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MEMORANDUM
Date: January 2016
To: Office
From: Zenon Markewycz
Re: EE Memo 3 — Loading on Promenade Sheet Piles
Wills St. Promenade, Harbor Point, Baltimore, MD
File: 12582B - 130

MRCE has completed a review of the available information and evaluation of the existing permanent sheet
pile wall at the foot of Wills Street. The purpose of this analysis is to assess ability of the existing sheet
pile wall to support the proposed grade change.

Exhibits
DS-1a Existing AZ-13 Sheet pile Wall Section
DS-1b Proposed Modifications to AZ-13 Sheet pile Wall Section
DS-2a Existing BZ-26 Bulkhead Wall Section
DS-2b Proposed Modifications to BZ-26 Sheet pile Wall Section — Anchored Option
DS-2c Proposed Modifications to BZ-26 Sheet pile Wall Section — Rip Rap Option MRCE 12582,
Wills Wharf Office / Hotel; Drawing DDP F1.40 — Foundation Plan, December 2015
MRCE 10609, Harbor Point — Area 2; Drawing B-1 — Boring Location Plan, June 2006
7. MRCE 10609, Thames Street Wharf Office Building & Garage

a. Drawing F1.03 — Promenade and Sheeting Plan, October 2007

b. Drawing F2.02 — Sections and Details, October 2007

c. Drawing F2.03 — Sections and Details, October 2007
8. MRCE 6909, Baltimore Works Remediation

a. Drawing 1300D - Sheeting and Shoring General Plan, December 1992
9. Drawing 1305D - Permanent Sheeting East of Wills Street, December 1992
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References
1. MRCE 10609, Geotechnical Data Report Harbor Point Areas 2 and 3 Philpot and Block Sts.,
between Wills & Thames, Boring No. MR-718, June 2006

Existing Sheet Pile Wall

The existing sheet pile wall is located at the south end of the proposed Wills Street Extension and runs
east along the shoreline to the Thames Street Wharf Promenade, serving to retain backfilled material. The
sheet pile wall consists of two continuous segments represented by Design Section 1a (DS-1a) and Design
Section 2a (DS-2a).

DS-1a represents the eastern segment starting just east of column line D.7 as shown on Drawing F1.03
and running approx. 114 ft., towards the west. Along this segment, the existing grade is assumed to be at
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EL. +7.5, sloping upward to EL. +10.0 inboard at a 1:1 slope, with water level at EL. +2.0. South of the
sheet pile wall, the top of rip rap is at EL +3.0 and water at EL. 0.0. The existing top of the AZ-13 sheet
piles is at EL. +10.0 with a toe at EL. -40.0. This profile is shown on Section B on Drawing F2.02.

The western segment of the existing ERS is represented by DS-2a, and runs approximately 118 ft. from
the west end of DS-1a, continuing to the west, ending at the proposed centerline of the Wills St. Extension
as shown on drawing 1305D. Along this segment, existing grade surface is at EL. +7.5 with water at EL.
+2.0 behind the ERS and at EL. 0.0 in front. The top of the BZ-26 steel sheet piles at EL. +7.5 and extend
to El. -40.0. South of this segment, the top of rip-rap is at EL. -12.0. This profile is shown on drawing
1305D. Sheet pile has corrosion losses and holes which require repair. Structural analysis considered loses
but hole damage has not been accounted for.

Proposed Development

The proposed new promenade is to be constructed south of the new Wills Wharf Office & Hotel structure,
extending over the existing sheet pile wall. This will require the existing grade elevation north of the sheet
pile wall to be raised to EI. +13.0. The proposed profiles are represented in two segments, by Design
Segment 1b (DS-1b), and 2b and 2c (DS-2b & DS-2c). A 600 psf vertical construction surcharge was used
in the analysis.

Assessment

Design Section 1 — AZ 13 Sheet pile Installed Circa 2008

The proposed grade of EL. +13 results in a 10 ft., cantilever flexible wall. The maximum expected
deflection, at the top of the wall is approximately 2.6in. The bending stress in the sheet pile is within code
allowable stress. For this analysis, a total of 1/8 in. steel thickness loss due to corrosion was assumed in
the calculation of AZ-13 sheet pile section properties. The embedment of the sheet pile was adequate to
provide the required safety factor.

Design Section 2 — BZ-26 Sheetpile Installed Circa 1990:
The proposed raised grade north of the sheet pile wall of EL. +13.0 results in a retained height of 25ft.
The resulting forces would overstress and de-stabilize the existing BZ-26 sheet pile.

Conclusions

Design Section 1

Analysis shows that raising the grade from EIl. +10.0 to El. +13.0 north of the sheet pile wall, will increase
the sheet pile deflection to an estimated 2.5 inches. The stresses in the sheet pile would be within allowable
and the sheet pile embedment provides an adequate factor of safety. To reduce deflection the sheetpile
could be anchored using a shallow concrete deadmen or rip-rap placed south of the sheet pile wall. .

Design Section 2

Analysis shows that raising the grade surface elevation from El. +7.5 to El. +13.0 would have a significant
adverse impact on the sheet pile wall. To accommodate the proposed grade, the sheet pile wall can
anchored at the top of the sheet pile wall using a deadmen system or rip-rap placed south of the wall. Steel
sheet repair is needed to prevent soil through holes.
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TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

$)1112312173)2)2113)13)13312)))3)3)1131ININNINNANNIIINNNNNINN,
* Friction *

* b Fricticn * angle e
- Interface Materials * factor, * [delta] *
* tan [delta] * degrees *
/)))))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))))))))))3))))))))))I

* Mass concrete on the following foundation materials:

b Clean SouUnd FOCK. ..t ciiiesacronssntasassescnnsanas e 0.70 o 35 .
= Clean gravel, gravel-sand mixtures, coarse sand... * 0.55 to 0.60 * 29 to 31 *
L Clean fine to medium sand, silty medium to coarse b . =
* sand, silty or clayey gravel......cceeeennnannnns * 0.45 to 0.55 * 24 to 29 *
* Clean fine sand, silty or clayey fine to medium * * e
b sand........... 80000080 80836000000000000000000a 0 * 0.35 to 0.45 * 19 to 24 =
* Fine sandy silt, nonplastic silt......cecvvvanenns * 0.30 to 0.35 * 17 to 19 *
*  Very stiff and hard residual or preconsolidated » a =
* S 008 0000008000808 0080600500 00000000080000009 * 0.40 to 0.50 * 22 to 26 *
= Medium stiff and stiff clay and silty clay........ * 0.30 to ¢.35 * 17 to 19 *
= {Masonry on foundation materials has same friction * * *
= factors.) * - he
* Steel sheet piles against the following soils: * - ¥
“Clean gravel, gravel-sand mixtures, well-graded * .2 j
rock fill with spalls........e.c0nn... cessaeaees * 0.40 * 22 b
o Clean sand, silty sand-gravel mixture, single size * * *
* hard rock fill.. ... ovoeiinesoneoeseesnners e 030 T Gy SUNRPL.
*  Silty sand, gravél or sand mixed with sile or E;ﬁi * . b.25 * 14
i"_ “Fine fandy silt, nonplastic SIlf.................. B | { SRt} 11
Formed Concrote or concrefe shoet piling against the * »> =
* following soils: * * *
i Clean gravel, gravel-sand mixture, well-graded b e .
- rock £ill with spalls......civirrienuenceernnnans * D0.40 to 0.50 ™ 22 to 26 *
o Clean sand, silty sand-gravel mixture, single size * & e
& L Ey =0 T A S B B S e e e b0 D 000000 0an o8 000808800 * 0.30 to 0.40 * 17 to 22 *
*  8ilty sand, gravel or sand mixed with silt or clay * 0.30 - 17 *
e Fine sandy silt, nonplastic silt.......vevvvvvnsns * 0.25 . 14 »
* Various structural materials: W * *
o Masonry on masonry, igneous and metamorphic rocks: * b b
& Dressed soft rock on dressed soft rock.......... e 0.70 . 35 .
= Dressed hard rock on dressed soft rock.......... * 0.65 * 33 *
L Dressed hard rock on dressed hard rockaesvesosos * 0.55 e 29 *
*  Masonry on wood (cross grain)........ceceevvenannn * 0.50 * 26 s
o Steel on steel at sheet pile interlocks.......ov.. * 0.30 L 17 .
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= Interface Materials (Cohesion) * BAdhesion c+a, {psf) e
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* Very soft cohesive seoil (0 - 250 psf) * 0 - 250 *
* Soft cohesive soil (250 - 500 psf} o 250 - 500 .
* Medium stiff cohesive soil (500 - 1000 psi) * 500 - 750 *
* Stiff cohesive soil (1000 - 2000 psf) * 750 - 950 *
", *

Very stiff cohesive soil (2000 - 4000 psf} * 950 - 1,300
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T7.2-63 Change 1, September 1986



Active and Paessive Coefficients with Wall Frictiorn
(Sloping Backfill)
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Made By:
FOR: Will Street Wharf Bulkhead Checked By:

Sheet No.__ of _

File: 125828
Date: 1/6/2016

Date:

SUBJECT: SSP - Flexural Rigidity

Section: AZ-13 "
Moment of Inertia of Section: lite = |44,3ﬂ
ft

.3

Section Modulus of Section: 242

Spile =
Young's Modulus: E := 29000ksi

Thickness of Flange: ty:= 0.375in

Thickness of Web: t, := 0.375in

Total Comrosion Thickness Loss: ), :=

LEn
8
min tl'vtw tloss in3
Corroded Section Modulus: = =16.13—
red plle
minl tf‘,tw ft

. 4
min{tp, t,) - t ;
Corroded Moment of inertia: 1= Ly E(_(r“’)—"’“) 96.2.0_

min(tf, tw) )

Corroded Flexural Rigidity: Re:= E-lpey R, = 19373.61 lﬂ-kil:rﬂz

— —

Initial Flexural Rigidity. Rej:= Erlyje

19060 !" —kip: ft
ft ]

Rei

| —

1/6/2016 10:35 AM
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AV

AZ Hot Rolled Steel Sheet Piling

| w 1 w
THICKNESS WEIGHT | SECTION MODULUS COATING AREA
' Cross Moment [
Width Helght = Flange Web Sectional Pile Wall Elastic  Plastic  of Inertia Both wall
{w) (h) (tg) (ty) Area Sides Surface
in in n | i intfft [ ;3 Ib/ft? in'/ft in?fft in'fft f12/ft of single fe3 /i
SECTION
L L I VS ] WATYE | S e T v R T T SR RO/ 1 0| L | R ) el Y P | O |
Az12 | 2638 1189 0335 0335 594 4442 2022 223 26.2 132.8 5.45 1.23
1
az1a | 2638 1193 0375 0375 647 4838 2202 242 | 284 1443 545 | 1.23
Az14 | 2638 | 1187 0413 | 0413 703 5262 2394 | 260 30.7 156.0 545 1.23
Azi2-770 | 3031 1352 0335 0335 567 | 4878 1931 | 232 275 1569 6.10 1.20
! ! - ! 3 L L ! L !
Az13.770 | 3031 1354 | 0354 | 0354 594 | 5114 2024 | 242 28.8 163.7 6.10 1.20
AZ14-770 3031 | 1356 0375 0375 621 | 53.42 2114 252 300 1706 6.10 1.20
| az17 | 2480 1482 0335 0335 653 4596 2224 310 | 362 | 2313 | 564 | 135
| : i - | 1 | ] I | = ] =
P 2480 1496 0375 0375 7.1 49.99 2419 335 39.1 250.4 5.64 1.35
S 2480 1500 | 0.413 0413 7.74 5443 2634 361 423 2708 564 | 1.35
Az17.700 2756 1652 0335 0335 628 4912 2138 322 377 26523 610 | 133
AZiB-700 | 27.56 1‘5.54 0354 0354 658 | 5141 2239 33§ 30.4 2768 610 1.33
Az1s-700 2756 1656 0375 0375 688 | 5376 2341 348 410 2084 6.10 1.33
az2s | 2480 1677 0472 0441 874 " §1.48% 2974 457 534 3826 591 | 141
IR 2480 1681 0512 0480 935 6572 3179 484 569 4065 591 1.41
FOET 2480 1685 0551 0520 987 7015 3394 51.2 | 605 4316 5.91 1.41
Az24-700 2756 1807 0441 0441 8.23 6430 28.00 :.15,2 535 4088 6.33 138
Az36.700 2756 1811 0480 0480 884 6912 3010 484 57.1 4373 6.33 1.38
az28-700 2756 1815 0520 0520 946 7383 3219 513 609 @ 4650 6.33 1.38
Az37-700 2756 1965 0669 0480 1068 8346 3633 689 79.2 6766 6.76 1.46
AZ3s.700  27-56 1969 0709 0520 1134 8863 3850 725 837 | 7140 6.76 1.46
Azai-7o0 2756 1972 0748 0559 1200 9374 4084 762 88.3 751.4 5.76 1.46
v 2283 1894 0709 0551 13.76 B9.10 4682 855 985  BOBE 623 163
YT 2283 1898 0748 0591 1448  93.81 4828 893 1033 8471 623 | 163
R 2283 1902 0787 0630 1522 9858 5180 933 1082 BEES 623 1,63

Technical Hotline: 1-866-875-9546 / engineering@skylinesteel com
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MUESER RUTLEDGE CONSULTING ENGINEERS
Cantilever v3.0 BETA for Windows, 32-bit

Subject: DS-1la

INPUT
Interval
P Q Lengths
0.000 0.000 2.500
¢.104 0.291 4,500
0.291 -0.642 1.000
~0.642 -2.427 2.000

Passive pressure at subgrade : 1.186
Passive pressure slope : .239
Flexural rigidity : 18374

QUTPUT

At end of int. 1, Shear= 0.00, Moment=
At end of int. 2, Shear= 0.89, Moment=
At end of int. 3, Shear= 0.71, Moment=

At end of int. 4, Shear= -2.36, Moment=

D= 0.56 embedment below subgrade with F.S.=
Total Length of sheetpile is 10.56

Depth of max. moment= 8.74

Max. moment= 2.85

Depth of max. shear= 10.56
Max. shear= 3.05

0.00
1.68
2.56
1.52

1

D(Fos =X = LH(3 F +0.56§)= 5.3 Ft [EL. -2.3]

M = 0 (50K5) (13 ) (2t} = 40,33 K-t

Mmax € Maic < OK



----------------------------------------------- Sﬁﬂa\t O A o_!:t_ y B in QC"Im
0.00 0.00 0.00 0.00 3 P
0.53 0.00 0.00 0.00
1.06 0.00 0.00 0.00
1.58 0.00 0.00 0.00
2.11 0.00 0.00 .00
2.64 0.01 0.00 0.00
3.17 0.08 0.03 0.00
3.69 0.15 0.0¢ 0.00
4.22 0.24 0.19 0.00
4.75 0.34 0.34 0.00
5.28 0.45 0.55 0.00
5.81 0.57 0.82 0.00
6.33 0.70 1.15 .00
6.86 0.85 1.56 0.00
7.39 0.93 2.04 0.00
7.92 0.76 2.50 0.00
B.44 0.34 2.80 0.00
8.97 -0.33 2.82 0.00
9.50 -1.25% 2.41 0.00

10.03 -2.39 1.45 0.00
10.586 -3.05 0.02 0.00



(M/Mmax}

Moment

1

0

b o R e e St et et St S B e A A

-1.0

FE A R A 8 e e e o — — — — — — — — —

051616272838394940506

001122334455667789900
—

(V/Vmax)

Shear

.0

1
A A R e e e et e et e T D e etk s e e it Dt D DT S et

BB RE P A e e e —

051616272838394940506

.
001122334455667789900
— ~



MUESER RUTLEDGE CONSULTING ENGINEERS

PROJECT

Witls WHARF O EFice /HOTEL

SHEET. OF

e REEIB

MADE BB o 2J6[8.016

CHECKED BY DATE.

SUBJECT WiILLS STREET WHARF BoLrHEAD — FROPOSED

DsS-1b

REr: Boring MR-#18

EL. 430
77

AzZI3

//(\\\"_-

_l_E:B_ ® ?’3‘?

B5pef

dp=636

R 78

VAVAYARA

EtL~i13

\/ Et.+2

VLS

DE
o — — . ELID (5XiSTNG GRADE)

® ¢ =a9°

&= 120 pef
Ub = 5?:_5 PC'F

ki, =449

EL.-65
//\\//\\//
P’H' 32
@ a‘smmmc
Ko =0, %3
EL.<{5

ZoVAVATA

LN ST

s:lo"

@ &" oo pcf
% =376 pF
ke =049
kp"& 0
C= &00psf

EL-36,5

IR

ZSOS

@ ¢ ko=031
=125 pef kp>525
Bp=a.Lpef

EL| -1{6 .5
PZAANS

Xz 73S pet
¢ 1D ksf
k&‘/ﬂo ='KP




TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

+)))))))))))))))))))))))))))))))))))))))))))))))))))))))0))))))))))))))0)))))})))).

* Friction *

* * Friction * angle .
= Interface Materials * factor, * [delta] *
* * tan [delta) * degrees *

/)))))))))))))))))))))))))))))))))))})))))))))))))))))))3))))))))))))))3)))))]))))1

* Mass concrete on the following foundation materials: *
= Clean sound rock....vvveveennennnnnnnas Sooooooagoo o 0.70 e 35 -
L Clean gravel, gravel-sand mixtures, coarse sand... * 0.55 to 0.60 * 29 to 31 *
L Clean fine to medium sand, silty medium to coarse = . .
E sand, silty or clayey gravel......vvvmeecinannns * 0.45 to 0.55 * 24 to 29 *
o Clean fine sand, silty or clayey fine to medium . o ]
s RN A d a0 0088000000 0a0aa0 ererrresnasrsaneanaass T 0,35 to 0.45 * 19 to 24 *
* Fine sandy silt, nonplastic silt.................. * 0.30 to 0.35 * 17 to 19 *
*  Very stiff and hard residual or preconsolidated . s e
* clay-«+eceue-- AEOG0000000000000008000000000000000 * 0.40 to 0.50 * 22 to 26 *
s Medium stiff and stiff clay and silty clay........ * 0.30 to 0.35 * 17 to 19 *
o {Masonry on foundation materials has same friction * . =
* factors.) * * *
* Steel sheet piles against the follow;nq soils: > % *
Clean gravel, gravel-sand mixtures, well-graded " B i
rock fill with spalls....... ... 00vennn., IRRETTR: e 0.40 ok 22 4
* Clean sand, silty sand-gravel mixture, single size * & 3
* hard rock £ill......cceeooeecsnensesns P PR AP AT | . || PP bl O *

Silty sand. gravel or sand mixed wi w;th 51lt or clay * = 0.25 i 14
F ne san y sile, noqgiﬁbfwc SLLEL o R o VR R 0 1) kAT N
Formei"Eoncreue or “concrete sheet piling against the * g

* following soils: * * *
* Clean gravel, gravel-sand mixture, well-graded g . e
= rock £ill with spalls.............. 30000000 veves *0.40 to 0.50 * 22 to 26 "
*  (Clean sand, silty sand-gravel mixture, single size * . L
* L6l I FoTed 48 2t LI S o N S S S R S o a0 Q08 06 0o CE o800 a0 * 0.30 to 0.40 * 17 to 22 *
* Silty sand, gravel or sand mixed with silt or clay * 0.30 * 17 i
e Fine sandy silt, nonplastic silt.........ccovevunn * 0.25 e 14 *
* Various structural materials: = - b
e Masonry on masonry, igneous and metamorphic rocks: * * .
* Dressed soft rock on dressed soft rock.......... he 0.70 * 35 e
i Dressed hard rock on dressed soft rock.......... * 0.65 * 33 =
* Dressed hard rock on dressed hard rock.......... * 0.55 * 29 *
* Masonry on wood {cross grain)........ S0G00000000 0.50 - 26 -
* Steel on steel at sheet pile lnterlocks ........... . 0.30 & 17 *
Z333)333333333333333333)))33333333333333323)33333332)33)3)33333333)33))2)3)3))))))1
* L] *
= Interface Materials (Cohesion} * Adhesion c+a, {psf) e
- * *

/313133333333333333333333)3233)3)33)3333)33333333333)13333333333333330333 13NN

* Very soft cohesive soil (0 - 250 psf) = 0 - 250 =
* Soft cohesive soil (250 - S00 psf) = 250 - 500 o
* Medium stiff cohesive scil (500 - 1000 psf) * 500 - 750 b
* Stiff cohesive soil (1000 - 2000 psf) * 750 - 950 *
* L]

Very stiff cohesive soil (2000 - 4000 psf) * 950 - 1,300
<33333333333333333333332))3)333333333333)3333333)133333333333333333))311333))3))))) -

7.2-63 Change 1, September 1986



300 e Brp=+8
REDUCTION FACTOR (R) OF Kp 800 Bréz+8 / Bip=+a
FOR VARIOUS RATIOS OF -8/¢ 700 —
I5-&]ar [-ae [-05 [-04 |-03 [0z [-01 Joo | €00 //
10 |.978 | 962 | 546 [929 |91z |08 |.881 |BEAY cnp Bg:+2
i5__|.961 | 934 |.507 |.881 |.854|.830|.803[ 775 / f
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SUBJECT: PASSIVE PRESSURE COEFFICIENTS WITH WALL FRICTION

Fill(F): ¢ := 29-deg ,§~:= l4deg -§- = 0.48 Friction angle for Sheet piles on silty sand or sands mixed with silt
¢ [Table 1 DM7.2-63)

Assuming wall friction for Kp

Slope of subgrade 3 := 0-deg From DM 7.02, Figure 5 {attached), Kp = 6.0
From reduction factor (R) table, ®) :=25-deg Py ;= 30-deg
)
5 — — 0.4 |-(0.808 — 0.759)
For — =048 Reduction factor  rys := 0.759 + r25 =08
(0.5—0.4)
)
. — — 0.4 [-(0.746 — 0.686)
For — =048 Reduction factor  r3p := 0.686 + I3g = 0.736
(0.5-0.4)
¢ — &y ):(r25 —r30
Thus, Reduction factor  1y9 := 125 — ( ) ( ) rzg = 0.748
($2- 1)
Therefore, effective Kp with wall friction is: Kp = (r20)(Kp) Kp = 4.49

. &
Medium Sands (S1): ¢ := 30-deg & := 14deg — = 047  Friction angle for Sheet piles on silty sand or
o} sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for K,

Slope of grade B := 0-deg From DM 7.02, Figure 5 {attached), Kp = 6.5
0
i — — 0.4 |-(0.746 — 0.686)
For — =047 Reduction factor  r3g := 0.686 + r3g = 0.73
(0.5-04)

Therefore effective Kp with wall friction is: Kp = (r30)-(Kp) Kp = 4.719
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SUBJECT: PASSIVE PRESSURE COEFFICIENTS WITH WALL FRICTION

Silty Sands (S3): ¢ = 32-deg d := l4deg E = 044  Friction angle for Sheet piles on silty sand or
sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for K,
Slope of subgrade (3 := 0-deg From DM 7.02, Figure 5 (attached), Kp = 7.75
From reduction factor (R) table, &y = 30-deg &y := 35-deg

3
— — 04 (746 — .686
(‘!) ] ( )

o .
— = 0.44 Reduction factor  ryg := 0.686 + r3g = 0.709
¢ (05-04)

)
5 — —04|-(.674 — .603)
— = 0.44 Reduction factor 135 := 0.603 + @

® (05-04)

r3; = 0.630

-¢p)-(r30-7r
Thus, Reduction factor  r3p := r30—|:(¢ d)]) ( 30 35)] r3y = 0.677

(2-¢1)

Therefore, effective Kp with wall friction is: Kp = (r32)-(Kp) Ky, =525

. e 3
Organic Silt (O0): ¢ :=20-deg & :=1ldeg — = 055 Friction angle for Sheet piles on fine sandy
¢ silt, nonplastic silt [Table 1 DM7.2-63]

Assuming wall friction for Kp
Slope of grade B := 0-deg From DM 7.02, Figure 5 (attached), K := 3.0

(ﬂ - 0_5)-(0.901 — 0.862)

= 0.55 Reduction factor 1 := 0.862 + o = 0.88
20 (0.6 ~ 0.5) 20

For

& | o

Therefore effective Kp with wall friction is: Kp = (rzo)'(Kp) Kp =26
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)
RIP RAP (R): ¢ :=35-deg 8:=22deg — =063 Friction angle for Sheet piles on silty sand or
o] sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of grade A := o-deg From DM 7.02, Figure 5 (attached), Kp = 10.0

d
— — 0.6 |-(0.836 — 0.752)
r3s = 0.78

= (.63 Reduction factor  r35 := 0.752 +
(0.7—0.6)

Therefore effective Kp with wall friction is: Kp = (r35)-(Kp) Kp =78
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MUESER RUTLEDGE CONSULTING ENGINEERS

Cantilever v3.0 BETA for Windows,

Subject: DS-1b

IN

PUT

Passive pressure at subgrade
Passive pressure slope :

ou

At
At
At
At
At

Flexural rigidity :
TPUT
end of int. 1,

D

end of int. 2,
end of int. 3,
end of int. 4,
end of int. 5,

1.00 embedment

Interval

Lengths

10.000

1.000

2.000

3.000

3.500
2

251

19374

Shear= 4.48,
Shear= 4,53,
Shear= 1.91,
Shear= =-2.05,
Shear= -9.73,

below subgrade

32-bit

.808

Moment= 18.
Meoment= 23,
Moment= 30.
Moment= 30.
Moment= 1l1.

with F.5.= 1

Total Length of sheetpile is 20.50

Depth of max. moment= 14.65

Ma

Depth of max. shear= 20.50

Ma

x. moment= 32.22

x. shear= 12.66

P(ros=13) = l.qq(s{—k +6.58+ LOF) = 51 [ ~1ald

Mar = o.roo(somé](ffa-'3""’/?3('7'1'5 = 40,32 rf
Mppax « Mall o oK



v
00 0.
27 0.
.58 0.
.93 1.
33 2.
.78 4
26 6
79 8
37 11.
.98 15.
58 20.
.38 24.
23 28
52 31.
40 32.
.04 31
.78 29.
82 26.
12 19.
.66 11.
66 -0.

00 0.22
13 0.20
56 0.19
34 0.17
30 0.15
.09 0.14
.15 0.12
.74 0.10
89 0.09
66 0.07
07 0.06
74 0.05
.73 0.04
12 0.03
16 0.02
-85 0.01
92 0.01
05 0.00
95 0.00
37 0.00
04 0.00

Smos.x = O.aa‘ (l&%) = &.GH TalEsS 9_':!:\



Moment (M/Mmax)

-1.0 -0.5 0.0 0.5 1.0
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e av we
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Shear (V/Vmax)
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MUESER RUTLEDGE CONSULTING ENGINEERS

Sheet No.__ of _
File: 12582B

Made By: ZM Date: 1/6/2016
FOR: Will Street Wharf Bulkhead Checked By: Date:
SUBJECT: SSP - Flexural Rigidity
Section: BZ-26 4
Moment of Inertia of Section: L. := 3319
Section Modulus of Section: s, := 48.2%
Young's Modulus: E := 29000ksi
Thickness of Flange: ty:= 0.520in
Thickness of Web: t,, ;= 0.394in
Total Corrosion Thickness Loss:  t,. := l
g
)
min(ty, t
Corroded Section Modulus: S := Spjje- { w) h“ =3291—
min lr, fi
; 4
minitr,ty) =t i
Corroded Moment of Inertia: [ 4= Iy -—m = 2266
min(tf, tw) ft
Comoded Flexural Rigidty: ~ R,:= E-lyy  [Re= z;s.sss.ozzlﬁ.kip-ft2
Initial Flexural Rigidity: Reii= E-lpjte 840, 97 —

1/6/2016 10:35 AM

_I.L
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TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

+3IININIINIINMIINININMIIIIINNIIIINIIIIIGGGGINIIIIIIGIINNIIIIIIIIGG0IININNDY,
o & * Friection *
* = Friction * angle =
& Interface Materials . factor, * [delta) *

* tan [delta] * degrees *

Z133)3333332)3333)3323232)3333333)333)))333333)3)333)))3)3333332)333333333) 31

* Mass concrete on the following foundation materials: * e =
e Clean sound fCCK..eoervrrneancnnnnennnn acocooeooon 0.70 L 35 =
& Clean gravel, gravel-sand mixtures, coarse sand... ™ 0.55 to 0.60 * 29 to 31 *
= Clean fine to medium sand, silty medium to coarse . e E
- sand, silty or clayey gravel.....ceoueeieunennnnnn * 0.45 to 0.55 * 24 to 29 *
* Clean fine sand, silty or clayey fine to medium . o e
b sand........... SGcoonoG NOOCON000o00aRoAn000000aG * 0.35 to 0.45 * 19 to 24 *
* Fine sandy silt, nonplastic silt.....ccivivneennns * 0.30 to 0.35 * 17 to 19 *
i Very stiff and hard residual or preconsolidated * * =
e =i R0 0000000000000 0a000000000660600000000000000 * 0.40 to 0.50 * 22 to 26 *
. Medium stiff and stiff clay and silty clay...... .. * 0.30 to 0.35 * 17 to 19 *
L {(Masonry on foundation materials has same friction * - *
E factors.} ] * s
* Steel sheet piles against the following soils: . B 3
[V Clean gravel, gravel-sand mixtures, welil-graded ¥ A - j
E rock fill with spalls..... P S S S S I S Q.40 22 -
*  Clean sand, silty sand-gravel mixture, single size * =i a2
N .-t - NP (o= 96 3 B 5 BRI I NIRRT TIPS I S, SN 1< | MU, S ¥ S
¥ 5ilty sand, gravel or sand mixed with silt or eclay * 0.25 i 14
: F1n313333§ £ITTy  nonplascic SLIEw ot it sttt S e B e il
Formed concrete Or CONCLEte Sheet Diling against the *  #*

* following soils: = = .
e Clean gravel, gravel-sand mixture, well-graded . . »
* rock £ill with spalls........iiiiininnnnnnnnnnnn * 0.40 to 0.50 * 22 to 26 *
b Clean sand, silty sand-gravel mixture, single size * o b
* hard rock £ill. .. et rnennnriosnnecronnnnssnnnns * 0.30 to 0.40 * 17 to 22 *
* Silty sand, gravel or sand mixed with silt or clay * 0.30 & 17 e
e Fine sandy silt, nonplastic silt.....ienvvnnerueaa. * 0.25 L 14 o
* Various structural materials: e » *
& Masonry on masonry, igneous and metamorphic rocks: * & b
‘ Dressed soft rock on dressed soft rock.......... » 0.70 - 35 *
e Dressed hard rock on dressed soft rock.......... b 0.65 w 33 *
* Dressed hard rock on dressed hard rock.......... & 0.55 o 29 *
E Masonry on wood (Cross grain).....ceeieseeecenesne b 0.50 s 26 &
hd Steel on steel at sheet pile interlocks........... * 0.30 s 17 e

NN NNNNINININIINNIIINIIIINIIIIIIIIIIDGIDNDIDDDIGZDIDDDIDIIDDLDE2)I)ININIL

L) » EY
. Interface Materials (Cohesion) * MAdhesion c+a, (psf) =
» » L]

Z33223333303)3))331)33)3333333333333))33333333333333331)3)1333333033333 1311

* Yery soft cohesive soil (0 - 250 psf) * 0 - 250 b
* Soft cohesive soil (250 - 500 psf) & 250 - 500 *
* Medium stiff cohesive soil (500 - 1000 psf) = 500 - 750 &
* Stiff cohesive soil (1000 - 2000 psf) e 750 - 95¢ -
L *

Very stiff cohesive soil (2000 - 4000 psf) * 9530 - 1,300
S33)33333333)33333333333333333333)3333333333333333333333333030300 0133313 -

7.2=83 Change 1, September 1986
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SUBJECT: PASSIVEPRESSURE COEFFICIENTS WITH WALL FRICTION

Eill(F): ¢ := 29-deg .= l4deg E = 048 Friction angle for Sheet piles on silty sand or sands mixed with silt
¢ [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of subgrade 3 := 0-deg From DM 7.02, Figure 5 (attached), Kp = 6.0
From reduction factor (R) table, &) =25deg ¢y = 30-deg
3
- — — 0.4 |-(0.808 - 0.759)
For — =048 Reduction factor  ry5 := 0.759 + s = 0.8
¢ (0.5—0.4)
)
. — — 0.4 [-(0.746 — 0.686)
For — =048 Reduction factor  r3g 1= 0.686 + r3g = 0.736
(0.5-04)
¢—¢y)(r2s—130
Thus, Reduction factor  ryg := rp5 — ( ) ( ) r29 = 0.748
(02— 1)
Therefore, effective Kp with wall friction is: Kp = (rzg).(Kp) Kp = 4.49

Medium Sands (S1): ¢ :=30-deg & := l4deg E = 0.47 Friction angle for Sheet piles on silty sand or
¢ sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for K,

Slopeof grade 3 := 0-deg From DM 7.02, Figure 5 (attached), K := 6.5
d
5 — — 0.4 |-(0.746 — 0.686)
For — = 047 Reduction factor  r3g := 0.686 + 130 = 0.73
¢ (0.5 - 0.4)

Therefore effective Kp with wall friction is: Kp = (1-30).(Kp) Kp = 4719
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SUBJECT: PASSIVE PRESSURE COEFFICIENTS WITH WALL FRICTION

. d
Silty Sands (S3): ¢ :=32-deg 8 :=1l4deg — = 044  Friction angle for Sheet piles on silty sand or
o} sands mixed with siit [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of subgrade {3 := 0-deg From DM 7.02, Figure 5 (attached), Kp = 7.75
From reduction factor (R) table, b = 30-deg ¢y = 35-deg
. [— - 0.4)-(.746 — .686)
For — =044 Reduction factor  r3q := 0.686 + r3p = 0.709
03 (05—-04)
6
. — - 0.4 |-(.674 — .603)
For — =044 Reduction factor  r35 := 0.603 + ¢ r35s = 0.630
¢ (05-04)
¢~ y)-(r30—135
Thus, Reduction factor 137 1= r3p— ( ) ( ) r32 = 0.677
(d2- 1)
Therefore, effective Kp with wall friction is: Kp = (1'32)'(Kp) Kp = 5.25
. & - .
Organic Silt (O): ¢ :=20-deg d:=1l1deg — = 0.55 Friction angle for Sheet piles on fine sandy
¢ silt, nonplastic silt [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of grade B :=0-deg From DM 7.02, Figure 5 (attached), Kp = 3.0
)
5 — —0.5]-{0.901 — 0.862)
For — =055 Reduction factor  ryq := 0.862 + o = 0.88
o) (0.6-10.5)

Therefore effective Kp with wall friction is: Kp = (rzo).(Kp) Kp = 26
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SUBJECT PASSIVEPRESS URE COEFFICIENTS WITH WALL FRICTION
d
RIP RAP (R): ¢ :=35-deg &:=22deg — =063  Friction angle for Sheet piles on silty sand or
o] sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of grade B := 0-deg From DM 7.02, Figure 5 (attached), Kp = 10.0
3
; — — 0.6 |-(0.836 — 0.752)
For — = 0.63 Reduction factor r3s := 0.752 + ¢ r35 = 0.78
) (0.7-0.6)

Therefore effective Kp with wall friction is: Kp = (r35)-(Kp) Kp = 7.8
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MUESER RUTLEDGE CONSULTING ENGINEERS
Cantilever v3.0 BETA for Windows, 32-bit

Subject: DS-2a

INPUT

Interval
P Q Lengths
0.000 0.229 5.500
0.229 0.394 2.000
0.394 0.564 6.500
0.54¢6 0.642 5.000
0.878 0.896 0.500

Passive pressure at subgrade : .8596
Passive pressure slope : .45
Flexural rigidity : 45635

OUTPUT

—————

At end of int. 1, Shear=
At end of int. 2, Shear=
At end of int. 3, Shear=
At end of int. 4, Shear=
At end of int. 5, Shear=

.63, Moment= 1.15
.25, Moment= 2.98
.37, Moment= 20.65
.34, Moment= 49.70
.78, Moment= 53.48

w2 O

D= 10.46 embedment below subgrade with F.S.= 1 p(Fos=12)= IHH('OHb{—Qe 15.06 EE‘-"Q:'"O(DJ
Total Length of sheetpile is 29.96

Depth of max. moment= 23.72 Mo = 0.6(50 Ku.) (351-‘! Ma/ﬁ)(“/rlﬁ’ ga. a5 k-f+
Max. moment= 72.70
Mgy < Man < Q__'_:-

Depth of max. shear= 29.96
Max. shear= 26.20



0.00 0.00 0.00 0.40
1.50 0.05 0.02 0.37
3.00 0.19 0.19 0.35
4.49 0.42 0.63 0.32
5.99 0.75 1.49 0.29
7.49 1.25 2.97 0.26
B.99 1.87 5.30 0.23
10.49 2.55 8.59 0.21
11.98 3.28 12.95 0.18
13.48 4.08 18.46 0.15
14.98 4.91 25.1%9 0.13
16.48 5.78 33.18 .10
17.97 6.69 42.52 0.08
19.47 7.76 53.27 0.06
20.97 5.98 63.71 0.04
22.47 3.14 70.67 0.03
23.97 -0.71 72.61 0.01
25.486 SEISEI 68.03 0.01
26.96 -11.44 55.42 0.00
28.46 -18.31 33.27 0.00
29.96 -26.20 0.05 0.00



Moment (M/Mmax)
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Shear (V/Vmax)
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TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

+))))))))))))))))))))))))))))}})))))))))))))))))))))))))0))))))))))))))0))))))))))
* Friction *
* * FPriction * angle %
. Interface Materials ad factor, * [delta] *
* tan [delta] * degrees *
/))]))))))))))})))))))))))))))))))})))))))))))))))))))))3))))))))))))))3))))))))))l

* Mass concrete on the following foundation materials: *

* Clean sound rYoCK...vvevvrnoonaresasnsnsones Sooocoo v 0.70 e 35 *
b Clean gravel, gravel—sand mixtures, coarse sand... ™ 0.55 to 0.€0 * 29 to 31 *
* Clean fine to medium sand, silty medium to coarse e he *
= sand, silty or clayey gravel........ HoaGAan0aa0aa * 0.45 to 0.55 * 24 to 292 *
*  (Clean fine sand, silty or clayey fine to medium = - =
* sand........- NG00 00A000 000000600600 evesanssaans ¥ 0.35 to 0.45 * 19 to 24 *
. Fine sandy silt, nonplastic e R 0000600000000 * 0.30 to 0.35 * 17 to 19 *
*  Very stiff and hard residual or preconsolidated = & b
b clay..... 500000000060 000080060 00000 C00000a000000 * 0.40 to 0.50 * 22 to 26 *
*  Medium stiff and stiff clay and silty clay........ * 0.30 to £.35 * 17 to 19 *
= {(Masonry on foundation materials has same friction * - *
o factors.) * e =
* Steel sheet piles against the following soils: * 4 £
¥ ¢lean gravel, gravel-sand mixtures, well-graded » ¥ 1
B rock £ill With SPALLS...eeececcessnocnsseoans.ss . 0.40 LY .
*  Clean sand, silty sand-gravel mixture, single size * g - *
* hard rock fill............ PR ST R PR SR S, Qs 3t LT
¥ silty sand, gravei or sand mixed with silt or clay * ~0.25 * 14 $
i Fine sandy silt, nonplastic SIlt.................. *  0.20 11 j
“Formed concrete Or concrete sheet piling against the * =~ * ;
* following soils: . * J
e Clean gravel, gravel-sand mixture, well-graded * - *
& rock £ill with spalls................. teerssanas * 0.40 to D.50 * 22 to 26 *
e Clean sand, silty sand-gravel mixture, single size * b .
= hard rock £ill....vivinvrnnnnnnneoonacanan veese * 0,30 to 0.40 * 17 to 22 *
* silty sand, gravel or sand mixed with silt or clay * 0.30 * 17 =
e Fine sandy silt, nonplastic silt......ccvviaeevenn e 0.25 - 14 *
* Various structural materials: i = L
L Masonry on masonry, igneous and metamorphic rocks: * ] &
* Dressed soft rock on dressed soft rock.......... o 0.70 & 35 b
= Dressed hard rock on dressed soft rock.......... o 0.€5 e 33 .
e Dressed hard rock on dressed hard rock.......... * 0.55 & 29 b
*  Masorry on wood {cross grain)................ sooo W 0.50 e 26 =
& Steel on steel at sheet pile interlocks........... = 0.30 & 17 .
Z33333333333333333333333333333333333333333333333333)))333)332133313333))2) 131N
* - *
he Interface Materials (Cchesion) * Adnesion c+a, (psf) s
Ll Ed L

/333333)3233)7333333)))))3333233))3133313))13333))))))31)333)13))3333)30))))) 3N

* Very =oft cohesive soil (0 - 250 psf) * 0 - 250 e
* Soft cohesive soil (250 - 500 psf) e 250 - 500 b
* Medium stiff cohesive soil (500 - 1000 psf) * 500 - 750 &
* Stiff cohesive soil (1000 - 2000 psf) = 750 - 950 =

»

* Very stiff cohesive soil (2000 - 4000 psf) * 950 - 1,300
)))))))})))))))))))}))))))))))))))))))))))))))})})))))))))}))))))))))))))))))))))

=l
-
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-63 Changs 1, September 1986



900 Big= 12 = oAl
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SUBJECT PASSIVE PRESS URE COEFFICIENTS WITH WALL FRICTION

. 8
Fill (F): & := 29-deg 8= 1l4adeg — =048 Friction angle for Sheet piles on silty sand or sands mixed with silt
0 [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of subgrade (3 := 0-deg From DM 7.02, Figure 5 {attached), Kp = 6.0
From reduction factor (R) table, &y :=25-deg ¢y = 30-deg
8
5 — = 0.4 |-(0.808 — 0.759)
For — =048 Reduction factor  rp5 := 0.759 + rs = 0.8
(0.5-10.4)
8
. g — 0.4 |-(0.746 — 0.686)
For — = (048 Reduction factor r3g := 0.686 + rip = 0.736
¢ (0.5—-0.4)
¢ = ¢y )-(r25 — 130
Thus, Reduction factor g := ry5 — ( ) ( ) ryg = 0,748
(2 - 1)
Therefore, effective Kp with wall friction is: Kp = (r29)-(Kp) Kp = 4.49

: 0
Medium Sands (S1): ¢ := 30-deg & := 14deg — = 047  Friction angle for Sheet piles on silty sand or
sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of grade [ :=0-deg From DM 7.02, Figure 5 (attached}, Kp =65
)
5 — — 0.4 {-(0.746 — 0.686)
For — =047 Reduction factor  r3g := 0.686 + d) rg = 0.73
o) (0.5-04)

Therefore effective Kp with wall friction is: Kp = (1'30)'(Kp) Kp = 4719
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SUBJECT: PASSIVEPRESSURE COEFFICIENTS WITH WALL FRICTION

. [
Silty Sands (S3): ¢ :=32-deg & :=14deg — = 044  Friction angle for Shest piles on silty sand or
o} sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of subgrade (3 := 0-deg From DM 7.02, Figure 5 (attached), Kp = 7.75
From reduction factor (R) table, &y = 30-deg &y 1= 35-deg
)
5 — — 04 |-(.746 — .686)
For — =044 Reduction factor  r3g := 0.686 + ¢ r3g = 0.709
o) (0.5—-0.4)
)
5 $ — 0.4 |-(.674 — .603)
For — =044 Reduction factor  r35 := 0.603 + r3s = 0.630
) (0.5—0.4)
¢ - ) (r30-135
Thus, Reduction factor 133 :=r39— ( ) ( ) r3y = 0.677
(62— ¢1)
Therefore, effective Kp with wall friction is: Kp = (r32)-(Kp) Kp = 5.25
. d - .
Organic Siit (O): ¢ :=20-deg &:=11deg — =055  Friction angle for Sheet piles on fine sandy

silt, nonplastic silt [Table 1 DM7.2-63]
Assuming wall friction for Kp

Slope of grade 3 := 0-deg From DM 7.02, Figure 5 (attached), K, := 3.0
8
5 — — 0.5 |-(0.901 — 0.862)
For — =055 Reduction factor  ryg := 0.862 + rag = 0.88
o (0.6 —0.5)

Therefore effective Kp with wall friction is: Kp = (rzo)'(Kp) Kp = 2.6
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Made By M Date  01/06/16
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SUBJECT: PASSIVEPRESSURE COEFFICIENTS WITH WALL FRICTION
)
RIP RAP(R): ¢ =35-deg 6:=22deg — =063 Friction angle for Sheet piles on silty sand or
¢ sands mixed with silt [Table 1 DM7,2-63]

Assuming wall friction for Kp

Slope of grade B = 0-deg From DM 7.02, Figure 5 (attached), Kp = 10.0

5
— —0.6|-{0.836— 0.
(tb ] ( 0.752)

(0.7-0.6)

r3s = 0.78

For = 0.63 Reduction factor  r35 ;= 0.752 +

L)
¢

Therefore effective Kp with wall friction is: Kp:= (r35)-(Kp) Kp =78
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MUESER RUTLEDGE CONSULTING ENGINEERS
Cantilever v3.0 BETA for Windows, 32-bit

Subject: DS-2Zb

INPUT

Interval

P Q Lengths
0.240 0.656 10.000
0.516 0.536 1.000
0.536 0.701 2.000
0.701 0.821 3.000
0.721 0.791 3.500
0.765 0.861 5.000
1.533 1.552 0.500
1.552 -3.857 12.000
-1.280 -2.051 12.500

Passive pressure at subgrade : 5.319
Passive pressure slope : .309
Flexural rigidity : 45635.08

CUTPUT

At end of int. 1, Shear= 4.48, Moment= 1B.93
At end of int. 2, Shear= 5.01, Moment= 23.67
At end of int. 3, Shear= 6.24, Moment= 34.87
At end of int. 4, Shear= 8.53, Moment= 56.93
2t end of int. 5, Shear= 11.17, Moment= 91.33
At end of int. 6, Shear= 15.24, Moment= 157.15
At end of int. 7, Shear= 16.01, Moment= 164.97
At end of int. B8, Shear= 2.18, Moment= 338.99
At end of int. 9, Shear= -18.64, Moment= 246.14

D

6.47 embedment below subgrade with F.S.= 1  D(fos=13) = |44(IRFt + 115F++6 HFH)= 4312 ¢+ [Er-5a)
Total Length of sheetpile is 55.97

Depth of max. moment= 38.64
Max. moment= 340.80 Maw = 0-5(50‘“"-)@'!'“ '"!/'F*)('/'l')= Baags r-ff

Depth of max. shear= 55,97 Muax Mot - —A—J_Q
Max. shear= 59.55



"""""""""""""""""""""""""" . v, 4
0.00 0.00 0.00 7.50 Crasp = 750 £+ & NG, Exc2ds
2.80 0.83 1.09 6.93
5.60 2.00 4.98 6.36
8.40 3.48 12.56 5.79
11.19 5.11 24.66 5.22
13.99 6.96 41.42 4.66
16.79 9.10 63.91 4.11
19.59 11.24 92.35 3.56
22.39 13.46 126.88 3.04
25.19 16.29 168.00 2.53
27.99 18.63 217.70 2.06
30.79 17.44 269.01 1.61
33.58 12.72 312.04 1.22
36.238 4.47 336.93 0.87
39.18 -0.76 340,59 0.60
41.98 -4.96 332.70 0.37
44.78 -9.64 312.37 0.21
47.58 -14.81 278.26 0.09
50.38 -23.42 227.73 0.03
53.17 -40.27 139.17 0.00
55.97 -59.55 0.05 0.00



Moment (M/Mmax)
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Shear (V/Vmax)
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MUESER RUTLEDGE CONSULTING ENGINEERS

Anchored Wall Analysis V2.1 for Windows

Subject:

FREE EARTH METHGD

For an anchored wall with the following input:

p (ksf)

0.240
0.516
0.536
g.701
0.721
0.765
1.533

Pressure
Pressure

Flexural

Distance

qd

{ksf) interval (ft)

.656 1
.536
.701
.821
.791
.86l
35152

at slope (ksf):
slope (ksf/ft):

rigidity of wall

from top of wall

Results from analysis:

d = $.09 ft embedment below z

with F5=1.0

SIS IS
0.45

[EI] (k-ft"~2}: 45635

to anchor (ft}): 6.5

25.00  D(ros=13)z 1.2 (9.04 £+)= /0.9’ [er.-33]

Total wall length = 34.09 ft
Anchor Pull = TIN5 A ket
Moment at anchor = 6.97 k-fr/ft
Shear at anchor = 9.10 k/ft
Maximum positive moment = 58.72 k-ft/ft
. o823 k-f4 Ok
Maximum moment = 58.72 k-ft/ft mAL,_zo.(,(sOr:tX?,aﬂl"yﬂ-)(/ll) < f =
Location of maximum moment = 19.98 ft below top of wall
Maximum shear = 9.10 k/ft
Maximum lcad = -2.54 ksf/ft
Maximum defl. = -1.15 in at 20.45 £t below top of wall
Jmhx =) 16 Ok



1.0

P v M
(ksf/ft) (k/ft) (k-ft/ft)
0.24 0.00 0.00
0.31 0.47 -0.38
0.38 1.06 -1.67
0.45 1.77 -4.06
0.52 -8.93 -4,12
0.59 -7.98 10.31
0.52 -6.94 23.02
0.61 -6.00 34.07
0.73 -4.84 43,33
0.79 -3.54 50.49
0.74 -2.25 55.40
0.78 -0.95 £58.14
0.78 0.37 58.63
0.82 1.74 56.85
0.85 3.15 52.69
1.30 5.28 45.70
0.53 6.83 35.19
-0.24 7.09 23.14
-1.00 6.03 11.78
-1.77 3.67 3.33
~2.54 0.00 0.01
Pressure {P/Pmax)

0.5 0.0 -.5

-1.0
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Moment (M/Mmax)
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Deflection (DELTA/DELTAmax)
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TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

+))))))))))))))))))))))))))))))))))))))))))))))))))))))}0))))))))))))))0))))))))))

* Friction *

* = Friction * angle =
* Interface Materials . factor, * [delta] *~
* * tan [delta] * degrees *

/)))))))))))))))))))))))))))))))))))}}))))))))))))))))))3))))))))))))))3))))))))))1

* Mass concrete on the following foundation materials:

W Clean s0und FECK.ecvurcvenrannsnnns A00000000000000 & 0.70 L 35 *
o Clean gravel, gravel-sand mixtures, coarse sand... * 0.55 to 0.60 * 23 to 31 *
= Clean fine to medium sand, silty medium to coarse 2 * *
* sand, silty or clayey gravel......cciveeenronnns * 0.45 to 0.55 * 24 to 25 *
L Clean fine sand, silty or clayey fine to medium o . e
W EX s nane0G000000000a00 NGB 0000 0000000008000 0000 * 0.35 to 0.45 * 19 to 24 *
L Fine sandy silt, nonplastic silt............. vesss *0.30 te 0.35 * 17 to 19 ¢
*  Very stiff and hard residual or preconsclidated & » »
= (A 8 8800000000000 An0GoDO0adaas0epa00a0006000a0 * 0.40 to 0.50 * 22 to 2& *
*  Medium stiff and stiff clay and silty clay........ * 0.30 to 0.35 * 17 to 19 *
d {(Masonry on foundation materials has same friction * * =
= factors.) * * e
* Steel sheet piles against the _following soils: * * &
[~ "Clean gravel, gravel-sand mixtures, well-graded p w j
&q_1__£95k £ill with spalls.....coocouea.e B anonanfionn et 0.40 i 22 '
* " Clean sand, silty sand-gravel mixture, single size * * *
- Jhard rock fill..,...ieoaosenverenencrerens STy btk L FETCY VO | | SR e | B3]
b Sllty sand, ravel or sand mixed with 511t or clay * 0.25 210 70T 4 ¥
i Fine sandy silt, nonplastic Silf.................. TR0 * 11 '1
“Formed concrete or concrefe sheet piling against the * !
* following soils: o e -
. Clean gravel, gravel-sand mixture, well-graded * b i
- rock £ill with spalls..... A600000000000000006000 * 0.40 to 0.50 * 22 to 26 *
* Clean sand, silty sand-gravel mixture, single size * a *
e hard rock fill.....ivieeeennnenns AG000000a80es s * 0,30 to 0.40 * 17 to 22 *
L Silty sand, gravel or sand mixed with silt or clay * 0.30 e 17 &
i Fine sandy silt, nonplastic silt.............. Jaoa - 0.25 o 14 s
* Various structural materials: e o *
* iasonry on masonry, igneous and metamorphic rocks: * b s
o Dressed soft rock on dressed soft rock.......... * 0.70 i as *
- Dressed hard rock on dressed soft rock.......... * 0.€5 * 33 *
e Dressed hard rock on dressed hard rock......... g L 0.55 . 29 *
*  pMasonry on wood (cross grain)...... 50000000008 000G E 0.50 * 26 o
* Steel on steel at sheet pile interlocks........... * 0.30 s 17 E
Z33333333333333333333233331933333333333)3233333333)30))33)3331)))3)) 1 12)3) 33N
* £ L]
b Interface Materials (Cchesion) * BAdnesion c+a, (psf) b
* * *

7)333)33)2333333332211232133)3331)331331313)333)3333333333)3333333))333313))))) )M

* Very soft cohesive soil (0 - 250 psf) & g - 250 e
* Soft cohesive soil (250 - 500 psf) * 250 - 500 =
* Medium stiff cohesive soil (500 - 1000 psf} & 500 - 750 .
* Stiff cohesive soil (1000 - 2000 psf) h 750 - 950 e
* Very stiff cohesive soil (2000 - 4000 psf} e 950 - 1,200 y

23233232333233333333)32331)33)2)3333333)3333)))3333)3333323332333333)3333)))3))))) ) -

7.2-83 Change 1, September 1986



80 B —= r T h/d=+6
REDUCTION FACTOR (R) OF Kp aoﬁ B/g:+8 L ,l f Blo=ea
FOR VARIOUS RATIOS OF -8/¢ 100|— e o
8|07 |-06 |-05 [-04 |-03 |-a2 |[-04 Jo0 | €00 //
10 _|.978 | 962 |.546 (929 [z [@96 |68t [BEA| o Brp=+2
15_ |96l | 934 |.907 |.88! |.894|.830|.803|.775 / Té /
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SUBJECT PASSIVE PRESS URE COEFFICIENTS WITH WALL FRICTION

Fill (F): ¢ :=29-deg @v: 14deg -6— = 048 Friction angle for Sheet piles on silty sand or sands mixed with silt
¢ [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of subgrade 3 := 0-deg From DM 7.02, Figure 5 (attached), Kp = 6.0
From reduction factor (R) table, by '=25-deg ¢y = 30-deg
)
5 — — 0.4 |-(0.808 — 0.759)
For — = 048 Reduction factor 15 ;= 0.759 + r25 =08
(0.5—04)
)
. $ - 0.4 |-(0.746 — 0.686)
For — = (048 Reduction factor  r3g := 0.686 + ryg = 0.736
¢ (0.5-04)
¢ —dy)(r2s—130
Thus, Reduction factor g := 125 — ( ) ( ) r29 = 0.748
(42 - 1)
Therefore, effective Kp with wall friction is: Kp = (1‘29)'(Kp) Kp = 449

. )
Medium Sands (S1): ¢ := 30-deg & := 14deg — = 047  Friction angle for Sheet piles on silty sand or
¢ sands mixed with silt [Table 1 DM7.2-63]

Assuming wall friction for K,

Slope of grade B = 0-deg From DM 7.02, Figure 5 (attached), Kp = 6.5
d
5 — — 0.4 |-(0.746 — 0.686)
For — =047 Reduction factor  r3g := 0.686 + ryp = 0.73
(0.5 - 0.4)

Therefore effective Kp with wall friction is: Ky = (r30)-(Kp) Kp = 4719




Sheet No. of
MUESER RUTLEDGE CONSULTING ENGINEERS File __ 125824
Made By M Date _ 01/06/16
FOR Harbor Point Development Checked By Date
SUBJECT: PASSIVE PRESSURE COEFFICIENTS WITH WALL FRICTION

. 3
Silty Sands (S3): ¢ := 32-deg & := l4deg 5 = 0.44

Assuming wall friction for K,
Slope of subgrade (3 := 0-deg

From reduction factor (R} table, dp = 30-deg &y = 35.deg

Friction angle for Sheet piles on silty sand or
sands mixed with silt [Table 1 DM7.2-63)

From DM 7.02, Figure 5 (attached), Kp = 775

d
— —0.4|-(.746 — .686
[¢' J ( )

d
For — =044 Reduction factor  r3q := 0.686 + r3g = 0.709
¢ (0.5 — 0.4)
d
. E — 0.4 |-(.674 — .603)
For — =044 Reduction factor  r35 := 0.603 + r3s = 0.630
¢ (0.5 -0.4)

& = dy)-(r30—135)
(42 - d1)

Thus, Reduction factor  r3p :=r3p— I:(

|

Therefore, effective Kp with wall friction is: Kp = (1~32).(Kp)

Organic Silt (O): ¢ =20-deg 6 :=11deg % = 0.55

Assuming wall friction for Kp

132 = 0.677

Friction angle for Sheet piles on fine sandy
silt, nonplastic silt [Table 1 DM7.2-63]

Slope of grade B = 0-deg From DM 7.02, Figure 5 (attached), Kp = 3.0
d
5 — —0.5(-(0.901 — 0.862)
For — =055 Reduction factor  ry¢ := 0.862 + ¢ I20 = 0.88
oS (0.6 — 0.5)

Therefore effective Kp with wall friction is: Ky = (rzo)-(Kp)
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SUBJECT PASSIVE PRESSURE COEFFICIENTS WITH WALL FRICTION
)
RIP RAP (R): ¢ :=35deg &:=22deg — =063  Friction angle for Sheet piles on silty sand or
o} sands mixed with siit [Table 1 DM7.2-63]

Assuming wall friction for Kp

Slope of grade B :=o0-deg From DM 7.02, Figure 5 (attached), Kp = 10.0

8
—_ — 0.6 |-{0.836— 0.752
[d: )( :

(0.7—-0.6)

For = (.63 Reduction factor  r35 := 0.752 + r3s = 0.78

S| o

Therefore effective Kp with wall friction is: Kp = (1-35).(Kp) Kp =78
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MUESER RUTLEDGE CONSULTING ENGINEERS
Cantilever v3.0 BETA for Windows, 32-bit

Subject: DS-2¢

INPUT
Interval
P Q Lengths
0.240 0.656 10.000
0.516 -0.439 1.000
-0.439 -3.034 2.850
=3.034 -3.014 2.150

Passive pressure at subgrade : 3.114
Passive pressure slope :-.009
Flexural rigidity : 45635.08

QUTPUT

At end of int. 1, Shear= 4,48, Moment= 18.93
At end of int. 2, Shear=s 4.52, Moment= 23.51
At end of int. 3, Shear= =0.43, Moment= 31.09
At end of int. 4, Shear= -6.93, Moment= 23.17

[]

2.22 embedment below subgrade with F.5.=1 'D(ros:ha)g qu(g,asialsﬁgalj:Jhaj}+ [EL-%ﬁ]
Total Length of sheetpile is 18.22

D

Depth of max. moment= 13.70

. = 31,13 k-§t /
Max. moment= 31.13f-f Mawe = 0.6(50 ks (3391 1)) 2 82.3 K-t

Depth of max. shear= 18.22
Mmax € MarL = Qk

Max. shear= 13.83



0.00 0.00 0.00 0.07
c.91 0.24 0.10 0.06
1.82 0.51 0.44 0.06
2.73 0.81 1.04 0.05
3.64 1.15 1.93 0.05
4.56 1.52 3.15 0.04
5.47 1.83 4.72 0.04
6.38 2.38 6.68 0.03
7.2% 2.85 9.06 0.03
8.20 3.37 11.89 0.02
9.11 3.91 15.21 0.02
10.02 4.49 19.03 0.02
10.93 4.55 23.21 0.01
11.84 3.82 27.08 0.01
12.76 2.34 29.95 0.01
13.67 0.11 31.12 0.00
14.58 -2.64 29.98 0.00
15.49 -5.39 26.32 0.00
16.40 -8.18 20.15 0.00
17.31 -11.01 11.41 0.00
18.22 ~13.83 0.10 0.00



Moment (M/Mmax)
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