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INTRODUCTION

The problem of crossing peat marshes with roads is a
particularly important one in Michigan. The location of
many of our highways has been influenced by swamps. In
many cases the present trunklines, which wind in and out to
evade marshes, will soon have to be straightened and their
sharper curves eliminated to keep pace with the trend to-
ward high speed traffic. The cost of crossing marshes,
once consldered prohibitive, has decreased in the last few
years as modern equipment has lowered the cost of moving
earth. Mr. G. C. Dillman (1)* has pointed out that,"Since
1920 the unit prices for Qoing work have been decreasing
steadily. On grading today the average cost 1s only one-
third of what it was ten years ago." The trend toward
higher speed, greater volume of traffic, and lower grading
costs has made avoiding marshes and heavy grading second-
ary in imnortance to directness of route in the loecation
of trunklines. The Research and Statistiecs division of the
State Highway Department have computed the portlon of our
paved trunklines traversing peat maréhes to be over 3%, or

about 50 miles, before 1930 construction season.(2)

The Michigan State Highway Department has spent much
time and money investigating peat marshes and several papers

have been presented on the subject (2,3). These papers were

of course, of a general nature but resulted in standard

*Numbers in parentheses refer to bibliograph on page 51.
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plans which are being used in the fleld. Progress 1in thils

study is indicated by the frequent reviaion of these plans.
DEVELOPMENT OF M®THODS OF FILLING ACROSS SYAYPS

The following are some of the methods used by the Mich-
igan State Highway Department in the development of standards
for the displacement of peat. This 1s not intended as a list
of all of the blasting methods tried, but only those that
have been observed by the writere When the methods first
tried were not sucressful, field engineers often tried other
methods. In fact so many field changes were made that the
research engineers, who designed the methods, were often at

a loss to know the actual results obtained.

#l1. Floating Across Shallow Swamps.

Before hard surfaced roads were generally used, stabll-
ity was not iﬁportant. Settlement could gradually go on
year after year and when the dip became very bad it could be
refilled to grade and resurfaced at small expense. The me=-
thod used was simply to fill over the peat and place the
surfacing. The surface mat was not broken and was depended
upon to supvort the fill. As dralnage was particularly im-
portant the first standard called for a ditch extending to
the bottom of the swamp, when this method was used. It 1s
st11l being used on secondary roads and 1is fairly eatisfact-

ory although these fllls are very hard to maintain during

the spring breakuo.



#2. Single Blasting On Centerline After Fill Had

Been Placed. U.S. 16, Ionia County, 1925.

New; Fill
0l4d Road 1tiv
Sod
N2 Charge of 1 stick of 60%
10' to 20' of Peat “NghZ- Dynamite every 2' on
= e centerline after new fill
710N had been built.

About 50' was shot as shown above. It was expected
that the explosion would push the peat out and form a
cavity and that the f1ll would settle to hard bottom.
When 1 stick every 2' falled to show any effect, the quan-
ity of dynamite was inereased to 3 and then 5 sticks in a
hole. In the latter case the fill was cracked up somewhat

but very little settlement occured.

The experiment failed because the mat was strong e-
nough to hold the f111 in place. The cracks in the fill
were formed radially from the location of the charge and
indicated that continued increasing of the size of the charge

would tend to blow uo the f111 rather than disvlace the muck.



#3. Single Blasting To Form Trench At The Toe Of
Slope On Each Side Of New Fill. U.S. 16, Ionia County, 1925.

]

/ New Fill
< e Road N\

‘\\.//, I T — \\//r
Charge of 1 stick of 60% dynamite

' I
10" to 20' of Peat | spaced 18" apart, 3' below swamp
' level, detonated by the propag-
tion method.

After the new fill had been built to an elevation about
4' above the swampn level, the trenches on each side were
made by blasting ags shown. The propagation method of blast-
ing consisted of placing single sticks of dynamite 18" apart
in rows and detonating the first stick by use of a fuse.
The explosion of the first stick detonated the stick next to
it and so on down the line. Only 50 or 60% straight nitro-
glycerine dynamite 1is unstable enough to be used success-

fully in this manner.

The fill was left this way for several months to give
it a chance to settle. When settlement ceased the trenches
were filled with the exress earth in the fill. This method
wae effective in dbreasking up the surface mat dbut the fill
was not heavy enough to disvlace the peat. This method was
effective as a float across the shallower portion of the
swamp but the deeper section, having soundings of about 20',

has continued to settle every year. This demonstrated that

breaking up the surface mat alone was not sufflecient to cause

appreciable settlement.
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#4. Execavating Peat To Clay Bottom. M 12, Lenawee

County, 1927.

-'l20'Pav't |~—
—_— - \1¥

Channel Peat 4' to 6' Deep

Soft Blue Clay Bottom

The peat was excavated and the trench was backfilled
with earth. Precautions were taken to follow up with the
backfilling very closely behind the excavating as the cri-
tical height at which the peat would stand vertically was

not known.and caveins were anticipated.

The method was successful and no notliceable settlement

or pavement cracke have develoved.

The depth of veat excavated has gradually been increased
until swamps up to 12' deep are now being handled in this
way. Peat less than 12' deep has not been successfully dis-
placed by dynamiting and loading, especlally in well drained

SWAMDSe.
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#5. Two Psrallel Vedses 25' Apart, 2 Blastings.

U.S. 127, 2% Milee North Cf Addison, 1227.

The loading and blasting in thls eswamp wa2c done as shown
by the deta}ls on sheet #7. The prelinminary tlasting and
lcading was done in the fall of 1926 and tha final blasting
and grading was done in the sprinc cf 1327. 20' concrete pave-
ment with mesh reinforce2ment was placed in July, 1227, after
a serles of levels indicated that settlement of the £111 had

ceaged.

The peat, dieplaced by the fill, caused heaving on both
sides of the road from Sat. 703450 to 712. After the pavement
wag in place, swamp ditches were dug 45' each side of the
centerline throuchout, exceot from 705-711 L where heaved pest
made 1t necescary to nlace the diteh 70' out. "hen these
ditches were dug, further heaving of pe=t kent fillin them uop.
Thie indlecated that cutting the ditchesg through the surface

mat on each glde had disturbed the equilibriunm.

Settlement, ecveclally on the crenterline, Yregan to 2vnear
goon after the vavement was ovened to trafie. The cross gec-
tions, orofiles anid vavement condition sketches shown on
gheets 8 to 1], 1neclusive, show develooments after the road
had been ueed by traffle for» less than three years, 1in the
spring of 1930. As this swamo 1s etill unsterle, plans hoe

been made to excavate the peat, refill and repave in 1931.

Analysls of the croge sectlions ghown on sheets £ to 10,

inelusive, 1ndiecate that the following resulte were obtalned.
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l. As the wedges settled the peat trapped between them,
tended to spread them avart. The section at Sta. 708472 shows
wedrges that had penetrated about 7' and were still 26' apart.
At Sta. 709418 there was a penetration of 10' and the wedges
had spread to 41' apart. At Sta. 710423 there was an average
penetration of 13.5' and the wedges had spread to 41' apart.
The quantity of peat traovpned between the wedges was smaller

than at Sta. 709¢¥18.

2. In most cases the wedges had penetrated at least three-

fourthe o® the way through the veat.

3. The sections were aporoximately the shaves anticipated

by the designer.

A, At Sta, T1ll¢£23 the trapped fiberous peat was suffi-
clently comnacted so that it acted as part of the left wedge

and entirely disvlaced the sedimentary pest unaer it.

5. Displacement of some of the soft blue clay under the
points of the wedges indicate that the peat under the fill hase

been ecomvacted.

Examination of the profiles and pavement sketches shows

the following.

1. Pavement settlement was greater on centerline than at

either edge for the entire length of the swamo.

2. Although some lake clay was displaced under the wedges,
the depth of this material d4id not greatly affect the stabil-

ity of the fill.



3. The soundings, ac they were shown on the olans, in-
dicated the bottom of the lske elay instead of the bottom of
the peat. They were probably taken with an ordinary %" pive,
which was pushed down until hard sand bottom wés gtruck. Un-
less some provision is made for taking samples at various
depths, 1t 1s often difficult to tell when the rod strikes
the cléy. If the soundings had been correct, the plan would
have bteen to excavate the peat through the portion of the
swamp wWhere the denth was 6' or less, and it ecould have been

to excavate for the entire length.

A. The worst failures occured: (a) where the original
depth of peat wae 6' to 10'; (b) where the depth of peat was
changing, that is, where the marsh bottom was on a grade;
(c¢c) where the largest quantity of neat waes trapped betwveen

the wedges.

The two wedge method of disvlacing and eonfining peat
wss depigned to keepo the quantity of f£illing material as low
as possible. It was bagsed on the assumnption that settlement
of a f£111 over peat was mostly due to disvlacement or flow-
ing of the peat from under the embankment. "hen the veat
was confined so that flowing could no longer take place, 1t
was thought that the f£1ill1l would be stable. Quick egand and
other unstable soils have been suecessfully confined by

gimilar methods.

Peat 18 unlike other soils in that it contains a much
higher percentage of volids. Dr. Darhnowski (4) says that,

"1t may be accrepted as an axiom that undralned devosits of

12
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peat contain from about 70 to 95 vercent of water," Compac-
tion of peat 1s a squeezing out of gone of the water. This
kind of a compactlon would go on at a gradually decreacsing
rate almost indefinitely. Even 1f the wedges had penetrated
to hard bottom, comnaction of the trapved peat would still
continue aﬁd the water would soak into the fill or seep
through 1t. As the center of the pavement 1s subjected to
greaster prescsure than either edge, it 1s probable that settle-
ment would continue to take vlace along the renterline for
years to come. The proposed plan to excavate the peat before

repaving this swamp 1s unquestionably the best way out.

#5. Two Parallel Wedges 15' Avart And Sureharge. U.S.
#6. T 1lel Wed 15" a h U

223 At Devils Lake, 1928.

The method used 1g shown on sheets 17 and 18. It was
ginilar to the method used for the Addison swamp except that
the wedges were closer together, a surcharge was used, and

complete penetration to the marsh bottom was not expected.

Part of the preliminary blasting and filling was done in
the late fall and early winter of 1327 and the remainder in
the spring of 1928. The preliminary blasting 41d not make
ditches 8' each side of the centerline as was anticivated but
made a serles of holes separated by pleces of unbroken sur-
face mate The f1lling earth was mostly sand and sandy gravel
although there was some loam and clay. The swamp Was poorly
drained as a county draln would have been necessary for pro-
per drainage. However, the ground water level could be kept

at least a foot beclow the surface of the veat.
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In July, 1928, after settlement had apvarently stopped,
the borrow was found to be about 6000 cyds. in excess of the
estimated quantity even though the final blasting had not been
done. It was thought that the settlement must be nearly com-
plete, 3o borings were taken at Sta. 821450, 323, 824, and
825¢50. The borings indicated that the f111 had penetrated
nearly to hard bottom at Sta. 823 and 324 but that very little
peat had been displaced at the ends of the swamp where there
were shallower soundings. Final blasting was therefore carried
out at sta. 819-822 and 825-827 and a surcharge was maintained
until settlement was less than .05' in 30 days. The pavement
was placed in September, 1928. The cross sections, profiles
and pavement condition sketches shown on shetts 19 toA22,
inclusive, were plotted from levels and borings taken the
spring of 1930 after the pavement had been in use one and one-

half years.
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PLAN FOR LOADING AMD BLASTING DRVILS LAK®E STAMP (6).

2 nd Loading

¥
1 et Loading f'

Final Croes
Section

3 Sticks of 509
Stralght Nitro
Glycerine Dynamite
Bot.t.om of Marsh

FIRET SHOOTING

Holee 2' to 4' deeo shall »e hored in the vpeat, spaced 4'
apart in rows 38' each side of the centerline. "2 sticks of 507
straight dynamite shall be placed in each hole and unless the
exnlosive 18 enmnletely covered with water, the hole shall be
tamped with earth. A minimum number of 30 holes shall be shot
at one time by means of a blastineg macrhine. ¥%arh line of holes

may be shot separately.
SECOND BLASTING

"After the first loading is comnlete holes spaced the same
ags at first shall be bored to 3' below t!& bottom of the settled
£111 provided thet in no ease shsall hoiés extend to within 1'
of mareh bottom. 2 stiecke of 50% straight dynamite for deoths
of veat under 10' or 3 sticks for denthgwyf 10 to 20' shall be
placed in ench hole and unless the exnlsglve ie comoletely cov-
ered with water the hole shall bhe tamned with earth. A minimum
of 30 holes shall be chot at one time by means of a blasting.

machine. Both lines 2# hnles must be chot at onre.
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LOADING

L ]
"After the 2 trenches have been blasted across the marsh,

the first loading shall te started from one end in these trenches
and both sides advanced €qually from the end. The loading shall
be carried full height and width as shown on the above cross
section and any other loading than that shown will not be per-

mitted. The two f1lls must be carried across by end dumving.

"As soon as the fills 5° the firet loading have been com-
pleted to the stage at which settlement 18 less than at the rate
of two-tenths of a foot per day, the second shooting may be done.
At the time of this second shooting, both f1lls must be within
five-tenths of a foot o® grade. Should the distances to be
filled by this method exceed 200', after the first 150' is com-
pleted the second shooting of the first 50' may be done, but at
no tine shall the distance of shooting be less than 100' from
the end of the uncomnleted f1ill. After the second shooting, the
first loading shall be immediately brousght to grade and the sec-

ond loading aonlied.

"Each loading shall be carriled full height and width as
shown on this plan. If at any time during the apolication of
the second loading the oreceding load shall have settled more
than 1' from its original grade 1t shall be immedlately refilled

to the grade shown before proceeding with the additional load-

ing."

Examination of the ecross sections proflle and pavement

condition sketches of the MNevils Lake marsh shown on sheets

19 to 22, inelusive, shows the following results.
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1. Fil1 penetration into the peat was 1/% to 1’3 the

depth of the peat for a denth of 16' and leess.

2. The f111 was the least stable:
a. Depth of peat 12' to 20°'.

b. Where marsh bottom was on a 7% grade or greater.

3. The cross sections indirate that the two wedges 8'
each slde d1d not settle together into peat less than 20'
deep and that they combined to form a wedge which penetrated
nearly to the bottom where the depth was greater than 20°'.
In the shallower peat the wedgé which startéd first usually
disvlaced peat or marl in the direction of the other wedge
and tended to retard its settlement. This 1s indicated by
cross sections for Sta. 820, 321, 822450, and 825.

4, The shave of the f1ill was not as anticipated because
the wedges did not continue to settle sevarately but jJoined

to form either one wedge or a mat which aeted as a float.

5.The swamp depth was about the same at Sta. 826 as at
Sta. 820 to 822 and about the same venetration was obtained
when the swamp was originally fllled but pavement settlement
was greater at Sta. 825 apvarently becsuse the marsh bottom

was on a grade.

6. The peat could have been excavated for the fist 300’
and the last 10)' of the swamp. Plans have usually called
for using the same method of dynamiting and loading through-

out the entire length. Where there are several hundred feet
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of shallow peat, it eould be exravated even though the remain-

der of the swamo requires loading and blasting.

7. In this case use of the two wedges avnvarently retarded

settlement instead of promoting 1it.

3. Pavement settlement was anoroximately prooortional to

the depth of the remainine peat under the f1ill.
SUMMVARY

About the only results common to these two swamos were (a)
pavement settlement was prooortional to the depth of the re-
maining peat under the £111 and (b) the worst failure ocecured
where the swamp bottom was on a grade but the deoths at which
these fallures occured wes varlable. Both are examples of
fallure of a method which proposed to trap veat under the fill

to reduce the quantity of fllling earth necessary.

It 18 avparent that f1lls over swamos less than 25' deep
will be unstadble unless they have penetrated to the bottom of
the peat. If merely an equilibrium is reached 1t 1is too easily
upeet. Some of the factors which tend to disturd the equili-
brium are (a) drainape of the heaved peat, (b) slow compaction
of the peat under the f£1ill, (r) freezing and thawing , and (4d)

flooding.

One of the factors preventing the disvlecement of veat is
the weight of the heaved peat. After it has stood above the
ground water level for some time, most of the water drains out

or is evaporated. This leaves the heaved peat only a fraction
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of 1ts original welight. Much of the water usually drains out
before the surcharge i1s removed but this alone may not suffi-
clently decreace its weight to start a flowing of peat from
under the f1l1 after it has once stooned. Later standards
whiech called for placing a heavy surcharge before the final
blasting was done, gained a point here. WMost of the heaving
took »lace before the final blasting and the peat had time to
lose much of 1ts water while the contractor was getting ready

to do the dee» shoosting.

Compvaction of the peat under a f1ill was discussed on

pace 15.

This type of fill 1s more apt to settle immedliately after
the frost leaves the ground in the soring than at any other
time. This 1s rather econclusive proof that econslderable lat-
eral supvort 1s derived from the surface mat. Frost action in
solls hae been described by Prof. Steven Tabor (5). Certain
soils, including muck, heave when frozen due to "segregation
of 1ce in layers or lensee." Swampvs seldom freeze to a depth
of more than 2 or 3'. Mhen these layers or lenses of ice melt,
the surface 1s left in a frictionless and cohecsionless condil-
tion and 1ts lateral supnort is ovractiecally released snd the

equilibrium 1is uvset.

The finished grade 1s practlcally always wider at the top
where the esrth from the surcharge has teen disturbed over the
peat. Thils layer of earth 1s most easily sheared when it 1is
saturated with water when the internal friletion and coheslon

are at a minimumn.
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It can be seen that the factor of safety of the ahtove
type of fil1l 1s small. The welght of a 5' surcharse 1s more
than twice the normal loading of a highway, but it 1s a statie
12724. When the wvibration, due to traffic, 1s combilned with
the several destructive factors mentioned above, the factor of

gafety obtalned by removal of the surcharge 1s overcome.
LAKE CLAY

Some of the eross sectlions shown indicate that the plas-
tic blue clay known as "lake clay" has been displaced by the
£111 or even by the compacted peat under the £111. This clay
does not have the same characteristiecs as pest. It 1s satu-
rated with waster which does not resdily give uo under pres-
sure as does peat. It has been found to satisfactorily hold
up fills where the peat has been excavateds In the swamps
Just studied the clay waes displaced at the noints of the
wedges only where the bearing was small. It 1s not subject
to comoaetion but to flow only. The study made by the Re-
gearch Division of the State Highway Devartment indicated
that i1t is very rarely displaced in swamps less than 25' deep.
For deeper swampe average penetration has been found to be 2'
for swamps AQ' Aeev, 10' for swamps 50' deep and all the way

to hard dottom for deeper swamns.
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#7. Execavating Peat Below Ground Tater Level. U.S.27,

South Of Marshall, 1928.

20'Pav't
Execavwvated Peat

Sandy
Fill
Smamn_i&tgr&wl______________t__
—— Dl L 6' to 10' of Peat
Channel
SOTU BIUé& CIay pBorTom

Thls method was used on several gwamps rangirg from 300
to 600' long. The trench wses first excavsted all the way
acrogs the swamp by a power shovel with a cla& bucket. The
sultable filling earth from the 0ld road embankment was cast
to one slde so that it could be recovered, and the peat was
cast to the other side of the road. The trench soon filled
to swamp water level with water which held a considerable
quantity of peat in suspension. This soupy 1liquid was forced
ahead in the trench as the new f111 was placed. The pavement

was placed early 1n the summer of 1929.

The pavement started warping out of ehape shortly after
it was opened to traffiec. By the next soring there were sev-
eral dips where settlement of 6" to 1.0' had taken place.
Several theorles were advanced to exvlain this. First, that
the buoyaney of the ground water had been sufficient to keeo
the f1ill from compacting until it was offset by traffle on the

pavement; second, that there had bteen lateral dienlacement
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causing the f1ll to widen out at the bottom; third, that the

£111 had settled into the vlacstie lake clay.

Boringe 1ndicated that none of these theories were cor-
rect but that soupy liquid in the trench had caused the trouble.
The worst dips were at the ende of the swanps where the trench
was filled last. Most of the water and susvended peat had teen
pushed ahead until it reached the end of the trench where it
wag traoved under the f1ill. A elight heaving adjacent to thece
places was due to disvlacement of some of this material dy

traffliec and not to a lateral movement of the f1l1l.

A new stsndard, being considered, calls for placing a sur-
charge to help displace thils soupy peat and to hasten compaction
of the fi1ll itself. It 1s necessary to fill the trench by end
dumping to keep the 1liquid pushed ahead. In doing this an im-
portant specification recuirement of placing f£ills in 12" layer
1s dispensed with. If the filling material 1s eclay, compaction
of the f1l11 iteelf may require a couple of years if it 1s not

hastened in some manner.

Another sugrestion has been to wilden the trench 6' to 10'
on each side at the end to be filled last, and at nlaces where
the soupy materiasl is most aot to be trapvved. The fill would
then be placed the regular width only, leaving a space on each
side for the 1liquid. This would make its displacement more
certain and, where the f1lling material wae sand or eandy loam,

would seem to make the surcharse requirement unnecreseary.
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#3. 1929 Standard Plan For Marches 3-20' Deep.(6)

LD '
10 rl;q Pronosed 36' Grade

Bottom of Peat

PRELIMINARY BLASTING

Before any filling 1s done the surface of the peat shall
be blasted by the vrovagation method in 2 rows, 10' or 15' each
glde of the centerline, using one stick of 50% straight nitro-
glycerine dynamite in each hole, 18" deevn and spaced 18" apart

in the rowe.
FIRST LOADING

The marsh shall be 1loaded in 2 runways centered 15' from
the centerllne to an elevatisn 5' arove nlan grade and to a top
width of 10', with 1 on 1 slopes to a maximum height above the
surface of the peat equal to 3 the depth of pest or until rapid
settlement takes place, after which the loading shall be kept
to an elevation 5' above plan grade by additional f1illing un=-
t1l the rate os settlement i1s not more than 0.1l' per day.

After this stage of settlement has been ohbtained the "Final

Blasting" shall be dons.
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FINAL BLASTING

2" pives, plugeed at the bottom end, shall be driven 10'
apart in rows 10' avart earh side of the road renterline, to
a deoth aonroximately halfway hretween the bottom of the first
1%ading and the bottom of the veat. The oives may be driven
in a vertical vosition or on an anele at the base of the fill.
After the pnlpes are vlaced, the plugs shall be removed and 1
stick of dynamite shall be shot in esch hole to form a chamber
after which 20 to 30 stiecks of 507 straight nitro-glycerine
or gelatine dynamite shall he nlaced in each hole. The num=
ber of sticks ner chargse shall te varied in provortion to the
depth of the veat. A minimum of 20 charges ehall be shot st
one time by meane of a blacting maechine and both rows shall dbe

shot together. After this blastinc the flnal loadine shall be

made.

FINAL LOADING

The 1o5ading chall be brought to an elevation 5' above
plan grade and a ton width of 40" with 1 on 1 sloves and shall
be maintained at this elevation by additlional filling until
the rate of settlement 1s not more than .05' in 30 days, after
which the 12ad 18 svread and thoroughly comnacted to form the
eross gection and grade shown on the plans; orovided however,
that excess earth shall te used to uniformly widen the grade

and flatten the glovmes on earh side.

LIMITS CF OPERATICN

Where feasible, 21l materlial for flll shall be sandy or



gravelly soil. If the f1l1l material is clay, the fille ghall
be built up in compacted layers, the first layer not more
than 3' above the surface of the peat and sucereeding layers

not more than 1' 4in thickness.

Use of this method of loading and blasting wag observed
by the writer in 3 marshes, viz.; a swamp about 900' long,
12' to 20' deeo on U.S. 27, north of Tekonsha; another swamp
about 200' 1long with the marsh bottom tilted, loecated in the
same vicinity; and a mérsh about 500' long, 8' to 16' deep on
M 738, southwest of Bellevue. All three were loaded and blast-
ed during the late fall of 1929 and esrly spring of 1330, and
were paved during the summer of 1930. As borings have not
been taken, the results obtained can only be anticipated by
the apvarent stability of the f1ll and the quantity of dborrow
earth required. In this standard as well as others Jjust stu-
dled the designer has not anticipated that the wedse would

penetrate to the marseh hottom.

The longer marsh at Tekonsha, above mentioned, required
about 5000cyds. of borrow earth more than estimated on the
plans. This would be an averare settlement of 4' more than
expected, so 1t 1s probable that the wedges venetrated to the

marsh bottom. The preliminary load was 1n place during the

spring breakup, at which time considersble gsettlement ocecured.

Peat was heaved on both sides for nearly the entire length of

the marsh. The pipes used for the final tlasting were Jetted

thrcugh the fill by a stream of water under oressure. Heaving

of peat btetween the new f111, whieh wae on reloeration, and the
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0l1d rcad embankment, which was about 100' away, had blocked
the drainase. The Jetting proces3 left the water standing

on both sides of the r1ill and in the trench between the two
rows forming the surcharge above the wedges. As the filling
material was mostly elay this flooding undoubtedly alded set-
tlement materially. The final blastines Was much more effectlve
than for the other methods described, as the charege, bging
over 4 times as great as those previously used, was sufficlent
to ralse the entire fill with surcharge geveral feet into the
alr. For about 150' where the msreh depth was the greatest,
peet, which had been travped between the wedges, was forced uo
through the center of the fill to a helght of about 4'. This
peat was excavsted to about swamd level and revlaced with bor-
row earth previous to the final loeding. The final loading
was plasced and left about 2 months until settlement was less

than .05' in 30 days. The heaved peat was leveled off and

the surplus earth 1n the surcharge was used to widen the grade

and flaten the fill slove for the entire length of the marsh.

The f£111 had been go ecompletely saturated by the Jetting, two

months previous, that, after the surcharge had been removed,

1t was necessary to allow the grade to dry for one week during

the dry summer of 1930, dbefore the pavement slab could be pla-

ed. Dralnage was econsidered poor, ss water had several tilmes

rigsen above the old road, but dry seasons have prevalled since

the new road has teen built and water has always been kept at

lesst 2' below swamo level or about 5' below the pavement grade.

To date no noticeasble settlement has taken place, In as



much as the f1l1l, while loaded with a surcharge, (a) was sub=-
Jected to freezing, and thawing, (b) was flooded, (c¢) the heave?d
peat glven ample time to drain before the final blasting , and
(d) the factore of geafety increased by widenines the grade with
the surcharge materiasl, therefore, this f£ill should be as sta-
ble as possible for the two wedge method. It would not be sur-
prising if some settlement took place along the centerline due
to compaction of the peat between the wedpes. In this partie-
ular case, most of the mareh is on a suver-elevsted curve where

the erown was left in the pavement. A small settlement would

merely remove the crown and the super-elevation would still oro

vide dralnége for the elab.

The other marsh at Tekoncha wse handled in the same manner
and at about the same time as the one just described. 1In this .
case the marsh was only about 200' lonez and the old road was at
the same location. The marsh bottom eloped toward the middle
of the rfill longitudinally and was also tilted laterally. The
0ld road fill was nearly to hard bottom on the shallow side.
Age the 0ld gravel road was a trunk line which carried falirly
heavy traffic, the peat under the o0ld fill was probably com=
pacted to the extent that 1t was not readlly displaced. Drain-
age was much better at this locatlion. The filling material was
partly sand and partly clay. The f1ll settled quite raoidly on
the low side and heaved peat on that slde only. Since 1t has
been paved some settlement has taken place at the point where

the marsh wag the deevest. The steep tilt to one slde was pro-

bably the cause.
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The marsh, on ¥ 78 southwest of Bellevue, was about 500
long and from 8' to 16' deeo. Following prelimiﬁary blasting
and loading the quantity of peat trapved between the wvedges
Was unusually large. As the wedges settled the neat heaved up
between them along the centerline of the road. At this point
the loading sand dynamiting vlan was abandoned and the peat was
excavated and revlaced with borrow earth. Thies was exvensive
but the hesvine of an abundance of vest along the centerline
Indicated bteyong doubt that the two wedece method of displace-
ment would be a failure so exeavating the peat and backfilling

wlth earth was the best and surest way out.
Compnarison Cf The 19726 And 1929 Stand-rds.

The 1923 standard plan used on the Tekonsha marshes wes
unquestionably an improvement over the 1926 standard plan used
for the Devils Lake ewamp. The principal changes were substi-
tution of the propagetion methcd of preliminary blasting, in-
creaelng the slze of the charge of dynamite, and 1ncreaeing the
size of the surcharée. The propagation method of preliminary
blasting required 1/3 more dynemite but fewer ecaps than the old
method. It was easler to execute and more sucececssful in cutting
the mat. The first standard required a wery small surcharge
before the final blasting and therefore did not eause much hea-
ving until after the final blasting. By displacing as much peat
as possible by the firet load better results are obtained by the
final blasting for the heaved peat has had a chance to dry out
and become much lighter. The charge for the final blasting was

inereased to three times that required by the 1926 standard and



35

made large enough to ralce the fill and gsurcharre into the air
80 that the wedpee struck the peat with an imnace. The final
load for the 1929 standard was almost 2 times as heavy as that

required by the earlier plan.
The Two Wedege YMethod Beilng Replaced.

Although the 1929 standard plan is etill in use the two
wedge method 1s gradually being discarded and 1s being replaced
by the method recommended for deever swamps on the 1929 standard
plan. This method calle for the same preliminary blasting but
for starting the load in the center and building it to a height
of 5' above grade with a top width of 20' with 1 on 1 slopes.
This 1e in the form of one wedge 1nstead of two and 1s designed
to penetrate all the way through the peat. The final blasting
18 the same as for the two wedge method. The final surcharge

is only 20' wide on too for the width of grade and pavement being

econsgldered.
A Propocsed Standard.

A new standard plan which is belng considered tut which
has not yet been adopted is practically the same as the last
method mentioned above except for the final blasting which is
as follows: (6) "2" pipes plugred at the bottom end shall be
driven 10' apart in 3 rows epaced 7' avart for future 20' pave-
ment, or spaced 1”' avart for future 20' pavement. The center
row to be driven alongs the road centerline, snd all rows to be
driven to a depth approximately half way between the bottom of

the first loading and the bottom of the peat. The plpes may
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be driven in a vertical position or an angle at the base of

the fill.

"After the pipes are plsced, the pluegs shall be removed
and one stick of ..............dynamite shall te shot in each
hole to form a chamber, after which 20 to 30 eticks of 507
straight nitro-glycerine or 607 gelatine dynamite shall be
placed in each hole. The number of sticks ver charge shall
be varied in provortion to the deoth of veat except that in
all cases the number of sticks in the center blasting row are
to exceed those of the other two rows by five sticks; and the
center tlasting row charges are to be fitted with Delay Deton-
ating Caps. A minimum of 20 charges shall be shot at one time
by means of a blasting machine and all three rows shall be
gshot togethere ...c..cccc..e In 1ieu of the atove method of

plaecing echarge, contractor may use the jJet method."”

This method 1s proposed for all depthe but is almed par-
ticularly at depthe of 12' to 25' where complete penetration
hae been most difficult to obtain. The charges for the out-
slde rows have been demonstrated to be sufficliently large to
raise the f111l. %hile the load 1s in the air the charges
along the centerline, which were equipped with delay electric
caps, explode and start dlsplacement of the peat and the im-

pact of the fill, as 1t falls, continues the actlon.

The manufacturer recommends the o0ld type waterproof de-
lay electric blasting cap for this kind of work as the new

tyve cape are designed for uee with ammonia dynamites only (7).



These delay cavs are nade in five different sizes for different
periods of time. Firet delay would orobably be sufficient in

this case.
THE MINMNTSOTA METYHND

A method of dlevlarine peat 1s belng used@ in Minnesots
which has teen described by ¥r. P.W.Rledesel, former resident
engineer of the Minnesota State Highway Department (12). It
is being brilefly outlined here and compared with the Michigan

standard.
PRELIMINVARY BLASTIMNG AND LOADING

Step #1. Place charges of one stick of 607 dynamite 1°'
apart and 5' or 6' deen in 3 rows, one on the centerline of
the road and one 8' each egide of the centerlinre: and shoot by

the oreopasetion @ethod.

Step #2. Puilld a fill the width of the trench at the toe

of the slope and to a height 5' above the swamp level.

Step #3. Place charges, consisting of 1 stick of 607 dy-
namite, 1' apart and 5' to 6' deevo, along the toe of the fill

and shoot by the propagation method.

Step #4. Fill the resulting trench to a height 10' above

swamp level.

FINAL BLASTING

Place charges of 150 1lbs. of 207 dynanite 20' to 30' avart

on the centerline at points three-fourthe the distance from the



bottom of the fill to the bottom of the veat, and shoot 6 holes
at a time. Maintain a surcharge 10' above swamnd level and re-
peat blasting until t+e f1ill penetrnates to hard bottom. For
wider fi1lls, use chargs of 100 lbs. of %07 dynamlie 20' arart

in rowgs 10' esch slde of the centerline.

The above method wae sald to be eucceceful but rather ex-
pensive. It will he noted that the preliminary blasting 1is
very comolete._ 1t requires 250# of 607 dynamite per station sas
compared with 67# of 507 dynamite vper station called for by the
lateet Michican standesrd. Mr. Riedecel gives & reasons for re-
quiring & very comnlete preliminary blasting; First, 1t ovens
the way to immediate nsatural cettlement; second, it makes set-
tlement from the finesl blasting more certain; third, 1t saves

dynamite; and fourth, 1t lessens the dancer of glde sliovopine.

Shea=1ng of the surface mat is very imoortant especlally
in shallower marshes and 1t 1g poesible that the Michigan stan-
dard does not plaée enoush emphasle on the first blasting. The
Minneeota method ls designes to remove a large protlon .of the
mat while the Michigan vplan ie to merely shear 1t. The quanti-
ty of dynamite required to dbresk uo the mat depends upon the
denseness of the mat. In some caces Where the mat 1s tightly
woven together by roots it might be advisable to excavate to a
depth of 3' or 4'., In other instances where the surface 1is
very soft no preliminary blasting at all 1s necesegary. The
gtiffnese of the mat devends on the water content of the peat
as well as the quantity of vegetation. The Minnesota method

calls for 607 gelatine dynamite while the Michlgan requires
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50% straight nitro-glycerine dynamite. The latter is less sta-

ble and therefore more eacily detonated by the oropagation me-

thod.

There 1s lesgs difference in the final blasting. Minnesota
usee 7504 of 2407 gelatine dynamite per station while Miechigan
requires 2154 of 607 gelatine dvnamite or 507 straight nitro-
glycerine dynamite. 607 dynamite has only 1.23 times as much
energy 2s 207 dynamite but it explodes with a more shattering
blow. It avpears that the Minnesota method was decsligned to
actually disvlace the peat with the dynamite while the Mlchlgan
standard depends on a sudden lmpact to start the flow of peat

and the welght of the rill to eontinue actlon.
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MARZHES OVE™ 25' DTTP

An entirely different problem has arisen in the settlement
of fill over marsnes more than 25' deep than thet encountered
In the shallower marshes. The first Michligran State Highway De-
partment 1lnvestlgation of marshes that had been filled without
the use of dynamite, indicated that in nearly every case where
the depth of neat was over 25', the fill had settled to the
marsh bottom. The filrst standard plan devecloped, did not ecall
for a second blasting of these swamps. The surface mat wos
broken and the sinkhole was filled until settlement stopved.
Excessglve overruns in the quantity of borrow earth required
for some of these marshes led to an investiecation whlech showed

that lstersl dlsvlacement was csusing the 1loes.

None of the deeper marshes are being studied from borings
in this paper as was done with the shallower marshes. Some re-
sults that were obtained in the Hizlway Devartment inveestiga-
tions are being used together with some facts and theories of
earth pressures to determine the probable causes of lateral dis-

placement and precautions that might be taken to prevent or de=-

erease 1it.

INTERNAL FRICTION AND COHESIOM

As George Paaswell, C.E., has said (11), "The correct in-
perpretation of the character, distribution and amount of pres-
sure throughout an earth tyolcal of ordinary engineering con-
struection, cannot be expressed by exact mathematlcal analyslis.

The usual earth mass retained by a wall contains g0 many uncer-



tain elements that can nelther te antiecinate? ncr dstermined
by typical tests, that it becouwes very hard to assemble suf-
ficlent data for a premise uonon which to found any satisfac-

tory econelusion.”

In the definition and discuseion of the resistance to
movement of a prlsm of earth, Charles Terzaghl, Research Con-
sultant, U.S. Buresu of Public Roads, is guoted (8,3). "The
resistance to movement 1s a comblnation of forces due to the
attraction exlsting between the individual soll grains and 1is
Independent of the pressure s~ting upon the surface under con-
slderation. It is a constant value for any'unlt area within

the embankment 1if the material 1s uniform.

"The internal friction is caused by the resistance to
goil grains sliding over ezch other and varles with the pres-

sure upon the sliding plane.

"It should be understood that cohesion and internal fric-
tion in every resvect correspond to the shearing strength of
80l1d bodies. They reoresent the combined result of the pro-
perties of the soil constituents and of the conditions under
which the soll exists. Thus they inelude friction and true
adhesion between the individual particleé, gkin friction be-
tween soll particles due to capillary pressures, etc. When
these conditiones change, both the coheesion and the internal
friction of the same material are apt to change, similar to
the change in shearing strength of a g0l11d body due to change
in the temperature. Therefore, strictly speaking, the terms

cohesion and internal friction refer not only to definlte
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materisls but also to definite ststes. In general, the finer
the goil eonstituents the more vsasriable both quantities tecome.
cesesecsc.s.fOr materials with even a trace of coheslon, the
"angle of repose"” has no relation to the angle, 4, and may, for
the same materisl, be very different, devending on the height

of f£111."
NONUNIFORMITY OF MICHIGAN SOILS

As Michigan solls are glacial deposits they vary greatly.
A recent dbulletin resulting from several years of eolls re-
gearch along Michlgan State Highways, liste 51 different kinds
of goils which have been classiflied into 6 groups. Whiie car-
rying on this gsurvey to detérmine the effect on pavements of
various types, observatione were taken mostly in cuts as the
£111ls consisted of mixturee of different solls. It csn be seen
that a f111, partly made of earth taken from ecuts 1000' or more
each slde of the swamp and the remainder taken from one or mors
borrow pits, 1s by no means a homogeneous mass. Taking this
into consideration, it 1s sltopgether unlikely that the soils
making up the average f1ll would have constant physieal prover-

tlies.

PHYSICAL PROPERTIES OF PTAT UNKOWN

An attempt by the Recearch Divislon of the State Highway
Department to determine the physical qualities of varlious kinds
of peat by laboratory methode failed. The reasons are given by
Mr. V.R.Burton (3) as follows: "First, because it 1s impossible

to maintain the peat in 1ts original condition on exposure to
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alr and after drying. Peat as it comes from the ground 1s only
partially oxidized and at the greater depths there is actually
some reducing action. Consequently, immediately it 1is handled
in alp, oxidatlon‘begins and if 1t is attempted to dry it, a
totally different material results. Next; it 1s certain that
the amount of compression under loading in a vessel such as 1is
used in the standard bearing value test which does not permit
of a free displécement in all directions, willl not give results
at all 1ndica£1ve of the behavior of the same material 1in its
natural place." It is doubtful whether the stability of peat
should be expressed as internal friction and coheslon which
acts according to Coulomb's hypothesls. Fiberous peat,lwbich
usually composes the top five to twelve feet of Michigan mar-
shes, will stand vertically, when a trench is cut through 1t, to
a eritical height of 12', more or less devending on the height
of the ground water level and the consistency of the peat.
Cross sections have oroven ites horizontal thrust to be suffi-
elent to offset the §pnosing thrust of a f£ill up to 25' deep.
Yet research engineers for the Bureau of Public Roads (8) state
that "Bearing proﬁerties depend on the combined effect of co-
hesion and internal friction" and in the same article describe

peat as affording "exceptionally low supvort”.
COHESION AND INTERNAL FRICTION VARY WITH FIELD CONDITICNS

The method used in building a fill can greatly effect the
cohesion and internal frietion of the maes. Experiments by
Jacquinot and Frontard in 1910 on earth taken from a dam which

had failed, showed the following results:
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"l. £ (® tan £) varied only 0.1% for the soft, pasty
earth to 0.18 for esrth nearly fry. Neither the amount of
water used for the puddling or ramning caused much variation
in .

"2. On the contrary, the amount of water uced effects
the cohesion very much, and sufficlent rsmming can more than

double the coeffieient of cohesion.”

In 10 out of 12 cases studied by the Rese~rch Divieion
of the State Highway Department, where lateral disvlacement
of f£11l1s had taken place, the fills were btullt with industrial
rallway equipment. This material was not compacted and was
often dumped from a treetle directly into water. 1In such a
£111 the eoll would have a minimum coefflclent of cohesicn due
to the high water content and lack of compaction. The method
of building a fill of cohesive earth may greatly effect the
water content even though the fill later becomes submerged.
The interior of theee fills usually are found to have a lower
water content than the outer portion. If a f1lll can be built
before it is submerged ite internal friction will be greater.
Charles Terzaghi, Pesearch consultant, U.S. Bureau of Public
Roads, (9), eayé, "The coefficlent of internsl friction, tan §,
of a cohesive material is very different dependling on whether
the water content of the earth has or has not an opourtunity
to adapt 1iteelf to changes in preesure,” Clayey solls are some
times almost imperméable and when they once become saturated

are very loath to give upo their water. Lateral dleplacement

apparently takee place in o series of sglidee. The £111 1s bullt
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up until the welght 1s sufficrient to shesar the weakest place,
at which time a portion of the f1ll elides. The resistance of
a f111 to shear 1s entirely devendent on the combined effect
of its cohesion and internal frietion and thece factors are

grestly affected by mthodes of eonstruetion.
EFFECT OF BUOYANCY

The buoyaney or hydrostatic uolift of a submerged fill of
porous soil has been described by William Cain (10) as follows:
"If this f1illing earth weighs 100# per cu. ft. in air and has
40% woids, then 1 cu. ft. contains 0.6 cu. ft. of solids, and
since the buoyant force of the water equals the welght of an
equal volume of water or 0.6x62.5 equals 37.5 pounds, the true
welght of the filling in fresh weter is 100-37.5262.5 pounds

per cu. ft.

"This method can be applied to get the approximete welghts
in water of such meterials se rip-rap, cohbble-stones or clean
gravel. It cennot avply to finer materisls, as elean sand,
bank sand or loam, because Irn such earths free circulation of
the water is not realized; the weter cannot get under the ma-

terial everywhere and ite full dbuoyaney effect cannot be ex-

erted.”

The above quotation was given in connectlon with the de-
slgn of tunnels and was 1ntended as a warning agalinet depend-
ing on hydrostatic uplift of a submerged f1l1l over a tunnel
unless the soll was very vorous. Buoyancy has been found to

have caueed a decreace 1n bearing capaclty of coheslonlecs



46

sand by recearch engineers for the Pureau of Publie Rozds (R)
who are quoted as follows: "If the water rises nersr to the sur-
face of the grcund, the svecifie gravity cf the sand apvarently
decreaeses on account of the hydrostatie unlift; and, as a econ-
gequence, the bearing capacity aslso decreacses."” The bearing
capaclty of cohesionless sand was found to e cdecreased 357 due
to buoyanecy, which was provortional to the loss in weight. As
long as water is free to flow under a maes the huoyarncy will be
equal to the welrht of the water displeced. In case of a fill
of sand or grevel the tu~yancy would prora*ly be atrout 357 dur-
Ing the time that settlement wee taking place anéd probebly
slightly lees than that aftecr cettlement wae complete when com-
pacticon would elightly decrease the eaege with which water eould
circulate. 1n case of a more impermeable fill, the water dis-
placed would be nesrly the volume >f the fill ard the buoyancy
would apvear 50% during the time that cettlement was taking
place and water could flow under the mass. As soon as comvnlete
eettlement had taken vlace, the lake clay at the bottom of the
marsh, into which the T1ill sinks would almost entirely stop
circulation and buoyancy would no longer affect the mass. At
this time the iInternal streessee in the f1ll would be more than

doubled.

From the above it apnears that lsteral flow does not start
until the f1ill has penetrated into the lszke clay. If the co-
hesion and internal frlction are suffiecient to hold the flll
together, the increace In welght will compact the fill and in-
crease its etablility; 1f nnt, lateral flow will start and a

portion of the fill will bresk away and form an angle of repose
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with the marsh bottom. The onlane of the cshear on the remaining

portion of the f£111, becomes wet eo that when the fill is agsain
bullt up another slide takes vlace more rezdlly than the firet.
Cases hsve been found where one slde of the flll stood nearly

vertical while the other formed an angle of reodse of as low as

20° with the marsh bottom.

The Coulomb hyvothesis 1s (10), "that the friction on a
plane in the interior of a mass of earth, 1s ecual to the nor-
mal pressure multiolied by the cceficient c¢f frletion, fZtsn o,
and the cohesion 1s equal to the srea of the vlane considered
multiplied by ¢, the ecoheslion per unit of area. In other words,
the frictlon 1is vrovortional to the normsl vressure on the area
consldered, whereas cohesion 1s simnly oroportional to this

area and is indevendent of the normsl pressure."

The following formulas are develoved in Cains' text (10).
E = horlzontal thrust of esrth a~=2inst a vertleal plane.
w 8 welght of esrth per cuble foot.
d = angle of internal friection.
f = coefflclent of frictlon = tan 4.
¢ = coefficient of cohesion in pounde ver square foot.
h = depth of the f1lll in feet.
For non-coheslve earth:

E = wh tan2(45%- §) Equation #1
2 2

For earth endowed with both cohesion and frietion:

E = wh tan?(450- 4) - 2ch tanf459- 4)  Equation #2
2 2 2
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Most s21ls weigh about 1904 ner ft. and 1t is seldom that
there 1s more than a 107 varlation from thie figure. Taking
buoyanecy into consideration values for w will be used as fol-

lows: eand 60#, loam 70#, clay 804%.

Coefficient of cohesion, ¢, wWill be considered as follows:

sand O, loam 200# 1 sq. ft., clay 200# 1 ea. ft.

The angle of internal friection, 4, will be taken ss fol-

lows: sand 26°, loam 16°, elay 2°,

Substituting the sbove wvalues into Equation #1 or 2 and
golving; the total horizontal thrust, E, for various depths of

marshes, h, 1s found to be as follows;

h Sand Loam Clay
E E B
25" 73304 1080# 3100#
30" 10550# 3730# 82604
o) 13750# 8430# 253304
52! 293004 153004 LIT7THO#

If buoyancy acte on the clay fill while it 1s submerging
80 that w becomes 50# per cu. ft. the valuee of E are -5070,
«134), <4250, and 17100 for the 2 values of h eonsidered . It
1s evident that the effect of buoyancy 1s orobably the most
variable factor. The above partlally exvleins why clay fille
do not penetrate the peat acs readlly as granular solls and way
laterél displacement 1s so ant to take place in fine grained
scilse. A s0il which 1s endowed with »oth Internal friction and
cohesion and yet is porous enough to be affected by buoyaney 1is

the 1deal solil.
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CONCLUSIONGS AN™ RECOMENDATTQ'S
MARSHES O - 12' DREEP

Disvlarement by dynamiting has not been surcegsful but
the peat can be readily excavated. If the ground water level
18 below the bottom of the trench the 111 should be dbuilt up
in layers and compacted. The same svecifications used for
normal fille of the game helght may be used. If the trench
contains ground wster some provisisn should te made for the

disvlacement of the resulting soupy 1liquid in the trench.
MARSHES 12 -« 25' DLEEP

More emphasis on preliminery blesting 1s recommended.
A 80114 mass f1ll whiech has penetrsted to the bottom of the
peat 18 necescsary. Even though a f1l1 which has a slatie load
shows no signs of farther settlement it may be susvended in
peat and continue to settle when subjected to the lmpact and
vibraﬁions of motor traffi~r., The quantity of borrow esrth used
is an indication of the deopth of penetration but complete bhor-
ings are desirable as a check. Where water 1s avallable jJjetting
the pipes through the fill 1s preferred to driving them. A oro-~
perly built f1ill 1s too stiff to permit driving pipes without
first making holes with an auger. Having surcharge in place
during the spring breakup, or during a time when the fill 1is
flooded, will helo to force the f1l1l throueh the pesat or aid
comvaction of a f111 already on hard bottom. Drainare 1s im-
portant but ewamp ditches should not be cut through heaved peat

ag there 1s danger of disturbing the equilibrium. Partlcular
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attention should be paid to nortions of marehes where the bot-
tom 18 on a steep grade elther laterally or to cne side. 1If
there arc egections several hundred feet long of veat less than
12' deep and the remainder deeo enough to require blesting, the
shallow porticns ghould be excavated end@ a method of loading
and dynamiting used on the reainder. In case there is and old
road fill, the preliminary blasting ehould include shesring the
0ld embankment near the ende of the ewamp and possibly at other

points so that the f111 will be free to csettle.
MARSHES MORT% THAN 25' DTEP

In the selection of borrow pits sandy, gravelly or loam
soils are most desirable and heavy eclay should be avolded as
much as'possible. Where sand or grevel cen be altermnated in
layers with eclay the latter 1e much lecses objJectlioneble. Clean
gsand 1s less desirable than sand eontaining some cohesive ma-
terial. The danger of lateral displacement of the i1l in-
creaces raplidly with the depth of the marsh. Rigid en?orcemenﬁ
of specificztions for properly bullding fills will increase the
internal frictlion and cohesion of the egoil and decrease the dan-
ger of lateral disvnlacement. The quantity of borrow earth used
doee not indicate the depth of venetration as much of the earth
may be comsumed by lsteral flow. Heavy overruns in borrow
earth over the origsinal estim=te indicates that ther has been
lateral flow. Although the unit welghts of different kinde of
80ils do not vary greatly in air 1t 1s probableg that the e“fect

of buoyancy makes this variation much greater for solls comvos-

ing a submerged fill.
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