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PRELIM. BY DATE PROJ. NO. FILE NO.__ OF__
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BORING NO GY- L( ""3
.... ··Drilling Sequence·Continued;.........;.........;.........=;.........;.........;.........===.....

GBQLN) WATER QBSER\ATIONS
Date Hour water 8evation

1.

2.

4.

5.

EI8" Bottom .Cosing

Remork~~ """"- _

SML-IOU017Z)



CASING RECORD
LENGTH DRIVING RESISTANCE

HAMMER INT'V'L INT'V'L
Pc. TOT. FALL BLOWS FR TO FR TO NUMBER

/ ljOt. Jb I' ~.K 8 0 r
1./4 'S'~ J)'f 1 ~
,('it J3G.- fjo d-- 3

75- '3 Y
t.j ~ 'fa l(

"'-I 'J?; ?\ ..s
v ~I' ) 37 5 b
I~ '70 Co 7

ISO 7 ~

) '/0 <:t Cf

J75' 9 Id
Itgr /0 f(

lJ'O () 7').

go .J~ /]
1'7/~ J fje> L"3 J<f

, I )tJ PI IS-
,1 " 3¥3 '"' /(pJ.!:J

yJ ~/~ ~ ~!.r /(, 17
1'1- l3:lt (~ ~6"''') w.s ...-=?7 /1 ,r 1'7 19 IZ"::>
If} /7Q.~ $I? I?/ J'l

~~ b2/~ rpI~ )CJ /9 J).cJ

II? ~:' ~c J).O ri.J
t/.,} l3O~ i'1~ rs ri-/ ~9., 01 ~~ :;)..'17

-Sy ~ )3
~J( gO ~3 f)V

:;u a..'1 d.) -

BORING NO._GP, .LL.3
SAMPLES

HAMMERI ~;, LBS.

FALL BLONS DESCRIPTION ()F~ATERIALS

/ I\-

(~ro\l~ I

'v
J (' J('J - ~ '" "

s- G, G-rc<'V ~'("("\VtJn ·,--~\l+ 1-

'RdC~S

fl.,j" Co -7
1./

SML-9UOIi 2l



LOF '8 BORING No..-GJ?_4.t..::.3::::::..-_.........,;.-- BORING NOGB '-d.3
··DrimngSequeAceContinued ~-7~~~~;;;=;;"';';';;;' ___

Project No.

Station
Elev. Ground Surfoce:

,-\

WEATHER TEMP.lOTAL DEPTH

Datum: Su V" u >j<' 54 9 '?

Size Rods: Ii fA,/

DATE START' FINISH HOURS

s·;)')., 3 ~ ,~ d-
-$-?-3 7- S I()

,S)~ 'I - 1/ '1

Remorks _

GBQlN).WATER QBSEfMTJONS
Oate Hour Water Bevation

\,

2.

4.

5.

SML-IOUO/7Z)

Elev. Bottom casing



BORING NO.~G:::;...P.L....·_-lf,L..;.5 _ BORING NO.--..::-G~?__- -.:.L/.=3::;..... _

CASING RECORD
LENGTH ORIVING RESISTANCE

HAMMER INTVL INT'V'L

Pc. TOT. FALL BLOWS FR TO FR TO NUMI:ER

7 I""'?O~ It" 71'1 Be X- !)..fc .~S' b.c"~ 3'0
'II d.-0 ~7

711. ~¢g i8~ 3l.f d-.7 gto
0/7 d-C6 1).1
~~ ber 3d

f1.J G:,3 36 3J L1r) \3J~ 'If:;>
~~ 3/ ~
7/ Z3.9- k3.3

deO :..3J ,;>S'

Qr 35" 3i &" ~
-.15- l=:t

SAMPLES

HAMMER. J!( LBS.

FALL BLONS DESCRIPTION OF MATERIALS

la-$'
L(

Ii.-
JG, 3-'1 G ("h ,I R..-.." 11n tC) r\~v CJ&t~

S 7 ,

/

/(P ~S--:l)

ISS ~
~

Brt4uJrl S, '/1- T,'II
-,

SML-9UO/72l



Project No.
TO\!)

Station
Elev. Ground Surface:
Dotum:
SIze Casing:
Size Rods:

BORING NO.-Gr_~Y.L-3~ _

DATE START FINISH HOURS lot'AL DEP1'H WEATHER TEMP.

DrIlling Sequenre _



vi f-q

Maine State Highway Commis:sion
BORING LOG

LOCATloN:-Brew ~ r
..

f .~STRUCTURE:

~;i'\'.:;"'.
SIiJ~1"No._-..•-..••QF:____

BORING No.~DATUM: StJ r-Ve,,?\01\ .BORING INSPECTOR· G DATE'S ·Q..Z-8Y
SAMPLER R:r fir <>~:r-'$9S"STRATIFICATION CASING OR SPOON

* A-bl.f"t. --z...*
DESCRIPTION OF MATERIALS z z 6

z 0 * 0 z
REMARKS ***0 x 0

(TYPE, COLOR & CONSISTEI'olCY)
V) i=

V) i= &OJ
i= I- Z ~ « ~ « ....... ... Go« ... ", 0 "" 0 '" ~> 0 ... ...... I- .... I-... ...... CD ...

CD
... «...... z z... ... ... V)...

~
.sTAr--- -

I
. ........... '"

y:.----

----
00' .. Gv-our\ J Suo ~ct? I <- fileV. ~ 12-'I.'Z.-- I '\ fB~

..•........ ...
$" 1;1"----

S'I /I

----
96' II

----
7S- 11

----
¥O /I- -
Z3'1 "---- ..
'1J 1\

----
Grcwp.J170' B{'own /.j'tJ "---- " .. '0o··" .... ....

!'I(j n
----

17.j- , I
.....- - ....-

If?! ,I . '0,-----
V?O ' , ·'r~i~!" .. ' . .-----
~ I' '.----

VkJ II . " .

----
/16 I' .'- - -
3?3 Ii

----
~' -v • .. :::,.' . ~ I,

....-- " '- ~7 :'& IT.:,,
I;}'!_.

--
~--:-t{'i' .,

{g
\.

---- C:;O ;,

1;).'0 I (}, '('<:",,,)' B \f'! uJ f\ Silt k"" U II

----
RCJc.~ .~ ,.~S 'Y'7II I;)." ;Jc:::.

----
't f9 .'st/ 11

I·----
ffo• 11 . ..

----
7(/ ,.

* When sampler penetrates under weight of rods, rods plus hammer, or force of jack, record should be made of fact.

** Write sample No. at corresponding depth. Designate dry salTlplesby·D. Wash samples by W. 311z" undisturbed tube
samples by U. Rock cores by ·R. f 2/t .;J:".be silmpll3s ~y .C..• i,:;.}

*** When drilling cores in rock, record the percentage of recovery in each foot of penetration. over

sMi-8(IO/6C?)



LOCAnON OF PROJECT: "'___'_=4:3... .....0('.. •=e=w= ·~""'-·.'.:-.C'_._"'___'_~--"='_'__'_"'___'_"'___'_ ~ "'___'_ _

LOCATION OF BORING: ~ _

ELEVATION OFG~OUND SURFACE: _-,--- ---::::---,-- ~ _

OIHLL No.V--Of}UBORING FOREMAN: G i;P"=~!..!.c.'Dl.....'.·O=.....====~.
SIZE AND WEIGHT OF CASING: 9' '\sfo/'jdcnrri DEPTH: _-'-/c:c-'7'---c-'07-----c-:"-;--__~--'-

,*Y&="Ezcfrolleov;t =3...·'--<$1<--.:'(7==-_" _

LENGTH OF HOLE; IN EARTH = 0...::==-="s=·-_··-"'@,'--··,_'_--INROCK '. ~_

TYPE OF ROCK DRILL USED: --------------- _

HAMMER: 'WEIGHT=" 310 Ibs. AVG.FALL {ON CASING --- -=:-/-rV "'___'_ins.
(ON RODS = /i.:3~;'/ ins.

ELEVATION OF GROUND WATER SURFACE: - _

EL. BOTTOM CASING

RECORD OF' WORK

HOUR .'

/' '. .' ... •
DATE S <).:;1 ~c:a'i --b~d-3 -~~ S::. -;}q-89 L ... .'

START ":3\.00 / 7;CJcJ 7:oeJ
..

...

FINISH 6-:00 / $:0 0 Ii ~ 0(3
.... -"

HOURS ~ / /tJ' ~
TOTAL DEPTH gOl! :;sO" ....36-t; "

WEATHER c.letf/ (J.ff<!'/C60} U€'ftYr ./ .

TEMPERATURE {PS-c:J 6$" SfJ- t9

.'.~
•

BORING INSPECTOR,~~
REMARKS _-,----,---_-,---__-,---__-+-_-+--+--+-_-+- =

NOTE-Mark all sample <:ontainerswith special 9urinnedlabels; odMipletelyifilled out.



Maine State Highway Commission
BORING LOG

LOCATION· l3\eW~ q

BORING No.£.3-DATUM: Stir V e",':pI"TI
STRUCTURE:-- -----c....,.._....,.._..,..- SHEET NC?,. «:PF:__..-.'.

BORING INSPECTOR· G I :B.:;.,,~ DATE~~~:J.9~~o/

S1RAT1FICA110N
SAMPLER

CASING OR SPOON
••

RE MAR KS ***
6

z DESCRIPTION OF MATERIALS ~. ~ z
o :t: 0 . C & S1 ." - ." i= &01
~ Ii: ~ (TYPE, OLOR CONSI ENCYj ." ~ ~ ~ ~ ~
a; w ~ 0 I- 0 I- ~
.... 0 ~ ;; z ;; z 0(

_w I .......--.. ~I--I,-~_1r_-I, ~IJ__."-I------~r-,,............._ ........................__1

------·I-----------------'------'-----il--I---H---I---if---I---------------I

--~I~........·· ..............i·........• ........---........--'""'ii:lj,!r"",O-.t..:.ld.......,b1i~....5--'I-J?-.-trJ-.,-':j:I.---+--------..:.+-..:..1

If/ ,\ 1'1 f.,"

. ..

r3 y ).;) " '17>
S (p"

....

.'

i1 l:,;l ., ~
lli Ct."

.....

t1'~v 1\
-------I--------------H--"<.4-I---if---I---if---I---------------I

t:J • t'

__:J!l.Q,_~lt-:-----------__1I-'-f-'1-,-'-'-H--I.----if--.I------~-----I
/~ b{)-. I(

----·I-------------.....,tr.:J:F-·I--if=:--II--H--II---------------1

____ Yb" (;V"I1''''{: B'foWQ\ S,'J:j'"1 Clo,( (;,:3 II it-:;:::::t-I-;-v-it--<--I------------I
J " 6;).. I)

V/ 'I

------·I----------------1I--I---if---I---if--=I--- ------",-_--'1
.... i

-------I---------------If--I---if---I=--if--~I-----_--- --...,....,,1
.... "!

--------I---------------II--I---if---I---if---I-------------'--...,....,,1

.--.-.. ...............I---1--------------......,I---I·-....,~--I--....,~--I--------------..:.--I- .... -

------·I---------------II--I---il---I---il---I---------'-------'-------I

------·I---------------If--I---if---I---if---I-------'---'--'----'----'--I

--,I--t------------11--1--H---I--~I_-I,--.;...---~-..:.........---.............;.1

------·I---------------If--I---if----I---if---I-------------'-'-I

--------I---------------1I---I--1I--li--11----li---------------I

-------I----------------tf--I---H---I---il---I-------------"---1

• ---I-----H--I---1f---I----if---····,----I

* When sampler penetrates under weight of rods, rods plus hammer, or force of jack, record should be made of fact.

** Write sample No. atcorrespon.ding.d.e.. pt.h.. De.s.i.<Jn.at.e.'.d. rYe samples by D.· Wash samples byW. 31/2" undisturbed· tube
samples by~ Rock cores by R•. 2"'dube samplesbyC.

*** ,.When drilling cores in rock, record the percentage of recovery in each foot of penetration. over
SML-8



BORING TEST and
SUMMARY SHEET

VISUAL DESCRIPTION OR REMARKS

m t-----t----t---;--~(R; Ifo-u.;-y.~~.i)~I.L..::?f""O<.vJH/)'~i'aw..1 h"1'l::.~J~l'L/~<<(u'}{.::{Jp.Mt.f~.s~;'~~b---_--1
v V v { "f .....

;-----t---+-----+-------..----------I
2l-Z-L...l:r----t---+-----+--------.-- ~__

Z$,U~t-----t---t---t-----(------..,...--'------~
,

V .J 7 V:?o-olf::
I---~----f-----ll----------------~

~ J --~

3~--35-- t-----+---+---~--------------I

SML-210(S/69,



Sheet-No.

BORING GP-44~'&4 STATION
CASING DRIVING RESISTANCE - Blows/Ft.

SIZE,
4" i lZz' ZO 40 60 80 100

)bEV. "g,L
I
•

I :
110"

f ,

--
IJ) - -,

\00 I II
ZD

3D ~
qo

40

Z
0

~so-
:>
III
oJ
III

I I

MAINE DEPARTMENT~ TRANSPORTATION
t.4MERIALS 0 RESEARCH DIVISION

DETAILED SOIL iTRATIFICATION

CONSISTENCY DATA
BORING Lf'e- '21 - S' Y

{31~ 4/'''-
DATE:



...LOF,.L.BORINo NO G1?- 4 y...... _
Drilling Sequence Continued _

GROlJM) WATER OBSERVATIONS
Dote Hour Water Elevation Elev. Bottom Cosing

I.

2.

I'"" \

, Ref{\ork~ _1_-----.I'_.....".~-----
""\.- . '-- _--_ "","Oil'> """'".,..,.,.

--------;t-------------
SML-IOII0172)



BORING NO. Q"'P- l.J'I SORINGNO. ap- -4 Lf

--

DESCRIPT10N.()FflAAT~IALS

.:3 J(J LBS.

"l"?-

BLONS

10

HAMMERl

FALL

SAMPLES

SML-9uonu

CASING RECORD
LENGTH DRIVING RESISTANCE

HAMMER INT'V'L INT'V'L
Pc. TOT. FALL BLOWS FR TO FR TO NUMBER

L l£f. /(p .f fO'A G JVI"'

~£. ~4
Jf:~

~ ~

7'? l":t~ ,~ ~ ~

"'''' \ \ ( -~ <f

If"/ 1 )) tt -!J'"
I"--- <g

. s .c,
103 , :J
I ~kS " ~r

~
/'

&1 ~~.'
I...R J7 5" 'j/ t/~ ,;-;.

r' cg'"ez: 1?'0 ? 10

r 1 13'? l3F 1&.1 /0 II
'I~

:1
c?~?- II }~~7-

lf~ ~!~ - - fa I;} 11
7';} ;;.s; (0;" /3 1l

((1,,) If ".;-
I""'''' ~-. I!J l£, IS J(,f ,f)

4<{ If, /7
1YJ faS /7 f?l

'Ie:, 1ft I'}
1..f7' If! .:w
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BORING NO. GP -4 Cf

Project No. 3 '1. att

Station
Elev. Ground Surface:
Datum:
Size Casing: ¥It s+-J,,{'(J1 :;..~" &tr. Hea,v)1

Size Rods: Aw

DATE START FINISH HOURS TOTAL DEPTH WEATHER TEMP.

$,30 lo- S 7 f)S ohqwer , S?
5-31 Gz -5< ~ .:J I 'c", .. S'hm,veq 'i'f"

BORING NOG'P-4 'i
Drilling Sequence Continued ---_

Remorks~ _

Drilling Sequern Drove G·, f q W· t:"';; "Tb /0
O~a l/e Cos -fc. 1~'''% puT .&. '/c·1

C,,::> "n

t)rnv'<e 1-<: ! S· 1;-;'0 7004 Sqmr/g J't> Fr~"...,

I oS' t~ f '" ~ C hO.... jeJ -4- d Groy't3 rnw("\ 9 i 1t )'
"t~:1! a f IS (," t2 cove CO" -to aD' ~~

C ~Qne~ .t--c t3 ("Oc.vl' Sood;l' Peb61 j r/I Jq}-;;' 7
0

10dj "Som'Pk- fD FY'3f"i't ~o fO 3/ (.'

GRQlN) WATER QBiERVATIONS
Dote Hour Water 8evation

\,

2.

4.

5.

SML-la{lO/7z)

Elev. Bottom Casing



BORING NO. Gp. LJ If

CASING RECORD SAMPLES

HAMMER I .<I(J LBS.
FALL BLONS DESCRIPTION OF MATERIALS
r,/" I~-n

JI - 7
,;

R~/~/'" Sen ",1. 'P~ LL J "

",'1/"
J4{1I /0-10

:uJ II
~-

SML-9UonD

LENGTH DRIVING RESISTANCE

HAMMER INT'V'L INT'V'L
Pc. TOT. FALL BLOWS FR TO FR TO NUMBER

/'" 05"1 1ft, .r I"'" 33 "- ...... ,""",t 1.:25 ~r"J 0'0cAJ· ~:....,"

1f4 ~' ~..,. '"
LJ1 Z30~ J3'R 7.r :J,-' ;:>Ji.. I

/0.'5 ~~ 9-1
! 'JO :A1 ,3'0

jo .30
, l.J f.'):n 31~

31 ':~d



S/ OF...!..

Project No.
TO\Wl
Station
Elev.Ground Surface:
Datum:

Size Casing:
Size Rods:

BORING NO. G P - LJ 1.1

DATE START FINISH HOURS mAL DEPt'H WEATHER TEMP.

DrIlling Sequence _



Maine .. State Highway Commission
BORING LOG

LOCATION: l3 r e.w e..r

BORING No.~DATUM: Svrvey Pl"o
STRUCTURE:: ~~HEn. N9.~9F: .':l.....
B9RING INSP~CT9R· G,'"Patl~e ;.p~tE'6......~/·~iV

REM ARK S ***

**oz
UI.......
~
<
V)

SAMPLER
CASING QitSPOON

.•...

z
*

z
0 0

V) i= V) i=
~ < .~ <
0 '" 0 '".... l- .... l-
UI

..,
UI

..,
Z Z.., .., I...

--1'. I"

DESCRIPTION OF MATERIALS
(TYPE, COLOR & CONSISTE!'ICY)

o
Z..,
C)..,....

i!:.....,
o

STRATIFICATION

z
o

~......,

---I-----~--........--------'I--I-=lf---I,

--------1---------------·-------i1---1---t1--1--1t--1-------~------I

a"0" .
-----;1\

" q" . 6

------I-------------~I+_\_I-__1I--I--_II_--I----------------1

II

------I-------------~f++_I-__1I--I--_II_--I---------------1

.1

~,. tf
------I-------------~~~I-__1I--I--_II_--I---~----------__1

'It) ,.
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T,.\\ "II, II------I----+-'--'--'----------,I__==-I----1I--J--_II---J---------------'"'1
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~e Go th>...1 'P~\01,.\" oS: 1+ 1:1'i" " oJ 1./ , "f ;>.~

----~I-----' ......~,,'f-..L...>o........u.-'J-,,-=-L..L-L.---II-""""''-I---th-n;-'--·I-~,r=-i'-II--------------I

__I~c....'·__>I'~-----------_u.._J.l_t/-I-'_:I-H-7,,:-'y'-I--,-' -11-__1 1

'7D 'I------I------------lf--!-=-I---1f----I--lf---I--------------1
B'l). II

over

* When sampler penetrates under weight of rodt.~~;rs plus hammer, or force of jack, record should be made of fact.

** Write sample No. ateorrespo~ding .de.pth.. De.si<1na.te dry. samples by D. Wash samples by W. 3'12" undisturbed tube·
samples by u. Rock coresbyR. ·.2'Ltube sC!mples by C ••.

***, .When drilling cores in rock, record the percentage of recovery in each foot of penetration.
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LOCATION OF BORING: ~ _

E[EVArl~NOF GROUND SURFACE: ~~-----~--___=,______;;=_-------____,_

ORILLNO.'l-l-O Ot.!> 80RING F()r{£MAN:_G=',,-,••'-'-I1=>,-=..·•.•-""a""<I.'-'--~(\"-',·e....., _-'---'-=~_-=-
SIZE AND WEIGHT OF CASING: r- IrSfCi"J~r,} «. •• DEPTH:_--,-I-=~e.....-.::·O_" _

:;lYa, If EXlrc. Hed ""Y --"'.:30-=-_·0=--·, _

LENGTH OF HOLE; IN EARTH =__--"-""""-..!.~"---"--=-_ IN ROCK =__,-__. ~

TYPE OF ROCK DRILL USED: ~-+____"':'-- _

AVG: FALL (ON CASING ~ --.L./..:;:,:''--- ins.
(ON RODS = 1'1 Spoor. ins.

Ibs.3/0HAMMER: WEIGHT =
---------"'~=---

ELEVATION OF GROUND WATER SURFACE: - ~

'i j

WATER ELEVAT.lON ... EL 801'.l"OMCASING

/ RECORD OF WORK
"""

pATE 5 ·..so-'alof /51-31 .<g'"1.J
..

START 10', o:r k:PO .....

FINISH S ~ (j(l I~:oa "

HOURS '7 I
~

TOTAL DEPTH ~SO'V :3 J
.~ ..

WEATHER ShC]\.V~,..s '--S";'ower<:;
TEMPERATURE ,s-O" 'IS'" ,

' ..

BORING INSPECTOR: -hC<.!l&) 1it0-w
REMARKS ----, ----, '_'______,.-=------~-____,.~~-'-'---=~-

~-Mark all sam!ple containers with special gummed labels. completely filled out.
I



Maine State Highway .Commission .'
BORING LOG

LOCATION: B c€ t.-J ~ (

BORING No.~DATUM: 5(/r-v~)Cj::>ltI;"
STRUCTURE:------7')""""".. =.".-"'-.=,,..,.....= ~I:lEnN(). ?=:pf: ~ <!

BORING IN~PEq9R· G. FOIn~ DATE .!;,A~:3 J sg~.'

STRATIFICATION
SAMPLER

CASING.. OR SPOON

**
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~
~........
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Q

Q

Z...
C)........

DESCRIPTION OF MATERIALS
(TYPE. COLOR & CONSISTENCY)

z
*
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0 0
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II)

i=
~ -< 3 -<0 <II! 0 <II!..... .... ...J ....... ... ... ...

z z... ...
~

~

dz
&>I
...J
~

~
<
II)

. .

REMARKS ***

. . ... ,' .

I'

~ ~ ..'.j( '. " /r~
- ----1~~.~.........................----~ ......."'ir~z~~r.~...I....I';}...........Ir:-J"='fj-I--I')-.-I.• t-.j-:-$lI-..,./~/;4"""'-'-';;;'-/-. .i.- .i.-~_I

-------:-I-----------~i~:..LI---H..;7L_+--'YIt_=_-I--------------1
__ Q:7b' , 1./9 ,. II,

1-----:/fL-----------1r.~=-=~ry':L-( ..I--.,...H-~I-_1II__-I-~--------1

_____..£U..I;?mwoA .sor"tJ 'RoLLI., !OS--'f
I,' 11 00 .f--,--I-------"'------,fo&o;;...+--If-:-::--"I--H--I·-------------I

I~
l()k;J" fO

-------I---------------H---I-- jr.o.'"~I---'''--ir-"---I---------------...1
"It ~ (, "-3LU--1----------1f--1----11--1---1f---1-----------1.

: .
, .

. ..

------..I-------------__--II-__-I....--H·---I---il---I------------.... -'---'-"'""'-"1

-----I---------------'~-·I---'r....-·I--.,r--·I-----~--~~-----'-1

-----..-.--I-------------------1I----I---iI---I---If--I----__- --__--:---'......1

-------I-----------'"--------------II----I-----1I----I----iI---+--------- --:-__=-I...•....

">'·1<:'-------I----------------II---I----1I---I---iI--~I--------------=__--......1 ..'

.--------.........-1......-------------~f_-"1--1!_-.j--_I1--;,1 .....-----------......-----......-1.·..

. .

-------I---------------II---I--..,t---I---if----I-----------'---'--'---I

-------I---------------II---I--..,t---I---Jf----I--'--'---'--'-----'--'--'--'-------I

.. . ...

-------I---------------II---I-"'""'-..,I---I---Jf----I----------------I

-------I---------------II---I--..,I---I---Jf----I-----··-'-----------1

------I------------JI--I---1I---I--II--I--------------1

• ---I-------if--I---jf---I---lf--I----I

* When sampler penetrates under weight of .rods. rods plus hammer, or force of jack, record should be made of fact.

** Write sample No. at corre~P?ndi~g~~epth."Desi<1nateedry"samplesbyD.'" Wash 'sa;mplesby W. 3lh"undisturbedtube
samples by Jl: Rock cores ..byR.",2,.J.u,be $amplesbyC."""

***, ,When drilling cores in rock. record the percentage of recovery in each foot of penetration. over
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BORING NO. G yJ - lj .....1- g cf
•PROJ. NO. __n_,_L...J..Y --.,...._

TOWN_f5Y<2-Ul-e..-
BRIOGE _- -

SAMPLE NO. TO~S T~ST DRAFT~tt-a VISUAL DESCRIPTION OR REMARKS& DEPTH REOi TED coM I lETE COMPlE

tD
t: 1\).0~ Jdv -- ~ "" ~ r/-' iif-'

{/ v r / II'

(s- -/bi=-

2D ,c -fl c; rau-t.1f\ ,r l//l-A71v
y},tC'~tfW -~._~

" --r:. ,.,{, ffw/
(0 - 22- ~ '1~j _rm-*JI I:idi~ + In,p hfk

v -:-

3D J<rr <.C:Q/YtCLf ,,/.j.J LJ/q £),1.;,/

~fhA/I,c:+ .-~ InA fP-h I/Ie~
-zs- 27

, T

,

LlO ~rnA_ Ar~ n~·h~l)lL/

/,J, - t./ e'.- .!.I."" ~; J4 lA )}C) c.eO~4
3~'3Ik }~Jl V / _I I (

~ ~ \l7!f7I..1'"~ •
r 1/

SML-210(S/69)

BORING TEST and
SUMMARY SHEET

DATE SET UP <; - ( - t If



BUREAU OF HIGHWAYS
MATERI,Q.LS & RESEARCH 01\11 SION

\

DATE __--- _

STATE OF MAINE
DEPARTMENT OF TRANSPORTATION

WATER CONTENT DETERMINATION

PROJECT NO. 3'-'S--~af1
.~

BORING NO.~-8~

SAMPLE NO.
LENGTH
TARE NO.
T-t WET60lL
T+ DRY SOIL
INT. WATER
TARE WEIGHT

VANE (T/5Q.FT.)

LD- LU- LT·

SAMPLE NO. LL -=----... LI- LC- LG- LD- LU- LT-

LENGTH
.--"

TARE NO. . '..,-_.. ._.._._.. -.. - _.-----"-_.

T+WETSOIL .. ....•..._._--
T+DRYSOILf---._-_.--_.- _._.__._._._.t--.--_.
WT. WATER
TARE WEIGHT
WEIGHT SOIL
WATER CONT.
VANE (IN. LBS.) I .. 1 I ! I I
VAN E (T/SQ.FT) I I 1. i I

..'
I

SAMPLE NO. LL- LI- Le- LG- LD- LU-' LT-
LENGTH
TARE NO.
T+WET50IL

1--'-'-'-'---'.. .---

T+ DRY SOIL
WT. WATER
TARE WEIGHT
WEIGHT SOIL
WATER CONT.
VANE (IN.LBS.) I ! I I I \

'VANE (T/5Q.FT.) I I 1 I I \

SAMPLE NO. LL- LI- LC- LG- LD- LU LT
LENGTH1------_. -_.

TARE NO.
T+WET SOIL

.-_.-

1-. .. ..... _-
T+DRYSOIL
WT.WATER
TARE WEIGHT
WEIGHT SOIL
WATER CONT. --
VANE(IN.LBS.) I I I T I I
VANE (T/SQ. FT.) I I I I I I

SML-I03(3!6i)

TESTED BY _
. CHECKED BY _



PRELIM. BY _

FINAL CHK. BY _
ITEM NO. _

STATE OF MAINE - DEPARTMENT OF TRANSPORTATION
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File No. 132076-005

Sheet 1 of 9

  Client Date 16-Mar-20

  Project Computed by NAS

  Subject Checked by KAR/BCS

PROBLEM STATEMENT & OBJECTIVE

EXECUTIVE SUMMARY

REFERENCES

1. AASHTO Guide Specifications for LRFD Seismic Bridge Design, 2nd Edition, 2011 (2012 Interim Revisions).

2. AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014.

3. International Building Code 2009.

4. ASCE/SEI 7-05 Minimum Design Loads For Buildings and Other Structures

5. International Building Code 2012.

6. ASCE/SEI 7-10 Minimum Design Loads For Buildings and Other Structures

AVAILABLE INFORMATION

1. Test boring logs.

2. Elevations reference the North American Vertical Datum of 1988 (NAVD 88).

ASSUMPTIONS

PROCEDURE

2. Categorize the site using one of the following three methods (Method A, B, or C).

Method A

Average shear wave velocity for the upper 100 ft of the soil profile:

where

Vsi = shear wave velocity of i th soil (ft/s).

di = thickness of i th soil layer (ft).

n = total number of distinctive soil layers in the upper 100 ft of the site profile.

i = any one of the layers between 1 and n.

\\haleyaldrich.com\share\por_common\PROJECTS\132076 - brewer eddington\005 - Wilson Street Phase II\Calculations\Seismic Site Class\[2020-0316-HAI-Wilson Street Bridge-Seismic Site Class-D4.xlsm]BB-BWS-206-Method C

Based on the subsurface conditions encountered at the six test borings near the proposed substructures (BB-BWS-102, 

BB-BWS-103, BB-BWS-104, BB-BWS-202, BB-BWS-203, and BB-BWS-206), recommend a Seismic Site Class C.

1. Check the site against the three categories of Site Class F (see attached Table 3.4.2.1-1), requiring site-specific ground 

motion response evaluation. If the site corresponds to any of these categories, classify the site as Site Class F and conduct 

a site-specific ground motion response evaluation.

Determine the Seismic Site Class using SPT N-values and assumed Su values from test borings drilled approximately near 

the proposed substructures.

CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Seismic Site Class Evaluation

1. Where SPT N-value was available to depths less than 100 ft, the subsurface profile was extended to 100 ft. The SPT N-

values for the extended profile were then assumed based on the available information.

2. WOH/WOR = SPT N-value of 1.

3. For test borings BB-BWS-103, BB-BWS-104, BB-BWS-202, BB-BWS-203, and BB-BWS-206, used Method C and assumed 

Su values per MaineDOT Field Indentification Card.
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PROCEDURE

Method B

Average standard penetration test (SPT) for the upper 100 ft of the soil profile:

where

Ni = standard penetration resistance as measured directly in the field, uncorrected blow count, of i th soil

layer not to exceed 100 ft (blows/ft). 

di = thickness of i th soil layer (ft).

n = total number of distinctive soil layers in the upper 100 ft of the site profile.

i = any one of the layers between 1 and n.

Method C

Average standard penetration test (SPT) for the cohesionless layers in the upper 100 ft of the soil profile:

where

Ni = standard penetration resistance as measured directly in the field, uncorrected blow count, of i th 

cohesionless soil layer (blows/ft).

di = thickness of i th cohesionless soil layer (ft).

m = total number of distinctive cohesionless soil layers in the upper 100 ft of the site profile.

i = any one of the layers between 1 and m.

Average undrained shear strength for the cohesive layers in the upper 100 ft of the soil profile:

where

sui = undrained shear strength of i th cohesive soil layer (psf), not to exceed 5000 psf

di = thickness of i th cohesive soil layer (ft).

k = total number of distinctive cohesive soil layers in the upper 100 ft of the site profile.

i = any one of the layers between 1 and k.

Based on the available information, Method A/B/C will be used for the seismic Site Class evaluation.
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CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Seismic Site Class Evaluation
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SITE CLASS DEFINITIONS
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CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Seismic Site Class Evaluation

(Table from AASHTO Guide Specifications for LRFD Seismic Bridge Design, 2nd Edition, 2011 (with 2012 Interim 

Revisions)).
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CALCULATIONS - METHOD B

Exploration ID: BB-BWS-102

Ground Surface El.: 112.2

Sample Depth Elevation Description d SPT N d/N

Number (ft) (ft) (ft) (blows/ft)

1D 1.0 111.2 SILT (Fill) 2.0 5 0.400

2D 3.0 109.2 SILT (Fill) 2.0 10 0.200

3D 5.0 107.2 SILT (Fill) 2.0 34 0.059

4D 7.0 105.2 SILT (Fill) 2.0 22 0.091

5D 9.0 103.2 SILT (Fill) 2.0 32 0.063

6D 11.0 101.2 SILT (Glacial Till) 3.5 26 0.135

7D 16.0 96.2 SILT (Glacial Till) 5.0 54 0.093

8D 20.7 91.5 SILT (Glacial Till) 4.7 50 0.094

9D 25.9 86.3 SILT (Glacial Till) 5.2 62 0.084

10D 30.9 81.3 SILT (Glacial Till) 5.0 58 0.086

11D 35.6 76.6 SILT (Glacial Till) 6.4 71 0.090

R1-R4 39.8 72.4 BEDROCK 60.2 100 0.602

Totals = 100.0 1.996

N-bar (blows/ft) = 50.1

Site Class = C
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CALCULATIONS
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Wilson Street Bridge Replacement - WIN No. 018915.00

Seismic Site Class Evaluation
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CALCULATIONS - METHOD C

Exploration ID: BB-BWS-103

Ground Surface El.: 107.1

Sample Depth Elevation Description d SPT N d/N Su d/Su

Number (ft) (ft) (ft) (blows/ft) (psf)

1D 1.0 106.1 SAND (Fill) 2.5 7 0.357

2D/2A 4.0 103.1 SAND (Fill) 2.5 13 0.192

3D 6.0 101.1 SILT (Marine Deposit) 3.5 2000 0.002

4D 11.0 96.1 SILT (Marine Deposit) 5.0 2000 0.003

5D 16.0 91.1 SILT (Marine Deposit) 5.0 4000 0.001

6D 20.7 86.4 SILT (Glacial Till) 4.7 69 0.068

7D 25.7 81.4 SILT (Glacial Till) 5.0 77 0.065

8D 30.4 76.7 SILT (Glacial Till) 6.0 50 0.120

R1-R10 34.2 72.9 BEDROCK 65.8 100 0.658

Σd/N = 1.461 Σd/Su = 0.006

Total Thickness of Cohesionless (ft) = 86.5 Nch-bar (blows/ft) = 59.2 Su-bar (psf) = 2455

Total Thickness of Cohesive (ft) = 13.5 Site ClassN = C Site ClassSu = C

Total Thickness (ft) = 100.0 Site Class = C
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Cohesive

CALCULATIONS
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Wilson Street Bridge Replacement - WIN No. 018915.00

Seismic Site Class Evaluation

Cohesionless
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CALCULATIONS - METHOD C

Exploration ID: BB-BWS-104

Ground Surface El.: 100.9

Sample Depth Elevation Description d SPT N d/N Su d/Su

Number (ft) (ft) (ft) (blows/ft) (psf)

1D 1.0 99.9 SILT (Fill) 2.0 3 0.667

2D 3.0 97.9 SILT (Fill) 2.0 11 0.182

3D 5.0 95.9 GRAVEL (Fill) 2.0 28 0.071

4D 7.0 93.9 SILT (Marine Deposit) 3.0 2000 0.002

5D 11.0 89.9 SILT (Marine Deposit) 4.5 3000 0.002

6D 16.0 84.9 SILT (Marine Deposit) 5.0 3000 0.002

7D 21.0 79.9 SILT (Marine Deposit) 5.0 3000 0.002

8MD 25.7 75.2 SILT (Glacial Till) 3.2 78 0.041

9D 27.4 73.5 SILT (Glacial Till) 2.2 50 0.044

10D 31.0 69.9 SILT (Glacial Till) 4.6 42 0.110

11D 35.5 65.4 SILT (Glacial Till) 3.3 50 0.066

R1-R3 36.8 64.1 BEDROCK 63.2 100 0.632

Σd/N = 1.812 Σd/Su = 0.006

Total Thickness of Cohesionless (ft) = 82.5 Nch-bar (blows/ft) = 45.5 Su-bar (psf) = 2763

Total Thickness of Cohesive (ft) = 17.5 Site ClassN = D Site ClassSu = C

Total Thickness (ft) = 100.0 Site Class = D
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Cohesive

CALCULATIONS
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Wilson Street Bridge Replacement - WIN No. 018915.00

Seismic Site Class Evaluation
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CALCULATIONS - METHOD C

Exploration ID: BB-BWS-202

Ground Surface El.: 143.8

Sample Depth Elevation Description d SPT N d/N Su d/Su

Number (ft) (ft) (ft) (blows/ft) (psf)

1D 1.0 142.8 SAND (Fill) 3.0 40 0.075

2D 3.0 140.8 SAND (Fill) 2.0 38 0.053

3D 5.0 138.8 SAND (Fill) 2.0 70 0.029

4D 7.0 136.8 SAND (Fill) 3.0 70 0.043

5D 10.0 133.8 SAND (Fill) 5.0 103 0.049

6D 15.0 128.8 SAND (Fill) 5.0 43 0.116

7D 20.0 123.8 SAND (Fill) 5.0 80 0.063

8D 25.0 118.8 SAND (Fill) 5.0 54 0.093

9D 30.0 113.8 GRAVEL (Fill) 5.0 15 0.333

10D 35.0 108.8 SAND (Fill) 5.0 84 0.060

11D 40.0 103.8 SAND (Fill) 5.0 36 0.139

12D 45.0 98.8 SILT/CLAY (Marine Deposit) 5.0 4000 0.001

13D 50.0 93.8 SILT/CLAY (Marine Deposit) 5.0 4000 0.001

14D 55.0 88.8 SILT/CLAY (Marine Deposit) 5.0 4000 0.001

15D 60.0 83.8 SILT/CLAY (Marine Deposit) 5.0 4000 0.001

16D/R1 65.0 78.8 SILT (Glacial Till) 1.6 4000 0.000

17D/R2 71.7 72.1 SILT/SAND (Glacial Till) 5.9 100 0.059

R2-R3 72.5 71.3 BEDROCK 27.5 100 0.275

Σd/N = 1.385 Σd/Su = 0.005

Total Thickness of Cohesionless (ft) = 78.4 Nch-bar (blows/ft) = 56.6 Su-bar (psf) = 4000

Total Thickness of Cohesive (ft) = 21.6 Site ClassN = C Site ClassSu = C

Total Thickness (ft) = 100.0 Site Class = C
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CALCULATIONS - METHOD C

Exploration ID: BB-BWS-203

Ground Surface El.: 111.2

Sample Depth Elevation Description d SPT N d/N Su d/Su

Number (ft) (ft) (ft) (blows/ft) (psf)

1D 1.0 110.2 GRAVEL (Fill) 2.0 12 0.167

2D 2.0 109.2 GRAVEL (Fill) 1.5 61 0.025

3D 4.0 107.2 SILT (Fill) 2.5 3000 0.001

4D 6.0 105.2 SILT (Fill) 2.0 3000 0.001

5D 8.0 103.2 CLAY (Fill) 1.1 2000 0.001

5D 9.1 102.1 CLAY (Marine Deposit) 5.9 2000 0.003

6D 15.0 96.2 SILT (Marine Deposit) 5.0 4000 0.001

7D 20.0 91.2 SILT (Marine Deposit) 5.0 4000 0.001

8D 25.0 86.2 SILT (Marine Deposit) 5.0 4000 0.001

9D 30.0 81.2 SILT (Marine Deposit) 5.0 4000 0.001

10D 35.0 76.2 SILT (Marine Deposit) 1.6 4000 0.000

11D 40.0 71.2 GRAVEL (Glacial Till) 7.9 100 0.079

R1-R3 44.5 66.7 BEDROCK 55.5 100 0.555

Σd/N = 0.825 Σd/Su = 0.010

Total Thickness of Cohesionless (ft) = 66.9 Nch-bar (blows/ft) = 81.1 Su-bar (psf) = 3183

Total Thickness of Cohesive (ft) = 33.1 Site ClassN = C Site ClassSu = C

Total Thickness (ft) = 100.0 Site Class = C
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Seismic Site Class Evaluation

Cohesionless



File No. 132076-005

Sheet 9 of 9

  Client Date 15-Mar-20

  Project Computed by NAS

  Subject Checked by BCS

CALCULATIONS - METHOD C

Exploration ID: BB-BWS-206

Ground Surface El.: 134.6

Sample Depth Elevation Description d SPT N d/N Su d/Su

Number (ft) (ft) (ft) (blows/ft) (psf)

1D 0.0 134.6 SAND (Fill) 2.0 112 0.018

2D 2.0 132.6 SILT (Fill) 2.0 4000 0.001

3D 4.0 130.6 SILT (Fill) 5.0 4000 0.001

4D 9.0 125.6 SILT (Fill) 5.0 4000 0.001

5D 14.0 120.6 SILT (Fill) 5.0 4000 0.001

6D 19.0 115.6 SILT (Fill) 5.0 4000 0.001

7D 24.0 110.6 SILT (Fill) 4.7 4000 0.001

8D 28.7 105.9 GRAVEL (Fill) 5.3 100 0.053

9D 34.0 100.6 SILT (Fill) 5.0 2000 0.003

10D 39.0 95.6 GRAVEL (Fill) 5.0 63 0.079

11D 44.0 90.6 GRAVEL (Fill) 5.2 49 0.106

12D 49.2 85.4 CLAY (Marine Deposit) 4.8 2000 0.002

13D 54.0 80.6 SILT (Glacial Till) 5.0 4000 0.001

14D 59.0 75.6 CLAY (Glacial Till) 5.0 4000 0.001

15D 64.0 70.6 SILT (Glacial Till) 5.0 4000 0.001

16D 69.0 65.6 SILT (Glacial Till) 5.0 4000 0.001

17D 74.0 60.6 SILT (Glacial Till) 5.0 4000 0.001

R1-R3 79.0 55.6 BEDROCK 21.0 100 0.210

Σd/N = 0.466 Σd/Su = 0.018

Total Thickness of Cohesionless (ft) = 38.5 Nch-bar (blows/ft) = 82.6 Su-bar (psf) = 3450

Total Thickness of Cohesive (ft) = 61.5 Site ClassN = C Site ClassSu = C

Total Thickness (ft) = 100.0 Site Class = C
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Material Name Color
Unit Weight
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Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 32

Proposed Fill 125 Mohr-Coulomb 0 32
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2020-0312-HAI-Wilson Street-Revised Static-Abut 1-Prop Fill-D1.slim    

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 1

ABUTMENT NO. 1:
STATIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH PROPOSED FILL



1.381.38
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1.381.38

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 32

Proposed Fill 125 Mohr-Coulomb 0 32

Marine Deposits and Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength
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2020-0312-HAI-Wilson Street-Revised Static-Abut 1-Ex Fill-D1.slim    

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 1

ABUTMENT NO. 1:
STATIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH EXISTING AND
PROPOSED FILL

SEARCH FIELD
INCLUDES EXISTING
AND PROPOSED FILL



1.961.96
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 250.00 lbs/ft2 250.00 lbs/ft2 250.00 lbs/ft2

1.961.96

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 32

Proposed Fill 125 Mohr-Coulomb 0 32

Marine Deposits and Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength
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2020-0312-HAI-Wilson Street-Revised Static-Abut 1-MarineTill-D1.slim Haley & Aldrich, Inc.   10/30/19

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 1

ABUTMENT NO. 1:
STATIC ANALYSIS ASSUMING
LOWEST FS (SPENCER
METHOD) CIRCULAR FAILURE
SURFACE THROUGH MARINE
DEPOSIT/GLACIAL TILL



1.131.13

W

 250.00 lbs/ft2 250.00 lbs/ft2 250.00 lbs/ft2

1.131.13

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 32

Proposed Fill 125 Mohr-Coulomb 0 32

Marine Depost and Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength
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2020-0312-HAI-Wilson Street-Revised Seismic-Abut 1-Prop Fill-D1.slim    

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 1

ABUTMENT NO. 1:
SEISMIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH PROPOSED FILL



1.261.26

W
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1.261.26

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 32

Proposed Fill 125 Mohr-Coulomb 0 32

Marine Deposits and Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength
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2020-0312-HAI-Wilson Street-Revised Seismic-Abut 1-Ex Fill-D1.slim    

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 1

ABUTMENT NO. 1:
SEISMIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH EXISTING AND
PROPOSED FILL

SEARCH FIELD
INCLUDES EXISTING
AND PROPOSED FILL



1.771.77

W

 250.00 lbs/ft2 250.00 lbs/ft2 250.00 lbs/ft2

1.771.77

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 32

Proposed Fill 125 Mohr-Coulomb 0 32

Marine Deposits and Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength
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2020-0312-HAI-Wilson Street-Revised Seismic-Abut 1-MarineTill-D1.slim Haley & Aldrich, Inc.   10/30/19

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 1

ABUTMENT NO. 1:
SEISMIC ANALYSIS
ASSUMING LOWEST FS
(SPENCER METHOD)
CIRCULAR FAILURE
SURFACE THROUGH MARINE
DEPOSIT/GLACIAL TILL



2.072.07

1

 250.00 lbs/ft2

2.072.07

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Proposed Fill 125 Mohr-Coulomb 0 32

Exis�ng Fill 120 Mohr-Coulomb 0 32

Marine Deposit 110 Mohr-Coulomb 1500 0

Glacial Till 115 Mohr-Coulomb 2000 0

Bedrock 0.1 Infinite strength

Granular Borrow 120 Mohr-Coulomb 0 32

Abutment/Moment Slab (Concrete) 0.1 Infinite strength

Riprap 140 Mohr-Coulomb 0 45
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2020-0410-HAI-Wilson Street-Longitudinal Static-Abut 1-D4.slim    4/9/2020, 5:05:31 PM

ABUTMENT NO. 1:
STATIC ANALYSIS ASSUMING LOWEST FS (SPENCER
METHOD) CIRCULAR FAILURE SURFACE THROUGH
MARINE DEPOSIT
LONGITUDINAL ORIENTATION ALONG ROADWAY

Support Name Color Type Force Applica�on
Out-Of-Plane

Spacing (�)

Failure

Mode

Pile Shear

Strength

(lbs)

HP14x17
Pile/Micro

Pile
Passive (Method B) 9.3 Shear 278000
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2020-0410-HAI-Wilson Street-Longitudinal Seismic-Abut 1-D4.slim    4/9/2020, 5:05:31 PM

ABUTMENT NO. 1:
SEISMIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE SURFACE
THROUGH MARINE DEPOSIT
LONGITUDINAL ORIENTATION ALONG ROADWAY

Support Name Color Type Force Applica�on
Out-Of-Plane

Spacing (�)

Failure

Mode

Pile Shear

Strength

(lbs)

HP14x17
Pile/Micro

Pile
Passive (Method B) 9.3 Shear 278000

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Proposed Fill 125 Mohr-Coulomb 0 32

Exis�ng Fill 120 Mohr-Coulomb 0 32

Marine Deposit 110 Mohr-Coulomb 1500 0

Glacial Till 115 Mohr-Coulomb 2000 0

Bedrock 0.1 Infinite strength

Granular Borrow 120 Mohr-Coulomb 0 32

Abutment/Moment Slab (Concrete) 0.1 Infinite strength

Riprap 140 Mohr-Coulomb 0 45
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2020-0410-HAI-Wilson Street-Longitudinal Seismic-Abut 1-D4.slim    4/9/2020, 5:05:31 PM

ABUTMENT NO. 1:
SEISMIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE SURFACE 
LONGITUDINAL ORIENTATION ALONG ROADWAY

Support Name Color Type Force Applica�on
Out-Of-Plane

Spacing (�)

Failure

Mode

Pile Shear

Strength

(lbs)

HP14x17
Pile/Micro

Pile
Passive (Method B) 9.3 Shear 278000

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Proposed Fill 125 Mohr-Coulomb 0 32

Exis�ng Fill 120 Mohr-Coulomb 0 32

Marine Deposit 110 Mohr-Coulomb 1500 0

Glacial Till 115 Mohr-Coulomb 2000 0

Bedrock 0.1 Infinite strength

Granular Borrow 120 Mohr-Coulomb 0 32

Abutment/Moment Slab (Concrete) 0.1 Infinite strength

Riprap 140 Mohr-Coulomb 0 45



1.441.44

1

 250.00 lbs/ft2

1.441.44

Support Name Color Type Force Applica�on
Out-Of-Plane

Spacing (�)

Failure

Mode

Pile Shear

Strength

(lbs)

HP14x17
Pile/Micro

Pile
Passive (Method B) 9.3 Shear 278000
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2020-0410-HAI-Wilson Street-Longitudinal Static-Abut 1-D4.slim    4/9/2020, 5:05:31 PM

Support Name Color Type Force Applica�on
Out-Of-Plane

Spacing (�)

Failure

Mode

Pile Shear

Strength

(lbs)

HP14x17
Pile/Micro

Pile
Passive (Method B) 9.3 Shear 278000

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Proposed Fill 125 Mohr-Coulomb 0 32

Exis�ng Fill 120 Mohr-Coulomb 0 32

Marine Deposit 110 Mohr-Coulomb 1500 0

Glacial Till 115 Mohr-Coulomb 2000 0

Bedrock 0.1 Infinite strength

Granular Borrow 120 Mohr-Coulomb 0 32

Abutment/Moment Slab (Concrete) 0.1 Infinite strength

Riprap 140 Mohr-Coulomb 0 45

ABUTMENT NO. 1:
STATIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE SURFACE 
LONGITUDINAL ORIENTATION ALONG ROADWAY



1.271.27
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1.271.27

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 30

Proposed Fill 125 Mohr-Coulomb 0 32

Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength

Marine Deposit (Silt) 110 Undrained 1500
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2020-0312-HAI-Wilson Street-Rev Static-Abut 2-Prop Fill-D1.slim Haley & Aldrich, Inc.   10/30/19

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 2

ABUTMENT NO. 2:
STATIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH PROPOSED FILL



1.391.39
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 250.00 lbs/ft2  250.00 lbs/ft2  250.00 lbs/ft2

1.391.39

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Cohesion

Type

Exis�ng Fill 120 Mohr-Coulomb 0 30

Proposed Fill 125 Mohr-Coulomb 0 32

Glacial Till (Silt) 115 Undrained 2000 Constant

Bedrock 120 Infinite strength

Marine Deposit (Silt) 110 Undrained 1500 Constant
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2020-0312-HAI-Wilson Street-Rev Static-Abut 2-Ex Fill-D1.slim Haley & Aldrich, Inc.   10/30/19

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 2

ABUTMENT NO. 2:
STATIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH EXISTING AND
PROPOSED FILL

SEARCH FIELD
INCLUDES EXISTING
AND PROPOSED FILL



1.601.60
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1.601.60

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 30

Proposed Fill 125 Mohr-Coulomb 0 32

Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength

Marine Deposit (Silt) 110 Undrained 1500
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2020-0312-HAI-Wilson Street-Rev Static-Abut 2-Marine-D1.slim Haley & Aldrich, Inc.   10/30/19

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 2

ABUTMENT NO. 2:
STATIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH MARINE DEPOSIT



1.151.15
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 250.00 lbs/ft2  250.00 lbs/ft2  250.00 lbs/ft2

1.151.15

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 30

Proposed Fill 125 Mohr-Coulomb 0 32

Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength

Marine Deposit (Silt) 110 Undrained 1500

  0.04

60

80

100

120

Safety Factor

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

3.25

3.50

3.75

4.00

4.25

4.50

4.75

5.00

5.25

5.50

5.75

6.00+

2
2

0
2

0
0

1
8

0
1

6
0

1
4

0
1

2
0

1
0

0
8

0
6

0

-20 0 20 40 60 80 100 120 140 160 180 200 220 240 260

2020-0312-HAI-Wilson Street-Rev Seismic-Abut 2-Prop Fill-D1.slim Haley & Aldrich, Inc.   10/30/19

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 2

ABUTMENT NO. 2:
SEISMIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH PROPOSED FILL
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1.261.26

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 30

Proposed Fill 125 Mohr-Coulomb 0 32

Glacial Till (Silt) 115 Undrained 2000
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Marine Deposit (Silt) 110 Undrained 1500
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2020-0312-HAI-Wilson Street-Rev Seismic-Abut 2-Ex Fill-D1.slim Haley & Aldrich, Inc.   10/30/19

CENTERLINE OF ROADWAY
AT ABUTMENT NO. 2

ABUTMENT NO. 2:
SEISMIC ANALYSIS ASSUMING LOWEST FS
(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH EXISTING AND
PROPOSED FILL

SEARCH FIELD
INCLUDES EXISTING
AND PROPOSED FILL



1.451.45

W

 250.00 lbs/ft2  250.00 lbs/ft2  250.00 lbs/ft2

1.451.45

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Exis�ng Fill 120 Mohr-Coulomb 0 30

Proposed Fill 125 Mohr-Coulomb 0 32

Glacial Till (Silt) 115 Undrained 2000

Bedrock 120 Infinite strength

Marine Deposit (Silt) 110 Undrained 1500
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AT ABUTMENT NO. 2
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(SPENCER METHOD) CIRCULAR FAILURE
SURFACE THROUGH MARINE DEPOSIT



 

 

Roadway Embankment Settlement 

  



Total Settlement (in)

-5.40

-4.65

-3.90
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-0.15
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 1.35
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max (stage): 2.07 in

max (all):   2.07 in

Analysis Description
Settlement Due to Embankment Widening

Company
Haley & Aldrich

Drawn By
Sherwood

File Name
2020-0410-HAI-Wilson Street-Embankment Settlement-D3.s3z

Date
4/10/20

Project

Wilson Street Bridge Replacement - WIN No. 018915.00

SETTLE3D 4.023

Existing Embankment
Applied Ground Pressures

Roadway Embankment
Widening Applied
Ground Pressures



Roadway Embankment Widening

Existing EmbankmentExisting Embankment

Roadway Embankment Widening
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0.18

0.22

0.29

0.39

0.54

0.75

1.05

1.45

1.91

2.07

2.02

1.96

1.86

1.71

1.49

1.19

0.84

0.62

100.0ft

37.0ft

40.0ft

1
4

0
0

1
3

8
0

1
3

6
0

1
3

4
0

40 60 80 100 120 140 160 180

Total Settlement (in)

-5.40

-4.65

-3.90

-3.15

-2.40

-1.65

-0.90

-0.15

 0.60

 1.35

 2.10

max (stage): 2.07 in

max (all):   2.07 in

Analysis Description
Settlement Due to Embankment Widening

Company
Haley & Aldrich

Drawn By
Sherwood

File Name
2020-0410-HAI-Wilson Street-Embankment Settlement-D3.s3z

Date
4/10/20

Project

Wilson Street Bridge Replacement - WIN No. 018915.00

SETTLE3D 4.023

Estimated maximum
post-construction settlement
(taken from the end of
embankment construction to 75
years later)
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Query Line 1 (Settlement 75 Years After 2021 Widening = 1392 mon)

Distance vs. Total Settlement

Total Settlement at Depth = -103.9 ft

Reference Stage: Roadway Embankment Widened (2021) = 492 mon
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0 ft distance = where
proposed roadway
embankment starts

this settlement is oriented
across the proposed
roadway embankment
(north-south direction)
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Query Point 1 (Settlement 75 Years After 2021 Widening = 1392 mon)

Total Settlement vs. Elevation

Reference Stage: Roadway Embankment Widened (2021) = 492 mon

Analysis Description
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Company
Haley & Aldrich

Drawn By
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File Name
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Date
4/10/20

Project
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SETTLE3D 4.023

please ignore negative
sign (Rocscience issue)

MD 1 (OCR=10.2)

MD 2 (OCR=2.3)



Settle3D Analysis Information

Wilson Street Bridge Replacement - WIN No. 018915.00

 

Project Settings

2020-0410-HAI-Wilson Street-Embankment Settlement-D3.s3zDocument Name

Wilson Street Bridge Replacement - WIN No. 018915.00Project Title

Settlement Due to Embankment WideningAnalysis

SherwoodAuthor

Haley & AldrichCompany

4/10/20Date Created

Comments

Assume grade raise of 27 ft (Abutment No. 1)

Assume subsurface conditions based on Abutment No. 2

BoussinesqStress Computation Method

Time-dependent Consolidation Analysis

monthsTime Units

feet/dayPermeability Units

0.9Minimum settlement ratio for subgrade modulus

 

Use average properties to calculate layered stresses

  
Improve consolidation accuracy

  
Ignore negative effective stresses in settlement calculations

 

Stage Settings

Time [months]NameStage #

0Existing Conditions1

1Existing Embankment Constructed (1980s)2

480Estimated Settlement of Existing Embankment (2020)3

492Roadway Embankment Widened (2021)4

1392Settlement 75 Years After 2021 Widening5

 

Results (relative to Stage: Roadway Embankment Widened (2021) = 492 mon)

Time taken to compute: 6.25244 seconds

 

Stage: Existing Conditions = 0 mon
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MaximumMinimumData Type

0-5.35575Total Settlement [in]

0-2.97977Total Consolidation Settlement [in]

0-2.01968Virgin Consolidation Settlement [in]

0-0.960088Recompression Consolidation Settlement [in]

0-2.38479Immediate Settlement [in]

00Secondary Settlement [in]

0-4.40024Loading Stress ZZ [ksf]

0.978212-3.07762Loading Stress XX [ksf]

0.73856-3.62475Loading Stress YY [ksf]

0-4.4Effective Stress ZZ [ksf]

0.978212-7.47762Effective Stress XX [ksf]

0.73856-8.02475Effective Stress YY [ksf]

0-4.40024Total Stress ZZ [ksf]

0.978212-7.47762Total Stress XX [ksf]

0.73856-8.02475Total Stress YY [ksf]

0-26.9668Modulus of Subgrade Reaction (Total) [ksf/ft]

0-28.9785Modulus of Subgrade Reaction (Immediate) [ksf/ft]

0-458.353Modulus of Subgrade Reaction (Consolidation) [ksf/ft]

0-0.034412Total Strain

0-2.8Pore Water Pressure [ksf]

0-2.8Excess Pore Water Pressure [ksf]

0-98.7441Degree of Consolidation [%]

0-4.4Pre-consolidation Stress [ksf]

8.6279-2.06946e-013Over-consolidation Ratio

0.07226520Void Ratio

0-0.000721546Permeability [ft/d]

00Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

1000Average Degree of Consolidation [%]

0-0.316753Undrained Shear Strength

 

Stage: Existing Embankment Constructed (1980s) = 1 mon
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MaximumMinimumData Type

0-3.01566Total Settlement [in]

0-2.97977Total Consolidation Settlement [in]

0-2.01968Virgin Consolidation Settlement [in]

0-0.960088Recompression Consolidation Settlement [in]

0-1.47788Immediate Settlement [in]

00Secondary Settlement [in]

0-2.8Loading Stress ZZ [ksf]

0.659375-1.82636Loading Stress XX [ksf]

0.381345-2.4508Loading Stress YY [ksf]

0-4.4Effective Stress ZZ [ksf]

0.659375-4.8586Effective Stress XX [ksf]

0.381345-4.68711Effective Stress YY [ksf]

0-2.8Total Stress ZZ [ksf]

0.659375-4.62636Total Stress XX [ksf]

0.381345-5.2508Total Stress YY [ksf]

92.8141-26.9567Modulus of Subgrade Reaction (Total) [ksf/ft]

92.8141-28.6483Modulus of Subgrade Reaction (Immediate) [ksf/ft]

0-458.353Modulus of Subgrade Reaction (Consolidation) [ksf/ft]

0-0.034412Total Strain

4.4-2.8Pore Water Pressure [ksf]

4.4-2.8Excess Pore Water Pressure [ksf]

0-98.7441Degree of Consolidation [%]

0-4.4Pre-consolidation Stress [ksf]

8.6279-2.06946e-013Over-consolidation Ratio

0.07226520Void Ratio

0-0.000721546Permeability [ft/d]

00Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

0-98.8319Average Degree of Consolidation [%]

0-0.316753Undrained Shear Strength

 

Stage: Estimated Settlement of Existing Embankment (2020) = 480 mon
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MaximumMinimumData Type

0-1.47788Total Settlement [in]

3.40863e-005-0.000276917Total Consolidation Settlement [in]

0-0.000284142Virgin Consolidation Settlement [in]

3.71885e-005-2.19952e-005Recompression Consolidation Settlement [in]

0-1.47788Immediate Settlement [in]

00Secondary Settlement [in]

0-2.8Loading Stress ZZ [ksf]

0.659375-1.82636Loading Stress XX [ksf]

0.381345-2.4508Loading Stress YY [ksf]

0.0175798-0.0117123Effective Stress ZZ [ksf]

0.659375-1.82636Effective Stress XX [ksf]

0.381345-2.4508Effective Stress YY [ksf]

0-2.8Total Stress ZZ [ksf]

0.659375-4.62636Total Stress XX [ksf]

0.381345-5.2508Total Stress YY [ksf]

15.4442-26.9644Modulus of Subgrade Reaction (Total) [ksf/ft]

92.8141-28.6483Modulus of Subgrade Reaction (Immediate) [ksf/ft]

0.00408056-458.353Modulus of Subgrade Reaction (Consolidation) [ksf/ft]

8.02022e-006-0.00933333Total Strain

0-2.8Pore Water Pressure [ksf]

0-2.8Excess Pore Water Pressure [ksf]

92.98730Degree of Consolidation [%]

0-0.00417844Pre-consolidation Stress [ksf]

0.00119467-0.00185028Over-consolidation Ratio

0.000143953-2.04452e-005Void Ratio

00Permeability [ft/d]

00Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

1000Average Degree of Consolidation [%]

0.000143579-0.000436915Undrained Shear Strength

 

Stage: Roadway Embankment Widened (2021) = 492 mon
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MaximumMinimumData Type

00Total Settlement [in]

00Total Consolidation Settlement [in]

00Virgin Consolidation Settlement [in]

00Recompression Consolidation Settlement [in]

00Immediate Settlement [in]

00Secondary Settlement [in]

00Loading Stress ZZ [ksf]

00Loading Stress XX [ksf]

00Loading Stress YY [ksf]

00Effective Stress ZZ [ksf]

00Effective Stress XX [ksf]

00Effective Stress YY [ksf]

00Total Stress ZZ [ksf]

00Total Stress XX [ksf]

00Total Stress YY [ksf]

00Modulus of Subgrade Reaction (Total) [ksf/ft]

00Modulus of Subgrade Reaction (Immediate) [ksf/ft]

00Modulus of Subgrade Reaction (Consolidation) [ksf/ft]

00Total Strain

00Pore Water Pressure [ksf]

00Excess Pore Water Pressure [ksf]

00Degree of Consolidation [%]

00Pre-consolidation Stress [ksf]

00Over-consolidation Ratio

00Void Ratio

00Permeability [ft/d]

00Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

00Average Degree of Consolidation [%]

00Undrained Shear Strength
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Stage: Settlement 75 Years After 2021 Widening = 1392 mon

MaximumMinimumData Type

2.06936-1.38778e-017Total Settlement [in]

2.04560Total Consolidation Settlement [in]

1.805010Virgin Consolidation Settlement [in]

0.6958450Recompression Consolidation Settlement [in]

2.22045e-016-2.22045e-016Immediate Settlement [in]

0.02409560Secondary Settlement [in]

00Loading Stress ZZ [ksf]

00Loading Stress XX [ksf]

00Loading Stress YY [ksf]

2.80Effective Stress ZZ [ksf]

2.80Effective Stress XX [ksf]

2.80Effective Stress YY [ksf]

2.66454e-015-3.55271e-015Total Stress ZZ [ksf]

3.55271e-015-3.55271e-015Total Stress XX [ksf]

3.55271e-015-3.55271e-015Total Stress YY [ksf]

17.2025-11.4288Modulus of Subgrade Reaction (Total) [ksf/ft]

3.55271e-015-3.55271e-015Modulus of Subgrade Reaction (Immediate) [ksf/ft]

20.1059-420.508Modulus of Subgrade Reaction (Consolidation) [ksf/ft]

0.02536740Total Strain

0-2.8Pore Water Pressure [ksf]

0-2.8Excess Pore Water Pressure [ksf]

92.98730Degree of Consolidation [%]

2.80Pre-consolidation Stress [ksf]

2.81997e-013-7.03985Over-consolidation Ratio

0-0.0532715Void Ratio

0.0007215460Permeability [ft/d]

00Coefficient of Consolidation [ft^2/d]

00Hydroconsolidation Settlement [in]

1000Average Degree of Consolidation [%]

0.2902350Undrained Shear Strength

 

Loads

1. Rectangular Load: "Existing Embankment"

100 ftLength

40 ftWidth

0 degreesRotation angle

FlexibleLoad Type

4000 ft2Area of Load

4.4 ksfLoad

-103.9 ftDepth

Existing Embankment Constructed (1980s) = 1 monInstallation Stage

 

Coordinates

Y [ft]X [ft]

1363.6154.527

1363.61154.527

1403.61154.527

1403.6154.527
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Based on 35 ft high
embankment with 125 pcf fill



 

2. Rectangular Load: "Roadway Embankment Widening"

100 ftLength

37 ftWidth

0 degreesRotation angle

FlexibleLoad Type

3700 ft2Area of Load

2.8 ksfLoad

-103.9 ftDepth

Roadway Embankment Widened (2021) = 492 monInstallation Stage

 

Coordinates

Y [ft]X [ft]

1326.6154.527

1326.61154.527

1363.61154.527

1363.6154.527

 
 

Soil Layers

Ground Surface Drained: Yes

Drained at BottomDepth [ft]Thickness [ft]TypeLayer #

No-103.912.7Existing Fill1

No-91.27.4Marine Deposit 12

Yes-83.87.4Marine Deposit 23

No-76.412.3Glacial Till4

No-64.110Bedrock5

 

Soil Properties

Wilson Street Bridge Replacement - WIN No. 018915.00: Page 7 of 9
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Based on 22 ft high
embankment with 125 pcf fill

per MaineDOT 60% plan set
grading plans

Existing Fill

Profile based on average top of strata
elevations from nearby test borings
BB-BWS-104(OW) and BB-BWS-105)

Marine Deposit 1

Marine Deposit 2

Glacial Till

Bedrock

Ignore anything referenced to depth
(model is completely elevation-based)



BedrockGlacial TillMarine Deposit 1Existing FillProperty

____________Color

0.150.1150.110.12Unit Weight [kips/ft3]

0.150.1150.110.12Saturated Unit Weight [kips/ft3]

1111K0

 

EnabledEnabledDisabledEnabledImmediate Settlement

100003000-300Es [ksf]

100003000-300Esur [ksf]

 

DisabledDisabledEnabledDisabledPrimary Consolidation

Non-LinearMaterial Type

--0.116-Cce

--0.01-Cre

--1.1-e0

--10.2-OCR

--0.2739-Cv [ft2/d]

--0.2739-Cvr [ft2/d]

--1-B-bar

 

DisabledDisabledStandardDisabledSecondary Consolidation

--0.0003-Cae

--0.0003-Care

 

0000Undrained Su A [kips/ft2]

0.20.20.20.2Undrained Su S

0.80.80.80.8Undrained Su m

1111Piezo Line ID

 

Marine Deposit 2Property

___Color

0.11Unit Weight [kips/ft3]

0.11Saturated Unit Weight [kips/ft3]

1K0

 

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.116Cce

0.01Cre

1.1e0

2.3OCR

0.2739Cv [ft2/d]

0.2739Cvr [ft2/d]

1B-bar

 

StandardSecondary Consolidation

0.0003Cae

0.0003Care

 

0Undrained Su A [kips/ft2]

0.2Undrained Su S

0.8Undrained Su m

1Piezo Line ID
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Groundwater

Piezometric LinesGroundwater method

0.0624 kips/ft3Water Unit Weight

 

Piezometric Line Entities

Depth (ft)ID

-103.9 ft1
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based on latest
reading from
BB-BWS-104(OW)



File No. 132076-005

Sheet 1 of 1

  Client Date 9-Apr-20

  Project Computed by NAS

  Subject Checked by WAC

PROBLEM STATEMENT & OBJECTIVE 

Estimate the overconsolidation ratio (OCR) of the marine deposits, based on the undrained shear strength

EXECUTIVE SUMMARY

Estimate settlements based on two different OCRs (2.3 and 10.2) for the marine deposit in Settle3D

ASSUMPTIONS

1. Apply the SHANSEP system to estimate OCR based on undrained shear strength from vane shear test at test

boring BB-BWS-105 (Chuck Ladd, Stability Evaluation During Staged Construction, Journal of Geotechnical Engineering,

Vol. 117, No. 4, 1991)

2. Existing vertical effective stress based on subsurface conditions at test boring BB-BWS-105

3. Recompression index = 0.02 (per MaineDOT 1982 settlement calculations/consolidation test data at ex. structure)

4. Virgin compression index = 0.21 (per MaineDOT 1982 settlement calculations/consolidation test data at ex. structure)

AVAILABLE INFORMATION

1. Available vane shear data

CALCULATION

1,980 psf (vane shear test data)

0.22 unitless (for silts and clays in Maine, based on past practice)

0.02 unitless (average value from MaineDOT 1982 consolidation test data)

0.21 unitless (average value from MaineDOT 1982 consolidation test data)

0.80 unitless (per Ladd, p. 585, 1991)

1,413 psf (based on depth of vane shear test performed at BB-BWS-105)

10.2 unitless (per Ladd Eq. 13a, p. 584, 1991)

\\haleyaldrich.com\share\por_common\PROJECTS\132076 - brewer eddington\005 - Wilson Street Phase II\Calculations\Embankment Settlement\[2020-0409-HAI-Wilson Street-OCR-F.xlsm]Sheet1

CALCULATIONS

Maine Department of Transportation 

Wilson Street Bridge Replacement - WIN No. 018915.20

Estimate of Overconsolidation Ratio for Marine Deposit

Undrained shear strength, Su = 

Estimated OCR (rearranged equation) = 

S variable = 

m variable = 

Existing vertical effective stress, σvo' = 

Cr, recompression index = 

Cc, virgin compression index = 



C. Ladd, 1991



C. Ladd, 1991
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Axial Compressive Resistance of Steel H-Piles 

  



File No.: 132076-005

Sheet: 1 of 2

Client: Date: 25-Mar-2020

Project: Computed by: NAS

Subject: Checked by: EAF

GEOTECHNICAL RESISTANCE ASSUMPTIONS

1.

2.

3. Equations used herein are from AASHTO LRFD 2017.

CALCULATIONS

1. Summarize unconfined bedrock compressive strength data for samples located near proposed substrctures.

Common unconfined compressive strength of schist from literature:

R. Goodman (1980), Table 3.1 = 8.0 ksi

Average value LRFD Table 4.4.8.1.2B = 11.2 ksi

2. Select a design unconfined compressive strength of the bedrock for all foundation piles.

Neglect the unconfined compressive strengths of 2.1-4.4 ksi from lab testing from above, since these samples

experienced discontinuity failures, whereas the unconfined compressive strength of 14.7 ksi experienced

an intact material failure. We believe that intact material failures better represent the strength of the rock mass. 

In our experience, samples that experience discontinuity failures, result in unrealistically low compressive strength

values.

Assume the design unconfined compressive strength of the bedrock is the average value of the green highlighted

values from above.

Design unconfined compressive strength of bedrock, qu,design = 11.3 ksi (based on green values)

3. Determine the end-bearing capacity of the bedrock per Sandford (2014), Eq. 3.15:

End-bearing capacity of the bedrock, qp = 28.3 ksi

4. Determine the factored axial geotechnical resistance of a steel HP14x117 pile at the Service, Strength,

and Extreme Limit States

Service and Extreme Limit States Resistance Factor, φ = 1 (per LRFD 10.5.5.1 and 10.5.5.3)

Strength Limit State Resistance Factor, φstrength = 0.45 (per Canadian Geotechnical Society)

Area of steel H-pile, As = 34.4 in
2
 (HP14x117)

Factored axial geotechnical resistance at Service and Extreme Limit States, Pr,service/extreme = 973 kips

Factored axial geotechnical resistance at Strength Limit State, Pr,strength = 438 kips
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14.7

Unconfined Compressive 

Strength

(ksi)

Proposed Substructure Test Boring No. 

Approximate Sample 

Elevation

(ft, NAVD 88)

Abutment No. 1

Abutment No. 2

Pier

Abutment No. 2 BB-BWS-206 54.8

CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Geotechnical and Structural Resistance of H-Piles

2.5

BB-BWS-202 64.1 2.1

BB-BWS-203 65.9 4.4

BB-BWS-104 59.6

Axial compressive geotechnical resistance for piles end-bearing on bedrock as determined by the IRM was 

proposed by Thomas Sandford of the University of Maine (MaineDOT Transportation Research Division 

Technical Report 14-01, Phase 2 (January 2014), based on the Rowe and Armitage (1987) equation cited by 

NCHRP Synthesis 360, Turner, 2006.
Laboratory test data (unconfined compressive strength testing) and common published values used for 

design.



File No.: 132076-005

Sheet: 2 of 2

Client: Date: 25-Mar-2020

Project: Computed by: NAS

Subject: Checked by: EAF

STRUCTURAL RESISTANCE ASSUMPTIONS

1. H-Piles are driven to hard rock and the structural axial compression resistance of the pile is limited

by the geotechnical axial resistance of the pile section (see Sheet 1).

2. H-Piles are subject to damage due to severe driving conditions where use of a pile tip is necessary.

Resistance factor for axial resistance of piles in compression is 0.5 (Section 6.5.4.2 AASHTO LRFD 2014).

3. No corrosion loss is assumed.

4. H-Piles are completely embedded in soil and there is no reduction in axial resistance due to buckling.

5. This calculation only addresses axial resistance, if the piles are subjected to lateral loads, the structural

resistance under combined axial load and flexure should also be evaluated.

6. The pile section has fy = 50 ksi.

7. Equations used herein are from AASHTO LRFD 2017.

CALCULATIONS

Section Corrosion Effective As fy Q P0=Q·fy·As Pe P0/Pe Pn φPn

(in) (in) (ksi) (kip) (kip) (kip) (kip)

HP14x117 0.000 34.4 50 1.0 1722 ∞ 0 1722 861

Notes:

1. Q·fy·As from Section 6.9.4.1.1 of AASHTO LRFD, Q=1 for nonslender elements.  Pile is considered nonslender

because the unbraced length is zero (i.e., completely embedded in soil).

2. Pe from Eq. 6.9.4.1.2-1 (Elastic Flexural Buckling Resistance).  With the unbraced length=0, Pe=∞. 

3. Pn from Eq. 6.9.4.1.1-1.

4. Resistance factor for axial resistance of piles in compression is 0.5 (Section 6.5.4.2 AASHTO LRFD 2014).
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CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Geotechnical and Structural Resistance of H-Piles
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on bridge projects and assume qu from correlations provided in AASHTO Standard 

Specifications for Highway Bridges 17th ed. (2002). In the cases where qu was 

unavailable from the reports a value was assumed based on the rock type and qu for those 

rock types on similar projects. When the calculations for the CGS method were provided 

in the geotechnical design reports, they were used in this study. However, for projects 

that did not include the calculation a procedure was needed to evaluate the input 

parameters without the bedrock samples.  

The piles installed on the bridge projects included in this study were rarely 

socketed into bedrock, so the depth of penetration into bedrock (Ls) was set equal to zero. 

Although there was no specified driving of the pile into bedrock, the equation would not 

function properly if B was set equal to zero.  Therefore B was set to 1 foot (approximate 

width of the piles) for calculations. The thickness of fractures (td) in the bedrock and the 

vertical spacing between fractures (sv) were interpreted from the bedrock descriptions in 

the boring logs. The boring logs provide bedrock core descriptions including rock type, 

dip, spacing, tightness and infilling of the discontinuities.  MaineDOT (Krusinski 2012) 

indicated that from the rock samples examined, the sv can range from inches to feet and 

the fractures range from 1/64-inch for tight joints/bedding to <1/4 for open/healed joints. 

To determine the total capacity, the value calculated in the CGS method must be 

multiplied by the cross sectional area of the pile on bedrock. 

3.4.2. Proposed Intact Rock Method For End Bearing 

The proposed Intact Rock Method (IRM) for end bearing is equivalent to the 

Rowe and Armitage (1987) equation (cited by Turner, 2006) that relates the ultimate 

Sandford, 2014



bearing capacity of intact rock to the compressive strength of the bedrock. The equation 

is presented below: 

 [3.15] 

Where: 

qp = end bearing capacity of the bedrock 

qu = unconfined compressive strength of the bedrock 

3.5. Tip Capacity for Piles Bearing in Till 

There are a few piles included in the study that were designed to obtain support 

from soils without bearing on bedrock. There are also some piles that fetched up in the 

till or other overlying strata. There were not any piles that experienced end bearing in 

cohesive strata, so tip capacity in cohesive soils will not be considered in this report. The 

methods for determining end bearing on piles above bedrock are described in this section. 

3.5.1. Nordlund Method 

The Nordlund method (Nordlund 1963) comprised a bearing capacity relation 

from Berezantzes et al (1961) which did not have a limiting value. Since the Nordlund 

(1963) paper, the bearing capacity relation has been changed and a limiting value from 

Meyerhof (1976) has been added by Hannigan et al (2006a) based on Bowles (1977). 

Subsequent editions (Bowles 1982; Bowles 1988) do not use this method. The end 

bearing capacity of the soil now associated with the Nordlund method is detailed below 

(Hannigan et al, 2006a): 

′ ′  [3.16] 

Where: 

 αt = coefficient determined from Figure 3-9  

Sandford, 2014



Client: Haley & Aldrich, Inc.

Project Name: Rt 9/I-395 Wilson St Bridge

Project Location: Brewer and Eddington, ME

GTX #: 308858

Test Date: 10/1/2018

Tested By: tlm

Checked By: jsc

Boring ID: BB-BWS-104

Sample ID: R1

Depth, ft: 41.3-41.9

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 2,490 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs                                                      

Discontinuity failure
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Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio

The strain gauges picked up an initial failure within the specimen and then continued reading until total failure occured. 
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Client: Haley & Aldrich, Inc. Test Date: 9/27/2018

Project Name: Rt 9/I-395 Wilson St Bridge Tested By: tlm

Project Location: Brewer and Eddington, ME Checked By: jsc

GTX #: 308858

Boring ID: BB-BWS-104

Sample ID: R1

Depth: 41.3-41.9 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00020 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00020 -0.00030 -0.00040 -0.00040 -0.00050

Diameter 2, in (rotated 90
o
) -0.00030 -0.00020 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00000 -0.00010 -0.00020 -0.00030 -0.00040

Difference between max and min readings, in: 

0° = 0.00050 90° = 0.00050

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00020 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00020 -0.00030 -0.00040 -0.00040 -0.00050

Diameter 2, in (rotated 90
o
) -0.00030 -0.00020 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00000 -0.00010 -0.00020 -0.00030 -0.00040

Difference between max and min readings, in: 

0° = 0.0005 90° = 0.0005

Maximum difference must be < 0.0020 in. Difference = + 0.00025

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00020

Angle of Best Fit Line: 0.01162

End 2:

Slope of Best Fit Line 0.00020

Angle of Best Fit Line: 0.01162

Maximum Angular Difference: 0.00000

Parallelism Tolerance Met? YES

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00005

Angle of Best Fit Line: 0.00262

End 2:

Slope of Best Fit Line 0.00005

Angle of Best Fit Line: 0.00262

Maximum Angular Difference: 0.00000

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00050 1.980 0.00025 0.014

Diameter 2, in (rotated 90
o
) 0.00050 1.980 0.00025 0.014 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00050 1.980 0.00025 0.014

Diameter 2, in (rotated 90
o
) 0.00050 1.980 0.00025 0.014

YES

YES

1.98 1.98 1.98

594.33

168

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.38 4.38 4.38

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Haley & Aldrich, Inc.

Project Name: Rt 9/I-395 Wilson St Bridge

Project Location: Brewer and Eddington, ME

GTX #: 308858

Test Date: 10/1/2018

Tested By: cmh

Checked By: jsc

Boring ID: BB-BWS-104

Sample ID: R1

Depth, ft: 41.3-41.9

After cutting and grinding

After break



Client: Haley & Aldrich, Inc.

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge

Project Location: Brewer Eddington, ME

GTX #: 311345

Test Date: 2/19/2020

Tested By: cmh/kdp

Checked By: jsc

Boring ID: BB-BWS-202

Sample ID: R3

Depth, ft: 79.7-80.2

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 2,077 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs                                                      

Discontinuity failure
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Client: Haley Aldrich, Inc. Test Date: 2/17/2020

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge Tested By: cmh/kdp

Project Location: Brewer Eddington, ME Checked By: smd

GTX #: 311345

Boring ID: BB-BWS-202

Sample ID: R3

Depth: 79.7-80.2 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00030 0.00030 0.00020 0.00020 0.00010 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00020 -0.00030 -0.00040 -0.00050

Diameter 2, in (rotated 90
o
) -0.00040 -0.00040 -0.00030 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00010 0.00020 0.00030 0.00040

Difference between max and min readings, in: 

0° = 0.00080 90° = 0.00080

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00050 0.00040 0.00030 0.00020 0.00010 0.00010 0.00000 0.00000 0.00000 -0.00010 0.00010 -0.00020 -0.00030 -0.00040 -0.00050

Diameter 2, in (rotated 90
o
) 0.00040 0.00030 0.00020 0.00010 0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00020 -0.00030 -0.00040

Difference between max and min readings, in: 

0° = 0.001 90° = 0.0008

Maximum difference must be < 0.0020 in. Difference = + 0.00050

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00043

Angle of Best Fit Line: 0.02456

End 2:

Slope of Best Fit Line 0.00048

Angle of Best Fit Line: 0.02750

Maximum Angular Difference: 0.00295

Parallelism Tolerance Met? YES

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00040

Angle of Best Fit Line: 0.02308

End 2:

Slope of Best Fit Line 0.00037

Angle of Best Fit Line: 0.02128

Maximum Angular Difference: 0.00180

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00080 1.990 0.00040 0.023

Diameter 2, in (rotated 90
o
) 0.00080 1.990 0.00040 0.023 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00100 1.990 0.00050 0.029

Diameter 2, in (rotated 90
o
) 0.00080 1.990 0.00040 0.023

YES

4.22 4.22 4.22

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average

YES

YES

1.99 1.99 1.99

597.46
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2.1

YES

     Difference, Maximum and Minimum (in.)
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Client: Haley Aldrich, Inc.

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge

Project Location: Brewer Eddington, ME

GTX #: 311345

Test Date: 2/19/2020

Tested By: cmh/kdp

Checked By: smd

Boring ID: BB-BWS-202

Sample ID: R3

Depth, ft: 79.7-80.2

After cutting and grinding

After break



Client: Haley & Aldrich, Inc.

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge

Project Location: Brewer Eddington, ME

GTX #: 311345

Test Date: 2/19/2020

Tested By: cmh/kdp

Checked By: jsc

Boring ID: BB-BWS-203

Sample ID: R1

Depth, ft: 45.3-45.9

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 4,448 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs                                                      

Discontinuity failure
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Client: Haley Aldrich, Inc. Test Date: 2/17/2020

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge Tested By: cmh/kdp

Project Location: Brewer Eddington, ME Checked By: smd

GTX #: 311345

Boring ID: BB-BWS-203

Sample ID: R1

Depth: 45.3-45.9 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00030 0.00030 0.00030 0.00020 0.00010 0.00010 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00020 -0.00030 -0.00040

Diameter 2, in (rotated 90
o
) -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010 0.00010

Difference between max and min readings, in: 

0° = 0.00070 90° = 0.00020

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00020 0.00020 0.00020 0.00010 0.00010 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00030 -0.00040 -0.00050 -0.00050

Diameter 2, in (rotated 90
o
) -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Difference between max and min readings, in: 

0° = 0.0007 90° = 0.0001

Maximum difference must be < 0.0020 in. Difference = + 0.00035

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00037

Angle of Best Fit Line: 0.02128

End 2:

Slope of Best Fit Line 0.00042

Angle of Best Fit Line: 0.02423

Maximum Angular Difference: 0.00295

Parallelism Tolerance Met? YES

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00008

Angle of Best Fit Line: 0.00475

End 2:

Slope of Best Fit Line 0.00002

Angle of Best Fit Line: 0.00115

Maximum Angular Difference: 0.00360

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00070 1.990 0.00035 0.020

Diameter 2, in (rotated 90
o
) 0.00020 1.990 0.00010 0.006 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00070 1.990 0.00035 0.020

Diameter 2, in (rotated 90
o
) 0.00010 1.990 0.00005 0.003

YES

4.53 4.53 4.53

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average

YES

YES

1.99 1.99 1.99

612.63
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2.3
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Client: Haley Aldrich, Inc.

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge

Project Location: Brewer Eddington, ME

GTX #: 311345

Test Date: 2/19/2020

Tested By: cmh/kdp

Checked By: smd

Boring ID: BB-BWS-203

Sample ID: R1

Depth, ft: 45.3-45.9

After cutting and grinding

After break



Client: Haley & Aldrich, Inc.

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge

Project Location: Brewer Eddington, ME

GTX #: 311345

Test Date: 2/19/2020

Tested By: cmh/kdp

Checked By: jsc

Boring ID: BB-BWS-206

Sample ID: R1

Depth, ft: 79.8-80.5

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 14,729 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio

See photographs                                                      

Intact material failure
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Client: Haley Aldrich, Inc. Test Date: 2/17/2020

Project Name: Rte 9/I-396 Conn. - Wilson St Bridge Tested By: cmh/kdp

Project Location: Brewer Eddington, ME Checked By: smd

GTX #: 311345

Boring ID: BB-BWS-206

Sample ID: R1

Depth: 79.8-80.5 ft

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00020 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010

Diameter 2, in (rotated 90
o
) 0.00050 0.00040 0.00030 0.00020 0.00010 0.00010 0.00000 0.00000 0.00000 -0.00010 -0.00020 -0.00030 -0.00040 -0.00050 -0.00060

Difference between max and min readings, in: 

0° = 0.00030 90° = 0.00110

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00030 -0.00020 -0.00020 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010 0.00010 0.00010

Diameter 2, in (rotated 90
o
) -0.00050 -0.00040 -0.00030 -0.00020 -0.00020 -0.00020 -0.00010 0.00000 0.00010 0.00030 0.00030 0.00030 0.00040 0.00050 0.00070

Difference between max and min readings, in: 

0° = 0.0004 90° = 0.0012

Maximum difference must be < 0.0020 in. Difference = + 0.00060

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00017

Angle of Best Fit Line: 0.00966

End 2:

Slope of Best Fit Line 0.00021

Angle of Best Fit Line: 0.01228

Maximum Angular Difference: 0.00262

Parallelism Tolerance Met? YES

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00057

Angle of Best Fit Line: 0.03258

End 2:

Slope of Best Fit Line 0.00063

Angle of Best Fit Line: 0.03601

Maximum Angular Difference: 0.00344

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00030 1.990 0.00015 0.009

Diameter 2, in (rotated 90
o
) 0.00110 1.990 0.00055 0.032 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00040 1.990 0.00020 0.012

Diameter 2, in (rotated 90
o
) 0.00120 1.990 0.00060 0.035

YES

4.55 4.56 4.56

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average

YES

YES

1.99 1.99 1.99

630.45

169

2.3

YES

     Difference, Maximum and Minimum (in.)

y = 0.00017x + 0.00001
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Client: Haley Aldrich, Inc.

Project Name: Rte 9/I-395 Conn. - Wilson St Bridge

Project Location: Brewer Eddington, ME

GTX #: 311345

Test Date: 2/19/2020

Tested By: cmh/kdp

Checked By: smd

Boring ID: BB-BWS-206

Sample ID: R1

Depth, ft: 79.8-80.5

After cutting and grinding

After break



 

 

Elastic Compression of Steel H-Piles 

  



File No. 132076-005

Sheet 1 of 1

  Client Date 10-Apr-20

  Project Computed by NAS

  Subject Checked by BCS

PROBLEM STATEMENT & OBJECTIVE 

Estimate settlement under service vertical loads for substructure foundation piles.

EXECUTIVE SUMMARY

The total elastic settlement for a single pile at Abutment 1 is =  0.20 in.

The total elastic settlement for a single pile at the Pier is =  0.17 in.

The total elastic settlement for a single pile at Abutment 2 is =  0.23 in.

ASSUMPTIONS

1. The H-Pile section is HP14x117 with no corrosion loss.

2. Top of pile elevation will be taken as the elevation at the bottom of the pile cap at each abutment.

3. Top of bedrock depths per borings BB-BWS-202 (Abutment No. 1), BB-BWS-203 (Pier), and BB-BWS-206 (Abutment No. 2).

AVAILABLE INFORMATION:

1. Haley & Aldrich boring logs BB-BWS-202, BB-BWS-203, and BB-BWS-206.

2. Emails from MaineDOT with abutments and pier maximum service axial loads of 284 kips and 326 kips, respectively. 

3. 60% draft plan set titled "Wilson Street Bridge over I-395 and Route 9, Route 1A, 018915.20,

Project Length 0.489 mi., Bridge No. 1564."

PROCEDURE

δ = settlement 

P = vertical service load on pile

L = length of pile

A = cross sectional area of pile

E = elastic modulus of pile

CALCULATIONS:

Abutment No. 1 Pier Abutment No. 2

Max Vertical Service Load, P: 284.0 326.0 284.0 kips

Elevation of Top of Pile: 131.0 111.0 121.6 ft

Elevation of Tip of Pile: 71.3 66.7 55.6 ft

Length, L: 59.7 44.3 66.0 ft

Area of Pile, A: 34.4 34.4 34.4 in
2

Elastic Modulus of Pile, E: 29,000 29,000 29,000 ksi

Total Settlement of Pile, δtotal: 0.20 0.17 0.23 in.

\\haleyaldrich.com\share\por_common\PROJECTS\132076 - brewer eddington\005 - Wilson Street Phase II\Calculations\Elastic Compression\[2020-0410-HAI-Wilson Street-Elastic Compression-F.xlsm]Sheet1

CALCULATIONS

Maine Department of Transportation 

Wilson Street Bridge Replacement - WIN No. 018915.20

Elastic Compression for Piles
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File No.: 132076-005

Sheet: 1 of 2

Client: Date: 16-Mar-2020

Project: Computed by: NAS

Subject: Checked by: BCS

PASSIVE LATERAL EARTH PRESSURE COEFFICIENT

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 2014 with interim revisions. See plot below.

φ'f θ δ −δ/φ'f kp R R·kp

(deg) (deg) (deg)

32 90 24 -0.75 7.7 0.86 6.6
Note: R·kp should only be applied to effective earth pressures (i.e., do not apply to hydrostatic pressures).
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CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Lateral Earth Pressures
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File No.: 132076-005

Sheet: 2 of 2

Client: Date: 16-Mar-2020

Project: Computed by: NAS

Subject: Checked by: BCS

SEISMIC LATERAL EARTH PRESSURE COEFFICIENT

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 2014 with interim revisions. Excerpts below.

Note that KAE includes the static (ka) and dynamic (∆kAE) components of the lateral soil pressure. According to 

Section A11.3.1 of AASHTO LRFD, a reasonable approach for routine walls is to apply the combined 

resultant of the static and seismic force at the same location as the static earth pressure but no less than h/3.

Assuming hydrodynamic effects are negligible, total soil unit weight should be used when calculating 

the static+seismic force using KAE.

CALCULATIONS

φ'f PGA FPGA kh kv θMO δ β i KAE

(deg) (g) (g) (g) (deg) (deg) (deg) (deg)

32 0.066 1.20 0.04 0.00 2.3 24 0.0 0.00 0.30

\\haleyaldrich.com\share\por_common\PROJECTS\132076 - brewer eddington\005 - Wilson Street Phase II\Deliverables\Appendix E - Calculations\[2020-0310-HAI-Wilson Street-Elastic Compression-F.xlsm]Sheet1

CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Lateral Earth Pressures
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File No.: 132076‐003

Sheet: 1 of 2

Client: Date: 23APR2020

Project: Computed by: JLL

Subject: Checked by:

PROBLEM STATEMENT & OBJECTIVE

EXECUTIVE SUMMARY

REFERENCES

1. AASHTO LRFD Bridge Design Specifications, 2017.

2. Maine DOT standard specifications.

3. AISC Steel design manual.

4. GRL WEAP 2010 software manual.

AVAILABLE INFORMATION

1. Recent boring logs: BB‐BWS‐202 (Abutment 1), BB‐BWS‐203 (Pier), BB‐BWS‐206 (Abutment 2).

2. Strength Limit State maximum pile load at abutment from MEDOT equal to 396 kips (received by email from MEDOT).

3. Strength Limit State maximum pile load at pier from MEDOT equal to 411 kips (received by email from MEDOT).

ASSUMPTIONS

1. Elevation Units and Datum: feet, North American Vertical Datum of 1988 (NAVD88).

2. Soil conditions at each substructure are based on the borings indicated above.
3. Piles will be driven to top of rock.  Pile section is an HP14x117.

Two models for geotechnical resistance distribution were considered near the end of driving: 

‐ Before pile tip reaches rock, side resistance is much greater than tip resistance.

‐ Pile tip reaches rock, tip resistance is much greater than side resistance.

3. Piles are driven from ground surface which ranges from El. 111.2 to 143.8 at the substructure locations.

4. Top of rock at the substructure locations range from El. 55.6 to 71.3.

5. Groundwater assumed at El. 106.5.

6. Pile embedment is based on estimated depth from ground surface to top of rock at each location.

Pile length is based on pile embedment plus 5 ft.

8. Factored resistances are based on factored pile STR loads from ME DOT at the abutments and pier.

9. Nominal resistance (set as the target ultimate resistance in WEAP) is taken as the factored resistance divided 

by 0.65 (resistance factor for CAPWAP dynamic testing).

10. Shaft (skin) quake and damping values used are the suggested values in WEAP.

Toe (end) quake and damping values used are suggested values in WEAP.  The smaller quake value represents 

the condition where the pile tip reaches rock.

11. Acceptable penetration resistance according to MEDOT standard specifications is 3 to 15 bl/in.

12. Pile hammer energy was adjusted in order to produce penetration resistance results ranging from 3.5 to 12 bl/in.

13. Limit pile compressive stress is assumed to be 0.9fy or 45 ksi for fy=50 ksi steel.

CALCULATIONS AND RESULTS

(see next page)
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An impact driving hammer that can transfer about 44 kip*ft of energy to an HP14x117 steel pile can drive the pile to rock 

and achieve the target pile nominal resistances of 609 kips at the abutment and 632 kips at the pier without overstressing 

the pile.

CALCULATIONS

Maine Department of Transportation

Wilson Street over I‐395 Bridge No. 1584, Brewer, Maine

GRL WEAP Pile Driving Analyses

Perform impact hammer drivability analyses for the HP14x117 steel H‐Piles proposed.  Calculate penetration resistances 

and driving stresses at the target geotechnical resistance.

NAS



CALCULATIONS AND RESULTS

Results: Select hammer setting to produce penetration resistance on the lower range of 3 to 15 bl/in.

Max.

Rated Top of Factored Nominal Shaft Toe Shaft Toe Side Pen. Pen. Comp. WEAP

Energy GS El. GW El. Rock El. Pile Pile L Pile emb. Res. Res. Quake Quake Damping Damping Resist. Res. Res. Stress Enthru

Structure Boring Case Hammer (kip*ft) (ft) (ft) (ft) Type (ft) (ft) (kip) (kip) (in.) (in.) (s/ft) (s/ft) (%) (bl/ft) (bl/in.) (ksi) (kip*ft)

Abut 1 Hi shaft D36‐32 90.6 143.8 106.5 71.3 HP14x117 78 73 396 609 0.1 0.1 0.09 0.15 88.0 41.8 3.5 37.1 37.6

Hi tip D36‐32 90.6 143.8 106.5 71.3 HP14x117 78 73 396 609 0.1 0.04 0.09 0.15 20.0 44.4 3.7 39.2 43.3

Pier Hi shaft D36‐32 90.6 111.2 106.5 66.7 HP14x117 50 45 411 632 0.1 0.1 0.17 0.15 79.0 68.3 5.7 41.0 35.6

Hi tip D36‐32 90.6 111.2 106.5 66.7 HP14x117 50 45 411 632 0.1 0.04 0.17 0.15 20.0 50.1 4.2 40.4 39.4

Abut 2 Hi shaft D36‐32 90.6 134.6 106.5 55.6 HP14x117 85 80 396 609 0.1 0.1 0.1 0.15 87.0 43.6 3.6 37.4 38.0

Hi tip D36‐32 90.6 134.6 106.5 55.6 HP14x117 85 80 396 609 0.1 0.04 0.1 0.15 20.0 45.8 3.8 38.0 43.6

Notes:

1. Soil conditions at each substructure are based on the borings indicated.

2. Hammer used in analysis is a Delmag diesel hammer with model and rated energy shown above.

3. Cases described as Hi shaft (side resistance > tip resistance during driving) and Hi tip (tip resistance > side resistance during driving, e.g., when pile reaches rock).

4. Piles are driven from ground surface shown (GS El.).  Groundwater assumed at the elevation indicated (GW El.).

5. Pile embedment is based on estimated depth from ground surface to top of rock at each location.  Pile length is based on pile embedment plus 5 ft.

6. Factored resistances are based on factored pile STR loads from ME DOT at the abutments and pier.

7. Nominal resistance (set as the target ultimate resistance in WEAP) is taken as the factored resistance divided by 0.65 (resistance factor for CAPWAP dynamic testing).

8. Shaft quake and damping are suggested values in WEAP.

9. Toe quake and damping are suggested values in WEAP.  The smaller quake value represents the condition where the pile tip reaches rock.

10. Two side resistance percentages (as a fraction of the total nominal resistance) are considered.  Higher side resistance fraction (WEAP calculated) represents condition before pile reaches rock.

Lower side resistance fraction (assumed 20%) represents condition when pile reaches rock.

11. Penetration resistance falls within MEDOT required 3 to 15 bl/in.

12. Limit compressive stress is assumed to be 0.9fy or 45 ksi for fy=50 ksi steel.

13. Max. transferred energy in WEAP also shown.

Client: File No.:

Computed by: Checked by: Date:

Sheet: Project:
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06-May-2020Haley & Aldrich Inc                     
GRLWEAP Version 2010Enter Project Title Here                
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GRLWEAP Version 2010Enter Project Title Here                

C
om

pr
es

si
ve

 S
tr

es
s 

(k
si

)

0

10

20

30

40

50

T
en

si
on

 S
tr

es
s 

(k
si

)

0

10

20

30

40

50

Blow Count (blows/in)

U
lti

m
at

e 
C

ap
ac

ity
 (

ki
ps

)

0.00 3.33 6.67 10.00 13.33 16.67 20.00
0

200

400

600

800

1000

Blow Count (blows/in)

S
tr

ok
e 

(f
t)

0.00 3.33 6.67 10.00 13.33 16.67 20.00
0

2

4

6

8

10

DELMAG   D 36-32 

Ram Weight       7.93  kips
Efficiency      0.800
Pressure       1500 (100%)  psi

Helmet Weight       1.90  kips
Hammer Cushion      60155  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.100  in
Skin Damping      0.090  s/ft
Toe Damping      0.150  s/ft

Pile Length
Pile Penetration
Pile Top Area

     78.00
     73.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 88 %
(Proportional)



Haley & Aldrich Inc                     06-May-2020
Enter Project Title Here                GRLWEAP Version 2010

      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/in ft kips-ft

    100.0      23.11       7.00      0.3     5.38    47.20
    200.0      28.14       6.56      0.7     6.41    41.79
    300.0      31.65       5.27      1.2     7.28    39.73
    400.0      34.08       3.46      1.9     7.93    38.30
    500.0      35.83       1.84      2.5     8.44    36.80
    609.0      37.12       0.24      3.5     8.84    37.55
    674.0      38.05       0.35      4.3     9.09    38.10
    792.0      39.33       0.88      6.7     9.50    39.10
    800.0      39.40       0.86      6.9     9.52    39.16
    900.0      40.27       0.67     10.9     9.80    39.89
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DELMAG   D 36-32 

Ram Weight       7.93  kips
Efficiency      0.800
Pressure       1500 (100%)  psi

Helmet Weight       1.90  kips
Hammer Cushion      60155  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.040  in
Skin Damping      0.090  s/ft
Toe Damping      0.150  s/ft

Pile Length
Pile Penetration
Pile Top Area

     78.00
     73.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 20 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/in ft kips-ft

    100.0      24.04       3.25      0.3     5.54    46.35
    200.0      28.49       0.59      0.8     6.58    41.22
    300.0      31.60       0.70      1.4     7.40    39.80
    400.0      33.64       0.60      1.9     7.97    39.79
    500.0      35.59       1.49      2.6     8.57    41.35
    609.0      39.18       2.27      3.7     9.09    43.31
    674.0      41.40       3.19      4.5     9.38    44.46
    792.0      44.64       3.56      6.6     9.81    46.27
    800.0      44.84       3.55      6.9     9.84    46.26
    900.0      46.95       3.33      9.8    10.09    47.26
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Ram Weight       7.93  kips
Efficiency      0.800
Pressure       1500 (100%)  psi

Helmet Weight       1.90  kips
Hammer Cushion      60155  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.100  in
Skin Damping      0.168  s/ft
Toe Damping      0.150  s/ft

Pile Length
Pile Penetration
Pile Top Area

     50.00
     45.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 79 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/in ft kips-ft

    100.0      23.59       5.52      0.4     5.41    46.42
    200.0      29.97       3.80      0.9     6.73    40.38
    300.0      34.13       1.08      1.6     7.76    37.56
    400.0      37.17       0.14      2.6     8.61    36.25
    500.0      39.16       0.00      3.6     9.13    35.06
    609.0      40.76       0.00      5.3     9.59    35.46
    632.0      41.02       0.00      5.7     9.66    35.63
    700.0      41.82       0.00      7.4     9.89    36.08
    800.0      42.77       0.00     11.7    10.17    36.64
    900.0      43.95       0.06     20.9    10.49    37.18
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DELMAG   D 36-32 

Ram Weight       7.93  kips
Efficiency      0.800
Pressure       1500 (100%)  psi

Helmet Weight       1.90  kips
Hammer Cushion      60155  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.040  in
Skin Damping      0.168  s/ft
Toe Damping      0.150  s/ft

Pile Length
Pile Penetration
Pile Top Area

     50.00
     45.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 20 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/in ft kips-ft

    100.0      23.65       2.00      0.4     5.35    46.68
    200.0      29.40       0.17      0.9     6.64    40.95
    300.0      33.11       0.17      1.5     7.64    38.71
    400.0      35.80       0.13      2.1     8.40    37.98
    500.0      37.49       0.19      2.9     8.90    38.31
    609.0      39.67       0.56      3.9     9.42    39.16
    632.0      40.38       0.66      4.2     9.52    39.38
    700.0      42.29       0.94      5.1     9.84    40.55
    800.0      44.38       0.94      7.2    10.20    41.97
    900.0      46.11       0.79     10.4    10.50    43.07
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DELMAG   D 36-32 

Ram Weight       7.93  kips
Efficiency      0.800
Pressure       1500 (100%)  psi

Helmet Weight       1.90  kips
Hammer Cushion      60155  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.100  in
Skin Damping      0.100  s/ft
Toe Damping      0.150  s/ft

Pile Length
Pile Penetration
Pile Top Area

     85.00
     80.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 87 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/in ft kips-ft

    100.0      23.61       7.47      0.3     5.49    46.56
    200.0      28.57       7.37      0.7     6.53    41.21
    300.0      31.90       6.25      1.2     7.39    39.45
    400.0      34.07       4.85      1.9     7.96    37.36
    500.0      36.03       3.39      2.5     8.54    37.22
    609.0      37.36       2.04      3.6     8.93    37.98
    674.0      38.18       1.39      4.5     9.17    38.65
    792.0      39.23       1.03      7.3     9.55    39.42
    800.0      39.51       0.96      7.5     9.59    39.66
    900.0      40.38       0.91     12.2     9.87    40.45
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DELMAG   D 36-32 

Ram Weight       7.93  kips
Efficiency      0.800
Pressure       1500 (100%)  psi

Helmet Weight       1.90  kips
Hammer Cushion      60155  kips/in
COR of H.C.      0.800  

Skin Quake      0.100  in
Toe Quake      0.040  in
Skin Damping      0.100  s/ft
Toe Damping      0.150  s/ft

Pile Length
Pile Penetration
Pile Top Area

     85.00
     80.00
     34.40

  ft
  ft
  in2

Pile Model
Skin Friction
Distribution

Res. Shaft = 20 %
(Proportional)
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      Maximum      Maximum    
    Ultimate  Compression      Tension         Blow   
    Capacity       Stress       Stress        Count       Stroke       Energy

kips ksi ksi blows/in ft kips-ft

    100.0      24.21       3.75      0.4     5.61    46.01
    200.0      28.49       0.61      0.8     6.61    41.21
    300.0      31.43       0.88      1.4     7.38    39.85
    400.0      33.34       0.77      1.9     7.92    39.83
    500.0      35.05       1.81      2.7     8.43    41.26
    609.0      38.02       3.03      3.8     8.98    43.61
    674.0      40.06       3.56      4.8     9.24    44.45
    792.0      43.01       3.58      7.3     9.62    45.82
    800.0      43.16       3.56      7.5     9.63    45.90
    900.0      45.04       3.36     11.1     9.87    46.72
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Sheet: 1 of 6

Client: Date: 02MAR2020

Project: Computed by: NAS

Subject: Checked by: JLL

PROBLEM STATEMENT & OBJECTIVE

EXECUTIVE SUMMARY

REFERENCES
1. AASHTO LRFD Bridge Design Specifications, 2017 Edition.
2. FHWA NHI-06-088, NHI Course No. 132012, Soils and Foundations, Reference Manual - Volume 1, December 2006.
3. Ensoft, Inc., LPile 2018, Technical Manual.
4. Effects of Soil Slope on Lateral Capacity of Piles in Cohesive and Cohesionless Soils, Nimityongskul et al. (2012),

Caltrans Report No. CA-11-0932. (P-multipliers applied to free-field to model effect of sloped ground surface).

AVAILABLE INFORMATION
1. Recent boring logs BB-BWS-202 (Abutment 1) and BB-BWS-206 (Abutment 2) and related lab testing results.
2. Site & Subsurface Exploration Location Plan & Interpretive Subsurface Profile for I-395 Route 9 Connection I-95 

Brewer-Eddington Penobscot County, Sheets 2 and 3 from Bridge Plans, dated 19 February 2020.
3. Abutment No. 1, Sheet 51 of Bridge Plans, dated 19 February 2020.
4. Pile type, orientation, axial load, and horizontal contraction and expansion translations from MaineDOT, by email,

dated 11 February 2020.
5. Additional information re: model fixity, girder elevations, and preferred output from MaineDOT, by email,

dated 14 February 2020.

ASSUMPTIONS
1. Elevation Units and Datum: feet, North American Vertical Datum of 1988 (NAVD88).
2. Single pile model using LPile. Piles are driven to bedrock.
3. Bridge Plans show 3% grade (1.7 deg. slope) but assumed flat ground in our LPile analyses for simplicity.
4. Pile-soil-pile lateral effects (i.e., group effects) are negligible because piles are widely spaced (>6 times pile dimension).
5. P-multipliers are used to consider sloping ground effect for the contraction case (from reference 4).
6. Piles are HP14x117 oriented such that deck contraction and expansion cause bending about the pile weak axis.
7. No corrosion reduction on the pile section.
8. Piles are linear-elastic, non-yielding (i.e., no ceiling on moment generated within the pile).
9. Piles are "fixed" to the wall/pile cap.

10. Top of model element restrained against rotation but allowed to translate.
11. Abutment and pile are modeled in the expansion case; only pile is modeled in contraction case.
12. Contraction and expansion cases are modeled differently in LPile as illustrated schematically below:
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The prescribed displacements along with a fixed-head assumption and linear elastic (non-yielding) pile model combine to 
result in excessively high lateral forces and bending moments in the pile.  

CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Lateral Analysis of Abutment H-Piles Under Expansion & Contraction Displacement

Determine the bending moment and shear in the Abutment 1 and 2 H-Pile foundations induced by the anticipated deck 
expansion and contraction lateral displacements.

Ground 
Surface

H-Pile
Soil

(P-mult for slope effects; no 
pile-soil-pile group effects)

Contraction Fixed-Head 
Displacement

Ground 
Surface

Abutment 
Wall

H-PileSoil
(P-mult = 1.0, no pile-soil-

pile group effects)

Expansion Fixed-Head 
Displacement

Expansion Model Contraction Model
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ASSUMPTIONS (continued)
13. Four models were created in LPile representing the following: 

- Abutment 1, Expansion
- Abutment 1, Contraction
- Abutment 2, Expansion
- Abutment 2, Contraction

14. For the expansion LPile models, the following structural elements and section properties were used:

Model Section Width Depth A I E
Section Type (in.) (in.) (in.^2) (in.^4) (ksi)

1 Abutment Wall 112 42 4704 691488 4031
2 H-Pile 14 14 34.4 443 29000

Note: Width of wall section is based on the average pile spacing on the drawings which ranged from 8 ft to 11 ft.

For the contraction LPile models, only the H-Pile element is used with the following properties:

Model Section Width Depth A I E
Section Type (in.) (in.) (in.^2) (in.^4) (ksi)

1 H-Pile 14 14 34.4 443 29000

15. Groundwater is assumed to be at El. 108 for Abutment 1 and El. 105 for Abutment 2.   In LPile, total soil unit weights
are used above groundwater and buoyant soil unit weights below groundwater to calculate p-y lateral soil springs.

16. LPile soil properties for the four models are shown below:

Abutment 1 Expansion (Wall and H-Pile)

1 & 2 Abut. Wall, H-Pile Cohesionless 144 0 125 32 225
3 H-Pile Cohesionless 128 16 120 34 158
4 H-Pile Cohesionless 108 36 120 34 93
5 H-Pile Cohesive 100 44 120 4000 0.5
6 H-Pile Cohesionless 79 65 130 40 125

Note:
A portion of Layer 1&2 will be applicable to the Abutment Wall (i.e., passive resistance against the back of the wall).

Abutment 1 Contraction (H-Pile Only)

1 H-Pile Cohesionless 131 0 125 32 225
2 H-Pile Cohesionless 128 3 120 34 158
3 H-Pile Cohesionless 108 23 120 34 93
4 H-Pile Cohesive 100 31 120 4000 0.5
5 H-Pile Cohesionless 79 52 130 40 125

Overall Notes for the LPile Soil Parameters:
1.

2. f and k apply to Cohesionless type materials, Su and e50 apply to cohesive type materials.
3. Buoyant unit weights are used in LPile to calculate p-y curves for layers below the water table.
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Lateral Analysis of Abutment H-Piles Under Expansion & Contraction Displacement
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LPile soil properties for the four models continued…

Abutment 2 Expansion (Wall and H-Pile)

1 Abut. Wall, H-Pile Cohesionless 135 0 125 32 225
2 H-Pile Cohesive 121 14 125 4000 0.5
3 H-Pile Cohesionless 105 30 130 38 125
4 H-Pile Cohesive 85 50 120 2000 0.7
5 H-Pile Cohesive 81 54 130 4000 0.5

Note:
A portion of Layer 1 will be applicable to the Abutment (i.e., passive resistance against the back of the Abutment).

Abutment 2 Contraction (H-Pile Only)

1 H-Pile Cohesive 121 0 125 4000 0.5
2 H-Pile Cohesionless 105 16 130 38 125
3 H-Pile Cohesive 85 36 120 2000 0.7
4 H-Pile Cohesive 81 40 130 4000 0.5

Overall Notes for the LPile Soil Parameters:
1.

2. f and k apply to cohesionless type materials, Su and e50 apply to cohesive type materials.
3. Buoyant unit weights are used in LPile to calculate p-y curves for layers below the water table.

17. The model top and bottom elevations of the structural elements in each LPile model are shown below:

Abutment 1 Expansion (Wall and H-Pile)
Element Top El. Bottom El. Length

(ft) (ft) (ft)
Abutment 144 131 13

H-Pile 131 71 60

Abutment 1 Contraction (H-Pile Only)
Element Top El. Bottom El. Length

(ft) (ft) (ft)
H-Pile 131 71 60

Abutment 2 Expansion (Wall and H-Pile)
Element Top El. Bottom El. Length

(ft) (ft) (ft)
Abutment 135 121 14

H-Pile 121 56 65

Abutment 2 Contraction (H-Pile Only)
Element Top El. Bottom El. Length

(ft) (ft) (ft)
H-Pile 121 56 65
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Su = undrained shear strength, f = soil internal friction angle, k = lateral subgrade modulus, 
e50 = percent strain at 50% of shear strength
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Lateral Analysis of Abutment H-Piles Under Expansion & Contraction Displacement
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LPile soil properties for the four models continued…

18. For the contraction case, the lateral p-y of sloping ground was estimated using reference 4 (figure below),
(using recommendations for cohesionless material even if we have mixed conditions, P-mult for pile located
just behind crest of slope are about the same as that for cohesive material).

SUMMARY OF LPILE RESULTS

Abutment Case Pile Top Lat. Slope of Top Pile Axial Pile Max. Pile Max. Estimated
Displ. Model Element Load Shear Moment Combined
(in.) (rad.) (kip) (kip) (kip*ft) Stress (ksi)

Expansion 0.89 0 396 286 531 112 excessive!
Contraction 1.34 0 396 76 419 91 excessive!
Expansion 0.89 0 396 157 363 80 excessive!

Contraction 1.34 0 396 109 490 104 excessive!
Notes:
Slope of zero at top of pile is equivalent to a "fixed" head condition (i.e., free to translate, but not rotate).

The shear and bending moment results above are for piles only, the wall forces and bending moments (expansion
models) are not shown.
The prescribed displacements along with a fixed-head assumption and linear elastic (non-yielding) pile model
combine to result in excessively high lateral forces and bending moments in the pile.  

ATTACHMENTS

1. P-multiplier recommendations, selected pages from reference 4.
2. Recent boring logs BB-BWS-202 and BB-BWS-206.
3. Plots of LPile results (displacement, shear, and bending moment versus depth) for Abutment 1 and 2

contraction and expansion cases.
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Lateral Pile Deflection (inches)
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Bending Moment (in-kips)
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Lateral Pile Deflection (inches)
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Bending Moment (in-kips)
Abutment 2 - Expansion (Linear Elastic Pile)
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PROBLEM STATEMENT & OBJECTIVE

EXECUTIVE SUMMARY

REFERENCES
1. AASHTO LRFD Bridge Design Specifications, 2017 Edition.
2. FHWA NHI-06-088, NHI Course No. 132012, Soils and Foundations, Reference Manual - Volume 1, December 2006.
3. Ensoft, Inc., LPile 2018, Technical Manual.
4. Effects of Soil Slope on Lateral Capacity of Piles in Cohesive and Cohesionless Soils, Nimityongskul et al. (2012),

Caltrans Report No. CA-11-0932. (P-multipliers applied to free-field to model effect of sloped ground surface).
AVAILABLE INFORMATION

1. Recent boring logs BB-BWS-202 (Abutment 1) and BB-BWS-206 (Abutment 2) and related lab testing results.
2. Site & Subsurface Exploration Location Plan & Interpretive Subsurface Profile for I-395 Route 9 Connection I-95 

Brewer-Eddington Penobscot County, Sheets 2 and 3 from Bridge Plans, dated 19 February 2020.
3. Abutment No. 1, Sheet 51 of Bridge Plans, dated 19 February 2020.
4. Pile type, orientation, axial load, and horizontal contraction and expansion translations from MaineDOT, by email,

dated 11 February 2020.
5. Additional information re: model fixity, girder elevations, and preferred output from MaineDOT, by email,

dated 14 February 2020.
6. Plastic moment values and application in LPile from MaineDOT, by email dated 24 March 2020.

ASSUMPTIONS
1. Elevation Units and Datum: feet, North American Vertical Datum of 1988 (NAVD88).
2. Single pile model using LPile. Piles are driven to bedrock.
3. Bridge Plans show 3% grade (1.7 deg. slope) but assumed flat ground in our LPile analyses for simplicity.
4. Pile-soil-pile lateral effects (i.e., group effects) are negligible because piles are widely spaced (>6 times pile dimension).
5. P-multipliers are used to consider sloping ground effect for the contraction case (from reference 4).
6. Piles are HP14x117 oriented such that deck contraction and expansion cause bending about the pile weak axis.
7. No corrosion reduction on the pile section.
8. Piles are linear-elastic, non-yielding.
9. Displacements, axial load, and plastic moment applied to top of pile concurrently.

10. Only the pile elements are modeled in Lpile (i.e., abutment walls not modeled).
11. Contraction and expansion cases are modeled in LPile as illustrated schematically below:

ATTACHMENTS
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With plastic moments applied and the lateral displacements prescribed, the maximum moment within the pile is equal to 
the plastic moment.  The estimated combined stress (axial + bending) is in excess of fy.

CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Lateral Analysis of Abutment H-Piles Under Expansion & Contraction Displ. & Plastic Moment

Determine the bending moment and shear in the Abutment 1 and 2 H-Pile foundations induced by the anticipated deck 
expansion and contraction lateral displacements together with plastic moments applied to the top of the pile.

Ground 
Surface

H-Pile
Soil

(P-mult for slope effects; no 
pile-soil-pile group effects)

Ground 
Surface

Abutment 
Wall (not 
modeled)

H-PileSoil
(P-mult = 1.0, no pile-soil-

pile group effects)

Expansion Model Contraction Model

Mp-C

396 kip

Mp-E

396 kip

0.89 in. 1.34 in.

NAS
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SUMMARY OF LPILE RESULTS

Abutment Case Pile Top Lat. Applied Pile Axial Pile Max. Pile Max. Estimated
Displ. Moment at Top Load Shear Moment Combined
(in.) (lbs*in.) (kip) (kip) (kip*ft) Stress (ksi)

Expansion 0.89 -3426000 396 238 286 66
Contraction 1.34 -3384000 396 59 282 65
Expansion 0.89 -3426000 396 156 286 66

Contraction 1.34 -3384000 396 84 282 65

With plastic moments applied and the lateral displacements prescribed, the maximum moment within the pile is
equal to the plastic moment.  The estimated combined stress (axial + bending) is in excess of fy.
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14.4  DESIGN RECOMMENDATIONS FOR SERIES-II (COHESIONLESS 

SOILS) 

14.4.1 SIMPLIFIED DESIGN PROCEDURE 

Figure 14-2 presents a generalized soil slope profile created for cohesionless soils to obtain 

recommended p-multipliers (or reduction factors).  These recommended p-multipliers are created 

to account for larger pile displacements (more conservative, higher reduction in load) and do not 

need to be modified for increasing pile displacements during design.  These reduction factors are 

based on the distance from the slope crest and depth below the ground surface measured in pile 

diameters, D.   

Recommended simplified design procedure to account for soil slope in cohesionless soils: 

 Determine the designed pile size (diameter) being installed within proximity of the 

slope 

 Identify cohesionless soil properties and corresponding free-field (level ground) p-y 

curves for the site 

 Define the location and distance (in number of pile diameters) the pile will be located 

from the slope crest 

 Using Figure 14-2, determine where the design pile will be located on the 

generalized slope shown in this figure 

 Apply the corresponding p-multipliers from the figure to the free-field p-y curves to 

account for the presence of the slope 

o  For piles located on the slope, apply a reduction factor of 0.3 for the top four 

pile diameters and 0.4 for the following six pile diameters 

o  For piles located from the slope crest to four pile diameters back from the 

crest, apply a reduction factor of 0.5 for the top 4 pile diameters and 0.6 for 

the following 6 pile diameters  

o  No reduction factor (p-multiplier of 1.0 ) is required below 10D 

o  For piles located outside of this range no reduction factors are required 
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These recommendations are conservative due to the simplifications of this design 

procedure but present an efficient way to account for the reduction in lateral capacity due to 

proximity of a slope in cohesionless soils. 

14.4.2  GENERALIZED CONCLUSIONS FOR SERIES-II 

Based on the results of full-scale experiments and lateral load analyses, the main findings of 

this research study on the effect of soil slope on lateral capacity of piles in cohesionless soils are 

provided as the following: 

  The effects of slope on lateral pile capacity are insignificant at displacements of less than 

2.0 inches for piles located 2D and further from the crest. 

 For pile located at 4D or greater from the slope crest, the effect of slope is insignificant 

for the analyzed ranges of soil displacements on p-y curves. 

  Analytical, small scale, and computer models typically overestimate the effects of slope 

on lateral pile capacities and conservatively predict the ultimate resistance and initial soil 

stiffness. 

  For all testing cases in the cohesionless material the lateral capacity was significantly 

higher than the 5 kips noted in the Caltrans BDS for 12-inch steel pipe piles for 

maximum allowable pile deflection of ¼-inch under Service Limit State Load according 

to Caltrans BDS Article 4.5.6.5.1. 

The limitations of these conclusions and recommendations should always be considered 

when extrapolating for other design parameters that differ from the testing conditions in this 

study including slope angle, pile diameter, loading type, and pile type. 

14.4.3 OTHER OBSERVATIONS FROM SERIES-II TESTING 

The following sections present observations made during full-scale lateral load testing: 

  Piles installed on a slope should not be considered to have similar lateral capacities as 

piles installed on the slope crest. In this study, the capacities and reduction factors were 

significantly different between these two cases. 
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 Ultimate capacity for load-displacement curves is reduced for piles closer than 8D 

 The effects of reduced overburden pressure due to presence of soil slope has a larger 

impact on the reduction of lateral capacity in cohesionless soils 

 The shear failure angle, Ω, of the passive wedge ranged between 24° and 39°.  This angle 

increased with greater distances from the slope crest.  A recommendation of 70% of  is 

proposed for the shear failure angle in dense cohesionless material.   

 LPILE 6.0 underestimates the initial stiffness and the lateral pile capacity in level ground 

conditions. The full-scale test results had an ultimate resistance of 20% more than 

predicted by LPILE 6.0. The lateral capacity for the 0D pile was relatively close and 

only underestimated the lateral capacity by about 10%. 

 The predicted baseline API (1987) and Reese et al. (1974) p-y curves over predict the 

initial soil stiffness at displacements of less than 0.2 inches 

 API (1987) and Reese et al. (1974) models significantly under predicted the back-

calculated ultimate soil reaction at displacements greater than 0.25 inches. 

 Mezazigh and Levacher (1998) reduction coefficients are considered conservative when 

applied to the baseline p-y curve and then compared to the near slope results. 

14.5  COMPARISON BETWEEN COHESIVE & COHESIONLESS RESULTS 

During this study seven non-battered piles were tested in each soil type, cohesive and 

cohesionless.  The cohesionless load-displacement curves had higher ultimate capacities for all 

load tests (baseline through 0D) when compared to the cohesive results.  The initial stiffness at 

lower displacements was also greater for the cohesionless piles.  These curves show a larger 

effect from slope (when compared to baseline) on the 2D and 4D piles capacities in cohesive 

soils. A greater effect on capacities was seen for the 0D and -4D piles in the cohesionless soils.   
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The shapes and the effects of slope on the p-y curves differed between Series-I and 

Series-II.  For displacements less than 0.25 inches, the slope a small to insignificant effect on the 

lateral pile response in cohesive soils. The effect also increased with increased soil displacement 

(i.e. a larger reduction in capacity with displacement) for cohesive soils.  This was not the case 

for Series-II, as the lateral capacities were affected at all soil displacements.  When compared to 

respective baseline tests, the results from the cohesionless series had a larger reduction in lateral 

capacities. The recommended p-multipliers for the cohesionless ranged from 0.3 to 0.6, while 

the cohesive recommended p-multipliers ranged from 0.5 to 0.7.  The presence of a slope, and 

consequently a reduction in overburden pressure for the soil resisting lateral movement has a 

greater impact on cohesionless soils.  This is, most likely, due to the absence of cohesion, 

wherein Series-I the presence of the test slope has less of an effect on the resistance due to 

apparent cohesion between soil grains. 

14.6   BATTERED PILE TEST CONCLUSIONS (SERIES-II) 

Pile P-4 with a -14° batter angle had the highest stiffness and capacity of all piles tested 

in this study. Pile P-3 (+14° positive batter) had the lowest capacity of the tested battered piles. 

The load displacement results from pile P-5 (+26°) do not fit the predicted trend.  The LPILE 

predicted load-displacement curves from pile P-3 (+14°) and P-4 (-14°) follow the trend of the 

full-scale results, but LPILE is conservative in estimating the initial stiffness and ultimate lateral 

resistances. The full-scale results from Pile P-5 (+26°) had a significantly greater stiffness and 

capacity than the LPILE prediction, where it was predicted to have the lowest overall load.  An 

analysis of the load displacement data from the +26° battered pile showed that the testing 

equipment was likely near its limitations to laterally load a pile with this high batter angle.  The 

unexpected stiffness and load from the full-scale test are likely due to unintended axial loading. 

Overall, LPILE is a conservative method to predicted lateral capacity of battered piles in 

cohesionless soils. The load ratio model used in LPILE battered pile predictions compares well 

with the ratios obtained for full-scale lateral load tests.   
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14.7  RECOMMENDATIONS FOR FUTURE RESEARCH 

  Soil slope effects for different pile diameter can be considered in a controlled 

environment, such as using physical model testing.  The soil properties and slope 

geometry can therefore be controlled.  The stiffness of the pile should remain constant for 

different pile diameters in order to achieve the same level of soil displacement for a proper 

comparison of p-y curves. The constant pile stiffness with varying pile diameter can be 

achieved by selecting different pile thickness or using different materials. 

  Three-dimensional finite element modeling, which can model construction sequences and 

some aspects observed during the testing, such as gapping and cracking, as well as 

accounting for softening due to soil dilatency should be conducted to understand if these 

aspects have significant contribution to the effects of slope on the pile response.  Results 

from full-scale lateral loading tests can be used to calibrate the 3-D model, and therefore 

the analysis for slope effects can be reasonably extrapolated to use for different slope 

geometry, soil type, pile type and different distance between pile-slope crest. 

  The effects of slope for pile groups may be different than that for a single pile and should 

be investigated. 

  Though p-y curves have been developed based on the results of the full-scale lateral pile 

loading tests for a case of long, flexible piles, they have been used in design to predict the 

lateral response for rigid pile as well.  However, the implementation of p-y curves for 

short, rigid piles has not been verified with the results from full-scale tests.  Research on 

the effects of pile length on the pile response using full-scale testing should be conducted 

to verify if they existing p-y curves are appropriate for the case of rigid pile. 

  The effects of loading type such as cyclic loading, sustained loading and dynamic loading 

should be investigated.  In addition, the effects of axial loads on the lateral pile response 

also require further study. The effects of varying slope angle on should also be examined. 
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Figure 14-1 Recommended p-Multipliers for a Generalized Cohesive Slope 

Figure 14-2 Recommended p-Multipliers for a Generalized Cohesionless Slope 
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PROBLEM STATEMENT & OBJECTIVE

EXECUTIVE SUMMARY

REFERENCES
1. AASHTO LRFD Bridge Design Specifications, 2017 Edition.
2. FHWA NHI-06-088, NHI Course No. 132012, Soils and Foundations, Reference Manual - Volume 1, December 2006.
3. Ensoft, Inc., LPile 2018, Technical Manual.

AVAILABLE INFORMATION
1. Recent boring log BB-BWS-203 and related lab testing results.
2. Site & Subsurface Exploration Location Plan & Interpretive Subsurface Profile for I-395 Route 9 Connection I-95 

Brewer-Eddington Penobscot County, Sheets 2 and 3 from Bridge Plans, dated 19 February 2020.
3. Pier pile plan and loading from MaineDOT, by email, dated 02 April 2020.

ASSUMPTIONS
1. Elevation Units and Datum: feet, North American Vertical Datum of 1988 (NAVD88).
2. Single pile model using LPile. Piles are driven to bedrock.
3. Pile-soil-pile lateral effects (i.e., group effects) are negligible because piles are widely spaced (>6 times pile dimension).
4. Piles are HP14x117.  No corrosion reduction on the pile section.
5. Piles are linear-elastic, non-yielding (i.e., no ceiling on moment generated within the pile).
6. Piles are "fixed" to the pile cap so top of model element restrained against rotation but allowed to translate.
7. Bottom of cap/top of pile at El. +111.  Tip of pile at top of rock at approx. El. +67.
8. Model ground surface assumed at El. +111.  Groundwater assumed at El. +107 (average between the levels assumed

for the two abutments).
9. Lateral pile-soil-pile interaction (i.e., group effects) are based on an approximate center-to-center spacing of 5 ft (i.e.,

the spacing between the two rows).  P-multipliers of 0.8 and 0.62 were used for loads causing bending about the strong
and weak axis, respectively.

10. Pile section properties are as follows:
Section Width Depth A Ixx=Istrong Iyy=Iweak E

Type (in.) (in.) (in.^2) (in.^4) (in.^4) (ksi)
HP14x117 14 14 34.4 1220 443 29000

11. Load cases are as follows:
Pile Axial Load = 326 kips SER; 411 kips STR
Lateral Loads = 13.8 kips (bending about strong axis); 10.4 kips (bending about weak axis).

12. Lateral soil model properties are as follows:

1 Cohesionless 111 0 125 32 225
2 Cohesive 102 9 120 2000 0.7
3 Cohesive 96 15 120 4000 0.5
4 Cohesionless 75 36 130 40 125
5 Bedrock 67 44 - - -

Notes for the LPile Soil Parameters:
1.

2. f and k apply to Cohesionless type materials, Su and e50 apply to cohesive type materials.
3. Buoyant unit weights are used in LPile to calculate p-y curves for layers below the water table.
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Under the loads provided, the pile lateral deflection under the SER loads is 0.1 in. Under the STR loads, the max. pile 
moment about the strong axis is 61.5 kip*ft and the max. pile moment about the weak axis is 42.3 kip*ft.

CALCULATIONS

Maine Department of Transportation

Wilson Street Bridge Replacement - WIN No. 018915.00

Lateral Analysis of Pier H-Piles

Determine the bending moment and shear in the Pier H-Pile foundations under the anticipated loading

Layer LPile Model
Cohesive/

Cohesionless
Top El. 

(ft)

Depth from top 
of Pile to Top of 

Layer
(ft)

Sand (Reese, et. al)
-

Su = undrained shear strength, f = soil internal friction angle, k = lateral subgrade modulus, 
e50 = percent strain at 50% of shear strength

Total Unit 
Wt., gt 

(pcf)(note 3)

Su or f 
(psf, deg)

k or e50 

(pci, %)

Sand (Reese, et. al)
Stiff Clay (w/out Free Water)

Stiff Clay (w/out Free Water)

NAS
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SUMMARY OF LPILE RESULTS

Limit Bending Pile Head Axial Load Lat. Load Max. Mom. Top Displ. Max. Stress
Case State Axis Condition (kip) (kip) (kip*ft) (in.) (ksi)

1 SER Strong Fixed 326 13.8 61.3 0.06 13.8
2 STR Strong Fixed 411 13.8 61.5 0.06 16.2
3 SER Weak Fixed 326 10.4 42.0 0.10 18.0
4 STR Weak Fixed 411 10.4 42.3 0.10 20.5

Under the loads provided, the pile lateral deflection under the SER loads is 0.1 in.
Under the STR loads, the max. pile moment about the strong axis is 61.5 kip*ft
and the max. pile moment about the weak axis is 42.3 kip*ft.
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Strong Axis Bending
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Pier LPile Results 
Weak Axis Bending 
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File No.: 132076-005

Sheet: 1 of 2

Client: Date: 10-Mar-2020

Project: Computed by: NAS

Subject: Checked by: BCS

OBJECTIVE: 

Evaluate maximum depth of frost penetration based on soil and groundwater conditions, as well as geographic

site location. 

REFERENCES:

1. MaineDOT Bridge Design Guide, 2003 with interim revisions through 2017.

2. Haley & Aldrich boring logs BB-BWS-202, BB-BWS-103, and BB-BWS-206

3. 60% draft plan set prepared by MaineDOT dated 3/6/20.

EVALUTATION:

1. Gather relevant information from test borings performed near proposed bridge abutment locations:

Note: Ground water elevations summarized above were determined in the field and may

have been influenced by the drilling process.  Ground water elevations may vary

throughout the year due to seasonal variations and precipitation events. 

2. The abutments will bear in existing and new embankment fill.  Assume the embankment 

fill consists of granular material.

3. From MaineDOT Bridge Design Guide Figure 5-1, the design freezing index for the site is

approximately 1650 °F - days

4. Estimate range in frost penetration using MaineDOT Bridge Design Guide Table 5-1 and the design freezing

index above.

5. For coarse grained soil at the abutments, from Table 5-1, frost penetration depths vary between approximately

5.1 ft (w=30%) to 7.2 ft (w=10%).

6. For fine grained soil at the pier, from Table 5-1, frost penetration depths vary between approximately

4.0 ft (w=30%) to 5.1 ft (w=10%).

Recommend 6.0 ft at the abutments and pier.
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STRUCTURE 

BEARING 

ELEVATION

STRUCTURE

TEST 

BORING 

NO./GS EL.

GROUND

WATER

SAMPLE 

No. AND 

ELEVATION

AASHTO/

USCS 

FINES

CONTENT

ABUTMENT

NO. 1

El. 108.0

during drilling

BB-BWS-

202

El. 143.8

El. 131.1
Due to the elevation of the test boring, no samples are located 

in the vicinity of the proposed abutment bearing elevation.

BB-BWS-

206

El. 134.6

El. 121.5
ABUTMENT

NO. 2

El. 104.6

during drilling

Due to the elevation of the test boring, no samples are located 

in the vicinity of the proposed abutment bearing elevation.

El. 111.0PIER

BB-BWS-

103

El. 107.1

El. 103.3

during drilling

1D

El. 107.1 - 105.1

3D

El. 102.1 - 100.1

--/SM

A-4/CL-ML

--

52.4

--

13.1
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