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Report on Subsurface and Foundation Investigation, Replacement Bridge for Eliot Road
Overpass Carrying Route 1 Bypass over Route 103 (Eliot Road), Kittery, Maine

Dear Laura:

We are pleased to submit herewith 6 copies of our report which summarizes the results of our
subsurface and foundation investigation for the subject project. These services were undertaken
in accordance with our Project Contract under GCA dated August 27, 2008.

An summary, we recommend that the replacement bridge be supported on reinforced concrete
_abutments founded on new spread footings bearing on sound, intact bedrock.

We appreciate the opportunity to provide geotechmcal engineering services on thls project. If
you have questions or need more information, please.contact us.
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GEOTECHNICAL DESIGN SUMMARY

This report presents the results of our subsurface and foundation investigation for the
replacement bridge for U.S. Route 1 Bypass over Eliot Road in Kittery, Maine. The replacement
bridge will be a single span structure with span length of approximately 65 feet and a width of
approximately 65 feet. The bridge will be supported on cantilever-type abutments bearing on
spread footings founded on sound, intact bedrock.

Cantilever Abutments and Wingwalls — Abutments and wingwalls should be designed for all
applicable strength and service limit states in accordance with AASHTO LRFD Bridge Design
Specifications 4" Edition, 2007. They should be designed to resist all lateral earth loads,
superstructure loads, vehicular loads, and any loads transferred through the superstructure.

Spread footings supporting abutments and wing walls should be designed at the strength limit
state considering nominal bearing resistance, sliding, overturning and structural failure. A
bearing resistance factor, oy, of 0.45 should be applied to the nominal bearing resistance and a
sliding resistance factor, ©,, of 0.80 should be applied to the nominal sliding resistance of spread
footings bearing on bedrock. The eccentricity of loading at the strength limit state, based on
factored loads, should not exceed 3/8 of the footing dimensions, in either direction.

Abutments and wingwalls that are free to rotate should be designed i in accordance with the lateral
earih pressure given in Section 3.6.1 of the MDOT Bridge Design Guide (BDG). The
parameters for soil type No. 4 in Table 3.3 (¢ = 32 deg., v = 125 pounds per cubic foot, tan & =
0.45) should be used. Latetal earth pressure resulting from construction or operating surcharge
loads should be accounted for in accordance with Seetlon 3.6.8 of the BDG for abutments and
ngwa}ls if no approach slab is used

Bearmg Capamty — Footings should bear on sound, intact bedrock. Footingé may be
proportioned for a faetored bearing stress at the service limit state of 20 kips per- square foot (ksf)
which incorporates a resistance factor of 1.0. TFootings may be proportioned for a factored
bearing stress at the strength limit state of 20 ksf which incorporates a resistance factor of 0.45.
All footings should be a minimum of 2 feet wide. :

Settlement — The grades immediately behind the abutments will be raised up to 8 feet. The soil
overlying bedrock consists of medium dense to dense silty SAND; to stiff SILT (fill and glacial
till). Therefore, post construction settlement due to compression of the soil is anticipated to be
less than 0.75 inch and will occur immediately following loading. It is not expected to have
unacceptable impact on the completed structure. Compression of the bedrock supporting the
abutments and wingwalls will be nominal and will-occur 1mmed1ately followmg apphcatmn of
dead loads and is expeeted to'be neghg1ble

F rost Protectmn Sound, intact bedrock is not Subgect to movement when exposed o freezxng
temperatures and therefore there are not frost embedment requirements for foundations bearing
on sound, intact bedrock. ' S



Seismic Design Considerations — The Route 1 Bypass Bridge over Eliot Road is not on the
National Highway System (NHS) and is not considered to be functionally important. Based on
LRFD Figure 3.10.2-2, the horizontal bedrock acceleration coefficient, A, for the site is
approximately 0.13g and per LRFD 3.10.4, Table 3.10.4-1, the bridge is assigned to Seismic
Performance Zone 2. However, in accordance with LRFD 4.7.4.2, scismic analysis is not
required for single-span bridges regardless of seismic zone, but superstructure connections and
bridge seat dimensions should be in accordance with LRFD 3.10.9.3, 4.7.4.1 and 4.7.4.3.

Construction Considerations - It is anticipated that excavation for foundation construction can
be accomplished with open excavation provided safe side slopes can be maintained. However,
for convenience or construction staging, it may be appropriate to install steel sheet piles for
excavation support. Preparation of bearing surfaces may require excavation and stepping of rock
surface. It is anticipated that rock excavation will require drilling and blasting or mechanical
means for removal. All footings should bear on sound, mtact bedrock cleaned of loose rock
fragments and soil usmg high pressure air or water.



I. INTRODUCTION

This report presents the results of our subsurface and foundation investigation for the
replacement bridge for Route 1 Bypass over Eliot Road in Kittery, Maine.

The existing bridge is a three span structure with steel girders and concrete deck with bituminous
overlay. The superstructure is supported on cast-in-place concrete abutments and piers. The
support method for the abutments and piers is not known. The structure was constructed in
approximately 1946.

The replacement bridge will be a 65 feet long single span structure on the same alignment as the
existing bridge. The bridge width is approximately 65 feet wide and will include 2 travel lanes
in each direction, a center median, and shoulders. We anticipate that the vertical profile of the
bridge and approaches will match the existing. The abutments will be full-height, cantilever
type, founded on spread footings bearing on sound, intact bedrock. - The wingwalls will be
cantilever type with butterfly ends. The existing bridge and substructures will be entirely
removed.

2. GEOLOGIC SETTING

The Route 1 Bypass Bridge crosses over Eliot Road as shown on Figure 1, Location Map.
Bedrock is exposed on the east and west sides of the north bridge abutment and on the east side
of the south bridge abutment.

Based on the Maine Geological Survey Surficial Geo’logy (MGS) Map of Portsmouth, Open-File
No. 99-96, 1999, the arca is mapped as marinc nearshore deposits consisting of thin
discontinuous till and water-laid sediments overlying bedrock. Glacial sediments were eroded
and redeposited durmg regressive phase of late-glacial marine submergence. Bedrock exposures
are locally numerous.

The MGS 'Open File No. 08-78, 2008, “Bedrock Geology of the Kittery 1:100,000 Quadrangle,
Maine and New Hampshire” classifies the bedrock at the site as variably thin to thick bedded
buff~weather1ng feldspathic and ca}careous metawacke of the Kittery Formatlon

3. SUBSURFACE EXPLORATIONS

During the period September 16 to 18, 2008 Maine Test Bormgs Inc. (MTB) of Brewer Maine
drilled 5 borings, B1 to BS at the site at locations shown on Figure 2, Boring Location Plan.
MTB drilled the borings to depths below bridge deck varying from 18.8 feet to 29.7 feet. Sebago
Technics, In¢. monitored the borings and prepared the logs included in Appendix A. Table
summarizes the results of borings. MTB backfilled the borings with the drilled material and sand
and placed a bituminous cold patch at the drilled hole in the bridge deck. '



Borings were drilled using 3.0-inch inside diameter flush-joint steel casing using wash boring
techniques. Soil samples were generally recovered at 5-feet intervals. Standard penetration
resistance, N, was measured at each sample interval. Borings were advanced to refusal and a
NQ2 core of bedrock was recovered in each boring and the Rock Quality Designation (RQD) of
each core run was calculated. Due to the generally inaccessible conditions below and adjacent to
the bridge, borings were drilled through the existing bmdge deck and casing was lowered to the
ground surface.

Locations of borings were determined by Sebago Technics, Inc. by taping from existing features
on the bridge. The elevation of the deck at boring locations was estimated by linear interpolation
between elevation contours at the plotted locations.

The boring logs and related information depict the subsurface conditions and water levels
encountered at the locations and during the times indicated on the logs. Subsurface conditions at
other locations may differ from those encountered in the explorations. The passage of time may
result in a change in groundwater condmons at the exploratlon Ioca‘aons

4.  SUBSURFACE CONDITIONS

The borings disclosed three principal soil units overlying weathered bedrock and bedrock at the
site: fill, sand and silt. Encountered thickness and generalized descriptions of the strata are
presented below in order of increasing depth below ground surface. Due to the complexity of the
deposition process, strata thickness will vary and may be absent at specific locations.

Fill — Fill consists of loose to'vefy dense, brown silty coarse to fine SAND (SM), some gravel; to
silty fine SAND (SM), trace coarse to medlum sand and gravel Encountered thickness varies
from 2.1 feet to 8.0 feet. ' ' S

Sand Sand consists of dense, brown coarse to fine SAND (SM), some gravel and weathered
rock fragments deposited as glacial till and possibly reworked. Boring B2 encountered 3.3 feet
of sand.

Silt — Silt consists of stiff, olive- brown SILT (ML), some clay and coarse to fine sand and gravel
deposited as glacial till. The silt may contain cobbles and boulders that couid not be sampled in
the split-spoon sampler. Boring B2 encountered 5.6 feet of silt.

Weathered ‘bedrock consisting of sand and gravel sized pieces of rock fragments were
encountered in all bormgs overlying sound bedrock. Encountered thickness varies from 0.1 foot
to 0.8 foot. ‘

Bedrock was recovéred in all-:borings; Lengths of coring vary :from 4.7 feet to 10.5 feet.
Elevations of the top of sound bedrock are included in Table I. Bedrock consists of hard, slightly



to moderately weathered, dark gray aphanitic METAPELITE; to dark gray coarse to fine grained
GABBRO,; to dark gray aphanitic to fine-grained BASALT. The primary joint set is very close

to close, horizontal to moderate, partly open to moderately wide, planar to undulating and rough.
In general, high angle secondary joint sets are present throughout. '

The RQD of the bedrock cores varies from 0 to 90 with the average being 48. Rock cores with
0 RQD had core lengths of 1.0 foot and are not typical of the remaining cores. If these cores are
excluded, RQD varies from 17 to 90 with the average RQD equal to 57 indicating poor to
excellent quality with an average fair rock quality.

S. GEOTECHNICAL ENGINEERING DESIGN RECOMMENDATIONS

The following sections present the geotechmcal demgn recommendations for support of the
abutments and wmgwalls on spread footings bearing on bedrock

5.1 SuppOrt

The existing fill and sand and silt are not considered suitable for support of the abutments and
wingwalls. In the vicinity of the abutments and wingwalls, the top of sound bedrock varies from
approximately 2.9 to 11.4 feet below ground surface. The abutments and wingwalls should be
supported on sound, intact bedrock cleaned of all loose rock and soil. The maximum slope of the
bedrock surface should not be steeper than 4 horizontal to | verﬁcal Steeper slopes should be
benched or tapered to the above criteria.

52 Abutment and Wingwall Design

Abutments and wingwalls should be designed for all applicable load combinations specified in
LRFD Articles 3.4.1 and 11.5.5 and for all appropriate strength and service limit states.
Abutment and wingwall deSIgn should cons1der bearmg resistance, overturnmg, lateral sliding
and structurai failure.

Consistent with LRFD Tabie 10.5. 52.2-1,a Shdmg, resistance factor, @, equai to 0.80 should be
applied to' the shdmg resistance of abutments and ngwaﬂs supported by spread fooungs
bearing on bedrock. A coefficient of friction equal to 0.70 may be used for footings bearing on
sound bedrock. The eccentricity of loading at the strength limit state, based on factored loads,
should not exceed 3/8 of the footmg dzmensmns in either direction.

A resistance factor for the service hmit state should be taken as 1. O for settlement, hortzontal
movement and overaﬂ stablhty

Abutments and wmgwalls that are free to rotate should be designed in accordance with the lateral
earth pressute given in Section 3.6.1 of the MDOT Bridge Design Guide (BDG). The



parameters for soil type No. 4 in Table 3.3 (¢ = 32 deg., v = 125 pounds per cubic foot, tan & =
0.45) should be used. Earth loads should be calculated using an active earth pressure coefficient,
K, calculated using Rankine Theory for cantilever type abutments and wingwalls. For
horizontal backfill, K, = tan” {45° - ¢/2}.

To minimize abrupt differential movement between the abutment and road surface, we
recommend that an approach slab, supported on the abutment, be included.

Drainage behind abutments and wingwalls should be designed in accordance with provisions of
BDG, Section 5.4.1.4. Backfill within 10 feet of abutments and wingwalls should consist of
free-draining soil meeting the requirements of Granular Borrow for Underwater Backfill, MDOT
Specification 7.09. 9. '

53 Bearing Strcss

Spread footings should be proportioned for stablhty against beanng failure. LRFD Article 11.5.5
provides specification for application of permanent and transient loads. Applied stresses may be
assumed to be linearly distributed over the effective width of the footing as shown in FRFD
Figure 11.6.3.2-2. The bearing resistance for footings founded on sound, intact bedrock shall be
evaluated at the strength limit state using factored loads and factored bearing resistance of 20 ksf.
This is based on a bearing resistance factor, ¢, for spread footings on rock of 0.45. Bearing
surfaces should be cleaned of all loose, fractured bedrock and overlying soil. A factored bearing
resistance of 20 ksf'may be used for analysis of the service limit state and for proportioning
footing sizes, using a resistance factor of 1.0. Calculations of factored bearing resistance are
included in Appendix B. All footings should be at least 2 feet wide.

5_.4 Settlemen_t |

The grades immediately behind the abutments will be raised up to 8 feet. The soil overlying
bedrock consists of meditm dense to dense silty SAND; to stiff SILT (fill and glacial ‘till).
Therefore, post construction settlement due to compression of the soil is anticipated to be less
than 0.75 inch and' will occur immediately following loading. It is not expected to. have
Lmacceptabie impact on the completed structure. Compression of the bedrock supporting the
abutments and wingwalls will be nominal and’ will occur 1mmediately following application of
dead ands and is expected to be neghglble

5.5 ° Frost Protection
Sound, intact bedrock is not subject to movement when exposed to freezing temperatures and

therefore there are not frost embedment reqmremen’ss for foundatlons bearing on sound, intact
bedrock



5.6 Seismic Design Considerations

The Route 1 Bypass Bridge over Eliot Road is not on the National Highway System (NHS) and
is not considered to be functionally important. Based on LRFD Figure 3.10.2-2, the horizontal
bedrock acceleration coefficient, A, for the site is approximately 0.13g and per LRFD 3.10.4,
Table 3.10.4-1, the bridge is assigned to Seismic Performance Zone 2. However, in accordance
with LRFD 4.7.4.2, seismic analysis is not required for single-span bridges regardless of seismic
zone, but superstructure connections and bridge seat dimensions should be in accordance with
LRFD 3.10.9.3,4.7.4.1 and 4.7.4.3. '

6.0 CONSTRUCTION CONSIDERATIONS

It is anticipated that excavation for foundation construction can be accomplished with open
excavation provided safe side slopes can be maintained. However, for convenience or
construction staging, it ‘may be appropriate to install steel sheet piles for excavation support.
Temporary excavations and latetal support systems should be designed and constmcted in
accordance with all OSHA and other applicable rcguld’zory agency requ1rements

Preparation of bearing surfaces may require excavation and stepping of rock surface. It is
anticipated that rock excavation will require drilling and blasting or miechanical means for
removal. The contractor should conduct all blasting activity in accordance with Section 105.2.6
of the MDOT Standard Specifications. In addition, the contractor should conduct all blasting
activity in such 'a manner that the peak particle velocity of ground vibration measured at the
location of the nearest structures to the blast does not exceed the “safe limits” recommended by
the U.S. Bureau of Mines as presented in Figure B-1 in Appendix B of BUMINES RI 8507 and
the peak airblast overpressure measured at the location of the nearest above ground occupzed
structures to the blast (considering wind direction) does not exceed 0.014 pounds per square
inch. Blasting mats should be utlllzed for all blasl rounds detonated to prevent the throw of
flyrock from the blasting area. -

All footmgs Should bear on sound, intact bedrock cleaned of loose rock fragments and soil using
high pressure air or water. The maximum slope of the bedrock surface should not be steeper
than 4 horizontal to 1 vertlcal Steeper slopes shouid be benched or tapered to the above critetia.
The contractor may also use dowels or other means to resist sliding where the bedrock siope is
steeper than 4:1. The final bedrock surfac,e should be approved by the Rcs1dent prlor to placing
congrete for footmgs '

Groundwater may be encountered at bearing level bf footings. If encountered, open pumping
from sumps can likely control groundwater. ~ In general, the contractor “should control
groundwater and water from runoff and other sources by methods which prevent disturbance to
bearing surfaces or adjacent soils and allow construction in-the-dry.



70  CLOSURE

This report has been prepared for specific application to the proposed replacement of the Route 1
Bypass Bridge over Eliot Road in Kittery, Maine in accordance with generally accepted
geotechnical engineering practices. In the event that any changes in the nature, design or
location of the replacement bridge are planned, the conclusions and recommendations contained
in this report should not be considered valid unless the changes are reviewed and the conclusions
of this report modified or verified in writing.

The recommendations presented herein are based in part on' the data obtained from the
referenced test borings. The nature and extent of variations between the explorations may not
become evident until construction. If variations then appear evident, it will be necessary to
reevaluate the recommendations of this report.

We request that we be provided the opportunity for a general review of final design and
specifications in order to determine that our earthwork and foundation recommendations have
been interpreted and implemented in the design and specifications as they were intended.
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BRIDGE-—/

LOCATION

Engineering Expertise You Can Build On

Sebago Technics II'.

Cnig Chalot Sireet 250 Godcard Rd. - Suds B
Westbrook, Me 04098-1338 Lewiston, ME 04240
Tel {207} BBE-G277 Tel {207} 783-5656

WWW.SEBAGOTECHNICS.COM

LOCATION MAP

OF: ROUTE ONE BYPASS/ROUTE 103 BRIDGE
KITTERY, MAINE

SCALE: 1"=600'
DATE: 12-2-08
SHEET:

FIGURE 1
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Appendix A

Boring Logs



Bl

Maine Department of Transportation Project: Elliot Road Overpass over Route 103 Boring No.:
SolifRock Exploration Log . . .
Location: Hittery, Maine FN - Y
US.UNITS & PIN: 13099.00
Driller: Maine Test Borings, Inc. Elevation {ft.) 44.4 AugerD/OD:
Operator; L. McKeen Datum: Sampler: 24" Standard 8plit Spoon
Logged By: K. B. Stephenson Rig Type: Maobile BS3 Truck Hamimer Wt/Fall: 1488/30"
Date StarffFinish:  09/16/08 Dyilling Method: | Cased/Drive/Wash Core Barre: NQZ
Baring Location; See Plan Casing 1D/0D: - NW Water Levei”; 21.15" below top pavement

Definitions:

T = Splt Speon Sampie

ME = Unsuccesstul Spiit §poon Samipie attempt

U = Thin Waill Tube Sample

R = Rock Core Sample

V = [nsilu Vane Shear Test
S84 = Solid Stem Auger

Definitions:

Sy = Ingitu Fieid Vane Shear Strength (psf)
Ty = Potket Torvane Shear Strength (psf)
o = Unconfined Compressive Strength (ksf)
Syflap) = Lab Vane Shear Strength (psf)
WOR = weight of 140lb. hammer

WOR = weight of rods

Definitions:

WG = water conitent, percent

LL = Liduid Lirmit
PL = Plagtic Linwt
P = Plagticity Index

G = Graln Size Analysis

C = Consolidation Test

Sampie Information
B Laboratary
= = — Taesting
., = [l B —_ ™
- o = o) £ ) & ) - . Resuits/
z % o %} e = = 0 B -al Visual Description and Remarks AASHTO
s8] €] % 2528 | 3 |fg|3_|% ¢
B c —_ ¢ 0o r ¢ & —t e
; IER - e > 218 i fi lass.
_8_ 5_ & 5L Do Ss > SElue & Unified Class
0 BITUMINOUS CONCRETE
437 0.81
429 CONCRETE. -
VOID
5
jiss
D | 248 | 143-163 2167404 w | 3 0t . 4.3
15 e - Loose, brown silty fine to coarse SAND, some gravel, damp (FILL)
29
4G
04
© 26,4 gy 180
Ri 22.8/23 | 183-202 RQD = 26% 3972 261 \\«\\\ \WEATHERED BEDROCK Advanced roller cone to 18.3 1. -
it N 18,3,
CORE \ RI: Hard, slightly to moderately weathered, dark gray aphanitic
20 \\\ METAPELITE. Two kow angle joints from. 18.3 to 18.9 ft. Remainder of core
R2 64.8/64 | 204 -2538 RQD =17% \\\ 1 is highly fractured, rusty, with clayey silt-infill from 19.8 to 20.2 ft.
Q Drove NWW casing to 20,1 ft. Advanced roller cone t0 20.4 ft.
N W R2: Hard, slightly to moderately weathered, dark gray aphanitic
\\\\ METAPELITE. Primary joint set is extremely close o close, horizontal to
) \\‘ moderate, partly open to moderately wide, planar to undulating and rough.
e High angie secoridary joint set present. Core iz moderately fractured. Rusty
\\\k\\\ diseolorations on joint surfaces. Silt infilling from 204 o 214 ft.
23 \\\L‘ R3: Same lithology as R1 and R2. Primary joint sel same as R2 except
= R3 30.6/40 | 25.8-79.1 RQD =65 85 \ 5 extremely close to moderate. Rusry discolorations on joint surfaces. s o]
Bottom of Exploration at 25.8 feet below ground surface.
30
Remarks:

Rope/cathead, safety hammer, 6 in. thinwall core of pavemnent

Syalfication lings represent approximale boundzries betwsen soil types, transilions may be gragual,

* Wiater level readings have been made al timas and under conditions stated. Groundwater fuctuations may ocsur due to conditions other than those

present at e tkme measuramants were mads,

Page 1 of 1

Boring No.: Bl




L = Thin Wall Tuba Sample
R = Rogk Core Sample
V = Inshit Vane Shear Test
S8 # Solid Ster Autier

9p = Unconfingd Compressiva Streagth (ksf)
Sypap) = Lab Vane Shear Strength {psf)
WOH # weight of 140ib. hamimer

WOR = walght of rods

PL = Plasfic Limit -

Pt = Plasticity index

G = Grain Size Anatysis
G.x Conselidation Test

Maine Department of Tragsportation  |project: Biiiot Road Overpass over Route 103 | Bering No.: B2
SailfRack Exploralion Log L . . . )
ocation: Kitlery, Maine .
U8 UNITS & PIN: 15099.00
Deiligr: Maine Test Bofings, inc, Elgvation {ft) 443 Auger iDIOD:
Cperator: D, McKeen Datum: Sampler: 24" Staridard Split Spoon
Logged By: ¥. B. Stephenson Rig Type: 153 Mdbile Trick Hamemer Wi./Fall; 1408/30"
Date Start/Fintsh:  05/16/08.09/17/08 Drilling Method:  Cased/Drive/Wash' Core-Barrel: NQ2 o
| Boring Loeatish:  See Plan Casing ID/OD:;  NW Water Level"; 10.7 below top of pavément
Definitions: Definitions: Definitions:
D = Spitt Spoon Sampls 8y, = insitu Fieid Vang Shear Strength (psf) - WG = water content, percent
MD & Unsugcessiul Spit Spoon Sample atiémpt Ty ® Pocket Toivane Shear Strength (psf) 1L = Liguid Lt

Raope/cathead, safety harmmmer, 6 {n. thinwall core of pavement

= = T
Sample Informatio Laboratory
- = - . Testing
5 = z = . o
) =z o ] © & o 3 Visual Description and Remarks Results/
E=2 o & @ = E @ o L2 £ AASHTO
s| ® g 2 ey 8 _ 0O 2 g2 |8 & and
<% f=d — 2 0 . “ —_ ) i
; S Eze = 212> 2 Unified Class.
S| & & G & EHGES z {Cm |WE| @ _
0 BITUMINOUS GONCRETHE
43.5 0.8
427 CONCRETE
1.5
vOID
- 3.5 4
F il
22 7 12.04
1D 2414 12.0-14.0 2/4/14/18 18 3 Medium dense, brown silty coarse to fine SAND, some gravel, dry
(FILL)
i8
29 300 14,21
; . Dense, brows silty coarse o fine SAND, some gravel, weathiered rock
i 2414 | 130-170 LGRS 2 H fragments, damp (GLACIAL TILL DEPOSITS, possibly reworked)
F16.5 4 22
15 | B — e o o e e
7
&
] B Stff, olive-brown SILT, some clay and coarse to fine sand and gravel, bonded
1 . 0 s » +
D 24018 260-224 s 12 : seams, wet (GLACIAL TILL DEPCSITS)
13
F 22
25
: - " ; 21.1 23.11
Rl 24148 ] 234-254 RQD = 50% 131 2082 \\Advanced roller cone t0 23.4 f. (WEATHERED BEDROCK)
L 344
vl R Moderately hard to hard, slightly weathered, dark gray coarse to fine-
w2 51.6/54 | 25.4-297 RQD = 90% ‘L v grained GARBRO. Pri;jﬂary jc_)int sef is very close o close, horizomtal to low,
v | open, planar to undulating and rough.
2o ¢RI Same lithology as R1. Primary joint set same except extremely close to
. ] i:z ;f‘_’l maoderate,
AR
S
14.5 1 29.7-
Bottom of Exploration at 29.7 feet below gronad surface.
33
Remarks:

present at the Eme measurements were made,

Stratification knes réprasent approximate Joundaries batwesn scil types: transitions may be gradual.

" Watar igvel readings have baen made at imes and under condifions stated. Groundwater Buctuafions may occur due to conditons other than those

Page 1 of 1

Boring No.: B2




Maine Department of Transportation

Soll/Rock Evploration Log

Project: Eliot Road Overpass over Route 103

. B3

Boring No.:

Location: Kittery, Maine .

US UNITS T PIN: 1509900
Driiler_: Maine Test Borings, Inc. _Elevation {ft.) 44.3 Augsr HOD: ]
Operator; D, McKeen Datum: Sampler: 24" Standard Split Spoon
‘Lodged By: K. B. Stephenson Rig Type: . B53 Mpbile Truck | Hammer Wi/Fall: 14036
Date StartFikish:  09/17/08 Drilling Method:  Cased/Drive/Wash Core Barrel: NG
Boring Location: See Phan Cagying'_ibeD: NW W_a_ter Leval™s 16.8" below top of pavement
Definitions. Definifions: Definitions;
0 = Sphit Spoon Sample Sy = Insitu Fleid Vane Shear Strength (psf) WC = viaier content, percert
WD = Unsuctesstal Split Spoon Sample atternpt Ty = Pocket Torvane Shear Strength (psf) tL = Ligiid bimit

L} = Thin Waill Tube Sample
R = Rock Core Samgple

V = ingity Vang Shear Test
SEA = Solid Stem Aucer

ap = Unconfined Campressiva Stength (kef)
Syflan) = Lab Vane Shepr Strength (psf)

WO = weight of 1401e. hammer
WOR = weiaht of rods

PL = Plaglic Limit

P| = Plasticity Index

G = Grain Size Andlysis
= Lonselidation Test

Sample Information Labors fory
= = —_ Testing
. . £ =% < P e
- <] = @ £ 9] & ) _— Rasults/
= % é % e 5@ ;_: 2 o -5 ; Visual Description and Remarks AASHTO
£ a & =3 e EP 4 2 cwlw S and
Tl E 2 £ 8oz TiGElg & if
= = =] 7 2L B .
Si 81 & | 8 | @onds | 2 {8slug s _ nited Class
g BITUMINOUS CONCRETE
43.6 — {1.81
428 CONCRETE "
VOm
5
10
iD 24/8 12,7 - 147 1716 2 WOH 116 B 127
5 : Very loose, brown aiity fine SAND, frace coarse to medium sand and gravel,
damp
D 7 148-154 44/50-.1 11 (FILL)
15 29.5 pite - 14,81
IR [ S6.4/54 | 156-203 RQD = 55% S0/6 | 287 s \é\;ﬁrﬁga‘g%ﬁi rgg%f)ragmenfs, some silty SAND
DY \(WEATHERED BE 156
\ Hard, slightly weathered, dark gray aphanitic METAPELITE. Pritnary joint set
s extremely close to moderate, horizontal to moderate, open, planar to
\% undulating and rough. High angle secondary jaints at 16.5 and 15.7 ft. Caloite/
% quartz stringers present throughow. Rusty discolorations on joinis,
b
20 P 20,34
Bottom of Exploration at 20.3 feet below ground surface.
Mote: plece of rock from core bamrel blocks borehole- unable to core beyond
20.3 it
25
ki
Remarks:

Ropefcathead, safety hammer. 6 in. thinwali core of pavement
3 P

Stratification Ines represant approximate boundaries between soif lypes; transiions may be gradual.

" Water tevel readings have been made &t times and under conditions siated. Groundwater fiuctuations may occur due to conditions other than those

present &t the IMe MeasLrements were made.

Page 1 of 1
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Maine Department of Transportation

Project: Elliot Road Overpass over Route 103 BOI"Iﬂg No.: B4
Soil/Rock Explorafion Log . . :
=i Location: Kittery, Maine .
L5 UNITS v PIN: 15099.00

Drilier; Maine Test Borings, Inc. Elevation (ft.) 44,3 Auger IDJOD:
Operator: D. MeKeen Datum: Sampler: 24" Standard Split Spoon
iogged By: K. E. Stephenson Rig Type: B53 Mobile Truck Harnmér WL/Fali: 1408/30"
Date StartFinish:  09/17/08-09/18/08 Drilfing Method: -~ Cased/Drive/Wash Core Barrel: NOZ _
Boting Location: Se¢ Plan Casing ID/OD: NW Water Level™: 19.7 below tap of pavement

Definitions:

D = Sphit Spoon Sample
MD = Unsuccessiut Spill Spoon Samplé astempt
Lf = Thin Wal Tube Sample

R = Rock Core Sampie,

V = Ingity Vane Shear Tés!

{584 = Solid Sterh Aunar

{efinitions:

Sy, = Inslty Field Vanie Shear Strength (psf)
Ty = Pocket Torvane Shear Strength {psf)

Gp = Unconfined Compressive Strength (ks
Sygiaby = Lab Vane Shear Strenglh (psh)
WOH = weight of 140ih. hammer

Defiritions:

WO = waler content, percent
LL = Liguid Limit

PL = Plasiic Limit

Pl = Prasticity Index

G = Grain Size Analysis

WOR = weigh! of rods

C = Consolication Test

Rope/cathead, safety hammer. 6 in. thinwall core of pavement

Sample Information
P Laboratory
= £ —- Testing
. & o : —~ o
=3 = & = 5
= 2 o a © - & c ] Visual Description and Rémarks Results/
= o it P = £ 5 ) K] © AASHTO
| 2 &1 F | e5E 8 | E|Eszls_ i
gi 3 5 ey Be2Et 2 8B1Eg 8 Unified Class.
0 BITUMINGUS CONCRETE
43.6 .81
i T
478 CONCRETE -
VOID
F 5
363 8.
1D 24110 8.0.10.0 357110 12 5 Medivn dense, brown silty coarse to fine SAND, some gravel, demp (FILL}
14
M 10
2D 248 105-123 13/14/8/11 22 10 Medium dense, brown silty coarse to fine SAND, some gravel, wet (FILL}
16.0
21
13
1a
[ 1 1D 1077 151-.150 12/50..3 2049 Very dense, brown silty coarse to fine SAND, some gravel, wet. (FILL) Split
- i . i 283 spoon refusal al 15.9 fL. Advanced rolier cone {o 16.0 ft.
: 8/ 6.0-17. =57 S ” - 16.0
Rl Rkl s 179 RQD=57% N%E \\\\\ .1 Hard, slightly weathered, dark gray aphanitic to fine-grained BASALT.
R2 12/12 | 179-189 ROD = 0% = Primary joint et is extremely close to close, horizontal to moderate, open,
\ planiar io andulating and rough. Rusty discelorations on join! surfaces.
R3 ZERAT | 189-21.2 RO = 76% N R2: Same lithology and joint set as R1.
% R3: Same lithology and joint set a5 R, except primary joint set is very close to,
e \\ moderate, horizonial to low angle, At 20.9 ft., contact with hard, slightly
Gy weathered, gray-brown fine-grained ANDESITE.
NN . | . .
R4 61.2/62 | 213264 RO =85% S R4: Approximately 1/2 in. end of contact with ANDESITE. Hard, shightly
weathered, dark gray aphanitic i fine grained BASALT, Fine-grained
\\ ANDESITE intrusions at 22.4, 23.9 and 26.3 ft. Hoest rock inclusions and
\\\ﬁ secondary mineraHzation from 25.7 10 26.0 ft.
W0
W
N
17.8 26.54
Bottom of Exploration at 26.5 feet belew ground surface.
30
Remarks;

present at e time measuremants wars macde,

Stratification lings represent approximate boundaries betwaen soil types; transiticas may be gradual.

* Water level rezdings have been made at times and under conditions stated. Groundwater fluctuations may accur due to conditions ather than those

Page 1 of 1

Boring No.: B4




Maine Department of Transportation |project: FiliotRoad Overpass over Rouwre 103 | BOTing No.: B
SoilfRock Exploration Log Location: Ki . !
ocafien: Kittery, Maine .
U UNITS Ty PIN: 15099.00
Driller: Maine Test Borings, Inc. Elevation (/) 44.3 Auger ID/OD:
Operator: . McKeen Datum: Sampier: 24" Standard Split Speon
Logged By K. B, Stephenson Rig Type: B33 Mobile Truck Hamrer Wt./Fali: 1408/30"
Dite StarfFinish:  09/18/08 Drifling Method:  Cased/Spin/Wash Core Barrel: NQ2
B_o_?ing Locatien; 8ee Play Casing 1D/OD: NW Water Level™ 15,7 below top of pavement
Definitions: Definitions: Definitions:
D = Split Spoon Sample Sy = Insiiu Field Vane Shear Streagth (psf) WC = waler content, percent
MDD = Ungyccesaful Split Spoon Sample attermpt Ty =Pocket Torvane Shear Strength (psf) LL = Liguitd Limit
U = Thin Wall Tube Sample g = Unconfined Compressive Strangth tksf) PL = Plastic Limi
R = Rock Core Sample Sy{lapy = hah Vane Shear Strength {psf) Pl = Plasticity Index

V = ingity Vane Shear Test

S84 = Solid Stem Auger

WOH = weight of 140lb. hammer

WOR = weight of rods

G = Grain Size Analysis
C = Consdlidation Test .

Samgle Information
- S Laboratory
o _Ei - > Testing
I = & & oy & ) " Resulis/
oy 2 j o i el B
e s é ~ © % & g - .5 o Visual Descriplion and Remarks AASHTO
= =N = ‘B W= = o | & =
Sl 5| 5| 5o | ESkge | PlEi|so rified Ciass
= 0 o 0 E mBDEB z jom|dE| & )
U BITUMDNGUS CONCRETE
43.6 .81
428 CONCRETE i
1.5
VOID
- 5
315 6.8
FILL. See Boring Bi for similar overburden.
F 10
3.5 10.81
R1 21.6/24 1 112-13.0 ROD = 0% NQ 331 \\\ | Spu;an:W casing to 11.1 fi. Roller bit through weathered bedrock fram 10.8
CORE \\k\ \11._ : _ o]
\ \ R1: Hard, slightly to moderately weathered, dark gray aphanitic
R2 12/15 19.0-14.0 RQD = 58% \\_ ¥ METAPELITE. Primary joint set is extremely close to close, horizontal to
\\\\\} moderate, open, planar to undulating and rough. High angle secondary joints
R3 57.6/57 | 14.0-18.8 RQD = 44% \ present thronghout. Core is mioderately to highly fractared. Rusty
15 \ diseolorations on joints; many vugs, pits,
Y R2: Same lithology as R1. One horizontal joint and one high angle joint
A \§ present. Joints are open, close, planar (o undulating and rough. Some vugs,
§\ rusty discolorations.
\\\\k R3: Same litholegy as R1 and R2. Prispary joints same as R, except extremel
close to moderate. High angle secondary joint present 1o 17.5 1. Rusty
255 \% discolorations on joints. Solid core from 17.5 10 18.8 ft.
25, 18.84
Bottom of Exploration at 18.8 feet below ground surface.
20
F 25
3]
Remarks;

Rope/eathead, safety hammer. & in. thinwall core of pavement

Stratification lines represent approximate houndaries between soil types; transitions may be gradeat

" Water tavel readings have been made af times and under tonditions slated. Groundwater fluctuations may oscur gue to conditions other than those

present at ke tme measurements were made.

Page 1 of 1

Boring No.: B3




Appendix B

Calculations



08335

Replacement of Eliot Road Overpass Carrying Route 1 Bypass over Route 103, Kiitery, Maine
P.ILN. 15099.00

11/18/08

Page 1 of 1
K. Recker

Checked by: J. Haskell

Rock Description

Boring
No.

Bl

B3

B4

BS

Hard, slightly to moderately weathered, dark gray
METAPELITE. Primary joint set is extremely close to close,
horizontal to moderate, partly open wide, planar to undulating

Moderately hard to hard, shightly weathered, dark gray coarse
to fine grained GABBRO. Primary joint set is very close to
close, horizontal to low, open, planar to undulating and rough.

Hard, slightly weathered, dark gray aphanitic METAPELITE.
Primary joint set is extremely close to moderate, horizontal to
moderate, open, planar to undulating and rough.

Hard, slightly weathered, dark gray aphanitic to fine-grained
BASALT. Primary joint set 1s extremely close to close,
horizontal to moderate, open, planar to undulating and rough.

Same as-above but with fine-grained ANDESITE intrusions.
Hard, slightly to moderately weathered, dark gray aphanitic

METAPELITE. Primary joint set is extremely close to close,
horizontal to moderate, open, planar to undulating and rough.

Core
Depth {Ft) ROD Description
18.3-20.2 26

and rough.
204 -25.8 17 Same as above,
25.8 291 65 Same as above.
23.4-254 50
254297 90 Same as above.
15.6-203 35
16.0-179 57
17.9-18.9 0 Same as above
189-~213 76 Same as above.
21.3-26.4 85
11.2-13.6 0
13.0-14.0 38 Same as above.
14.0-18.8 44 Same as above.



08335
Replacement of Eliot Road Overpass Carrying Route 1 Bypass over Route 103, Kittery, Maine
P.IN. 15099.00

11/18/08

Page 1 of 3

K. Recker

Checked by: J. Hasgkell

PART I - NOMINAL BEARIBNG RESISTANCE FOR SERVICE LIMIT ANALYSES

Method 1 — Presumiptive Bearing Resistance for Service Limit State

Reference: Foundation Engmeering, Second Edition, Peck, Hanson & Thomburn, 1974, Table
22.2, “Allowable Contact Pressure g, on Jointed Rock.”

Bearing Material: Metapelite, Gabbro and Basalt

Description: Hard, slightly to moderately weathered, primary joint sets are
extremely close to close, horizontal to moderate, open, planar to
undulating and rough. RQD varies from 0 to 90%, average = 48%.

Allowable Bearing Stress:  Range: 10 to 200 tons per square foot (tsf)

Design Value: Recommended value = 10 tsf = 20 kips per squate foot (ksf)

Method 2 — Presumptive Bearing Resistance for Service Limit State

Reference: NAVFAC DM 7.2, September 1986, Foundations and Earth Structures, Table 1,
Page 7.2-142, “Presumptive Values of Allowable Bearing Pressure for Spread Footings.”

Bearing Material: Metapelite, Gabbro and Basalt

Description: Hard, slightly to moderately weathered, primary joint sets are
extremely close to close, horizontal to moderate, open, planar to
undulating and rough. RQD varies from 0 to 90%, average = 48%.

Presumptive Bearing Stress: Range: 8 to 12 tons per square foot (tsf)

Design Value: Recommended value = 10 tsf = 20 kips per square foot (ksf)

Method 3 — Presumptive Bearing Resistance for Service Limit State

Reference: AASHTO LRFD Bridge Design Specifications 4™ Edition 2007, Table C10.6.2.6.1-
1, “Presumptive Bearing Resistance for Spread Footing Foundations at the Service Limit State
Modified after U.S. Department of the Navy (1982)



08335 _
Replacement of Eliot Road Overpass Carrying Route 1 Bypass over Route 103, Kittery, Maine
P.LN. 15099.00

11/18/08

Page 2 of 3

K. Recker

Checked by: J. Haskell

Bearing Material: Metapelite, Gabbro and Basalt

Description: Hard, slightly to moderately weathered, primary joint sets are
extremely close to close, horizontal to moderate, open, planar to
undulating and rough. RQD varies from 0 to 90%, average = 48%.

Presumptive Bearing Stress: Range: 16 to 24 kips per square foot (ksf)

Design Value: Recommended value = 20 ksf

Nominal Bearing Resistance for Service Limit State

Use 20 ksf for the nominal bearing resistance based on Methods 1, 2 and 3 above.

Gnominal = 20 kst

Resistance Factor for Service Limit State

¢r= 1.0 (AASHTO Table 3.4.1-1)

Factored Bearing Resistance for Service Limit State Analyses; Settlement Limited to 1.0 Tnch

factored =™ Pr X nominal

factored = 20 kst

PART 11 - FACTORED BEARING RESISTANCE FOR STRENGTH LIMIT
ANALYSES

Method 1 — Nominal and Factored Bearine Resistance of Bedrock

Reference: US Army Corps of Engineers, Engineering and Design, EM1110-1-2908, 30
November 1994, “Rock Foundations.”

Figure 6-1.c, for open joints, mode of failure is compressive failure of individual rock columns

Equation 6-5, page 6-5



08335
Replacement of Eliot Road Overpass Carrying Route 1 Bypass over Route 103, Kiitery, Maine
P.IN. 15099.00 ' '

11/18/08

Page 3 of 3

K. Récker

Checked by: J. Haskell

Gui = 2 ¢ tan(45 + ¢/2)
Where: :
¢ =90 pounds per square inch = 12,960 pounds per square foot
(cohesion selected from reference “estimation of Soil and Rock
Properties for Foundation Design”, by Kulhawy, 2005, Short
Course Lecture Notes MDOT. Geological Strength Index = 40,
ratio of cohesion strength/uniaxial strength of intact rock = 0.03,
compressive strength = 3,000 psi)
o =30 deg. (Based on review of typical values shown in
Goodman, Table 3.3, page 78)

Quit = 2(12,960) tan(45 + 30/2)

Gut = 44,894 psf = 44.9 ksf = Qrominal

Factored Bearing Resistance

Per AASHTO LRFD Table 10.5.5.2.2-1, for footings on rock, ¢y = 0.45
Qfactored = Gnominal (Qv) = 44.9 (0.45)

Qtactored ™ 20.2 kst
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