
Engineering Classification of Organic Soils 
ARA ARMAN, Division of Engineering Research, 

Louisiana State University 

Classification systems have been used to correlate the physical proper
ties of a soil with its structural performance. Because no extensive 
engineering classification system exists for organic soils, uncertainty 
reigns in the design of structures founded on these materials. In this 
study, the physical properties of organic soils were evaluated by an ex
tensive testing program as a general approach to an engineering classi
fication system. Several previously unknown characteristics of organic 
soils were found. Following a comprehensive literature search con
cerning the physical characteristics of organic soils, laboratory testing 
evaluated their engineering characteristics. Some of these character
istics (strength, consolidation, and the like) did not follow the general 
assumptions that have been used by engineers in the past. One of the 
conclusions drawn from this study is that soils containing as much as 
20 percent organic material may be used as foundation material without 
ill effects. A correlation was established between water content, wate1· 
absorption, and the pH of organic soils . It was found that present-day 
combustion methods of determining organic content are in error. From 
an engineering standpoint, the character, source, or environment of the 
organic matter in soils is of secondary importance. A classification 
system based on the characteristics of organic soils in Louisiana is 
presented, and a tentative method of determining organic matter con
tent in soils is developed. 

•IN THE IDENTIFICATION of soils by constituents, the two general classifications are 
organic and inorganic. Organic soil is defined as any soil containing a sufficient amount 
of organic matter to influence its engineering properties. Because the "science" of 
soil mechanics is mainly involved with analyzing the physical characteristics of inor
ganic soils, the presence of organic materials is thus ignored. One finds pronounce
ments in the soil mechanics literature that organic soils are so poor for foundation 
purposes that their properties · are the subject of much less study . The scope of this 
study was set to determine qualitative and quantitative classification indexes for organic 
soils. 

Most of the available literature on organic soils is found in Canadian and some Rus
sian publications. In particular, the annual Muskeg Research Conferences in Canada 
are a rich source of information on organic soils (peat) . h1 one such Canadian paper 
by Radforth (1), a cmssification system based on macroscopic constituents of the or
ganic soils was presented. It should be mentioned that the organic soils discussed in 
the Canadian literature a1·e rather different from those comprising the subject of this 
report. The peats studied by the Canadian researchers are nearly pure organic mate
rials; those reported on here are mixed with various types of mineral soils that affect 
the engineering properties of the total organic soil. 

Paper sponsored by Committee on Exploration and Classification of Earth Materials and presented at the 49th 
Annual Meeting. 
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Organic deposits along the Gulf Coast are composed of saturated organic mixtures. 
The organic matter is provided by decayed vegetation deposited in a fresh, flotant, 
brackish, or saline enviromnent (2). 

Typical results from laboratory consolidation tests on peat by Adams (4) showed that 
an initial relatively large settlement occurs within a short time (5 minutes}. The long
term settlement, which continues indefinitely at a slow rate, appears to be almost en
tirely dissipated during the initial settlement. 

Deformation by compression is considerably greater in peats than in clays and silts 
because of the high water content a:nd the low volume of solids. Hanrahan (5) found that, 
under load, peat with high organic content continues to deform indefinitely without the 
formation of failure planes. He concluded that the strength of peat is of a cohesive na
ture that is primarily dependent on the water content. 

PREPARATION FOR TESTING 

This study was performed using two major types of specimens, natural and artificial. 
In the first phase of the study, artificial mixtures of loose organic material and mineral 
soils in predetermined proportions were prepared in the laboratory to obtain uniform 
specimens that would give reproducible results. (Later experience indicated excellent 
test replication.) In the second phase of the study, natural mixes and also mixes occur
ring in nature were tested. The analyses of the latter were used to decide on the range 
of artificial and natural mixture proportions and to determine the reliability of the re
sults from the artificial mixtures. The terms artificial and natural refer to the prepa
ration of the samples. All other factors and testing procedures were identical. Flow 
cluu:ts for the testing program of natural mixtures and artificial mixtures are shown in 
Figures 1 and 2 respectively. 

Preparation of Artificial Mixes 

Artificial mixtures were prepared by mixing, at varying percentages, organic soils 
that had been dried at 130 F and crushed in a disc-type pulverizer. The mineral soils 
were prepared accordil1g to ASTM Designation D 421-58 (1965) at varying percentages . 
It was assumed that crushing and drying at 130 F affected some of the physical charac
teristics of the final mixtu1·e-thus the term artificial. 

Samples were obtained from the Pontchartrain basin region of south Louisiana. The 
Pontchartrain basin is a low area bounded on the south by the natural and artificial lev
ees of the Mississippi River and on the north by the Pleistocene highland of the Florida 
parishes. This area was chosen after an extensive geological study of Louisiana's or
ganic deposits. The Pontchartrain Basin is ideal for the procurement of organic-rich 
soils because of its long history of subsidence combined with a series of successive en
vironments, all rich in organic materials. 
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Figure 1. Testing program of natural mixtures. 
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Figure 2. Testing program of artificial mixtures. 

Approximately 400 soil cores (mixes as appearing in nature) and 7,000 lb of loose 
organic s oil were obtained for this program. Cores for routine testing and dating ( C14

) 

were taken from the ground surface to a depth of 40 ft. Four thousand of the 7,000 lb 
of loose organic soils were oven-dried and crushed for incorporation into artificial mix
tures. The 01·ganic content of this portion of the soil was fow1d by combustion to be 55 
percent . 

Three different mineral components-clay, silt, and sandy clay-were mixed in vary
ing p1·opo1·tions with the 55 percent organic soil to form artificial organic mixtures. A 
range of organic content between O and 50 percent was chosen because most of the nat
ural organic deposits in the study ar ea were represented in this range. Samples with 
organic contents of 0, 5, 10, 20, 25, 30, 40, and 50 percent were prepared with each 
of the three types of mineral soils. 

Preparation of Natural Mixes 

The remaining 3,000 lb of soil were used for the preparation of natural mixes. In the 
preparation of samples of natural soil for various tests, part of the soil was removed 
from the humidity room where the samples were stored and divided into small portions. 
These portions were formed into spheres having an approximate diameter of 2½ in. 
The soil spheres were allowed to dry at a room temperature of 72 F for 2 days . The 
dried spheres were sliced into thin layers (1/a in. or less). Slicing eliminated the pres
ence of long fibers and the uneven distribution of fibers that would impair the placement 
of samples and the uniformity of results in consolidation, triaxial, and other tests us
ing fabricated cores. 

The procedures for mixing mineral ingredients with or ganic soil, the type of mineral 
ingredients, and molding and testing were the same as those for artificial mixtures. 

TESTING 

Preliminary Analysis of Organic Soils 

In the laboratory, portions of each soil sample were tested to determine moisture 
contents by drying at 230 F (ASTM D2216-63T). The organic content (by dry combus
tion) and pH value were determined for each sample. The sample weight lost through 
ignition in a furnace at 950 C for a period of 1 hour divided by the total dry weight 
yielded the percentage of organic matter present. 

The organic content of the natural soil was also determined by the "wet combustion" 
method (AASHO T 194-631) to find a possible correlation between the wet and dry com
bustion methods . Wet combustion did not indicate the total organic content when rela
tively undecayed plant remains or hydrocarbons were present. The resultant relation
ship between these two methods is shown in Figure 3. 
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Figure 3. Organic content relationship as determined by 
two methods. 

It was observed that basic changes took place in the mineral ingredients during the 
combustion tests (950 C). At that point a secondary investigation was begun to ascer
tain these changes and to delineate their effects on the determination of the organic con
tent. 

Differential thermal analysis , thermal gravimetric analysis, and X-ray diffraction 
were used to determine mineral and gravimetric changes taking place du.ring combus
tion at temperatures up to 950 C. At approximately 440 to 445 C, dehydroxylizatiol) of 
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montmorillonites occurred along with the combustion of the organic matter (Fig. 4). At 
600 C, all of the organic content was burned. However, the dehydroxylization of mont
morillonites or illites, which were also destroyed, contributed to the total weight losses. 
Therefore, this secondary program was expanded to determine the weight loss for the 
mineral ingredients of the mixtures, as well as the effects of different temperature levels 
on the combustion or transformation of these ingredients. 

Samples of pure montmorillonite, silica, and illite were used as the pilot specimens. 
In addition, natural organic and mineral soils having organic contents of O, 10, 20, 25, 
30, and 50 percent were dried at 130 F. Four samples were quartered from each per
centage group. These tests indicated tl1at part of the organic content was removed by 
combustion at temperatures of 375 C or lower; however, a considerable amount still 
remained in the soil. Combustion at 450 C and above removed most (±2 percent) or
ganic constituents. Pure montmorillonite specimens lost from 8.3 to 11.6 percent of 
their weight between 450 and 600 C. 

Pure organic soils were m:iXed with pure mineral clay from O to 50 percent in 5 per
cent increments. The organic content of these mixes was determined by thermal gravi
metric analysis. Each of these mixes was subjected to combustion temperatures of 
375, 450, 600, and 900 C for different periods of time. These tests indicated that com
bustion at 450 C for a period of 5 hours produced the most accurate results (Fig. 5). 
The DTA tests performed on the burned portions of these samples gave further evidence 
for this conclusion. The methods for determination of organic content were revised at 
this point to incorporate these findings. Thus, for this study, all samples were tested 
for organic content at 440 C. 

In the specific gravity tests (ASTM D 8 54- 58), isopropyl alcohol was used instead of 
distilled water because the organic materials floated in water. Isopropyl alcohol has 
a density of 0.781 g/ml at 25 C. 

Tests of the Engineering Characteristics of Organic Soils 

Samples of artificial and natural mixes subjected to consolidation, permeability, and 
unconfined compression tests were mixed with water to approximate the liquid limit of 
the soil. The soil was then placed in a special aluminum molding chamber manufac
tured for the purpose of preparing cores. To approximate field conditions, the load 
applied to a soil layer at a given depth in the field had to be applied to the laboratory 
samples. An average depth below the surface of 20 ft was assumed because the coring 
program showed that most of the organic material was present at or above this average 
depth. The unit weight, y, of the organic material was assumed to be 60 lb per cu ft. 
From these two assumptions, the maximum stress on a soil sample at a depth of 20 ft 

was estimated to be 1,200 lb per sq ft (or T 

max = 1,200 lb per sq ft). The diameter of 
_ Aciuot the aluminum chamber was 2.48 in., to allow 

soil samples to fit into the consolidation, per
meability , and unconfined compression equip
ment witJ1out being trimmed. Samples prepared 
in the molding chamber were allowed to con
solidate under a 40 .2-lb load (1 ,200 lb per sq 
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Figure 5. Percent weight loss by combustion at 
varying temperatures. 

ft) for 48 hours in a 100 percent humidity room. 
The falling-head permeability test was used 

to determine the permeability of organic soils. 
Permeability tests were run on artificial 

and natural mixtures of clay, sandy clay, and 
silt with organic contents of O, 10, 20, 30, 
and 40 percent by weight. 

Terzaghi (.§.), in the development of the 
matllematical concept of consolidation, has 
made the following assumptions: 

1. The soil is homogeneous. 
2. The soil is completely saturated. 
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3. Both the water and soil grains are incompressible. 
4. Darcy's law is strictly valid. 
5. The action of infinitesimal masses is no different from that of larger, represen-

tative masses. 
6. The coefficient of permeability, k, is constant. 
7. The time lag of consolidation is due entirely to the low permeability of the soil. 
8. The soil is laterally confined; hence, flow and consolidation are one-dimensional. 
9. An increase in effective pressure, from an initial value of Po to a final value of 

p, reduces the void ratio from an initial value e0 to a final value e. The ratio av = (e0 
- e)/(p - p

0
) is assumed constant for the effective pressure increment. 

The first three assumed conditions do not vary in any important degree from actual con
ditions for nonorganic soils. For organic soils, radical variations in these conditions do 
occur, but if the organic material is distributed evenly throughout the soil, assumption 1 
is still valid. The ability of organic material to absorb seemingly unlimited quantities 
of water makes it almost impossible to assume complete saturation, as in assumption 
2. Assumption 3 proves invalid for organic soils because a portion of the volume change 
is due to the actual compression of the fibrous organic particles themselves. 

No variation to assumption 4 is introduced by the presence of organic material, al
though Hansbo suggested that Darcy's law may be considered valid only when the hy
draulic gradient is large (7). Assumption 5 is self-explanatory and applies to organic 
soils as well as to mineraf soils. 

The coefficient of permeability, k, in assumption 6 is not constant during the pressure 
increment, even for nonorganic soils. In nonorganic soils, however, the variation is s 
small, and the effect is negligible. In organic soil, the coefficient of permeability can de
crease byas much as 50,000 for larger increments, producing very pronounced effects. 

The time lag of consolidation mentioned in assumption 7 is not due entirely to the 
low permeability of soil. In nonorganic soil, two phenomena actually contribute to the 
time lag. The first is called hydrodynamic lag, which is the time required for the es
cape of pore water. The second factor, not recognized by the Terzaghi theory, is ''due 
to plastic action in absorbed water near grain-to-grain contacts or points of nearest ap
proach to contact, and is called the plastic lag" (8). In organic soils a third factor, the 
compressibility of the fibrous material of the organic part, contributes to the time lag 
of consolidation of the soil. Assumptions 8 and 9 introduce some errors and limit the 
validity of tbe theo1·y. However, the errors are present regardless of whether the 
tested soils are organic or inorganic. 

Terzaghi's consolidation theory does not include an explanation for secondary com
pression, and many different theories have been advanced to account for it. In the con
solidation of organic soils, compression modes have been observed that are unexplained 
by the primary consolidation theory. Compression of the organic fiber in the soil is to 
some degree analogous to secondary compression. For the organic soils in this project, 
the secondary compression is believed to have begun sho1·tly after the load was applied 
and continued at a decreasing rate until the load was removed. The results indicated 
that highly organic soils would continue to compress indefinitely under constant load. 

Typical failure patterns for cohesive soils, under compression, include the classical 
single-shear and cone-shear failures and failure by bulging of the central portion of the 
test specimen. For the organic specimens tested, however, only the bulging failure 
occurred. In some instances, the organic samples were compressed considerably with
out forming failure planes or bulging. : The results of the unconfined compression testing 
program indicated that the addition of organic fibers to mineral soil increases the com
pressive strength of the mixture. 

Microscopic studies of organic soil showed that, in clay-organic mixtures, the or
ganic fibers attracted clay particles. Under the microscope these particles appeared 
to be in a thin layer (Fig. 6). The attraction was great enough for the clay particles to 
form a thin coating on the organic fibers. Thus, the clay was able to develop additional 
strength by using the strength of the organic fibers that acted as buffers between the 
mineral soil particles. Also, the presence of organic fibers "fixed" or absorbed some 
of the free moisture in the pores. This decreased the amount of moisture available to 



Figure 6. Organic fiber and 
the attracted clay particles as 

seen under the microscope. 

TABLE 1 

RADIOCARBON AGE OF ORGANIC CORES 

Isolope Sample Depth Age in Years 

Location (ft) -oc14 B.P . Date 

Manchac 3 59 • 11 490 • 95 1460 A.D, 
Veteran's highway 2.5 45 ± 11 370 • 95 1580 A.D. 
Veteran's highway 2.5-5 180 ± 10 1,590 ± 95 360 A.D . 
Veteran's highway 5-7.5 211 ± 10 1,900 ± 100 50 A.D. 
Veteran 1s highway 10-12.5 238 ± 10 2,180 ± 100 230 B . C. 
Raceland-

DesAllemand 10-11.5 217 ± 10 1,970 ± 100 20 B. C. 

the clay minerals and thus helped to increase the 
strength of the total mix. 
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Undrained quick t r iaxial tests were performed on 
2½-in. cores of artificial mixes with varying organic 
content. Test results followed the trend shown by the 
unconfined compressive strength test . 

In an effort to determine the age of soil samples used for this study and to correlate 
the geolofic origin, cores obtained in the field from organic deposits studied were used 
to run C1 determination. Res ults indicated that the radiocarbon age of the materials 
tested varied from 370 to 2,180 years (Table 1). 

DISCUSSION OF RESULTS 

In the initial phase of testing, it was observed that the pH values and moisture con
tents were dependent on the amount of organic material in the soil. Organic soils, which 
have an affinity for water, were found to have water contents as high as 536 percent of 
the dry weight. This is in agreement with observations by other workers. The affinity 
for water is one of the most important characteristics of organic soils. The water con
tent of an organic soil affects its strength, the amount of consolidation, the permeabil
ity, and the decaying rate. 

pH and Organic Content Tests 

The water-holding capacity of organic soils (water content) increased as the organic 
content became greater (Fig. 7), and the pH value decreased as organic content in
creased. The pH values for the soils that were tested ranged from 3.3 to 8.6. This 
range is similar to that found for soils in Canada ( 3 .1 to 7. 5). An exponential curve was 
found to best fit each set of points for pH versus organic content. 

The pH-organic content relationship for soils in a given area can be predetermined 
by a few simple tests, and pH-organic content curves can be prepared. These curves, 
in turn, can be used for quickly estimating the organic content of other samples from 
pH tests by referring to the pH-organic content curve for a particular area. At high 
organic contents, this quick method is of questionable value. However, at low organic 
contents, where the percentage of organic content is most critical, it can be of limited 
use. The method, coupled with additional data, such as the natural moisture content
organic content relationship, may provide the field engineer with a fast means of de
termining the organic content of soils in the field for a given area. 

Method for Determining Organic Content of Soils 

Dry combustion, X-ray diffraction, differential thermal analysis, and gravimetric 
thermal analysis conclusively proved that the methods presently used to determine the 
organic content of soils may introduce serious errors, especially in soils with low or
ganic but high clay content. The following tentative method, based on test results, has 
been established and was used in this study to determine organic content of soils: 

1. Obtain a 60-gram sample of the soil to be tested. 
2. Place a 40-gram portion of the sample in a crucible having a diameter no less 

than 6 in. 
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Figure 7. Organic content/moisture content relationship. 

3. Place the remaining 20-gram portion in a moisture cup. 
4. Weigh both portions at the same time. 
5. After the exact weights are obtained and recorded, place the crucible and its 

sample in a combustion furnace at 440 C for 5 hours. 
6. Place the moisture sample in a drying oven at 110 C until a constant weight is 

obtained. 
7. Determine the percentage of weight loss by combustion and the percentage of 

moisture content based on dry weight. 

Subtracting the moisture content from the weight lost by combustion will give the per
centage of organic material in the sample. 

The temperature of 440 C is very critical. A few degrees' variation below this tem
perature will result in the lack of complete combustion, whereas at a few degrees above 
this temperature some weight will be lost because of the transformation of clay minerals. 
Thus, the temperature should be very closely controlled. 

The sample should be spread over the bottom of the crucible uniformly into a layer 
that is as thin as possible. For soils with high 01·ganic contents, it may be necessary 
to repeat the combustion test until a constant weight is attained for the sample. Samples 
with high moisture contents should be placed in the furnace before it becomes hotter 
than 100 C to prevent the evaporites in the soil from "popping" out and carrying some 
of the soil with them. The moisture content tests should be performed on all samples 
that are being tested for combustion, regardless of their visually observed moisture 
condition. 

Weatherometer Test 

In the accelerated weathering of organic soil by the carbon-arc weatherometer, the 
organic content decreased approximately 20 percent in 300 days. This reduction was 
the result of the decay of the organic fibers in the sample. Also, the pH value of all 
tested samples increased after weathering. This reduction of acidity was caused by 
the leaching out of acids in the soil. 

Weatherometer tests also indicated that there is no significant change in the liquid 
limits or plastic limits of a soil as a result of relatively short-term weathering. There
fore, the Atterberg limits of the soil samples were found to be affected only slightly by 
weathering. The effects of weathering described here were identical for both natural 
soils and artificial mixes. 
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TABL E 2 

ATTERBERG LIMITS FOR THREE ARTIFICIAL MIXTURES 

Clay Sandy Clay Silt 
Organic 
Content, Plastic Liquid Plastic Plastic Liquid Plastic Plastic Liquid Plastic 
Percent Limit, Limit, Index, Limit, Limit, Index, Limit, Limit, Index, 

Per cent Percent Percent Percent Percent Percent Percent Percent Percent 

40. 2 67.7 27.5 7.4 26.0 18 .6 12.7 32.2 19.5 

36.0 65.5 29.5 9. 1 29.3 20.2 13.1 34.8 21.7 

10 36.6 64 .1 29.5 6.0 32.0 26.0 14.! 40.6 26.5 

15 26.2 65.4 39.2 8.2 37.9 29.2 13.5 41.8 28.3 

20 18.2 62.7 44.5 8. 1 41.7 33.6 16.6 48.2 31.6 

25 17.0 64.5 47.5 2.6 44.0 41.4 18.2 52.6 34.4 

30 18.4 66.8 48.4 3.6 48.4 44.8 20 .1 56.0 35.9 

40 4.9 71.B 66.9 2.6 62 .6 60.0 20.6 64.0 43.4 

50 12.1 BB. I 76.0 0,8 72.B 72.0 17.0 72.9 55.9 

Liquid Limit, Plastic Limit, and Specific Gravity Tests 

The effect of organic content on Atterberg limits of soils showed a natural depend
ency on the character of the mineral ingredients (Table 2). Determination of the liquid 
limits of samples containing m01:e th.an 30 percent organic material was complicated be
cause the soil cake did not deform and flow together in the liquid limit apparatus. In
stead, the whole soil cake slid, en masse, without deformation as the cup was dropped 
the specified number of times. Thus , in effect, the liquid limit of the soil was deter
mined by the friction between the cup and the soil cake rather than shear resistance of 
the soil itself. 

To further complicate matters, it was not possible to determine how much of the 
water appearing as the "moisture content" at the liquid limit or plastic limit was ab
sorbed by the organic mate1·ial and how much of it was contributing to liqui dity or plas

ticity of the soil. The limits found for soils 
of increasing organic content were apparent 
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Figure 8. Permeability/organic content relation
ships for natural mixtures. 

liqu.id and plastic limits, and should only be 
referred to as "apparent" . 

The specific gravities for the tested soils 
ranged from 2. 7 5 (nonorganic silt) to 1. 7 5 (silty 
soil with 50 percent organic content). 

Permeability Test 

The addition of organic material to a pre
dominantly sandy s oil decreased the coefficient 
of permeability from 4,700 x 10- 7 cm/ sec to 
3.5 x 10- 7 cm/ sec as the organic content in
creased from 0 to 40 percent. The organic 
matter filled the pores of the sandy soil and 
thus decreased the rate at which free water 
could flow through the soil pores . As the per
centage of organic matter in the soil was in
creased, a greater percentage of the soil pores 
was filled, and a greater decrease in permea
bility was observed. 

Organic matter in both clay and silt caused 
their coefficients of permeability to increase 
because channels of increased permeability 
were formed by the organic matter. Titus, the 
coefficients of permeability of both clay and 
silt increased with. increasing amounts of or
ganic matter. 
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A plot of the permeability data for the 
natural samples (Fig. 8) shows that the re
spective increases or decreases in perme
ability tend to approach a horizontal asymp
tote at about 60 percent organic content and 
at a critical permeability coefficient of 3 .10 
x 10-7 cm/s ec. A s imilar plot for artificial 
mixtures indicates a critical value of 3.25 
x 10- 7 cm/sec (Fig. 9). This leads to the 
conclusion that the permeability of the or
ganic material stabilizes after the percent
age of organic material reaches 60 percent. 
This critical value is independent of the type 
of mineral soil with which the organic ma
terial is mixed. 

Consolidation and Compressibility Test 

Large initial settlement occurred as the 
organic content of the soil was increased. 
The larger and continued compression of 
samples with an organic content of 30 per
cent or more resulted from the compres
sion of organic fibers (Fig. 10). Consolida
tion data from both natural and artificial 
mixtures showed that, as organic content 
reached 2 5 percent, the consolidation curve 
departed from its classical shape and tended 
to straighten. The same effect was observed 
as the load was increased to 4 tons per sq 
ft or higher. 
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Unconfined compressive strength of organic mixes increased as the organic contents 
were increased (Fig. 11). Samples with 40, 50, and 60 percent organic contents were 
extremely compressible; they compressed approximately one-fourth of their original 
height (6 in.) without showing visible failure planes. 

The triaxial strength of organic soils increased with the increase of organic content 
(Fig. 12). This, of course, corresponds with the findings from unconfined compression 
tests. The organic fibers in the soil were :responsible for the increase in strength as 
discussed earlier. In addition, it should be emphasized that "failure" in organic soils 
as discussed earlier departed from the classical failure concept. 

It was observed that the apparent angle of internal friction as determined from the 
Mohrs' envelope varied from 10 deg for an organic content of 10 percent to O deg for an 
organic content of 40 percent (Fig. 12). The apparent angle of internal friction was re
duced to 5 deg when organic content was increased from 10 to 20 percent. It was evi
dent from these results that an organic content of more than 20 percent controlled the 
cohesion of these mixes. 

Under load, an organic soil may "fail" because of excessive shear displacement . In 
structural foundations, it makes very little difference in the stability of the structure 
whether settlement results from shear displacement or from rupture. Thus, each 
structure founded on organic soil deposits must be evaluated individually. When using 
organic soils, foundation failure should be redefined as the limiting, tolerable shear 
displacement for a particular structure and load. Only then can a satisfactory engi
neering decision be made. 

The same reasoning should be applied to the consolidation of organic soils . Although 
some of the organic soils exhibited an excessive secondary compression, secondary 
compression in this case may be critical and important only in the laboratory . It should 
be remembered that part of the secondary settlement takes place in the laboratory dur
ing a time period that, for a deposit several feet thick, would correspond to several 
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Figure 10. Typical consolidation curves for organic soils. 
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decades, if not centuries, in the field. Thus, a 
structure designed for a life of 30 years may not 
be subjected to any pronounced effects from the 
secondary compression. 

Consolidation Model 

Although the specific aim of this study was 
the development of a system to identify organic 
soils and their structural potential, an attempt 
was also made to develop mathematical models 

representing the consolidation chai·acteristics of the organic soils studied. The .feasi
bility of the use of a statistical approach to obtain mathematical models was explored. 
The results of this phase of the study hav~ been published by the author (~ . 

Radiocarbon Age Tests 

The radiocarbon age of the soils tested produced data on two important aspects of 
this material: first, that the geologic ages represented are recent St. Bernard Age, 
and second, the organic fibers found in the soil were deposited several hundred to sev
eral thousand years ago. These factors lead to the conclusion that decay in organic 
soils is very slow. Of course, it would be emphasized here that these deposits were 
found under the permanent phreatic surface. Thus, the decay rate of organic soils lo
cated under the permanent water table should be of no practical concern to the engineer. 

CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of this study, the following conclusions are made: 

1. There is a definite relationship between the pH value and the organic content of 
soils. 

2. Both the moisture absorption and specific gravity of soils are related directly to 
their organic content; the moisture absorption increases and the specific gravity de
creases as the organic content increases. 

3. When organic soils are dried, they do not absorb the same quantity of moisture 
that they originally contained. 

4. The permeability of soils containing 40 percent or more organic material is gov
erned by the permeability of the organic matter. The permeability of all tested soils 
reaches a critical k of approximately 3.25 x 10-7 cm/sec for organic contents ovel' 40 
percent. 

5. The permeability of sandy clay decreases with the addition of organic material, 
whereas the permeability of silt and clay increases with the addition of organic material. 
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6. Organic soils are highly compressible; most of the compression takes place in 
a very short time. Precompression may be used to accelerate the settlement of or
ganic deposits. 

7. The Atterberg limits cannot be determined accurately for soils containing more 
than 30 percent organic content because the organic matter does not allow the soil to de
form or roll as a nonorganic soil. 

8. The consolidation cl1aracteristics of organic soils containing less than 20 per
cent organic mate1·ial reasonably conform with Terzaghi's consolidation theory; the1·e
fore , the settlement of struclu1·es founded on these soils can be reasonably predicted 
by this theory. 

9. Both the unconfined compressive strength and the triaxial shear strength of or
ganic soils increase as the organic content increases. 

10. Present methods of determining organic content by dry combustion at 950 C or 
by wet combustion do not produce reliable results. 

The following recommendations are made concerning the classification and use of 
organic soils: 

1. The organic content of soils should be determined by combustion at 440 C rather 
than the 950 C presently being used. 

2. The failu1·e of organic soils under compressive stresses takes place by yielding. 
Thus, a yield criterion should be established for each individual design problem based 
011 the tolerable yield for the proposed structure. 

3. Soils having organic contents of 20 percent or less by weight should be classi
fied as soils with organie content. The majority of the physical characteristics of these 
soils are influenced by the characte1•istics of the mineral ingredients. 

TABLE 3 

PROPOSED CLASSIFICATION SYSTEM FOR ORGANIC SOILS IN WU!SIANA 

Organic Drainage Uquld 1,1,urtlc-
Value as Value as an 

Major Group Content, pH Specific 
Cha1·ac- Llmll, lly a Base Embankment Other Uses Divisions Symbol Percent Range Gravity 
teristics P l'C<!nt 

IJ!(/(!)(, 
Material Material 

Pcl'cent 

Sandy SWO-lE 0-15 > 7,0 > 2.40 Pervious 26-37 7-8 Excellent Excellent Foundation for levees, 
clay and to fair to fair earth dams, and 
organic structures 
material SWO-2F 15-20 6.0-7,0 2.18-2,40 Poor 37-48 3-8 Fair to Fair to Foundation for em-

poor poor banlanents, levees, 
and light structuresa 

OS-lF 21-30 6.0-7.0 2.18-2.40 Poor 37-48 3-8 Fair to Fair to Foundation for em-
poor poor bankments, levees, 

and light structuresa 
OS-2 31-50 5,5-6,0 1.83-2, 18 Poor 48-72 0.8-3 None Poor Limited use as em-

bankrnent foundation 
after densificaliona 

OS-3 > 50 < 5.5 < 1.83 Poor > 72 None None None 

Slit and SWO-IG 0-15 :> 7.0 > 2.45 lmpervious 32-41 12-13 Good to Excellent Foundation for levees, 
organic to very fair to fair earth dams, and 
material poor structures 

SWO-2F 15-20 6.0-7.0 2.10-2.45 Very poor 41-56 13-20 Fair Fair Foundation for em-
to poor bankments, levees, 

and light structuresa 
OS-IF 21-30 6.0-7.0 2.10-2.45 Very poor 41-56 13-20 Fair Fair Foundation for em-

to poor bankments levees, 
and light structuresa 

OS-2F 31-50 5. 5-6.0 1.75-2.10 Poor 56-72 17-20 Fair to Poor Limited use as em-
poor bankment or levee 

foundationa 
OS-3 > 50 < 5.5 < I. 75 Poor > 72 None None None 

Clay and SWO-1 0-15 > 7,0 > 2.37 Impervious 65-67 26-40 None Fair Levees, earth dams, 
organic to very and structures 
material poor 

SWO-2 15-20 6.0-7,0 2.15-2. 37 Very poor 65-66 18-26 None Fair to Levees and earth dams 
to poor poor 

OS-1 21-30 6.0-7.0 2.15-2.37 Very poor 65-66 16-26 None None Embankment foundation 
to poor after densification3 

OS-2 31-50 5.5-6,0 1.81-2 , 15 Poor 66-76 12-18 None None Embankment foundation 
aiter densificationa 

OS-3 > 50 < 5.5 < 81 Poor > 76 None None None 

aorganic deposit must be located under the permanent phreatic surface 
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4. Soils having organic contents of 21 percent or niore by weight should be classi
fied as organic soils because the majority of the physical characteristics of these soils 
are influenced by the characteristics of the organic ingredients. 

5. A tentative classification, given in 'l'able 3, categorizes organic soils as organic 
a11d sandy clay, silt, or clay. The table further breaks down each major category into 
groups (with proposed g1•oup symbols} according to the amount of organic content. The 
rru1ges of the physical characteristics (pH, specific gravity, liquid limit, plasticity in
dex, and permeability) are based on this research work. For each group, the value of 
the particular soil is given for use as base or embankment material and general founda
tion work. 
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