra
tion Load GBR T,niiri C B R 

Sw
el

l 

tn tn. % pn % % 
Natural soil 0 1 42 22 

1 2 
1.0 

0 s 69 2 S 30 1 2 
Soil 4- 2% lime 0 I 170 

7 3 
4S0 0 Soil 4- 2% lime 0 5 190 7 3 600 23 0 

Soil -H 4% hme 0 I 83 200 
9 3 

0 Soil -H 4% hme 
0 S 170 6 6 240 9 3 

0 08 Soil -t- 4% cement 0 1 93 
4 6 

ISO 0 08 Soil -t- 4% cement 
0 i 120 4 6 170 6 7 
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