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INTRODUOTION. . ~.~

A subsur~ac~ investigation has bean completed for the pro-

carry the Cold Brook Road traffic over the Interstate Highway in

Hampden, Maine. This bridge is to be part of the construction

project, I-95-?(16). The proposed bridge is located near

Station 3655+00 on the Interstate Highway or seven hundred feet

southeasterly of the present intersection of the Odlin Road and

eXieting Cold Brook Road. Preliminary bo~ings for the deter­

mination of the subsoils were made in the Fall of 1960. Based

upon the su'bsu.rface conditions, the original grade line which

was "'(;0 have cut through the area to a depth of f1,fteer.l to twenty­

fiv$ feat was raisedo With the completion of the highway grade

lin.a, the bridgo plans were init:i.ated and borings for the sub-

str~cture units were made by a drilling crew under the super­

vision of Mr. Carlisle in April of this year.

Since soft soils were noted.with depth, samples obtained

by the drillji.ng crews tiere tested in the laboratory M.d the

results of the <~on801idation cur'V0S are Sh01jln on Sheet 1 ,,,hile

direct shear dic~ams are sho~m on Sheets 2 a~rtd 3. In order to

provide ade~late clearance over the Interstate Highway, it has

been necessB..'t:'Y to raise or fill behind both abutments. This

increased wei.ght of roadway will create new stresses on the

subsoils. Shear 6wlUuaries have been completed showing the

minimum factors of safety from this analysis and are shown on

Sheats 4 and 5. The dE~tails for all the borings are shown on

Sheets 6 end 7 while the plan and 9011s profile interpreted trom

the borings ora shown. on Sheet 80 The boring notes are shown

on Sheet 90



GENERAL CONDITIONS

A cut of ten to twenty feet through the existing knoll or

ta~ace on which the Cold Brook Road lies was first believed

most, economical. This grade line would mjnimize the fill in

order to provide satisfactory approaches tor the relocated Cold

Brook Road. Prelim1n8.17 borings, however, indicated that within

the area the subsoils consisted or between thirty and tbirty­

fiv$ feet ot clay extending trom the surface downward. The"top

ten to twelve feet ot this clay has been weathered as was noted

by tle brown rust stains (evidence of drying or oxidation of the

o • iroD) and the material was noted to be in a stiff consistenoy.

This stitf' layer 1s characterized by a shear strength ot 0.8 tons

per ,square foot t 8. water content or twenty to t'"enty-five per

cent, a. liqUid limit of thirty-five per cent, and a plastic
-

limit of eighteen per cent. This layer should therefore aid in

distributing the welght of' the new embankments over the adjacent

sorter soils muoh as a spread footing transmits the load to a

smal~er unit pressure.

This stitf overlying clay layer becomes more plastic with

depth changing to a gray soft. sensitive silty clay. This

sens~tive clay appears to increase in shear strength with depth;

howeiVer. the "top portion of the deposit MS an average shear

streltlgth between 0.24 and 0.30 tons per square foot. This soil

is turther Characterized by an existing water content at 36 to

'9 pwJrcent. a liqu.id limit or 35 0 percent and a plastic limit

of 18 per cent. Slnce the existing water content Is well above

the ~lquld limit, 1f the material is remoulded, it will tend to

act :like a liquid. It 1s in this layer which causes the most
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dirflcul~y in designing an adequate factor ot satet1 against

shearing for the new embankments. This is turther complicated

sin¢e the Interstate HightiST will be in a cut section t and in

so doing, the resisting moment normally afforded stitf layers

will be lost. It has been this reduction which has caused an

ext.naive office analysis for the embankment design.

The soft sensitive clay becomes ot medium consistenc1 with

de~h and the water content decreasing and the shear strength

inc~easing to 0.32 to O.}B tons/sq. ft. This deposit ot cla7

was not varved nor ware there any thin sand streaks to afford

lat$ral drainage; whereas, a deposit ot clay which underlies

thi$ sort to medium clay had large bandings ot thin sand streaks

whieh does afford the lateral drainage.

The underlying olay \'l1th banded sand streaks was noted to

be considerably higuer shear strength than prev1ousl~ noted with

a shear strength near 0.50 tons/sq. ft., and an existing water

content of near 30 per cent. Thus .. it appears. that the lateral

drainage within this area has allowed this material to oonsoli-
•

dat. or squeeze out the water, thus increasing the grain to

grain contact ot the clay particles resulting in a high shear

strength. This stiff varved clay was in turn underlain by a

pebbly silty sand which in turn was underlain by ledge, a

phyllite with a high angle of foliation as is normal within

thi$ area and with thin streaks of quartz and calcite.

Thus the subsoils at the proposed substructure units and

tor the approach fills behind the abutments are classified not

only as compressible but highly sensitive and care must be

exercised in building any embankments within the area since
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the shear strengths are low. L~ order to minimize difficulties

and because of UnknoWT£ as to the quantity or exact boundaries ot

the stiff layer as well as variation of the shear strength within

the soft layer, it is recomme:lded that t~e approach tills be

completed and allowed to set for at least 30 days atter completion

ot the exoavation of the Interstate Highw&7. At this point. the

cOMpletion or excavation of the Interstate.embankments and the

abutment fills. the factor of safety against Shearing snould be

at its lowest and. any additional time would not only allow the

mat.rial to consolidate, but tor the material to stitten up due

to 4rying. Sufficient strengths should then be realized to

withhold the embankments and allow the constrllction of the sub­

structure·· units.

It is recommended that the substructures for the bridge be

sUPJorted by piles driven into the underlying dense soils or

ledge. Because ot the extensive length and heavy dr1viDg re­

sistence anticipated, steel piles would be recommended.

D~AfLED QONDITIQN~

~2Q1Q!~ly 4~B£9a~.'il~

The existing ground at the proposed location of Abutment

No. 1 is at elevation 1'8 with the finished grade in the

vicinity of elevation 153 or a fill of fifteen feet 1s proposed

above the present ground surface. The finished grade of the

highway along the northbound lane is in the vicinity of ele­

vation 132.5 or an excavation must be made along the Interstate

nortlhbound lane in order to provide for the base and drainage

for the new l'oadway. Boring AC-24, the details of which are



shown on Sheet 6, was made fifteen feet right ot tbe centerline

of' Gold Brook Road relocated at Station 143"-19.2. From this

boring it CaD. be seen that ten teet of ver;r stiff brown sand,.

cla~oy silt was encountered, below which a deposit of clay

varying trom very soft to medium consistency with some black

spot,s was noted to extend from the ten foot depth ot the '2

toot depth. ' Below this clay was a seven foot layer of stift

consiistency gray varved clay with embedded sand layers. A

layer of dense gray pebbly silt,. sands underlies the stitf

clay and is eleven feet in thiokness. below Which rock was

coreld 0 The boring operations stopped a.fter 1.5 teet ot rock

was cored when the core barrel broke. The rock is believed to

be ledge and closely coincides with the reftlsals and other

ledge borings within the area.

As was previously noted in the General Conditions, the

d1sturl,ing feature of the soils within this area is th~ sott

sensitive clay lying between elevation 115 and 128. This de­

posit ot clay eauses two difficulties, that of settlement and

that of shearing. The primary concern would be of shearing.

A detailed shaar analysis was therefore completed for the pro­

posed abutment fills and the summary of this analysis is shown

on Shet':yt 5- On this analysis i't; can be seen that the minimum

sateity factor of 1.20 was realized in tangent to the bottom or
theso!t layer, whereas a deeper shear tangent to the.bottom

ot tba medium consistency clay had a minimum factor of safety

of 1.21. This factor of safety is the minimum usually required

for embankment construction. Since the embankments will be

within a structure area, extreme caution must be utilized.

The layer of stiff clay between elevabions 128 and 138 should
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ord1nal"ily support and carry the embankment over the sotter

soils, but as noted on the shear analysis and previously noted,

the northbound roadway 1s to be excavated and thus the stitt

layer will be lost~ It is this lost stiff layer which causes

the hi~~ loss of strength in shearing value and keeps the

factor of safety very small. The proposed figures are believed

to be on the conser·~-attve side. However, if the stiff layer

cracks, all shaa~ strengths in the stiff layer are lost imposing

larger loads on the underlying layers, which would tend to in­

duce a shear~ It is theretore recommended that the approach

fill be constructed in conjunction with the highway cut along

the centerline of the northbound roadway and that the eULbankment

be allowed to set for a minimum period ot thirty days upon

completion of the fill to subbase grade as well as the complete

excavation along the northbound roadways to the minimum depthc

The addition of gravel base and pavement will be within the

resisting area of the shear analysis ane should increase the

factor of safety. Thus, the critical time for the embankment

or the timewllen the minimum factor of safety will·be realized

should be when the fill is completed and the excavation to the

subgrada along the northbound lane is completedo

The settlement analysis indicates that a probable fifteen

inch anticipated settlement should occur with fifty per cent

of the settlement occuring within eight months upon completion.

of the f11~ and the majority of all settlement being cOmpleted
~... . ~

nearly two years after the embankments have been constructedo

!m!.1iment No.1

Boring AC-24 , the details of whieh are shown on Sheet 6,
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was made on the right end of the proposed location of Abutment

NOli 1 at Statton 143+19.2. The plan,: as well as the soils pro­

file, is shown on Sheet 8. As was previously noted in the

approe.ch fill,. th.~ au.l)8oill3 consist of atiff clay underlain

by ~ery soft to medium consistency clays. The settlement

analysis ind:teated that up to fifteen inches of settlement

should be anticipated to occur within two years after completion

of the embankment illl. It was also recommended in the approach

fills that the embankments be constructed prior to the con­

Rtruction of 'I;he substr..lcture units for this bridge and allowed

to remain for at least tuirty days after completion of the cut

along the Interstrrte Highway. The soft compressible soils within

this area ther*fore require that the sUbstructure be supported

by piles driven through the approach fill and into firmer under­

lying Boils. It is believed that piles cnn be driven into the

deus€' underlyi.ng silty sands ...lith scattered boulders and the

piles should stop in tbe vicinity of elevation 98. Steel or

cast in place concrete-piles would be recommended with the

:·ormer. being recommended due to high anticipated driving re­

sistance through the approach fill.

Pier No. 1
-~~. ...

Boring A.C-23 r,'TaS made along the lett end of the proposed

location of .Pi.er No. 1 at Station 143+70.2. The details for

this boring are shown on Sheet 6 while·the plan and centerline

profile are shown on Sheet 811 This proposed pier is to be

located near the low point of the highway ditch which has been

lowered in order to adequately drain the entire ares o The
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bottom portion or the pier will therefore extend within tb1s

medium consistency silty clay and silty sticky clay should be

anticipated in excavation. A minimum amount ot excavation

should be made within this area sinoe. as noted on Sheet 5 (the

summary ot the shear analysis), the pier is within tae re­

sisting side of the circla and any material removed will

temporarily tend to lower the factor ot safety. These sort

compressible subsoils indicate that the substructures should be

supported by piles driven into the underlying firm sand and

gravel. It is believed that piles will be stopped in the

vicinity of elevation 95 if cast in place piles are used;

whereas, if steel piles are used, the piles can be driven to the

ledge surface at elevation 87.5.

Pier No, 2

Boring AC-22 was made on the right end of the proposed

location of Pier No. 2 at Station 144+'1.9. The details for

this boring are shown on Sheet 6 while the plan and centerline

profiles are shown on Sheet 8. The subsoils are similar to

those encountered at Pier 1 and it is recommended that the

substructure for this pier be supported by piles driven through

the underlying soft materials. Beoause the underlying Band and

gravel layer decreases in thickness, it is believed that piles

oan be driven direc~ly to ~he ledge surface at elevation 92.5.

Steel piles or cast in place piles would be recommendedo

Pier NOt 3

Boring AC-21 was made on the lett end of the proposed

location of Pier No. 3 at Station 145+10. The subsoils are
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those similarly encountered at the two previous pier locations

in that the substructure should be supported by piles driven

through the underlying sensitive clays to the ledge surface.

The deposit of sand and gravel was noted to be very thin within

this boring and ledge was noted to be at elevation 95.7. Steel

piles or cast in place piles should easily reach this elevation.

Pier No.4

Boring AC-20 was made on the right end of the proposed

location of Pier No. 4 at Station 145+72.7. The details for

this boring are shown on Sheet ? while the plan and centerline

profile are shown on Sheet 8. As was similarly encountered in

the previous pier location, the subsoils are highly compressible

and it is recommended that the substructures be supported by

piles driven to the ledge surface which was noted to be at

elevation 100.6. The deposit of sand and gravel lying directly

above the ledge surfaoe was noted to be slightly thicker in

this boring, but piles should be able to reach elevation 100.6.

Steel or cast in place would be recommended.

Abutment No.2

Boring AC-19 was made along the lett end of the proposed

location of Abutment" No. 2 at Station 146+46.7. The details

tor this boring are shown on Sheet 7 with the plan and center­

line profile shown on Sheet B. The ground surface is noted to

be at or near elevation 140 with the finished grade at elevation

157 or a seventeen foot fill is proposed behind the abutment.

Since the subsoils are the same as encountered within the piers,

soft compressible clays, it is recommended that the abutment

suructure be supported by piles driven through the approach

-~



fill into the underlying dense sand and gravel. Because the

density of the sand and gravel was noted to be high, it 1s be­

lieved that piles will be stopped within the vicinity of ele­

vation 103 with the ledge being noted at elevation 99.4. Steel

piles would be recommended.

!qri»erly ARproach Fi~~

As was previously noted at the substructure units for Abut­

ment No.2, a fill of seventeen feet is proposed behind this

abutment. The stiff layer which overlies the soft underlying

clays is to be severed and removed by the new grade line of the

Interstate southbound lane. This loss or the stift layer has

caused a similar shear analysis requirement as was encountered

at Abutment No. 1 and the southerly approach fill. The shear

analysis is summarized and shown on Sheet 4. It is noted that

the stitf layer has the same shear strength as used on the

southerly approach fill. The underlying clays have a higher

strength, as was noted within the borings, and this is attributed

to some possible drainage to the north through the granular

esker which lies buried and probably offers some lateral drain­

age. From this analysis it can be seen ~hat the minimum factor

of safety for a circle tangent to the bottom ot the soft layer

is or 1.28 whereas a deeper seated shear tangent to the under­

lying stiffer soil had a factor of safety of 1.26. The factor

of safety 1s not sufficiently large for a structure to be con­

structed within the area. If the overlying stiff layer becomes

cracked during construction, then complete loss of strength

would occur and t.ue ,~mbankments would probably shear. While
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the subsoils, as shown, are believed to be representative, there

are certain variations which do occur and which are d1.f'ficult

to aJlticipate. It is therefore recommended that the approach

fill be constructed on this northerly side in a similar manner

as was encountered on the southerly approach; that iS t that the

mi~um factor of safety is to be realized when the embankment

for the Cold Brook Road is at its maximum height while the

excllvation for the Interstate is at its lowest point. Any

further addition of materials to the Interstate Highw~t such

as the base, w1llmaterially aid as a resisting moment to raise

the minimum factor of safety. Another item w~1ch will be bene­

rictal from this initial waiting period would be the hardening

up of the top layer of the sotter compressible soils. It is

therefore recommended that this approach fill be allowed to

stand thirty days prior to the construction of the substructure

units and with the Interstate Highway southbound lane excavated

to its lowest pointo It is estimated that up to twelve inches

of se"ttlement should be anticipated with the majority of this

to oocur within two years.

Stn1MARy

The subsoils within this area consist of a layer of stiff

consistency gray clay underlain by soft to medium consistency

cla~. These underlying clays have a low shear strength. Under

nOrD1al conditions where embankments are to be constructed, this

stiff layer should adequately support the proposed embankment

as shown on the plan. Within this area .. however, the northbound
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and southboun.d lanes are to be excavated almost to the bottom

of tAe stitt layer and thus, in effect, will reduce the spreading

value of this stift layer. The minimum. factor ot safety should

be realized when the embankments are at their full height along

the Cold Brook Road. whereas the Interstate Highway is excavated

to the subgrade elevation. Af'ter this excavation is completed

and with the addition ot granular borrow and base tor the Inter­

state Highway and as well as time for the cl~ to dry up near

the surface. the minimum factor of safety should increase

matet'ially. It is therefore recommended that the aprroach fills

both behind Abutments 1 and 2 be constructed and allowed to

settle for at least 'bhirty days after the Interstate Highwa7

has been cut to its lowest e1evation tor the roadway aAd. ditch. The

time of waiting should minimize any shearing of the embankments

wi·th1n the area. Further in~reasedstrength.ss~l;lould occur quite
, ~ _..;-..

r?-pidly due to the high angle of fric~ion of the clay .. as was

encountered in the direct shear diagram as shown on Sheet 3.

A settlement of fifteen inches is anticipated behind Abut­

ment No. 1 and is to be substantially completed within two years

of the constr~ction of the embankments; whereas. twelve inches

is anticipated behind Abutment No. 2 with the majority Of this

settlement completed within the two year period. Fifty per cent

of these settlement figures should be completed within eight

months along the southerly fills and within six months along

the northerly f11l80

Since the subsoils are highly compressible and low in shear

strength, it is recommended that the substructures for the

bridge be supported by piles driven through the ~ompressible

90il$ into the firm underl~ sand and gravel or directly to
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the ledge surface. Since the piles must be driven through the

approach rill on the abutments, steel piles would be recommended.

It 1s believed that piles can be driven to the following ele-

vatioD.~

StruSituz:~ Eley:ai~2!l

Abutment No. I 0/7

Pier No oO 1 95 ~cast in place)
87.5 Steel piles)

Pier No. 2 92.5 (ledge)

Pier No. 3 95.7 (ledge)

Pier No. 4 100.6 (ledge)

Abutment No. 2 103

ReBpecttull~ 8ubm tted.

j:/Ih~
Frederick M Boyce, Jr.
Soils Engineer

FMB:aw
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