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OCCURRENCE OF ORGANIC S5CILS IN BRITISH COLUMBIA
by

C. A. Howles and L. E. Lowe

Department of Soil Science

The University of British Columbia

In many respects this report on the organic soils of British Columbia will
be incomplete and tentative, This is because of the very extensive nature of the

province and the large areas that have not yet been soil surveyed. Also,

4

Canadian soll scientists have not studied orzanic scils to the same extent that

they have the mineral soils, and understanding of them is far from complete,
Confusion often arises because of differences in definition and interpret-
p

ation of terms, and therefore, at the outset, consideration will be given fo the

term "organic soils" as used in this paper. For several years the National Soil

[ €]

urvey vommittee of Canada has been studying organic soils and their classific
tion, and although the work is not complete, a number of tentative suggestions

for trial under Canadian conditions have been made (Ehrlich 1965). 3Some of these

suggestions will be presented here,
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oil Survey Committee have suggested that at the
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Tentatively, the National
hizghest level of classification, i.e., the Order, organic soils be defined as

more organic matter and with more than 12 inches of
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drained, cultivated or pastured, or 18 inches of natural or undisturbed material,
Followinzg this concept, organic solls are natural bodies occurring in bogs

a result of the accumulation of plant remains in a wabter-saturated environment.



Thev vary in morphological features rimarily because of varying degrees of
¥ 3 P 3

alterations on different kinds of plants by microbial activities as affected by

-

certain local geological, chemical, topographical and micr roclimatological influence:

(Farnhem and Finney, 1965).

XTENT AND DISTRIBUTION OF ORGANIC SOILS IN B.C.

Organic soils occur throughout the world but are most extensive in the cool
and moist portions of the nortnern hemisphere, particularly in the zlaciated areas.
However, for the formation of organic soils an environment is required that is
water—saturated for extended periods of time, and that contains low quantities of
oxygen or is anaerobic (Farnhem and Finney, 1965).

Tt has been estimated that 60 percemt of the world's organic soils occur in
Russia, and that Finland and Canada rank next. The Atlas of Canada (1957) indi-
cates that there are about 125,000 sq. miles, or 3 » of the area of Canadsa, that
is mainly peat, and that the largest areas occur in Ontario, QRuebec and Manitoba.

Rowles, Farstad and Laird (1957), in writing on the soll resources of
British Columbia, commented as follows - "Organic soils are found in areas where
orzanic matter forms more rapidly than it decomposes. This is most frequently
the case in very moist, cool areas where drainage is restricted. Since these
conditions are found in many parts of the province, organic soils are very widew
spread. Large areas of organic solls are found in the alpine regions and in the
flat-lving, incompletely drained northeast portions of the province. An estimated
i.6 million acres are believed to occur in the province."

Recently, a small-scale map of the province has been in preparation through
the co-operation of the Provincial, Federal and University pedologists, and this

indicates somewhat more precisely where the main areas of organic solls occur.

3

B

he largest areas are shown on this map to occur in the Lower Fraser Valley and
valleys of the coastal mountains, on Vancouver Island, Jjueen Charlotte Islands,

and in the northeast corner of the province, in the Great Plains reoion.
P 3 :




Sprout (1967) in commenting on the organic soils of British Columbia notes
that - "looking at the province as a whole, organic socils occupy only a small
portion of the landscape. A notable exception is the northeastern part of the
province comprised of the Fort Nelson lowlands and surrounding area. Here organic
derosits are the dominant feature of the terrain and consist mainly of accumula-
tions of sphagnum moss. Permafrost is common,

In the plateau and laking basin country of the central interior, organic
deposits occupy generally less than 10 percent of the area. Both sphagnum and
sedze deposits occur. These acidic deposits occupy topographic lows (e.z., between
drunlins) and vary in depth from about a foot to twenty feet or more. Some of the
bogs are utilized for native pasture and hay.

In the southern interior, organic deposits are very limited, gensrally
occurring in areas of seepage or along margins of streams., Reaction of these
deposits varies depending on the type of bedrock area.

Substantial organic deposits occur on the northern extremity of Vancouver
Island and along the east coast., Hixtures of sedge and sphagnum types again
are dominant although Sedimentary peats also occur,

With regard to the Lower Fraser Valley, organic deposits occupy approxi-
mately 35,000 acres. About 23,000 acres are classed as deep and shallow muck,

The remainder consists of essentially raw peat mainly composed of sphagnum in
the upper part at least.!

In summary, it has been estimated that there are over four million acres of
organic soils in British Columbia, and that they occur principally in the Lower
Fraser Valley and other valleys of the Coast Range, on Vancouver Island and the

Jueen Charlotte Islands, in the central interior and in the Great Plains region

in the northeast corner of the province,




NATURE AND CLASSIFICATION OF ORGANT
SOILS IN B%ITIJH COLUMBIA

Although the organic soils of British Columbia have not been completely
studied, it is known that many different kinds occur. It is important,
therefore, that they be characterized and classified appropsriately. Unfor-
tunately, none of the approaches tried, utilizing such factors as botanical
origin, degree of decomposition, cation exchange capacity, C-N ratio, ash con-
tent, etc., have proved entirely satisfactory.

The problem of characterising and classifying organic soils was reviewed
recently by Farnham and Finney (1965) and after considering the available
systems classed under the headings:-

(a) Topographical

(b) Surface vegetation

(c) Chemical properties

(d) Botanical origin

(e) Morphology and

(f) Genetic processes
they concluded that all systems have their shortcomings. They also concluded
that the criteria which presently appear to be most useful for organic soil
classification are:-

Fibre characteristics (size and count)

Bulk density

Water-holding capacity

pH

Ash content

Degree of decomposition




Based upon these criteria they proposed a system of classification which, in
modified form, is being developed and tested in the United States and by the
National Soil Survey Committee in Canada. The tentative classification is based
essentially on the type of vegetation and its degree of decomposition., Since
the organic material in the bog often varies with depth, the classification is
based on a control section which includes surface, sub-surface and bottom tiers,
totalling 40 inches in drained or cultivated bogs and 60 inches in natural or
undisturbed bogs. The emphasis is placed on makeup of sub-surface material.

An outline of the classification being tested by the National Soil Survey

Committee is given below:—

ORDER GAZAT GROUP SUBGROUP
7.0 Organic 7.1 Fibrisol 7.11 Fermic Fibrisol
7.12 Mucinic Fibrisol
7.1/3 Stratic
7.1/h Clasto-
7.1/5 Limno-
7.1/6 Cumulo-
7.1/7 Cryo-
7.1/8 Terric
7.1/9 Lithic
7.2 Mesisol 7.21 Unic Mesisol
7.22 Luvic Mesisol
7.2/3 Stratic
7.2/L Clastro
7.2/5 Limno-
7.2/6 Cunulo-
7.2/7 Cryo-
7.2/8 Terric
7.2/9 Lithic
7.3 Humisol 7.31 Unic Humisol
7.32 Luvic Humisol
7.3/3 Stratic
7.3/L Clasto~
7¢3/5 Limno~
703/6 Cuamulo-
7.3/7 Cryo-
7.3/8 Terric
7.3/9 Lithic




Ulagnostic Lavers

Fibric = least decomposed stage
It must have more than 2/3 fibres (140 mesh % .1 mm) in the
total mass,
- Intermediately decomposed stage
It has a fibre content between 1/3 and 2/3 in the total mass.

Hunic - Most decomposed stage
It must have less t

Range in Hange in Range in Range in Range in  Range in
{ibre con- ash con- water-  bulk ~ pH nitrozen
tent (P 0.1 gymtent (# dry holding density (H20) content
dry wt.,basis wt, basis) capacitv f!cc (% dr
Y 7 A 3
37 (& dry wt wt, basis)
basis)
Fipric  76-91 25 9.2 850-1920 0.06-0,17 2.9-7.5 0O.4=3.0
Mesic 48-51 1e4=21.2 625-660  0,21-0.23 4,5=7.5 1.5-3.0
dumiec 12-20 26,2-59 4 187-418  0,31-0.45 4.5-8.0 1.0-3.0
Other Lavers
Unic - consisting of one diagnostic mesic or humic layer throushout
the organic section in the subsurface and bottom tiers or in
shallow peats throughout the organic section of the surface
and subsurface tiers,

Fennic - dominantly fibric fen peat in the subsurface tier or dom-
inantly fibric fen peat in the surface and subsurface tiers
if a mineral substratum ocecurs in the subsurface tier.

wucinic - dominantly fibric moss peat in the subsurface tier or dominantly
fibric moss peat in the surface and subsurface tiers if a
minerali substratum occurs in the subsurface tier,

Stratic - two or more kinds of diagnostic peat layers in significant pro-
portions in the subsurface and bottom tiers or in the surface
and subsurface tiers if the mineral substratum occurs in the
subsurface tier,
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peat, This layer has fine materials with a
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appears to be sedge and woody plant remains (Sprout, 1967). The Mes
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of an intermediate stage of decomposition. Some representative values for

o

e

some of the soils of the three groups are given in Table 1:

TABLE 1: Representative chemical data for surface layers of three
organic socils of the Lower Fraser Valley {Paynton, 1965)

Soil Type Tentative oH C.E.C. c N c/N

Series classifi- me /100 gm % % ratio
cation

Trigg Sphagnum peat  Fibrisol 3.1 198,9 57.3 JbL 89

Lumbum  Muck Me sisol 4.0 135.0 55,2 1.34 41

Gibson  Muck Humisol 3.2 164.2 49.0 2.49 21

Characteristically of the organic soils of the Lower Fraser Valley, all
three samples included in Table 1 are strongly acid and have a high cation
exchange capacity. Also, as the degree of decomposition increases, the percent
carbon decreases, the percent nitrogen increases and the ratio of carbon to
nitrogen narrows,

Many of the organic soils of the area are stratified, with layers of
different degrees of decomposition, and therefore would be classed as Stratic.

Organic soils of the valleys of the Coast Range, on Vancouver Island and
the Queen Charlotte Islands in general will be similar to those of the Lower
Fraser Vallev.

The most significant characteristics of organic soils appear to be the

rigin and the degree of decomposition, as recognized in the proposed classi-

Q

bty

ication. Other soil properties commonly measured often reflect the degree

of decomposition and this is illustrated in some results from the Peace River

area presented in Table 2., The results represent mean values for a number of

- <3

rganic layers, classified as fibric, mesic or humic on the basis of degree

]

of decomposition,



FABLE 2 Some chemical ard physical characteristics of sphagnum-
derived peat layers from the Peace Hiver Area,

Classifi- Ash C.E.C. Base N josl Water Holding

cation Jo me/100 gm Saturation % % Capacity
(D.a.F)L e (D.A.F.)

Fibric 5 160 43 0.7 Lok 1500

Mesic 18 232 8 1.7 5.0 680

Humic 33 354 98 3.2 6.1 330

1 Dry Ash Free Basis

The degree of decomposition often varies considerably with depth within

iven soil, and this is one of the ressons why the surface vegetation is a

o
g

atively unreliable guide to the general characteristics of underlying

o]
4]
fd

The recently completed soil survey of the Peace Hiver Block of British
Columbia (Farstad et al., 1965) covers 4,363,105 acres, of which 258,695
acres {or about 6 percenﬁ} is classed as organic soils. Within the organic
area, two series were mapped, Eaglesham, which accounted for 40,095 acres,
mainly of sedge origin, and Kenzie, 195,810 acres, principally of sphagnum

origin. To the northeast of this block, the proportion of organic socils is
much higher and permanently frozen layers occur. The organic soils of this
region, therefore, are probably mainly cryic Fibrisols and cryic Mesisols,

Van Ryswyk (1966) recently provided some interesting data on organic soils

of the central interior, showing that some of these contain solubles and are

saline. Some of his results are given below:i-
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TABLE 3 Chemical characteristics of some organic soils from the
Central Interior of British Columbia (Van Ryskwyk, 1966)

pH Conductivity of the Number of
Hange Saturation Extract Samples
mmhos/cm
r}?e{} - 7;8 gé had 2.8 12
éeé} - {69? awa - 203 .}_é
ivi-e? - S‘s\} 03 - ig 16

®

It is evident that within the wide distribution of organic soils in
British Columbia many kinds occur, differing in chemical and physical proper-
ties. The tentative system of classification proposed by the National Soil
Survey Commnittee shows promise, but a great deal more research is needed on
the organic soils of British Columbia in order to characterize and classify
them adeguately, With the aid of such work it appears possible that the

classification may permit interpretation in terms of Engineering applications.

REFEREHNCES
Ehrlich, W. A. 1965, Heport on the classification of organic soils. Sub-
comnittee on Organic Soils; National Soil Survey Committee, pp. 68-79,
Canada Department of Agriculture, Ottawa,

Farnham, R. 5. and Finney. 1965, Classification and properties of organic
soils, Adv, in Agron. 17: 115-162, Academic Press, New York.

d, L., T. M. Lord, A. J. Green and H., J, Hortie. 1965. Soil Survey

Farsta
of the Peace River Area in British Columbia., Report Ko. 8 of the B, C.
20il Survey., University of British Columbia, B. C. Department of
Agriculture and Canada Department of Agriculture,

Payton, L. R, 1964, Characteristics of some organic soils of the Lower

Fraser Valley. Undergraduate Thesis, Department of Soil Science,
University of British Columbia. Unpublished,



- 11 -

Sprout, P. N. 1967. Private communication. B. C, Soil Survey, Kelowna, B.

Rowles, C. A., L. Farstad, and D. G. Laird, 1956. Soil resources of British
Columbia. 9th B. C. Natural Resources Conf., Victoria. pp. 84~116.

Van Ryswyk, A. L. 1966. Research Note, Soil Horizons 7: (3) 18.
Canada Department of Agriculture, Ottawa.

IS
e



SECONDARY CONSOLIDATION OF PEAT
by Ronald G. Doyle. P. Eng.

Compressibilty is one of the most important
characteristics of peat that concerns Soil Mechanics and
Foundation Engineers. Laboratory consolidation tests which
determine the compressibilty indices and constants are a
means of estimating the settlements that will occur at projects
that are built on a peat deposit. This talk will describe
and discuss some of the complications that arise in the

interpretation of secondary consolidation.

The standard consoclidation test procedures that have
been developed for clays are also usually used for peats.
Although peat varies from clay in that it is much more
compressible and has a secondary consolidation which continues
for a long period of time. Following the discussion of the
test results and their interpretation, some minor modifications
to the standard test procedures will be suggested,

The consolidation process is arbitrarily divided into
two portions, primary and secondary. Primary consolidation
is defined as the portion of the consolidation process where
the rate of consolidation is governed by the hydrodynamic
effect, as described by Terzaghi's theoretical equation.
Excess pore pressures are associated with primary consolidation.
Secondary consolidation, by definition is the consolidation
which occurs after the excess pore pressures are at or near
zero. In most cases secondary continues as a straight line
when plotted with deflection versus the logarithm of time.
Some field and laboratory measurements of secondary indicate
a break in the straight line, with a resulting steeper slope
as secondary progressess. Figure 1 shows the complete series



of deflection versus time curves for a consolidation test.

The deflection reading have been adjusted in order to compress
all the curves on the one plot. The f£ifth curve shows an
example of the break in the secondary curve. The initial
secondary curve is well defined between 40 and 400 minutes.
Then the slope steenens for the remainder of the load
increments. Although the slope steepens the actual rate of
secondary does not increase. If this data were plotted to

a natural scale the deflection would be proceeding at an

ever decreasing rate.

There are many theories as to the mechanism that causes
this break in the slope of the secondary curve. These
theories could possibly be prejudiced by the arbitary definition
of secondary consclidation. Many researchers feel that if
secondary deviates from its straight line there must be some
mechanism or linkage breakdown in the soil that causes this
deviation. Let us now consider another possible cause for
this break in slope that only depends on the test procedure
and the method of test result presentation.

Consolidation test results are most commonly presented
and compared by means of a semi-log plot. Therefore a brief
description of the geometry of lines and curves on a semi-
log plot will give valuable insight for the interpretation

aof the tegt results.

First consider a straight line on the semi-log plot as
shown in Figure 2. The general equation on this figure gives
a straight line when n = 0. The general equation shown
actually only adds or subtracts a constant value of time from
the data required to plot the straight line. For example
curve n = 1 adds 900 minutes to all the deflection values of

curve n = 0. In other words we have a secondary consclidation

curve but we do not have the correct time at which secondary




begins. Thus by changing the reference of zerc time two
types of plots occur, those with less than and those with
slopes greater than the original straight line plot. It
will be noted however that all the plots eventually approach
a slope of -b (the deflection for one log cycle). From the
general equation it can be shown that all plots with n less
than zero approach within 5% of slope -b at 1y log cycles
past tﬁ and to within 1% at 2 log cycles past tg; and with
n greater than zero they approach -b within 5% at n plus

1} log cycles and within 1% at n plus 2 log cycles past ts,
The curves with slopes less than -b are the ones of interest
for the interpretation of secondary consoclidation.

Jow an example of how these curves can occur on plots
of secondary consclidation. Figure 3, with compression
versus the log of time in minutes, shows only the secondary
portion of a consolidation curve. This is the seventh load
increment (3.81 kgfcmzi on a peat sample 8 inches diameter
by 5 inches initialheight. In this test the secondary
consolidation continued as a straight line between approximately
7,000 and 70,000 minutes. The arrows indicate the time when
small loads have been added. For example at t = 28000 minutes
a load of 0.03 kgfcmz was added. This load did not interrupt
the straight line trend of the secondary consolidation., Also
a further increase in load of 0.06 kg/cmz was added and again
the secondary continues as a straight line. However, 1f the
conscolidation curve is plotted assuming zero time when this
load was applied, we obtain the lower curve. This curve
indicates an initial slower rate of secondary which increases
in slope with respect to time. As pointed out on Figure 2.
which showed the geometrical relationship of curves on the
semi-log plot, this increase in slope will continue until .
it approaches the slope of the original line. This example




shows that there can be an apparent increase in the slone
of the secondary consclidation curve if the zero time for
the secondary is assumed to be the time at which the locad
increment is apnlied; or alternately it suggest that the
secondary curve will plot as a continuous straight line if
the correct zero time can be established.

Figure 1 shows the compression versus log time curves
for a complete consolidation test. The test was completed
on a 2% inch diameter by 1 inch sample using the standard
consolidation test procedures . The point to note is the
fifth curve which shows a break in the secondary consolidation
at approximately 600 minutes. You will also note that this
break occurs at approximately one log cycle past the end
time of the proceeding load increments. This is fairly close
to the time that would be predicated by the geometry to come
to within 5% of what is possibly the true slope of the curve.
This £ifth curve was at a load of 2 kg/cmz.

Two ways that breaks in the secondary consolidation
curve can occur on plots of test results have been demonstrated,
1. from plotting, where a small load is applied, the
compression from this load does not deviate from a
previously established straight line secondary curve:
but if the time of application of the small load
is considered as zero time a curve with increasing

slope will result.

2. from the test vprocedure, as shown on Figure 1 the
break occurs at approximately one log cycle of time
past the final time of the previous lcad increments.

Now the question is what laboratory test procedure is

required to determine the correct secondary curve for any

varticular applied load?

CUne possible test procedure is described by Figure 1.
that is, apply the load increments only for the time required
to obtain 100% primary, prior to the load at which the secondary
rate 1s wanted, then run the test to at least 2 or 3 log cycles
of time past the end of primary consolidation. In other words



one consolidation test is required for each particular load
at which the secondary conseolidation rate is desired.

In conclusion, I realize, that a great deal of laboratory
work is still required to completely verify the theory
presented. However, in the interpretation of consolidation
tests and in the prediction of secondary rates from field
measurements, the question to keep in mind is "what is the
real zero time for the secondary curve?* Then by choosing
the proper zero time, the secondary consolidation will continue
as a straight line on a semi-log plot: as nature intended.
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§s és SPENCE LTD., CONSULTING CIVIL SOILS AND FOUNDATION ENGINEERS
MUtual 2-7188 o 1140 WEST PENDER STREET ¢ VANCOUVER i, B.C.

CONSOLIDATION OF FIBROUS PEAT

introduction

This paper summarizes some of the results of a preliminary
investigation on laboratory consolidation test procedures for fibrous peat.

Graphs of the results are attached.

Purpose
The purpose of this test program was twofold:-

1. To determine the effect of using different Load Increment Ratios

and different Load Durations on a standard consolidation test of

fibrous peat.

2. To probe a little further into the mechanism of sécondary settlement

in fibrous peat.

Test Program & Material- See Test Data Summary FIG,3-1

It should be noted that precautions were taken to ensure rapid
drainage, to avoid contamination, to reduce side friction and generally to keep
all test conditions similar except for the desired variable factors.

A natural "undisturbed" Tump samplé of fibrous peat was used rather

than some type of remolded material as it was felt that in this way more useful

information could be gained.



Results
1.  a. Typical Settlement vs. Log Time Curves For FIG 1

LD = 24 Hr. Nominal/LIR 0.33, 1.0, & 3.0
At Approx. The Same Applied Pressure.
b. Definitions

Primary Settlement - Hydrodynamic settlement occurring under
conditions of significant excess pore water
pressure,

Secondary Settlement - Remaining settlement dccurring without
significant excess pore water pressure.
Typically this settlement is the straight line

~portion of the settiement - log time graph

coming after completion of the primary settlement.

Coefficient of Secondary Settlement

= qjncrement of settlement per log cycle of time
initial height of sample

(or sometimes height after settlement under
previous applied load)

Load Increment Ratio

= jpncrement of load
previous total load

Curve Types classified as Type 1 & Type 2 following previous
work on clay - see graph inset,

100% Primary Consolidation Point - Determined by standard Tangent
Intercept Method for Type 1 curves and by Tangent

Point Method for Type 2 curves = see graph inset

3/-
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1. «c. NOTE 1. Similarity of amount of settlement at 100% primary.
ii.  Similarity of secondary rate.
i1i.  Decreasing initial settlement with decreasing LIR.
ive Test #1 & #6 reached 100% primary in 10 to 20 mins.
v. Test #2 reached 100% primary in 100 to 200 mins.

(i.e. approx. one log cycle in time longer)
vi. Only test #2 had curve Type 2 (beyond pre¢ons&?édati§a
* )

pressure = 0.12 Kg/cm
2. a. Rapid tests « Settlement vs. Log p @ approx. 100% primary FIG. 3
LD = 15 mins
LIR = 0.33, 1.0 & 3.0
b.  Note i. Close agreement #4 & #5

ii. Poor agreement # 3A & #3B - probably due to 100%
primary point not being reached.

3. a. 24Hr. tests - settlement vs. Log p at 100% primary FIG, 4

LD = 24Hr, (Nominal)
LIR = 0.33, 1.0 & 3.0
b. Note f. Close agreement #2 & #1

ii. Close agreement #2, #1 & #6 up to p = 1.0 Kg/cm@
(60% settlement)

c; Comparison Rapid & 24 Hrs. Tests - Settlement vs. Log p @ 100% primary

d. Note i. Similar shape and therefore similar Cg

ii. Rapid tests show increased amaunt of settlement (10%)

4f=




-d -

4, a. Comparison combined Primary + Secondary settiement vs. Log p FIG, 2

for nominal 24 Hr. tests LIR = 0.33, 1.0 & 3,0
b. Note i. Difference between Primary curve & Primary + 2 Log Cycles
Secondary curve is amount of secondary settiement actually
measured. This implies that rate of secondary is propor-
tional to applied pressure. BPnly test #2 shows appreciable
scatter.
ii. Small differences in measured rate of secondary are magnified
in successive extrapolations. However scatter beyond
p = 1.0 Kg/cmz reflects mostly scatter in primary settlement
since the values of secondary rate become more consistent at
higher applied pressures.
C. The hypothesis of unique Settlement - Log Applied Pressure curve at
100% primary consolidation appears to offer a plausibie interpretation
of the results of this test series on fibrous peats. It is interesting
to note that the same result§ was obtained for remolided clay by

P.W. Taylor in 1942 and H.E. Wahls in 1962.

5. a. Rate of Secondary Settlement vs. Log p.
b. Note 1. Good agreement #1 and #6
ii. Rough agreement #1, #6 & #2

iii. Also spot results from test #7 & #3B plot in good agreement
iv. Probable reason for low values of #2 was a larger than normal
]oad‘duraticn under the previous load facrement. Certainly
the apparent scatter of results for test #2 is connected with
the fact that is was the only test with a Type 2 curve.

v. Peak values of secondary appear at higher applied pressure

than preconsolidation pressure determined in normal manner.




Fic A AsAIN

Conclusion

The main practical conclusion to be drawn from this test series was
that variation of the Load Increment Ratio between 0.33 and 3.0 and Load Duration
between the 100% primary consolidation point and about 5 days can be done without
significantly affecting the priﬁary S-log p curve for fibrous peat providing that the
settiement used is ‘that occurring at 100% primary consolidation. Thus accelerated
tests using LIR greater than 1.0 could be expected to provide all the information

usually obtained with standard laboratory consolidation tests using LIR = 1.0 at

24 hr. Toad periods.

A further important resulte is that close similarity between the
laboratory settlement behavious of a naturally occurring completely organic material -

fibrous peat - and completely inorqganic clay scils. The implication being that

whatever mechanism is postulated for the secondary settlement of clay must also

apply to fibrous peat.

Finally there are included a number of laboratory test results which

have some bearing on secondary settlement in fibrous peat.

A, Settlement at 100% primary vs Log p

Agreement of test #8 without ring with tests #4 & #5.

B, Settlement vs. Log time

Comparison of typical curves of test #4 & test #2

showing different curve types.




FIG, 8

C. Settlement vs. Log time

i. Zero pore pressure at 100% primary point for type 1 curves.

ii, Upside down type 1 curve for unload 3.50 to 0.4 Kg?c&z

iii. Reversed (i.e. upwards) secondary swelling curve - straight line

on log time plot.

FIG. §

D. Settlement vs. Log time

Similarity of behaviouw of synthetic sponge material & fibrous peat.

G. Macleod
February, 1967,
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P. Cook CASE HISTORY - TWO STRUCTURES FOUNDED ON PEAT

I was going to relate experience on the B.C. Hydro
Preight Yard in Westminster, however, up-to-dats level informa-
tion is not aveileble on this project and, on this sceount, 1t
is not possidle to compare predicted settlements with actual
values. For this resson, I am substituting a description of
ing plant in the lower main-

experience on & lumber menuf
land reglon.

The situation which existed in 1962 at the time of
this study was that a plant was already in existence on the site.
It was some 150 feet wide in two bays of 79 feet sach by about
600 feet long. The building wes on piles with the floor on fill.
The finished product storage part of the operstion involves floor
loeds of up to 800 pounds per square foot.

The soil profile was approximately 5 or 6 feet of
£i1l on 23 feet of peat and clayey peat on another 20 feet of
slightly orgeniec clay silt and, finally, sand.

the floor settled. At the time of inspec-

Naturally,
tion, the settlement had reached
pleces and 1t was atated the

nt was appreciable even

before the plant went into operatio

under consideration was Go design a founda-

The project
tion scheme for an identissl building & be bullt right tight up
t side, that is along a 600

against the existing building on its wes
foot length. On this side, the send £11] had been placed some tlme
place in the peat that there




was 18 feet of send on approximately 5 to 8 feet of peat on
another 25 or 30 feet of §§gz§j§ elay 8ilt before the under-
lying sand was reached.

Economy ells e a complete pile supported job.

and eplusns and

The solution was to use piles for the walls
mt for the floor.

special equipment, with special ©:

The special treatment consisted of:
1. 4pprozimately 135 12" diameter sand drains were placed
by the pile driving in an ares approximately 140
fest wide by 3140 feet long. t being the extent
of that portion of the ¢ on the peat. The
pattern was 20 feet centre to centre staggered which gave
approximately 22 fest centres on the drains. These piles
indieated thet the underlying

were driven until resistanc
sand had been reached.

2. Approximately 18 feet of sand was applied to the goatyyarw
tion of the site. Grade settleme
when deemed appropriste

nt gauges were read and
removed, piles driven
and the building built

16 was estimeted to have required

1. Prelesd without san
betwesn 1 and 4 ¥
%?ﬁiﬁ%;; agen



dispeter due to mud smearing, it was estimated that 10 or
1] months would be required for 66% consclidation. It was
found that movement had reduced to a very slow rate at 8
months and sand removal was sterted at that time. It was
reported that during this removal when the sand drain sand
was cut into, that water was oozing up.

2. Settlements for the floor with the above treatment are es-
timated to be 3% inches in the first 10 years after con-
struction with another 3% 1
The plant has been in cperation about 24 years now and
settlement hae reached 5 inehes in places but with an
average probebly more like 3 inches.

nehes in the next 10 years.

3. It is worth noting that no downwasrd movement of the pile
caps has been cbserved despite the fact that the piles
were designsd for 20-Ton load and that mo acoount was
taken of negative frietieon.

The next projest to be described sheds some light on
the common decision faeing foundation engineers with respect to
soft sites, that is, whether to play safe and put the bullding
walle and eolumns spt the differential settle-
ments whish result between the pile saps and the floor slab or
whether to take & chance and place walls, coluans and floor all
on £111, accept some risk or eracks in the bloek walls but elimi-
nate or greatly reduss any differentisl movemsnts between footings
and floor. In describing this job, 1t will be interesting to
first chserve the problea, then consider the usual solutions,
thirdly, consider the sctual solution, and finally, the perform-
ance of the bullding.

&3‘




%, the problem was to pro-

vide adequate support for a storage building on s peat site
with detalils as follows:

1l The soil profile is 8 or 9 fest of peat, moisturse content
400 to 800%€ on organiec elay silts to at least 15 foot
total depth.

2. The bullding is 72 feet wide by approximately 200 feet
long. The long walls in frame, one end wall consisting
of 23 courses of 8-inch peariite block (550 pounds per
running foot) another end wall with pearlite block to 6
feet height and frame above that, Column spaeing iz 24
feet by 24 feet which with the roofing system used,
applies a dead load of about 6 Kips and a design snow
load of 24 Kips. Floor loads required are betwesen 75 and
100 pounds per square foot for the consrete floor perform-

zll diameter wheel fork-1ift trucks

to sperate.

sonservetive solution would be to pile the
and walls with a probable extrs cost of
foot of building.

{a) m& ﬁmm
Fapoy, soiumis
‘135@ %o ﬁa% pér square

igns would be to prelead the site and either
sarry the building walls and eclumns on piles and place
preleaded fill or, as = sub-alternative,
that walls could be carried on spread

(b)

the floor on the
to place enough f£il1l

- b -




them to distribute the
load to the peat and, in the ease of the column footings,
poesibly %o allow stesl to project from these in both top
face and by bendi sel from the bottom face to tie
these with the

follows:

1.

2e

ga feet of random fill was placed without benefit

1y gompaction.

¥alls

were supported on wall footings with integral caste
in-place pony wall for a total height of 18 inches. The
width of the walls varied from 18 inches wide for the
frame wall to 36 inches wide for the concrete block wall
(this would bring the dead load on the concrete block wall

footing

ed on footings 3 feet square. This
under dead load of 650 pounds per square
ra amount for snow. The underside

ht to be within 12 or 16 inches

The eol:
gives a pressure
foot, with a
of these footings is ¢
of the peat.

The concrete flooy slab was placed on 5 or é inches of
megtion, it is worth noting that
usber 3 bars on l2-inch

drain gravel.

gheay transfer wa
centres.



ng was built in 1954 and, at this date,
vigible in the full height concrate block
in the Bloek pony wall, but
thess were caused by s plumbing contractor digging a trench
under this wal g at right
along pasrallsl to the wall tance of 4 or 5 feet.
When it is considered that this trench was 5 feet deep and was
dug right besids the footing after the bloek had been placed,
that thers was some oracking. The cast-in-

it is small wonder
place footing walls show only minop ghrinkage eracks.

there are no aradis

wall. There are some mino® eracks

engles and going

There 18 no relative movement visible between columns
and the floor slab excepting for two of the exterior columns
where there has been some tipping of the footing in a direction
which suggests an incipient failure towards the outside of the

building where there is no confining effect of a floor slab.

In eommenting on this design and performance, it is
thought that the success has been sttributable to one or more
or all of the following

1. It is possible that since 1954, the bullding has not sus-
now loed. This would be par tioularly
ans where leads seem to be the highest.




2. The surface mat of the peat wag not disturbed and, as
suggested by experience elsewhere, this provides tensile
strength with an attendant incresse in bearing capacity
over what one would anticipate from laboratoyy tests.

3. The confining effect of the 2 or 3 feet of f11l and, in

the cases of the intericy columns, the extra weight of

the floor slab.

Note: The eonfining effect of £i11 is not working along
the leng frame wall, but here the load psr square
foot i3 quite low indeed. It i{s probably signifi-
cant that the cnly sign of failure in the building
was on two isclated exterior footings and that their
fallure is in the direction towards the side of least
confinement.




NORTH THOMPSON HIGHJAY

CONSTRUCTION OVER PEAT
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NORTH THOMPSON HIGHWAY
CONSTRUCTION OVER PEAT

(Abridged)

INTRODUCTION

Over 150 miles of new highway is under contract on the
North Thompson Highway between Kamloops and the Alberta Border. See Fig.l.
Construction was begun on all of five projects between 1964 and 1965, Work
has progressed 50 to 70% towards completion. Numerous swamps could not be
avoided by the new highway high standard alignment (equivalent to Trans
Canada Highway Standards ). The muskeg deposits shown in Fig.l total 6 miles
in length,. '

PIELD INVESTIGATION

Pime did not permit extensive soil survey work or sophisticated
laboratory testing of samples. Field work consisted of probes and hand power
auger holes with field vane shear tests in the swamps and digmond drill, auge
and Becker holes in some of the proposed cuts,

SOILS DESIGN

The original highway design comprised stripping and wasting the
peat down to hard bottom. In many cases, the limited so0il survey showed
soft clays below the peat. Excavation and backfilling would have cost
$450,000 for the 540,000 cubic yards of peat involved. Surcharging plus
an allowance for settlement totalled $200,000. As & general guide therefore
it was decided to excavate the peat only where it was less than 4 feet thick.
This was not always done. Instrumentation and surcharging was proposed on
aswamps thicker then 4 feet. :

Pigure 2 shows the distribution of peat thicknesses (5 to 8 feet)

and fill heights (4 to 10 feet) smbove original ground. The numbers ranging
2 to0 8 are the applied surcharges.

Figure 3 is similar to Figure 2, but shows the swamp lengths,
commonly 600 to 1000 feet with a maximuxm of 1.7 miles.

¥ill stability was checked using the field vane shear data.
_Grade reductions were accommodated where necessary.

An estimate of fill settlement over the peat areas was necessary
for the Location Designers to produce a balanced grade. Since nc Shelby
sampling and consolidation testing had been done, the settlement allowance
had to be based on experience at other locations. A chart, Fig.4, was
prepared based on limited field experience on peats 20 feet thick.

The Designer knowing the safe f£ill height (H,) above original
ground, the originsl peat thickness (Hp) enters the ratlo Hf/ﬁp and obtains



the settlement(S) as a fraction of the original peat thickness.

RESULTS

Only on some 6000 feet total of highway has settlement sufficient
progressed for the surcharge to be removed. Using the same parameiers He, §§
and S, the results from settlement plates in these various sections plot as
shown in Fig.5. The wide scattering reduces when the data is separated in
terms of range of peat thickness Fig.6. "Average" curves drawn through the
peints are shown in Figure 7. Evidently therefore the origingl chart over-
estimates the settlement on the North Thompson peats for depths less than
20 feet, e.g. a 6 f£t. £ill on 12 ft. of peat gives Hg/Hp of 0.5 and 4.8 £%.
of settlement as against 12 X 0.13 = 1.6 ft. which the new curve would
predict. The fill has therefore been constructed wider than necessary to
achieve 44 ft. top after setilement has terminated. It is proposed to
continue with the study to see if refinement to the curves can be made.

PERIOD OF FILL CONSTRUCTION AND SURCHARGIN

Native granular fill was placed as a 4 to 5 ft. thick working
platform, instrumentation installed and fill construction in 3 to 5 ft.
1ifts begun with 10 to 15 days generally between lifts. Construction to
surcharge height was finished within 90 days. Figure 8 shows typical
relationship obtained for settlement-log time.

The height of surcharge to be placed was estimated from "rule
of thunb" half (settlement plus fill height) and one of two criteria applied
as to the length of time it should stay on; first the "leave as long as
possible" criteria; second, the"25 year settlement - load line - time"
approach shown in Fig.9. The big question with the latter criteria is
the validity of the straight line extension of the. settlement-log time
ftelationship to 25 years.

CONCLUSIONS

The interim chart used in the settlement design of the North
ThompSon Highwey peat areas, proved to overestimate the settlement. Actual
results have been used to improve the relationships. This is still only a
rough guide, but when considered in relation to the heterogen®ity of peat
measured by the notorious variation in properties such as moisture ccntent,
density, specific gravity, permeability, etc., it is probably no worse than
the results of conventional analysis based on consolidation tests. Even
here, factors such as the mat strength and the degree of heterogen®ity
cannot be allowed for quantitatively.

The study will be continued to see if further relations or
refinements evolve. *
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Figure 3~ Compression vs log time, test 3~4-T7




