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Introduction:

Types of
Seawalls

There are many different types of sea walls, and depending on the

type of the sea wall construction, each can experience different

modes of instability and failure.

Generally sea walls are built as bulkheads and can be described as

Gravity Rigid and Flexible Bulkheads.

With advancements is available materials Gravity rigid walls are
often considered economically unviable options. Therefore, this

presentation will mostly concentrate on flexible bulkhead walls.
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Concrete Panel
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A little about the Engineer...

Vltaly ; 1__ -aﬂ"?l-lz

Feygin

Vitaly is the Principal Structural and Geotechnical engineer with Florida

Geotechnical Engineering (FGE) and brings his 35+ years’ experience of
working on multiple challenging projects around the world (United
States of America, Russian Federation, Ukraine, Germany, Trinidad and

Tobago, Brazil, Indonesia, and Australia) to bear for our clients.

Vitaly’s work around the world has earned him:

* Five engineering Awards (including three American Concrete Institute
Grand Prize Awards for Design)

* Twelve publications on marine structures

e Two US patents on marine structural designs




Load Combinations Acting on Seawalls

In most design scenarios, there are two types of load combinations: Typical/Normal and Extreme/Abnormal
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Active Soil Pressure Surcharge Pressure Lagging Water Table Wave Load
Earth pressure on the wall. Pressure from permanent load Pressure from water drainage Water pressure from wave action
from behind the wall (structure, from behind the wall determined by wave climate at
etc.) time of a storm.
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Active Soil Pressure Boussinesq Pressure Down Drag Seepage Forces
Pressure when the wall is moving Pressure from transient load from Suction on wall from reduction in High watertable on active-side
away from the retained soil. behind the wall (equipment, etc.) pore-pressure (extreme low-tide) and low watertable on passive
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Loads Acting on Seawalls

Whilst we do not have seismic in Florida, very strong seismic is present
in the Caribbean, and may constitute the life or death of a sea wall if
dynamic loads were not considered in the sea wall design.

Proper Load application requires good understanding of the physics.

Active Pressure

Since vertical pressure is a function of soil density g and depth of the
soil deposit, vertical pressure at depth will be y X Z, and Horizontal
active pressure is

Yy XzXxXK,
Where

K, = tan (45 - %) , and f = is angle of soil internal friction. Visually it
can be presented as an angle of soil Repose.

K, can be applied only to dry or normally saturated soil.

When soil is submerged active pressure coefficient is applied only to
the buoyant weight of the soil, because Poisson ratio for water is equal

to 1.0 and water hydrostatic pressure at depth will be equal ¥, X Z

Soil bulging or crushing
(Elastic Foundation Failure)

Excessive Deflection
Depression forms
/ from wall movement

Maximum hydrostatic

% ! Aﬁ. { Raised Water Table
: A Lagging Water Table &

pressure differential
seepage load to
be considered.

-

Passive Pressure
Maximum Allowable
Reaction

Hydrostatic Pressure

Active Pressure Hydrostatic Pressure

Downdrag movement
when watertable
behind the wall
lowered to the Ivel

of the recessed water
level in front of the wall



Loads Acting on Seawalls

Passive Pressure

Shall be viewed as a maximum capacity of the
soil to resist the pressure that retaining structure
applies to the soil when wall moves against the
soil. Elastic Foundation Reaction is compared
against the Passive Pressure, and if it exceeds
passive pressure, it gives a good indication of

Elastic Foundation failure.

If active pressure is considered
an action, the passive pressure
is a maximum reaction that soil
can provide prior to soil
crushing (fully plastic failure).

Excessive Deflection

Soil bulging or crushing

Depression forms
from wall movement
| (e e

=

(Elastic Foundation Failure)

i

Raiseﬂ_\/vatﬂLTabLe_q;

Maximum hydrostatic
pressure differential

4
Passive Pressure  Hydrostatic Pressure Active Pressure
Maximum Allowable \
Reaction |-

Downdrag movement
when watertable
behind the wall
lowered to the Ivel

of the recessed water
level in front of the wall

seepage load to
be considered.

Hydrostatic Pressure



Boussinesq Pressure acting on Seawalls

Due to Blanket Load

_ q Ibs/ft’

g

0w (due to q) = gK (Ibs/ft’)

Lateral pressure due to uniform surcharge

Due to Concentrated Load
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Boussinesq Pressure acting on Seawalls

Due to Strip Load

q lb/ft
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Loads Acting on Seawalls

Hydrostatic and Seepage
Pressure Interaction

The difference in water table on either side of the wall creates additional hydrostatic

pressure on the back side of the wall and reduction in the soil unit weight in front of

the wall, reducing passive pressure. Reduction in the submerged unit weight of the

soil in front of the wall is estimated as

20 X % where H,, = Unbalanced Water Head

Effective unit weight that shall be used in the computation of the passive pressure (a)

Y
limitationis Y, rr = Y5 — 297 \where Y; = is unit weight of saturated soil H —
Neglecting effect of the passive pressure limit reduction due to the sudden drawback u L 4 62.5 Hu
can be catastrophic. -

. . D Pervious
() Such sudden drawback happens during the hurricane when

water in the basin is pulled away from the sea wall by a
strong rotating eye wall of the hurricane wind.
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Loads Acting on Seawalls

The picture shows breaking wave action and dynamic pressure distribution along the wall $ Tob of Wall /

Wave action shall be viewed as a two phase %
Sea it hty h

load application : |
W 1

& DESIGN WATER / = i

] LEVEL (DWL) | \EE H

. . _ 5H: 1

Direct Impact Overtopping H

L ;

Pressure Diagram is Shown Water in front of the wall at the level of the -$ EAECTED WAl
EXPOSURE il

wave trough. (reduced hydrostatic pressurein =~ [l e (O 4

front of the wall), and simultaneous elevated

hydrostatic pressure behind the wall, on the

land side

@ For the purpose of analysis, wave trough shall be
considered 1/2 wave height below the sea level during
the storm surge. Overtopping of the wall is very typical
for hurricane events. This condition is frequently
neglected by designers
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Sheet Pile Bulkhead Analysis

The are multiple methods for bulkhead analysis which were successfully used for sheet pile
design. However, Majority of these methods are highly imprecise.

This presentation will concentrate on Bulkhead analysis based on lateral springs (p-y
curves).This type of analysis is generally called Elastic Foundation Analysis.

Nevertheless, even that method highly depends on our selection of the soil springs and
stage of construction.

Due to uncertainties associated with the development of the soil springs, sometimes
engineer shall use a good judgement and check the wall utilizing Upper Bound and

Lower Bound soil springs. This is particularly true for design at temporary loads during

construction stage, when soil parameters closely resemble undrained soil condition

At normal working condition soil will be in a normal drained state when

pore pressure have already sufficiently subsided after construction.

@ Walls shall be designed for temporary
loads at time of construction. Many
walls fail at that time.



Concept of Elastic Foundation

Soil is modeled as an elasto-plastic two point curvature. Prior to crushing soil behaves similarly
to a linear spring.That is the basis of Elastic Foundation Analysis.

EF = ky, xB
Where

ky, = modulus of horizontal subgrade reaction
B = widlth of the pile

Granular Soils Cohesive Soils
k,, = X z
hz = M % g 645,
hZ = B

n,= horizontal subgrade gradient or constant

of Horizontal Subgrade

EF=m, XZ

() The following tables explain common
mistakes in selection of the values for k;,,
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Concept of Elastic Foundation

Soil is modeled as an elasto-plastic two point curvature. Prior to crushing soil behaves
similarly to a linear spring.That is the basis of Elastic Foundation Analysis.

The gradients for discrete wall or single pile were factored by a factor 2.5
That factor is used instead of B eff for discrete piles, where B eff = 2.5 to 3 pile diameter.

The term “Discrete Wall” is a misnomer. The left table was created for a pile, not for wall

analysis.

This should be remembered when engineer designs a king pile wall system where sheet
piling stops short, and king pile tip point is deeper than the tip point of the sheeting. In
this case king pile elastic foundation is based on B eff = 2.5*B, and designer can use direct

values given in the left table.

() Designer can use direct values in the
top table for a king pile analysis; but
use the same values divided by a factor
2.5 for continuous wall analysis.

Values of n, for loose medium and dense sands are provided in Table

Estimated Values of the Constant of Horlzontal Subgrade

Reaction, Discrete Wall Systems in Moist and Submerged Sands

M on Table 3, Terzaghl 1955)

Soll Type - Sand Constant of Horizontal Subgrade Reaction, n, (range In pei)

Relative Dom& Loose Medlum Dense

“Dry” or moist sand (range) 413 1343 43-86

“Dry” or moist sand (adopted) | 8 25 64

Submerged sand (range) 38 827 27-54

Submerged sand (adopted) | 5 16 40
[r— — ma—

Estimated Values of the Subgrade Constant for Continuous Wall
Systems in Molst and Submerged Sands (based on Table 4,

Florida Geotechnical Engineering, Inc.

Telzaghl 1955)

Soll Type - Sand Subgrade Constant, j, (pcl)
Relative Density Loose Medium Dense
“Dry’ of moist sand (adopted) | 8 9 23
Submerged sand (adopted) | 2 6 15




Concept of Elastic Foundation

Elastic Foundation Reaction vs.
Passive Pressure. Ultimate and
Service Limit States.

Frequently designers use simplified Rankine theory for Kp.
Rankine theory is overly conservative and results based on that theory will be highly
conservative and uneconomical.
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Active and passive coafficients with wall friction (sloping backfill) (after Caguet and Kerisal”)

NEDUCTION FACTOR (A} OF Ky 200 | ! nlu- -|| _'_._; /‘" Bla=+8
FOR VARIOUS RATIOS OF -4/ ?ﬁﬁ [ sy [ e Bio=+4
4{*’" 07 |-08 | -08 |-00 03] 22| 01 |08 ST 1/
L | | 6ad ,J' 7 ”(
10 | 078 | 0E7 | 046 | 070 | 91| FaR | AR MAA | gng 4 B2
(15 oot [0 w7 [ane | sua T30 [0a [ e | | YA '
7 | 808 | 501 |00z | 024 |77 | 752|010 | 078 | 4q0 7
30 | 512 | Bu0 |B0B | 155 | 111 | 666 | 620 | 574 | J
3 | B78 | B11 |46 | 686 | 627 | 574 | 520 | 467 y / /A
% | 936|952 60| 60| 83 ars | ary| gz | 00 / ot Al =0
40 | TR | RRZ | 57 | 517 | 4% | 375 | WA | J2 F ANV A
45 | 71 | 500 | 500 TI.TI'.jio__'.ﬁ": E-TRE] ;V!"// |
007 . ‘ | / / AW
s || . / | /f Varol (BRE!
“ - - g e PRILLRE |
W r_ o) unace //‘ |
N
B 100" £rn oy v 44 AL
4 ‘5o T A e LI =
P ﬂﬂ | [Ha -
[ 5l
3 60|
¥ PAESIWF PRECAIIAF -
g B0 [ o S m iy = Py s B - fig=-b
" HOTE. CURVES SHOWN A7
& 40 HUH i =10
o ERAMPLE: @2 3 g =~ 7
z W1
W 30| R FOREG -1
Re Tl .e
E I, FOR Gl s 101387 Lo - o= -8
e g0 | e meas-es g
8 V.2 ;
Y. L fip= -9
]
A
- |
10 - —-——
5? [ — Tt |
. _g Pl ""‘-:‘ ey N = = =
E 3 ] N T [ | 1 #
2 b T Pt . o}mm
® P !
& 1 1-\.:' s o =]
" S e i
) S— M AR = o
E - PR S b e S
g sk ot B N N RS ped L
4 [y ¥ TN -
6 : [ ! LoGemTadit | \r\‘mh‘:: I - } Nas+d
1 E . i | L P e e |
E 32 |_| lu:ll P ' | ' ! ] “"“-._ '."H oy "g:___:: i-: J'F'h"
g ii f,;‘" ek, TH | | 1",:‘-.{;;5:::‘; }p,-n
g HCTIVE PRESIURE ! NG Uy Ml T PR
1 [ | [L ™t [
& RN || ' [ et | giaunn
H Ty =Tyt L | | [ ]
B 1 | LA unll | | [ |
] [0 H 0 & 45



Concept of Elastic Foundation

Two Soil Crush Limit States

Elastic Foundation Reaction vs. Passive Pressure. Understanding Concept of Passive Pressure
Resistance.

First: Soil Crushing Limit State (Elastic Foundation Second: Deep Circle Slip Failure. This Limit State is
vs. Passive Pressure) related to Slope Stability Analysis

Elastic Foundation Reaction is a pressure that wall exerts This Limit State is frequently neglected by practicing

on the soil and soil reaction to that pressure. It is equal engineers. Physically that type of failure can be

but opposite in direction to the wall pressure. visualized as an action of the shovel blade in the soil.

Elastic foundation for a king pile is based on B eff =
2.5*B, and has units of force per linear ft of the pile
height. In order for calculating pressure exerted by the
king pile on the soil, EFR shall be divided by B eff

pile walls.

Ultimate Limit Capacity of the soil at the plastic limit.

For conversion of soil Plastic Resistance Limit into Elastic
Resistance Limit Kp shall be divided by a factor 1.5
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Cantilevered vs. Braced Flexible
Bulkhead Walls

Sometimes, cantilever walls present a better

and more economical solution than walls

with tiebacks and a dead man. Nevertheless,
each solution has it pros and cons, and
different failure modes.

These failure modes and methods allowing

to address them are discussed in the

following Examples




Concept of Elastic Foundation Sl
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Example 1 .
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Concept of Elastic Foundation

Example 1 - Diagrams

“NUNENT DIEGRR“I} } EXMPLES VB2.1 \ GLAD WAL

_l_f_'__-féf SHE[;}R DIAGRAM{} \ EXMPLES VB2.1 ; GLAD WAL )
2;’ e Z dﬁr} low
Moment .| Shear S mﬂﬂmww WWWWWM

BEAM LENGTH = 25.0 POSITION =11.78
MAX VALUE = 3735.48 VALUE =-3735.48
IPositiuni Value | |Posiiion Value | [Position| Value BEAM LENGTH = 25.0 POSITION =16.74
MAX VALUE = 646.0794 VALUE =451.3964
Al6.0 -1276.66 E I =
B(9.1 -3119.49 F J |Pusitiun Value | |Pos1tlon Value | IPosition Value
C|11.78 -3735.48 G K
D H L A|7.03 -646.079% E 1
Bl16.74 451.3964 E J
C G K
D H L
-H BSI.I]PE DIAGRAM(} \ EXMPLES VB2.1 \ GLAD HRLC
— D
DEFLECTION DIAGRAM(} \ EXMPLES VB2.1 \ GLAD WAL
A B ~ ¢ wg
lew
T
[ ]
Deflection Slope
L
BEAN LENETH = 5.8 POSTTION =23.35 BEAM LENGTH = 25.8 POSITION =25.0
MAR VALUE - @ 892881 VALUE -0 005351 MAK VALUE = 0.00696 VALUE =-0.00008
|Position| Value |Position| Value |Posi tion| Value Position| Value | |Position| Value | [Position| Value
Alg.9 0.092881 E I AB.0 -0.00696 E I
B|16.95 B.087948 F J B|6.0 -0.00662 F J
C|25.0 0.805216 G K C|20.06 -0.00032 G K
n H L D|25.0 -0.00008 H L
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Concept of Elastic Foundation

Example 1 E.F, RENCTION DIRGRANE) %\ EXWPLES VBZ,1 \ GLAD Wit

I

Elastic Foundation r’JﬂH
Diagram

BEAM LENGTH = 25,10 POSETION =11, 16
MK WALUE = LB2. 7647 VALLE =482 B
Position| Value | |Position| Value _ __Fur-'ll'l-:-n i Value
nl6.8 0.8 E I
Bl91 ALk, 9108 [ J
Cl11.16 L2 . 6laa G ‘ K
|} H |
What if EFR >P pass at service level. ’g = - -
- 3 z, ¥ . - 9 . -
Putre =1 *‘ﬁfm&; =2 ==
EFfQ ™ .’-a"f‘frﬂ-—l:
2 = Li=3 o
Then, designer needs to play with a pile length and stiffness. 4’,“51 . ﬂ oo —% &, 'ﬂ «2.59« 3] el /o
&
. 22l .8 ve 15 4L
L S, = %[> - :
f'E. d 34‘? —_
If that does not work, designer needs to change design .-_"_:F:': = qoZ PoF
concept and use braced wall solution. ﬁﬂg e {J_ﬁ. Y ,;j w2, Csa 5 £ =522 pee >
! | =

‘;’ 4o Ps e

“:‘:.
o Soil dice ket cRerl —Lé_"
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Concept of Elastic Foundation
Let’s solve the same problem using
braced sea wall solution.

Load Diagram:
Braced sheet pile Sea wall

~=

Enginearing, ing
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Concept of Elastic Foundation

Example 2 - Diagrams

MOMENT DIHBRIEIH[} \ EXMPLES VB2.1 \ GLAD WAL SHERR DIRGRAM(] % EMWPLES WB2.1 \ GLAD WAL
B

Moment Shear T
BEAM LENGTH = 18.@ POSLTION =7.35
R R T 28 o R T8 s s dihsis e
R e Position| Value | [Pesition| Value Position| Value
|Position| Value | |Position| Value | |Position| Value alze oy £ 1l
2.0 -54 .4 E I E 1.35 -1.5299 E il
B[7.35  [1832.93 r J : . el
C G K
D H L
] DEFLECTION DIAGRAM([] \ EXMPLES VB2.1 \ GLAD WAL " £ - EéL+ 52 = 747 ‘f!;
A 55 ctafE ?fﬁg g2 cfe
Lzal5-z=c0% far 1.4
Deflection
DEAD oWl 15 FEsD
OEND S 0= 7o
TraMds 2
BEAM LENGTH = 18.8 POSITION =18.0 lEs T :5 =
MAX VALUE = 0.011176 VALUE -0.008755 - SHa2Y ﬂpgjn ”f 78 ; umleR
— . ¢ SHe kT SWEET
|Position| Value | |Posxtlon Value Posuionl Value
A0O.0 -0.004256 E |
B|2.0 0.0 F J
ci{18.0 0.008755 G K
0 H Flokida Geotechnical Engineering, Inc.




Concept of Elastic Foundation

Example 2

Elastic Foundation
Diagram

Wall design is followed by the design of the Tie
Back system with a Dead Man.

Such system coupled with wall itself, in some
cases may become less economical than
cantilevered wall option.

E.F. REHCTIgN DIAGRAM{} \ EXMPLES VB2.1 \ GLAD WAL

o

BEAM LENGTH = 18.0 POSITION =2.0
MAX YALUE = 363.0954 VALUE =6.0
|Position| Value Position| Value Position| VYalue
A|18.0 363.0954 E I
B|6.0 0.0 F aJ
c|2.0 0.0 G K
D H L |
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Dead Man Solutions and Dead Man Failure Modes

Rupture zone of the passive wedge of the dead man shall not intersect with an active

(0]
wedge of the active pressure on the wall.. 45 7 458
+ -
a c d / 2
. . . . I 4 1Y
The point of the tie rod connection to the dead man shall be ideally placed at the aH / :
. J_ A, } PQ&_F l__ p, h
resultant of the earth pressure acting on the anchorage. However, anchorage can be S / A
designed as a: / / N, -
. Wall Passive wedge N
* Discrete Wa In case of mono-pile or discrete wall dead man can be of anchar wall ~
¢ Monopile . . o . . . ~
designed using principles of Elastic Foundation Analysis. . ~
* A-Frame H / Active wedge of bulkhead
/
L] L]
Common Design Mistakes /
@
45 — —
G

* Designers forget to include active pressure acting on the dead man

|<—~::—1-
~

* Sometimes dead man are placed into loose soil and settle

* For‘dead man”placed into clayey soils, design shall be based on both drained (long
term) and undrained (short term) soil conditions
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Concept of Circular Sliding

;

This check is a must for braced and un-braced
(cantilevered) sheet pile walls

This failure mode is easily solved by multiple Slope Stability

programs. The program develops multiple sliding curves with

different focal points and calculates slope stability Factor Safety

against slip circle failure.

That Factor Safety shall not be less than 1.2
F.S. < 1.2 for Normal Load Combinations is considered unsafe.

For Abnormal Load Combinations F.S. can be reduced to 1.1 to
1.15

It should be understood that even though tieback is developed

way beyond the rupture wedge, slope failure zone may

encompass the whole development length of the tieback as it is
evident from the diagram.

N N
Driving Moment = 3. Wi x & or R 2, T;
i=1 i=1
N N

Resisting Moment = HE Lici + R E M tang;
i=1 i=1

whera W, = weight of the i slice
Ui = lever arm of the i" slice about 0
L, = |ength of circular arc at the base of the " slice
€ = cohesion al the base of the i slice,
M; = normal component of the weight of the i slice.
R = radius of the circular are.

tangij = angle of internal friction at the base of the ¥ slce,

LOCATED A TRIAL AKD BERADR

’ TO CETHRMEG KIMIMUL FECTOR
[} OF SRFETY
S—

=y
&)
41

— — ] y CREDOE
i ||" Lini




Thanks For Watchmg'

We hope we have made things a little easier for
you to:

* Evaluate your next Sea Wall project

» Properly select engineer for your next project

We greatly appreciate Kelly White and the Florida Marine Contractor’s
Association for having us!
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