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ENCE 4610
Foundation Analysis and Design

Sheet Piling Walls: 
Cantilever Walls 
Anchored Walls 

Braced Cuts



Overview of Sheet Piling as a 
Retaining Wall

● Sheet piling is a structural “in-situ” type of retaining 
wall

● Does not rely on its mass to retain the soil, as opposed to a gravity 
wall

● In-situ walls rely on their flexural strength to retain soil, supported 
either by their own penetration into the  soil or by an anchoring 
system

● Other types of structural in-situ walls
● Soldier pile walls – use H-beams to hold timber or concrete lagging to 

retain soil on a temporary or permanent basis
● Slurry walls – bentonite slurry is injected into a trench after which 

reinforcement and concrete are placed into the trench, forming a wall



Materials for Sheet Piling
● Steel

● Cold formed

● Hot rolled

● Aluminium
● Extruded

● Vinyl
● Extruded

● Fibreglass
● Pultruded

● Concrete

● Wood



Steel Sheet Piles
● Hot rolled

● Panel and interlocks rolled in 
one operation

● “Traditional” form of steel sheet 
piling

● Cold formed
● Form rolled cold from steel 

plate

● Common with lighter sheet pile 
profiles

● Interlocks more prone to 
breakage



Concrete and Wood 
Sheeting

● Concrete Sheeting ● Wood Sheeting



Aluminium, Vinyl and 
Fibreglass Sheeting

● Made for lightweight 
and light load 
applications

● Common substitute for 
wood or concrete 
walls

● Require special 
handling in setting and 
driving

● Vinyl sheets can be 
obtained in various 
colours, but is subject 
to long term creep



Sections of Sheet Piling
● Z-shaped sheeting

• Popular in north America
• Usually drive two at a time 

with split clamp
• Wall stiffness developed with 

each sheet without 
assumed assistance from 
the interlocks

● U-shaped sheeting 
(Larssen, etc.)
• Very popular in Europe
• Usually driven one at a time
• Wall stiffness developed with 

two sheets and load 
transferred using the 
interlocks (European 
practice; U.S. practice does 
not assume this load 
transfer)

STEEL: AZ1300-I

MASS: 144.0

LENGTH: 0.0



Sections of Sheet Piling
● Flat-web sheeting

• Almost exclusively used
for cellular cofferdams

• Main stress is tensile 
through the web and 
interlocks

• Can be driven singly
or two at a time

●Arched shaped
• Used for shallower wall 

construction
• Used in cold formed 

steel and aluminium 
sheeting



Transitional Sections and 
Interlock Styles

• Transitional Sections • Interlock Styles
● Hot rolled and 

extruded sections
● Ball and socket
● Single or double jaw
● Double hook
● Thumb and finger
● One point contact
● Three point contact

● Cold formed sections
● Hook and grip



Specifications for 

Steel Sheet Piling

(USS)
Steel 
Grade

Allowable 
Stress, ksi

Allowable 
Stress, 
MPa

ASTM A 
328

25 172

ASTM A 
572 Gr. 45

29 200

ASTM A 
572 Gr. 50

32 220

ASTM A 
572 Gr. 55

35 241

ASTM A 
690

32 220



PZ/PS Sections (Skyline)



SKZ/SCZ Sections (Skyline)



AZ Sections (Skyline)



Types of Sheet Pile Walls



Cantilever and 
Anchored Walls

● Cantilever Walls
● Walls which have no additional 

supports, and which rely on the 
lateral earth pressures in the 
lower portion of the wall to 
support the earth in the upper 
portion

● Limited in height and soil type

● Almost exclusively done with 
steel piling

● Generally restricted to 
temporary structures

• Anchored Walls
● Walls which have additional 

supports buried in the soil 
(tiebacks)



Failure of Sheet Pile Walls
• Structural Failure

o Flexural Failure

 
o Anchorage Failure (can be 

geotechnical)

 

• Geotechnical Failure
o Deep Seated Failure

 
o Inadequate Penetration



Methods of Solution 
for Cantilever Walls

• Chart Method
o Very straightforward to use
o Only applicable to simplest 

cases
o Good check on other 

methods

• Closed Form Solution
o Math complex but more 

straightforward
o Limited number of cases

• Computer Software
o For complex soil profiles, only 

practical solution

• Conventional Method
o Involves analysing active and 

passive pressures on sheet pile 
wall per layer

o Traditionally the most common 
method used

o Versatile but requires some 
experience for proficiency

o Complex soil profiles can be 
difficult

• Simplified Method
o Variation of conventional 

method
o Eliminates problems at wall toe
o Still requires some proficiency



Design of Cantilever Walls:

Conventional Method



●Cantilever Method Closed Form Example: 
Cohesionless Soil, No Water, Simplified 

Method

●Simplified method 
eliminates pressure 
reversals at pile toe

●Active and passive 
forces on each side of 
wall shown, along with 
nomenclature

●Object is for moment at 
toe to be zero



●Cantilever Method Closed Form Example: 
Cohesionless Soil, No Water, Simplified 

Method

●Changes in variables

 

●Dimensionless moment equation at any point 
below the dredge line:
 

●Real root for zero moment at pile toe (solution 
for d’ and thus d):

Note: for simplified method, necessary to add 20-40% to d



●Cantilever Method Closed Form Example: 
Cohesionless Soil, No Water, Simplified 

Method

●Dimensionless shear equation below the 
dredge line:

 

●Distance o below dredge line for maximum 
moment
 

●Value of maximum moment:



●Cantilever Method Closed Form Example: 
Cohesionless Soil, No Water, Simplified 

Method—Example Problem

●Given
● Dry cantilever wall, uniform 

cohesionless soil, level backfill

● φ = 30°, γ = 109.2 pcf

● Rankine conditions

● h = 10’

● Passive reduction factor of 
safety = 1.5

●Find
● Penetration below dredge line

● Maximum moment on 
sheeeting

●Solution
● From Rankine theory, Ka = 1/3, 

Kp = 3

● Reduce passive earth 
pressure coefficient, thus = Kp 
3/1.5 = 2

● From this κ = 2/(1/3) = 6

● Equation for d’:

 

● Substituting, d’ = 1.22, thus d 
= (1.22)(10’) = 12.2

● We will increase d for design 
for the simplified method, see 
next slide



●Cantilever Method Closed Form Example: 
Cohesionless Soil, No Water, Simplified 

Method—Example Problem

● Solution
● Equation for maximum moment:

 

● Substituting for maximum 
moment, Mmax = (.476)(109.2)(1/3)
(10)3 = 17,325 ft-lb/ft of wall

● Solution
● Location of maximum moment 

below dredge line:

 

● Substituting, o’ = (.69)(10) = 6.9’ 
below dredge line = 16.9 below 
top of wall

● Increase in working d for 
simplified method: add 0.2d to d, 
thus 12.2 + 0.2(12.2) = 14.6’

● This is actually conservative, 
traditionally simplified method 
used a shorter length, this 
done for simplicity



Comparison with Sheet Pile Software



Cantilever Piles in Clay
● Two step analysis

● Short term, where φ = 0  and c 
= su (analyse for cohesion only)

● Long term, where φ >0 and c > 0 
(use strengths from S (C-D) tests)

● Include critical height 
considerations



●Anchored Sheet Pile Walls

● Includes an anchor or tieback at 
or near the head of the wall

● More than one set of anchors or 
tiebacks can be used

● Increases wall stability and 
enables taller walls to be built 
and sustained

● Almost a necessity with vinyl, 
aluminum and fiberglass sheet 
piles

● Not exclusive to sheet piling; 
also used with other types of in 
situ wall systems



Anchored Sheet Pile Walls



Distribution of Moment and Shear Along 
Anchored Walls



Wales and 

Tiebacks in Sheet 

Pile Walls



●Analysis Methods for Anchored 
Walls

● Design Methods
● Free Earth Support Method

● Assumes lower end of the pile 
incapable of producing negative 
bending moments

● Converts problem into a statically 
determinate one

● Rowe’s Moment Reduction Method 
used to take in to account flexibility of 
sheeting
▪ Is unnecessary with SSI (soil-structure 

interaction) solutions such as SPW 2006

● Fixed Earth Support Method/Blum’s Method 
(Equivalent Beam Method)
● Makes lower end has no angle like a 

cantilever beam, but no moment
● Results in sheeting which is longer but 

has lower moment (and thus can be 
lighter)

● Useful for some kinds of sheeting, more 
conservative

● Also does not require Rowe’s Moment 
Reduction

● Beam on Elastic Foundation Method 
(generally w/plasticity considered)

● Implementation Methods
● All of the methods used in cantilever walls 

can be used in anchored walls as well, with 
same strengths and weaknesses

● Anchored walls are both simpler and more 
complex for hand solution than cantilever 
ones

● Key for solution is to take moment around 
anchor point, solve for sheeting length and 
then compute anchor force

● In this course, we will primarily use 
SPW2006 to analyze these walls
● Stable wall is arrived at by varying the 

length of the wall
● Solution doing this is basically free 

earth support method with SSI, 
obviating need for Rowe’s moment 
reduction

● Blum’s Method
● Discussed in Veruijt for simple cases
● A more comprehensive closed-form 

solution is available



Closed Form Example: No Water, 
Homogeneous Soil

●Similar to cantilever except now there is an 
anchor distance a from the wall top

●New variable a’ = a/h



●Governing Equations

Closed Form Example: No Water, 
Homogeneous Soil

1

2

3

4



Closed Form Example: No Water, 
Homogeneous Soil

1

2



Closed Form Example: No Water, 
Homogeneous Soil

3

4



Closed Form Example: No Water, 
Homogeneous Soil

●Use the same basic 
variables as with 
cantilever case

− Simply add an anchor at a 
depth of 2.5’ from the top, 
thus a’ = 2.5/10=.25

●Ratios from equations:

− d’ =  0.516

− Anchor Pull Ratio = 0.305

− z’ for maximum moment = 
0.837

− Moment ratio = 0.108

● Determine actual 
quantities from ratios
− d = (0.516)(10’) = 5.16’
− T = (Anchor Pull 

Ratio)Ka hγ 2(1+d’)2/2 = 
(0.305)(1/3)(109.2)
(10)2(1+.516)2  = 1274.6 
lb/ft of wall

− z = (0.837)(10) = 8.37’
− Mmax = (Moment Ratio) 

Ka hγ 3= (0.108)(1/3)
(109.2)(10)3 = 3924.5 ft-
lb/ft 



Closed Form Example: No Water, 
Homogeneous Soil



Free Earth Analysis 

of Anchored Walls



Rowe’s Moment Reduction Curves

●Used to take into 
consideration the 
flexibility of the pile 
and its effect on 
relieving the actual 
bending moment 
the wall experiences

●Different set of 
curves for clay and 
sand



Anchored Wall Example



Anchored Wall Example



SPW 2006

• Simple software to use, 
does not require 
installation

• Input according to 
instructions

• For active-passive stroke, 
use chart at right or values 
in the previous slide set
o Complete stroke Y/H should 

be sum of active and 
passive rotation values, 
depending upon the soil

o Y/H sum is then multiplied 
by height H (as shown) to 
determine stroke



Anchored Wall Example



Anchored Wall Example



Estimation of Maximum Moment 
using SPW 2006

● Sheet pile database has an unusual 
method of input for sheet pile properties
● Modulus of elasticity “E”
● “EI” product of modulus of elasticity and moment of 

inertia per meter of wall
● “h” distance from neutral axis to face of sheeting = 

half of depth (this is different from way it’s 
presented in tables)

● Conventional beam theory
● σmax = (Mc)/I
● σmax based on failure criterion, usually = σyield/FS
● Maximum permissible stresses given for a variety 

of materials in previous slide set

● Substitutions using values in SPW 2006
● I = “EI”/E
● c = h
● σmax = (MEh)/(”EI”)
● Mmax = σmax ”EI”/Eh

● To determine whether sheeting meets 
structural requirements:
● Determine σmax based on alloy
● Select section, which gives you “EI,” E, h.
● Determine maximum permissible moment for 

section using formula above
● If moment from SPW2006 is greater, use heavier 

(greater I, h) section

● Valid for both cantilever and anchored 
walls

● For example:
● Maximum moment = 520 kN-m/m
● PZ-22 used in the example

● h=.1145 m
● EI =  24150.0 kN-m2/m
● E = 210 GPa
● σmax = 220 MPa (ASTM A 572 Gr. 50)
● Mmax = σmax ”EI”/Eh = (24150)(220)(1000)/(210)

(1000000)(.1145) = 221 kN-m/m
● This section is obviously too small; you will 

need to input a heavier section until you 
exceed the maximum moment



Free Earth Support Method (Blum)

Blum’s method assumes that the pile toe has no moment, deflection or 
angle, but does have a reaction.  The result is generally sheeting which 
is lighter than free earth support, but has more penetration.  Verruijt 
has solutions for simple problems but a more comprehensive (and 
simpler) solution is online.  



Tiebacks and Wales

S

Can be considered either as a beam with rigid 
or flexible supports

Tah

Tah



Deadman Anchor Design



Soil Anchored Walls



Soldier Beams



Overview of Braced Cuts and 
Tied Back Excavations

• Braced cuts are sets of 
walls (usually sheet pile, 
but can be slurry) which 
are used to create a 
“mechanical ditch” 
inside of which 
construction can take 
place

• Tied back walls have 
multiple anchors, but 
the braces are outside 
of the cut (if any)

• All of the walls we have 
looked at up until now 
have been a single wall 
with no more than one 
anchor

• There are situations 
where either a) we 
need two facing walls 
or b) we need more 
than one anchor or c) 
both



History of Braced 
Excavation Design

• Important 
considerations in 
braced excavation 
design
o Suitable for walls constructed 

“progressively”
o Strictly speaking, brace loads 

are statically indeterminate
o Terzaghi and Peck profiles 

assume hinges at braces for 
wall beam loading

o Must consider bottom heave 
(esp. cohesionless soils, see 
ENCE 3610) and bearing 
capacity failure (esp. cohesive 
soils)

• Original work by 
Terzaghi and Peck on 
subway braced 
excavations in 1940’s

• Discovered that 
progressive excavation 
and placement of 
braces altered lateral 
earth pressure profile

• Toe design entirely 
different from 
conventional sheet pile 
walls



Braced Excavations



Pressure 
Distribution 
for Braced 

Loads



Design Criteria for 

Braced Cuts



Base 
Stability 

for Braced 
Cuts



Braced Cuts 

Example



Tied Back Walls Pressure 
Distribution



Questions
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