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BULKHEAD DOCK WALL - ANCHORED SHEET PILING WALL DESIGN

Wall Geometry

≔H 20 ft design wall height

≔Hanchor 1 ft Tie-back height (from top of wall)

≔θ 90 deg angle of back face of wall to horizontal

≔S =――――
1

%0.00001
⋅1 107

ground slope behind face of wall

≔β =try

on error

‖
‖
‖‖

atan
⎛
⎜
⎝
―
1

S

⎞
⎟
⎠

‖
‖ 0

⎛⎝ ⋅5.73 10-6⎞⎠ deg Ground slope angle behind face of wall (β < ϕf)

≔α 90 deg Wall slope angle from horizontal (90o 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

≔γw 62.4 pcf Unit weight of water

≔Hwater 15 ft Height of water (measured from dredge line)

Backfill soil design parameters:

≔Hdry =-H Hwater 5 ft Height of soil above water line

≔ϕf_fill 30 deg Angle of internal friction

≔δfill =⋅―
1

3
ϕf_fill 10 deg Angle of friction between soil and wall (usually assumed to be 2/3ϕ to 1/3ϕ)

≔γ'fill 60 pcf Effective unit weight

≔γfill 110 pcf Unit weight of soil

≔cfill 0 psf Cohesion

Existing soil design parameters:

≔ϕf_soil 32 deg Angle of internal friction

≔δsoil =⋅―
1

3
ϕf_soil 10.667 deg Angle of friction between soil and wall (usually assumed to be 2/3ϕ to 1/3ϕ)

≔γ'soil 65 pcf Effective unit weight

≔csoil 0 psf Cohesion
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Live Load Surcharge Parameter

≔heq ⋅2 9.1 ft height of equivalent soil

≔γES 1 Earth surcharge load factor (Table 3.4.1-2)  = 1.5 ; 0.75 (LRFD) or = 1 (ASD)γES γES

≔SUR =⋅⋅γES γfill heq 2002 psf Live load surcharge for wall (14.4.5.4.2)

Compute Active Earth Pressure

≔KA ⎛⎝ ,ϕf δ⎞⎠ ――――――――――――――――――
sin ⎛⎝ +α ϕf⎞⎠

2

⋅
⎛
⎝ ⋅sin ((α))

2
sin (( -α δ))

⎞
⎠

⎛
⎜
⎜⎝

+1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
――――――――

⋅sin ⎛⎝ +ϕf δ⎞⎠ sin ⎛⎝ -ϕf β⎞⎠

⋅sin (( -α δ)) sin (( +α β))

⎞
⎟
⎟⎠

2

≔KA_fill_coulomb =KA ⎛⎝ ,ϕf_fill δfill⎞⎠ 0.308

≔KA_soil_coulomb =KA ⎛⎝ ,ϕf_soil δsoil⎞⎠ 0.284

Compute Passive Earth Pressure

≔KP ⎛⎝ ,ϕf δ⎞⎠ ――――――――――――――――――
sin ⎛⎝ -α ϕf⎞⎠

2

⋅
⎛
⎝ ⋅sin ((α))

2
sin (( +α δ))

⎞
⎠

⎛
⎜
⎜⎝

-1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
――――――――

⋅sin ⎛⎝ +ϕf δ⎞⎠ sin ⎛⎝ +ϕf β⎞⎠

⋅sin (( +α δ)) sin (( +α β))

⎞
⎟
⎟⎠

2

≔KP_fill_coulomb =KP ⎛⎝ ,ϕf_fill δfill⎞⎠ 4.143

≔KP_soil_coulomb =KP ⎛⎝ ,ϕf_soil δsoil⎞⎠ 4.679

Compute Loads Factors

Compute the active earth pressure coefficient

≔γEH 1.0 Horizontal earth pressure load factor (Table 3.4.1-2) = 1.5 ; 0.9 (LRFD) or = 1.0 (ASD)γEH γEH

≔Ka_fill =⋅γEH KA_fill_coulomb 0.308

≔Ka_soil =⋅γEH KA_soil_coulomb 0.284

Compute the passive earth pressure coefficient

≔ϕp 1.0 Non-gravity cantilevered / anchored wall resistance factor for flexural capacity of vertical element (11.5.7-1) 

= 0.75 (LRFD) or = 1.0 (ASD)ϕp

≔Kp_fill =⋅ϕp KP_fill_coulomb 4.143

≔Kp_soil =⋅ϕp KP_soil_coulomb 4.679
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Compute Wall Embedment Depth and Bending Moment

Earth Pressure

≔Pa_sur_fill =⋅Ka_fill SUR 617.549 psf

≔Pa_sur_soil =⋅Ka_soil SUR 569.087 psf

≔Pa_fill_top =⋅⋅γfill Ka_fill Hdry 169.656 psf

≔Pa_fill_bottom =+Pa_fill_top ⋅⋅γ'fill Ka_fill Hwater 447.275 psf

≔Pa_soil_top =⋅Pa_fill_bottom ―――
Ka_soil

Ka_fill
412.176 psf

Location of Zero pressure

≔D0 =―――――――
+Pa_soil_top Pa_sur_soil

⋅γ'soil ⎛⎝ -Kp_soil Ka_soil⎞⎠
3.435 ft

Force Moment Arm to anchor point

≔Fsur_fill =⋅Pa_sur_fill H 12350.971 ――
lbf

ft
≔dsur_fill =-―
H

2
Hanchor 9 ft

≔Fsur_soil =⋅Pa_sur_soil D0 1954.705 ――
lbf

ft
≔dsur_soil =+-H Hanchor ――

D0

2
20.717 ft

≔Fa_fill_top =⋅Pa_fill_top ――
Hdry

2
424.14 ――

lbf

ft
≔da_fill_top =-⋅―

2

3
Hdry Hanchor 2.333 ft

≔Fa_fill_water =⋅Pa_fill_top Hwater 2544.843 ――
lbf

ft
≔da_fill_water =-+―――
Hwater

2
Hdry Hanchor 11.5 ft

≔Fa_fill_bottom =⋅⎛⎝ -Pa_fill_bottom Pa_fill_top⎞⎠ ―――
Hwater

2
2082.144 ――

lbf

ft
≔da_fill_bottom =-+⋅―

2

3
Hwater Hdry Hanchor 14 ft

≔Fa_soil_zero =⋅Pa_soil_top ――
D0

2
707.873 ――

lbf

ft
≔da_fill_zero =-+――
D0

3
H Hanchor 20.145 ft

Equilibrium of Moments (at Anchor point)

Determine the Passive Soil Reaction

=Reaction -9614.782 ――
lbf

ft
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Equilibrium of Forces

Determine Tie Rod Tension

≔Tanchor ⎛⎝ ++++++Fsur_fill Fsur_soil Fa_fill_top Fa_fill_water Fa_fill_bottom Fa_soil_zero Reaction⎞⎠ =Tanchor 10449.895 ――
lbf

ft

Finding the Minimum Embedment Depth (Equilibrium of Moments)

=Dmin 14.21 ft

To provide a margin of safety, the embedment depth should be increased between 20% to 40%.

≔Dcalc =+D0 Dmin 17.645 ft

≔Dembeded =Floor ⎛⎝ ,mean ⎛⎝ ,⋅1.2 Dcalc ⋅1.4 Dcalc⎞⎠ ⋅1 ft⎞⎠ 22 ft =Dembeded 22 ft ≥ =⋅1.2 Dcalc 21.174 ft

Total wall length

≔Htotal =+H Dembeded 42 ft =Htotal 42 ft

Finding the location of Zero Shear

≔V0 ((x)) ++++-Tanchor Fa_fill_top ⋅Pa_sur_fill ⎛⎝ +x Hdry
⎞⎠ ⋅Pa_fill_top x ⋅⋅γ'fill Ka_fill ――

x
2

2

≔xshear =root ⎛⎝ ,,,V0 ((x)) x 0 Htotal
⎞⎠ 8.051 ft =xshear 8.051 ft *measured from Water elevation

Determining the maximum moment

Force Moment Arm

≔FMsur_fill =⋅Pa_sur_fill ⎛⎝ +Hdry xshear⎞⎠ 8059.888 ――
lbf

ft
≔dMsur_fill =――――

+Hdry xshear

2
6.526 ft

≔FMa_fill_top =⋅Pa_fill_top ――
Hdry

2
424.14 ――

lbf

ft
≔dMa_fill_top =+――
Hdry

3
xshear 9.718 ft

≔FMa_fill_water =⋅Pa_fill_top xshear 1365.974 ――
lbf

ft
≔dMa_fill_water =――
xshear

2
4.026 ft

≔FMa_fill_bottom =⋅⎛⎝ -Pa_fill_bottom Pa_fill_top⎞⎠ ――
xshear

2
1117.615 ――

lbf

ft
≔dMa_fill_bottom =――
xshear

3
2.684 ft

=Tanchor 10449.895 ――
lbf

ft
≔dTanchor =-+xshear Hdry Hanchor 12.051 ft

Maximum Moment

≔Mmax
|
|
| -+

 ↲++⋅FMsur_fill dMsur_fill ⋅FMa_fill_top dMa_fill_top ⋅FMa_fill_water dMa_fill_water

⋅FMa_fill_bottom dMa_fill_bottom ⋅Tanchor dTanchor

|
|
|

=Mmax 60719.288 ―――
⋅lbf ft

ft
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Compute the Required Flexural Resistance

The following is a design check for flexural resistance:

Mmax <= Mn / Ωf Mmax = Fy S / Ωf

≔Ωf 2 Safety factor for flexural

Mn Nominal flexural capacity of the section

≔Fy 50 ksi Steel yield stress (assumed A572 Grade 50)

S Elastic section modulus

≔Sreqd ――――
⋅Mmax Ωf

Fy
=Sreqd 29.145 ――

in
3

ft
Minimum required elastic section modulus

Wall Design using Sheet Piling (NZ section) - Alternative 1

Steel sheet piling mechanical properties

Selected NZ profile section properties: in3_f

Width Section Modulus Moment of Inertia

≔

wNZ1

SNZ1

INZ1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

NZ: 19 =wNZ1 27.56 in =SNZ1 35.08 ――
in

3

ft
=INZ1 283.1 ――

in
4

ft

Section Modulus Utilization

≔USection_NZ =
|
|
||
――
Sreqd

SNZ1

|
|
||

%83.082 =if ⎛⎝ ,,<USection_NZ 1 “OK” “NG”⎞⎠ “OK”
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Wall Deflection estimation

≔Esteel 29000 ksi Steel modulus of elasticity

≔Wdistributed =+Pa_sur_fill Pa_fill_bottom 1064.824 psf

≔δmax_NZ =――――――
⋅Wdistributed Htotal

4

⋅⋅185 Esteel INZ1
3.77 in Maximum deflection

≔δlimit =⋅%1 Htotal 5.04 in assuming 1% of wall height

=if ⎛⎝ ,,<δmax_NZ δlimit “OK” “NG - increase section”⎞⎠ “OK”

Check maximum allowable stress

≔σNZ =――――
⋅Ωf Mmax

SNZ1
41.541 ksi

Stress - Demand / Capacity Ratio (DCR)

≔DCRσ_NZ =――
σNZ

Fy
%83.082 =if ⎛⎝ ,,<DCRσ_NZ 1 “OK” “NG”⎞⎠ “OK”

Wall Design using Pipe-Z Combination - Alternative 2

Determine minimum pipe diameter for required section modulus

assuming pipe wall thickness ≔t 0.5 in

Elastic section modulus of selected Pipe section:

≔DpipeZ_seld =PipeDiameter: 24 2 ft
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Moment of Inertial of the pipe

≔IpipeZ =⋅―
π

64
⎛⎝ -DpipeZ_seld

4 ⎛⎝ -DpipeZ_seld ⋅2 t⎞⎠
4 ⎞⎠ 2549.353 in4

Section properties of sheet piling

Width Section Modulus Moment of Inertia

≔

wNZ

SNZ_ft

INZ_ft

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

NZ: 14 =wNZ 30.31 in =SNZ_ft 25.65 ――
in

3

ft
=INZ_ft 171.7 ――

in
4

ft

≔INZ =⋅INZ_ft wNZ 433.686 in4

pipe spacing assumes NZ sheet pile between pipes ≔spipeZ =+DpipeZ_seld ⋅2 wNZ 7.052 ft

Moment of Inertial of the system (Pipe-Z Combination wall)

≔Isystem =―――――
+IpipeZ ⋅2 INZ

spipeZ
484.527 ――

in
4

ft

Elastic section modulus of Pipe-Z Combination wall

≔Ssystem =――――
Isystem

――――
DpipeZ_seld

2

40.377 ――
in

3

ft

Section Modulus Utilization

≔USection_pipeZ =
|
|
||
―――
Sreqd

Ssystem

|
|
||

%72.182 =if ⎛⎝ ,,<USection_pipeZ 1 “OK” “NG”⎞⎠ “OK”

Wall Deflection estimation

=Esteel 29000 ksi Steel modulus of elasticity

=Wdistributed 1064.824 ⋅―
1

ft
――
lbf

ft

≔δmax_pipeZ =――――――
⋅Wdistributed Htotal

4

⋅⋅185 Esteel Isystem
2.203 in Maximum deflection

=δlimit 5.04 in assuming 1% of wall height

=if ⎛⎝ ,,<δmax_pipeZ δlimit “OK” “NG - increase section”⎞⎠ “OK”

Check maximum allowable stress

≔σpipeZ =――――
⋅Ωf Mmax

Ssystem
36.091 ksi

Stress - Demand / Capacity Ratio (DCR)

≔DCRσ_pipeZ =
|
|
||
――
σpipeZ

Fy

|
|
||

%72.182 =if ⎛⎝ ,,<DCRσ_pipeZ 1 “OK” “NG”⎞⎠ “OK”
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Tie-back Design with Concrete Deadman anchor - Alternative 1

Considering: ≔Lanchor_spacing1 =⋅wNZ1 4 9.187 ft maximum tie-back anchor spacing

≔αanchor 15 deg maximum tie-back angle of inclination

≔Tper_anchor1 ―――――――
⋅Tanchor Lanchor_spacing1

cos ⎛⎝αanchor⎞⎠
=Tper_anchor1 99.386 kip maximum tie-back tension force

Determining the Tie-back length

≔xmin =――――――
+H ⋅0.5 Dembeded

tan ⎛⎝ϕf_fill⎞⎠
53.694 ft minimum length of tie-back

≔Ltie_back Ceil ⎛⎝ ,xmin 5 ft⎞⎠ =Ltie_back 55 ft

Required steel cross-sectional area

≔Ωa 2 Safety factor for axial load

≔Fy_rebar 60 ksi rebar yield stress

≔As_req'd_rebar ―――――
⋅Ωa Tper_anchor1

Fy_rebar
=As_req'd_rebar 3.313 in2

Concrete tie-back

Concrete tie-back dimensions:

≔btie_back 12 in

≔htie_back 12 in

Determining the rebar diameter

≔nrebar 4

≔ϕmin_rebar =
‾‾‾‾‾‾‾‾‾‾‾‾‾

⋅――――
As_req'd_rebar

nrebar
―
4

π
1.027 in minimum diameter

≔ϕrebar =Ceil
⎛
⎜
⎝

,ϕmin_rebar ―
1

8
in

⎞
⎟
⎠

1.125 in ≔no =⋅――
ϕrebar

in
8 9 Use 4 -               rebars with #4 stirrups at 12"=no 9

Design Concrete deadman anchor

Backfill angle of friction ≔ϕf_backfill 35 deg Angle of internal friction

≔δbackfill =⋅―
1

3
ϕf_backfill 11.667 deg Angle of friction between soil and wall (usually assumed to be 2/3ϕ to 1/3ϕ)

≔KA_backfill =KA ⎛⎝ ,ϕf_backfill δbackfill⎞⎠ 0.251

≔KP_backfill =KP ⎛⎝ ,ϕf_backfill δbackfill⎞⎠ 5.68

Height of deadman ≔hdeadman 7 ft

Length of deadman ≔ldeadman 5 ft ≤ =Lanchor_spacing1 9.187 ft
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Considering: ≔hsoil_cover 2 ft soil cover above deadman

≔Hdeadman =+hsoil_cover hdeadman 9 ft depth of deadman

≔hdry =-Hdry hsoil_cover 3 ft height of deadman above water

≔hunder_water =-hdeadman hdry 4 ft height of deadman below water

Find R/Ro based on Equation:

≔Ro =-KP_backfill KA_backfill 5.429

≔E =-1 ―――
hdeadman

Hdeadman

0.222

≔B =-1
⎛
⎜
⎜⎝
―――――

ldeadman

Lanchor_spacing1

⎞
⎟
⎟⎠

2

0.704 =―――――
ldeadman

Lanchor_spacing1
0.544 =―――

ldeadman

hdeadman
0.714 =―――

hdeadman

Hdeadman

0.778

≔R_Ro_EQUATION =+1 ⋅Ro

―
2

3
⎛
⎜
⎜
⎜
⎝

++⋅1.1 E
4 ―――――

⋅1.6 B

+1 ⋅5 ―――
ldeadman

hdeadman

――――――
⋅⋅⋅0.4 Ro E

3
B

2

+1 ⋅0.05 ―――
ldeadman

hdeadman

⎞
⎟
⎟
⎟
⎠

1.804

≔qm =⋅γfill
⎛
⎜
⎝

-Hdeadman ⋅―
1

2
hdeadman

⎞
⎟
⎠

605 psf

≔Ault =⋅⋅⋅qm hdeadman ldeadman ⎛⎝ ⋅R_Ro_EQUATION Ro⎞⎠ 207445.48 lbf

Ultimate capacity of deadman

Factor of Safety ≔FoS 2

≔Tult_deadman ――
Ault

FoS
=Tult_deadman 103722.74 ⋅ft ――

lbf

ft

Deadman - Demand / Capacity Ratio (DCR)

≔DCRdeadman =――――
Tper_anchor1

Tult_deadman
%95.819 =if ⎛⎝ ,,<DCRdeadman 1 “OK” “NG”⎞⎠ “OK”
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Tie-back Design with Sheet piling wall anchor - Alternative 2

Considering: ≔Lanchor_spacing2 =spipeZ 7.052 ft maximum tie-back anchor spacing

=αanchor 15 deg maximum tie-back angle of inclination

≔Tper_anchor2 ―――――――
⋅Tanchor Lanchor_spacing2

cos ⎛⎝αanchor⎞⎠
=Tper_anchor2 76.289 kip maximum tie-back tension force

≔Hwall_anchor 6 ft depth of wall anchor (from top of soil)

Determining the Tie-back length

=Ltie_back 55 ft minimum length of tie-back

Required steel cross-sectional area

=Ωa 2 Safety factor for axial load

≔Fy_threadbar 120 ksi threaded bar yield stress

≔As_req'd_threadbar ―――――
⋅Ωa Tper_anchor2

Fy_threadbar
=As_req'd_threadbar 1.271 in2

Steel tie-back (threaded bar)

≔nthread.bar 1 considering 1 threaded bar

≔ϕmin_thread.bar =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

⋅―――――
As_req'd_threadbar

nthread.bar
―
4

π
1.272 in minimum diameter

≔ϕthread.bar =Ceil
⎛
⎜
⎝

,ϕmin_thread.bar ―
1

4
in

⎞
⎟
⎠

1.5 in Use 1-                                  threaded bar=ϕthread.bar 1.5 in

Finding the Minimum Embedment Depth (Equilibrium of Forces and Moments)

Horizontal Soil Pressure

＝P1 ⋅⋅γfill ⎛⎝ -Kp_fill Ka_fill⎞⎠ ――
Hdry

2

2

＝P2 ⋅⋅⋅γfill ⎛⎝ -Kp_fill Ka_fill⎞⎠ Hdry Z

＝P3 ⋅⋅γ'fill ⎛⎝ -Kp_fill Ka_fill⎞⎠ ――
Z

2

2

≔Knet =-Kp_fill Ka_fill 3.835
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=Zmin_wall 4.267 ft

Factor of Safety on Wall anchor

≔Twall =++⋅⋅γfill ⎛⎝Knet⎞⎠ ――
Hdry

2

2
⋅⋅⋅γfill ⎛⎝Knet⎞⎠ Hdry Zmin_wall ⋅⋅γ'fill ⎛⎝Knet⎞⎠ ――――

Zmin_wall
2

2
16366.071 ――

lbf

ft

=Tanchor 10449.895 ――
lbf

ft

≔FOSwall_anchor =―――
Twall

Tanchor
1.566 =if ⎛⎝ ,,>FOSwall_anchor 1.5 “OK” “NG”⎞⎠ “OK”

To provide a margin of safety, the embedment depth should be increased between 20% to 40%.

≔Dembeded_wall =Ceil ⎛⎝ ,mean ⎛⎝ ,⋅1.2 Zmin_wall ⋅1.4 Zmin_wall⎞⎠ ⋅1 ft⎞⎠ 6 ft =Dembeded_wall 6 ft ≥ =⋅1.2 Zmin_wall 5.12 ft

Total wall anchor length

≔Htotal_wall_amchor =+Hdry Dembeded_wall 11 ft =Htotal_wall_amchor 11 ft

Wale Design

≔Mmax_wale ⋅⋅―
1

8
Tanchor Lanchor_spacing2

2
maximum moment

Considering:

=Ωf 2 Safety factor for flexural

Mn Nominal flexural capacity of the section

=Fy 50 ksi Steel yield stress (assumed A572 Grade 50)

S Elastic section modulus

≔Swale_reqd ―――――
⋅Mmax_wale Ωf

Fy
=Swale_reqd 31.178 in3

Minimum required elastic section modulus
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Determine minimum channel for required section modulus

in3

Width Section Modulus Moment of Inertia

≔

wC

SC

IC

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

C: 10x20 =wC 10 in =SC 15.8 in3 =IC 78.9 in4

Section Modulus Utilization

≔USection_2C =―――
Swale_reqd

⋅2 SC
%98.664 =if ⎛⎝ ,,<USection_2C 1 “OK” “NG”⎞⎠ “OK”
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Wall Deflection estimation

=Esteel 29000 ksi Steel modulus of elasticity

≔Wdistributed_wale =Tanchor 10.45 ⋅―
1

ft
kip

≔δmax_2C =―――――――――――
⋅⋅5 Wdistributed_wale Lanchor_spacing2

4

⋅⋅⋅384 Esteel 2 IC
0.127 in Maximum deflection

≔δlimit_wale =―――――
Lanchor_spacing2

360
0.235 in assuming L/360

=if ⎛⎝ ,,<δmax_2C δlimit_wale “OK” “NG - increase section”⎞⎠ “OK”

Check maximum allowable stress

≔σ2C =―――――
⋅Ωf Mmax_wale

⋅2 SC
49.332 ksi

Stress - Demand / Capacity Ratio (DCR)

≔DCRσ_2C =――
σ2C

Fy
%98.664 =if ⎛⎝ ,,<DCRσ_2C 1 “OK” “NG”⎞⎠ “OK”


