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BULKHEAD DOCK WALL - CANTILEVERED STEEL PIPE WALL DESIGN

Wall Geometry

H:=20 ft design wall height
0:=90 deg angle of back face of wall to horizontal
1 7 )
=—=1.10 ground slope behind face of wall
0.00001%
Bi=try = (5.73 - 10 76) deg Ground slope angle behind face of wall (B < ¢f)
1
atan|—
S
on error
o
a:=90 de g Wall slope angle from horizontal (900 for vertical, <90deg if back of wall is battered outward or

>90deg if wall battered inward)
Project Parameters

DesignLife:=75 yr Wall design life, LRFD 11.5.1
Soil properties
Y i=62.4 pcf Unit weight of water

H e =15 ft Height of water (measured from dredge line)

Backfill soil design parameters:

Hyy=H—H, 4., =5 ft Height of soil above water line

s g =30 deg Angle of internal friction

1 fill = % . ¢ Ffill= 10 deg Angle of friction between soil and wall (usually assumed to be 2/3¢ to 1/3¢)
"/,fill =60 pcf Effective unit weight

Yfin = 110 pcf Unit weight of soil

Crin = 0 psf Cohesion

Existing soil design parameters:

bt son =32 deg Angle of internal friction

1 . . -
Osoit = 3 ®r soit=10.667 deg Angle of friction between soil and wall (usually assumed to be 2/3p to 1/3¢)
Y'soi1 =65 pef Effective unit weight

Ceoit =0 psf Cohesion
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Live Load Surcharge Parameter

h,, =2-9.1 ft height of equivalent soil
Yes=1 Earth surcharge load factor (Table 3.4.1-2) Ygg = 1.5, 0.75 (LRFD) or Ygg = 1 (ASD)
SUR :="ygg* Vi * heg = 2002 psf Live load surcharge for wall (14.4.5.4.2)

Compute Active Earth Pressure
2
sin (o + ¢y)

(sin (a)2 - sin (@ _5)) I (1 +\/ sin (¢, +9) - sin (¢ — )

sin (a—5) - sin (a +,6’)

K, (¢p,0):=

2

K4 sin_coutomb =K <¢f - fill » 5ﬁu) =0.308
KA_soil_coulomb H KA <¢f_soil 9 5soil> =0.284

Compute Passive Earth Pressure

sin (o — ¢y) :
Kp <¢f ’ 6) = i i i
(Sin (@) ~sin(a+ 6)) . (1 = \/ S:jz I g zz éﬁf:ﬁ?

Kp_fit_coutomb =Kp (Pr_sin» Oir) = 4143
Kp_soil_coutomb = Kp (Pf _soit s Osoit) = 4-679
Compute Loads
Compute the active earth pressure coefficient
Yeg:=1.0 Horizontal earth pressure load factor (Table 3.4.1-2) Yy = 1.5, 0.9 (LRFD) or Yy = 1.0 (ASD)
K, fin="emKA_fii_coutomp = 0-308

Ka_soil =YEH® KA_soil_coulomb =0.284

Compute the passive earth pressure coefficient

¢ p = 1.0 Non-gravity cantilevered / anchored wall resistance factor for flexural capacity of vertical element (11.5.7-1)
qsp =0.75 (LRFD) or = 1.0 (ASD)

K, fin=PpKp_in_coutomp = 4-143

Kp_soil = ¢p ° KP_soil_ooulomb =4.679
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Compute Wall Embedment Depth and Bending Moment

Compute the required embedment depth, D,, corresponding to the depth where the factored active and passive
moments are in equilibrium from the Figure shown below. Trial-and-error is used to determine the depth by adjusting
D, in the following equations:

D,:=27.81 ft *try and error until moment equilibrium Backili

.,|”1

[1]

Dredge
line

LN /

Active pressure

Earth Pressure

P, _sur_fill ZZKa_fi”'SUR:617.549 pSf Pp-Pa

a,

[ e — R

i—-— D>1.200—=
C

P _sur_soil ::Ka_soil - SUR = 569.087 psf

a,
Py rin_top="gin*Ka_gin * Hgpy=169.656 psf

Py tinvottom =Pa_git_top + Y i1 * Ka_pitt * Hipater = 447.275 psf

Ka_soil
Pa_soil_top =L fill_bottom * ——— = 412.176 psf
K, fin

Pa_soil_bottom =L soil_top + A/soil 2 Ka_soil s DO =926.017 psf

Pp_soil_bottom = ’7,soil : Kp_soil : DO =8458.652 psf

Force Moment Arm from the bottom of wall
1) H
Fa_sur_fill = Pa_sur_fill - H=12350.971 f—tf da_sm“_fill ::7+D0 =37.81 ft
Ibf D,
Fa_sur_soil i= Pa_sur_soil ° DO =15826.307 F da_sur_soil = 7 =13.905 ft
H, Ibf H,
Fa_fill_top = a_fill_top * Tw =424.14 F da_fill_top = Tw + Hwater + DO =44.477 ft
Ibf Hyge
Fa_fill_water =L fitl_top * Lwater = 2544.843 F da_fill_water L e +D0 =35.31 ft
H o Ibf H 1
Fo_tin_vottom = <P a_fill_bottom — L _fill_top) - =2082.144 —-  d, _fill_bottom *= Y+ Dy=32.81 ft
Dy=11462.61 2 d Do _ 13,00 ft
F a_soil_top = a_soil_top "0 = I F a_soil_top = 7 = .
o Ibf o
Fa_soil_bottom = (Pa_soil_bottom T a_soil_top) . 7 =7144.961 F da_soil_bottom = ? =9.27 ft
D, Ibf D,
Fp_soil_bottom = p_soil_bottom * 7 =117617.557 F dp_soil_bottom = ? =9.27 ft

Active moments

kip- ft
Ma = Fa_sur_fill 3 da_sur_fill +Fa_sur_soil * da_sur_soil + Fa_fill_top * da_fill_top +Fa_fill_water * da_fill_water 4=1089.714 +

+F a_fill_bottom * da _fill_bottom +F a_soil_top * da_soil_top +F a_soil_bottom * da_soil_bottom
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Passive moments

kip- ft
Mp = Fp_soil_bottom * da_soil_bottom =1090.315

Moment Equilibrium

SM =M, —M,=0.6 F 2Tt
ft
Bending Moment Ratio at DO

. M,
Moment.Ratio:= |——| =1.001
M

a

(Approximately equal to zero)
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if (0< XM <1%-M,, “OK”, “NG”) = “OK”

if (Moment.Ratio>1,“OK”, “NG”) = “OK”

Compute the required embedment depth, D,,,1cqcq - Since the wall embedment depth uses the Simplified Method with
continuous vertical elements a 20% to 40% increase in embedment will be included

D, bedeq = Floor (mean <1.2 «D,,1.4- D0> ,1 -ft) =36 ft

Total length of sheet pile

H,p101:=H + Depypegeq = 56 ft

Find the point of Zero Shear

D, pedea=36 ft 2 1.2.D,=33.372 ft

Htotal =56 ft

VO (y) = Fa_sur_fill + Pa_sur_soil Y+ Fa_fill_top + Fa_fill_water + Fa_fill_bottom =+ <7fill * Hdry + 7,fill ° Hwater) T Ka soil*Y 4
2

2
’ y !’ y
+ Y soil 'Ka soil * 2 — soil * Kpfsm'l hd 2

Yshear = root (VO (y) 'Y, 0 7Dembeded> =14.995 ft

measured from dredge line

Compute the maximum moment at the location of zero shear

Force
Ibf
FM, s fin'=Po_sur_pin*H=12350.971 Y
Ibf
FMa_sur_soil = Pa_sur_soil * Yshear = 8533.174 F
H,, Ibf
FM, st top =P fitl top* ——2-=424.14 —
a_fill_top a_fill_top 9 ft
Ibf
FMa_fill_water =L fill_top ® Hwater =2544.843 F
H 17
FMa_fill_bottom = <Pa_fill_bottom_ a_fill_top) L
Ibf
FMa_soil_top = a_soil_top * Yshear = 6180.371 F
7 Yshear
FM, a_soil_bottom ‘= <’7 soil 'Ka_soil 5 yshear) 2
Yshear lbf

o—t ’
FMp_soil = soil * Kp_soil * Yshear *

=2082.144

=2077.122 —
ft

=34192.765 ——
St

Moment Arm from the point of zero shear

H
djwa_sur_fill = 7 + Yshear = 24.995 ft

Yshear

dM

a_sur_soil *=

=7.497 ft

Hd
djwa_fill_top H= T’“?I = Hwater + Yshear = 31.661 ft

H

te
d]wa_fill_water = w2a il + Yshear = 22.495 ft
Ibf Hypo
dMa_fill_bottom = U; A + Yshear = 19.995 ft
Yshear
d]wa_soil_top = =7.497 ft
Ysh
djwa_soil_bottom = el 4.998 ft
Yshe
AM,, 5= 2" = 4.998 ft
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Maximum Moment

Mmaw =FM _sur_fill * dM, a_sur_fill +FM, a_sur_soil * dM,

M,,,, = 370803.329 lbj;—;ft

Compute the Required Flexural Resistance

The following is a design check for flexural resistance:

Mmax <= Mn / 2 Mmax = Fy S/ Q2
02 = 2 Factor of Safety for flexural
M, Nominal flexural capacity of the section
F,:=50 ksi Steel yield stress (assumed A572 Grade 50)
S Elastic section modulus
M, 0012 -f in®
qu'd ::T qurdz 177.986
y

Wall Design using Secant Pipe - Alternative 1

Determine minimum pipe diameter for required section modulus

Page:

50f8
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Checked By:

a_sur_soil + FMa_fill_top £ d'Ma_fill_top +FMa_fill_water * dMa_fill_water d

+FM, a_fill_bottom * dM, a_fill_bottom +FM, a_soil_top * dMa_soil_top +FM, a_soil_bottom * dMa_soil_bottom —FM p_soil * dM,

Pipe Pipe OD Thickness (in)

12 12.75 0.250 0.313 0.375 0.500

14 14 0.250 0.313 0.375 0.500 0.625

16 16 0.250 0.313 0.375 0.500 0.625

18 18 0.250 0.313 0.375 0.500 0.625

20 20 0.250 0.313 0.375 0.500 0.625

24 24 0.250 0.313 0.375 0.500 0.625 0.750 0.875 1.000

30 30 0.250 0.313 0.375 0.500 0.625 0.750 0.875 1.000

36 36 0.250 0.313 0.375 0.500 0.625 0.750 0.875 1.000

42 42 0.250 0.375 0.500 0.625 0.750 0.875 1.000

48 48 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.375

54 54 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.375

60 60 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.500

72 72 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.375 1.500

84 84 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.500 1.625

96 96 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.500 1.750 2.000

108 108 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.500 1.750 2.000

120 120 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.500 1.750 2.000

132 132 0.375 0.500 0.625 0.750 0.875 1.000 1.250 1.500 1.750 2.000

144 144 0.500 0.625 0.750 0.875 1.000 1.250 1.500 1.750 2.000

156 156 0.625 0.750 0.875 1.000 1.250 1.500 1.750 2.000

168 168 0.750 0.875 1.000 1.250 1.500 1.750 2.000
assuming pipe wall thickness t:=11n

D,

pipe_min *

=Find (Dy;,) =40.673 in

SolverConstsaieds Values
w
no
S
<
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Elastic section modulus of selected Pipe section:

Dyipe_seia= PipeDiameter: 48 v =4 ft
<Dpipe_seld4 = <Dpipe_seld -2 t) 4) 1

D pipe_seld

™
Seerai=——+

1
32 D pipe_seld

Section Modulus Utilization

S
Zredd _ 41.89%

sel'd

USection_pipe =

Wall Deflection estimation

Conservatively, pipe is NOT considered to be filled with concrete.

Wdistributed ::Pa_sur_fill +Pa_fill_bottom =1064.824 psf

s

I T
64

1
pipe = * (Dpipe_seld4 = <Dpipe_seld =2 t> 4) = (D—

pipe_seld )

B0 = 29000 ksi

f.=4.5 ksi

’
c

E,pnerere = 1820 ksi = 3860.803 ksi

kst
s 1 in'
I i=——- (D, —2.t)". =54946.652 ——
fill_conc pipe_seld
64 Dpipe_seld ft
E int
Teomp ™= Lipe + Lt come* — ol = 17512.524

steel

W 2
o distributed total —7.649 in
8. FE bine

steel *

5max

Otimit = 1% * Hyp10y = 6.72 in

if <6m,m < Oimir» “OK”, “NG — increase diam.”) =“NG — increase diam.”

Check maximum allowable stress

24-M,
O pipe = ——" = 20.945 ksi
Ssel’d

Stress - Demand / Capacity Ratio (DCR)
O-pipe

DCR =41.89%

o_pipe ‘= if <DC Ro’_pipe

Y

Date:
Bulkhead Dock Wall - Cantilevered Wall Design

) =424.892

—10197.413 2
It

<1,

Page: 60f8
11/07/2024

Checked By:

-3
m

if <USecti0n_pipe <1,“OK”, “NG — change design”) =“0OK”

Assumed Distributed load

4

Concrete modulus of elasticity
Concrete compressive strength

Concrete modulus of elasticity

Combined Moment of Inertia
Maximum estimated wall deflection (steel pjpe only)

assuming 1% of wall height

acceptable

“OK” , “NG77> — “OK”

Made By: M.DaSilva
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Wall Design using Pipe-Z Combination - Alternative 2

Determine minimum pipe diameter for required section modulus

assuming pipe wall thickness tpipez =1t
£ -
S| Dyy=11n
ﬁ =
g’g 7 (Diry" = (Diry =2 tyipe)*) ( 1 ) CRPED
T = —Preqd =
g 32 Dy, 2-Dy,,
§ Dyipe7.min = Find (Dy,,) =40.673 in
ou
(%]

Selected Pipe diameter:

D

pipez_seld*= PipeDiameter: 48 v =4 ft

Moment of Inertial of the pipe

™ -
IPiIJeZ = a T <DpipeZ_seld4 = (DpipeZ_seld -2 tpipeZ) 4) =40789.654 'Ln4

Steel sheet piling mechanical properties

[
\ | :
h
lq a
w | w
NZ
THICKNESS WEIGHT SECTION MODULUS COATING AREA
Cross Moment
Width Height Flange Web Sectional Single Wall Elastic Plastic of Inertia Both Wall
(w) h) (tg) (ty) Area Pile Area Sides Surface
in in in in in’/ft Lb/ft Lb/ft? in/ft in?/ft in“/ft  ft¥ftofsingle  fto/ft?
SECTION mm mm mm mm cm¥m kg/m kg/m? cm?¥/m cm*/m cm*/m m/m m2/m?
NZ 14 30.31 13.39 0.375 0.375 6.40 55 2177 25,65 30.50 1717 610 1.20
770 340 25 95 135.4 81.26 106.30 1379 1640 23447 1.86 120
NZ 19 2756 1614 0.375 0.375 7.07 55 24.05 35.08 41.33 2831 618 135
700 410 9.5 95 149.6 81.85 11740 1886 2222 38659 .88 1.35
NZ 20 2756 1616 0.394 0.394 734 57 24.82 36.24 42.80 292.8 618 1.35
700 an 10.0 10.0 155.4 8537 122.00 1948 2301 39984 .88 135
NZ 21 2756 16.20 0.433 0433 780 61 26.56 38.69 45,85 3134 618 135
700 412 1.0 1.0 652 9078 129.70 2080 2465 42797 .88 1.35
NZ 22 2756 16.25 0480 0.480 8.57 &7 29.20 41.47 49.34 336.9 618 135
700.0 413.0 12.20 12.2¢ 1814 9971 142,44 2230 2653 46006 .88 1.35
NZ 26 2756 1732 0.500 0.500 2.08 71 3099 48.50 5701 4199 6.49 141
700 440 127 127 192.2 10566 15130 2608 3065 57340 198 141
2756 1738 0.560 0.560 298 78 3396 52.62 6216 4574 6.49 141
NZ 28 S g 20 =0 e <0 274
70C 441 14.2 4.2 211.2 116.08 165.82 2829 3342 6246 198 Kl
NZ 38 2756 19.69 0.689 0.500 11.00 86 3745 70.84 8157 6973 6.58 143
700 500 175 12.7 2329 12799 182,83 3809 4386 95214 2,01 143
NZ 40 2756 19.73 0735 0.551 n77 Q2 40.06 7497 86.75 739.6 6.58 143
700.0 5010 18.70 4.00 2491 13691 19559 4031 4664 100997 201 143
NZ 42 2756 19.77 0769 0.589 1241 97 42.24 7817 90.80 7725 6.58 143

700.0 502.0 19.50 15.0 262.7 144.36 206.23 4203 4881 105490 201 1.43
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Selected NZ profile section properties:

Width Section Modulus Moment of Inertia
Wnz in® in’
SNZ_ft := NZ:14 v wyz=30.31 in SNZ_ﬁ:25.65 7t INZ_ft: 171.7 Tt
Inz _ft

Ingi=Ing ji+wyz=433.686 in’

pipe spacing assumes NZ sheet pile between pipes  s,;,c7=Dyipez seta+ 2 * Wz =9.052 ft

Moment of Inertial of the system (Pipe-Z Combination wall) PIPE-Z COMBINATION WALL
Lz +2-1 int WATERSIDE
Typtem =222 N 4602139 22 o
spipeZ f t // RN \

Elastic section modulus of Pipe-Z Combination wall
LANDSIDE
Isystem Z"n'3
—————=191.756

pipeZ_seld
2

S system =

Section Modulus Utilization

S req'd

USection_pipeZ = =92.819% if <USection_pipeZ <1 ) “OK” ’ “NG”> =“OK”

system

Wall Deflection estimation

E 001 =29000 kst Steel modulus of elasticity

1 Ibf
W gistributea = 1064.824 T F

4
W gistrivuted * Heotal
185+ Eer system

=0.733 in Maximum deflection

6max_pipeZ =

0 limit — 6.72 in assuming 1% of wall height
if <6m,m_pipez <Opimit» “OK”, “NG — increase section”) =“OK”

Check maximum allowable stress
2.+ M,
O piper = ——%. = 46.409 ksi

system

Stress - Demand / Capacity Ratio (DCR)

0’ .
pipeZ —92.819% if <DCRo-_pipeZ< 1 , “OK” , “NG”) —“QK?”

D CRU_pipeZ = l

Y



