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ENCE 4610
Foundation Analysis and

Lecture 10
Retaining Walls

Sheet Piling: Overview and Cantilever

Walls



Overview of Sheet Piling
as a Retammg Wall

Sheet plllng 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

e Soldier pile walls — use H-beams to
hold timber or concrete lagging
to retain soil on a temporary or
permanent basis

e Slurry walls — bentonite slurry is
injected into a trench after which
reinforcement and concrete are
placed into the trench, forming a
wall
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Materials for Sheet Piling

e Steel

e Cold formed
e Hotrolled

= ']],l e Aluminium
e e Extruded

o Vinyl

e Extruded

e Fibreglass
e Pultruded

1 e Concrete
e Wood



Steel Sheet Piles

e Cold formed

e Form rolled cold from steel
plate

e Common with lighter sheet pile
profiles

e Interlocks more prone to
breakage

—_"—h“-“g

a. Hot-rolied Z-section

e Hot rolled

o -~

Panel and interlocks rolled in
one operation

“Traditional” form of steel sheet
piling

b. Cold-rolled Z-section



Concrete and Wood
Sheeting

e Concrete Sheeting
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Aluminium, Vinyl and
Flbreglass Sheeting

e Made for lightweight
and light load
applications

e Common substitute for
wood or concrete
walls

e Require special
handling in setting and
driving

e 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

S\ Walll 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 loa
transferred using the
interlocks (European
practice; U.S. practice does
not assume this load
transfer)




Sections of Sheet Piling

Arched shaped Flat-web sheeting
Used for shallower wall Almost excluisivelyiFEeR
_ for cellular cofferdams
construction Main stress is tensile
Used in cold formed through the web and
- | cks
steel and aluminium

_ Can be driven singly
sheeting or two at a time




Transitional Sections and
Interlock Styles

e Transitional Sections Interlock Styles

e Hotrolled and_
extruded sections

Ball and socket
Single or double jaw
Double hook

Thumb and finger
e One point contact

A - ) - e Three point contact

e Cold formed sections

¢. Fabricated corners d. Rolled corners

Ball and Socket (BS) Double Jaw (DJ) _
e Hook and grip
Single Jaw () Double Hook (DH)

Thumb and Finger - one point
contact (TFX)

Hook and Grip (HG) &

Thumb and Finger - three point
contact (TF)




Steel Sheet Piling Sections
o [ wen | T i [we | "R
. | Dis- Per | T P Per
Sectt Di Thick- er e
o (o . Frotle | ol | fo | Sl | | | | P
ile of Wall Wall Wall
p‘ ( 1 1‘ a 10 I l S In. | Lbs.| Lbs. [ In. In3 | In3 In2 In4 In#
e J\L_fi? s | Psx:2 | W |16% |440] 320 | 2% | 33| 24 [1294 | 51| 37
s
%@ = \g# gg PS32* | HS. |15 |400(320|% | 24| 19 |1L.77 | 36| 29
Or ee eet @—Q”—@L E% | ps: HS. |15 [350( 280 |% | 24| 19 (1030 | 35| 28
% %
. . £ PSA 28* H. |16 [37.3| 28.0 | ¥ 33| 25)1098 [ 60| 45
o .
Pllln 8 PSAZ3 HS. (16 [307] 230 |% | 32| 24| 899 | 55| 41
E PDA 27 HS. |16 [36.0| 27.0 | % |14.3 |10.7 |10.59 | 53.0 | 39.8
g
USS g PMA22 H.S. |19% |36.0| 22.0 | 3% 88 | 54 (1059 | 224 | 137
( ) 58
£<
22 Pz38 H {18 570|380 |% |70.2 468 |16.77 |421.2 |280.8
Steel Grade | Allowable Allowable Sq
. =<
Stress, ksi Stress, MPa =2
ég PZ32 H |21 [56.0| 320 |3% |67.0]38.3 |16.47 (38.7 (2204
L
ASTM A 328 25 172 =5
ASTM A 572 29 200 : =
Gr. 45 v \ Z3w |
i 2£2| mm H [18 [405| 270 |% |453 [302 |1191 |276.3 |184.2
ASTM A 572 82 220 855
Gr. 50 A |2
ASTM A 572 *Sections PS32 and PSA28 are infre- - —
S ° 35 241 qu:;tllzr:lled anda\:]/e do not advise their | Suggested Allowable Design Stresses—Sheet Piling
Gr. 55 use in a ‘:)esggge‘::;e:tsoan'; fi‘:::;‘:;esgs:: Minimum Yield Allowable Design Stress,
ra]arﬁfn(i:rannur:rolling. Steel Brand or Grade Point, psi psi*
ASTM A 690 32 220 Complete data regarding these sections USS-EX-TEN 55 (ASTM A572 GR 55) 95,000 35'000
o fourd o o coparate publication | USS EXTEN 50 (ASTM A72 GR 50) 50,000 32,000
entitled “USS Steel Sheet Piling.” USS MARINER STEEL 50,000 %'888
H—Homestead, Pa. (Pittsburgh District) USS EX-TEN 45 (ASTM AS72 GR 45) 45,000 1000 .
° S South Chica’g o ('Chicago District) Regular Carbon Grade (ASTM A 328) . 38,500 25,000

*Based on 65% of minimum yield point. Some increase for temporary overstresses
generally permissible.



PZ/PS Sections (Skyline)

PZ/PS P PZ/PS

PZ/PS Hot Rolled Steel Sheet Piling ArcelorMittal PZ/PS Hot Rolled Steel Sheef Piling

Available Steel Grades
PZ’s PS’s
YIELD STRENGTH YIELD STRENGTH INTERLOCK STRENGTH
ASTM 1 ASTM ! !
(ksi) MiPal (ksi) lic) (kfin)
A328 39 2 A328 39 2 16
A 572 Grade 50 50 A 572 Grade 50 50 ! 20
A 572 Grade 60 60 E A 572 Grade 60 60 : 24
A 572 Grade 65 | 65 A 572 Grade 65 65 4 24 200
A 588 50 - AS588 50 g 20
THICKNESS . WEIGHT SECTION MODULUS COATING AREA A 690 50 s A690 50 15 20
Sectional Moment wall . i % i )
Width Height  Flange Wall Area Pile wall Elastic Plastic  of Inertia Both Surface i -
(w) (h) (tg) {0 Sides fesfeof Corner and Junction Piles
in in in in ini/ft Ib/ft Ib/ft? in'fft ini/ft int/ft ft?/ft of single wall
SECTION ) m m {rmim m/my | G (7Y {em fm T (s = ) .
4 " o
e 220 9.0 0375 0375 6.47 40.3 22,0 18.1 21.79 | 8438 4.48 1.22 (101.6 mm), ry
i} 37 | 1 1.2 (101.6 mm)
pz37 18.0 120 0375 | 0375 ‘ 7.94 40.5 27.0 30.2 36.49 | 184.20 4.48 1.49 T Pile
y C 18 1 ) 14 Length of T and
| 1 4 & o Angle Varies
Pz as 226 149 0600 9.500 ‘ 10.29 66.0 35.0 48.5 57.17 | 361.22 5.37 ‘||.42 FGug MC-a
Female or Male Comer s
i 197 | 161 0600 0500 ‘ 1177 | 656 400 607 7192 ‘ 490.85 5.37 300 mm) 12
10.16"
( J:o u mm) 30. (258 mm) 591"
{150.0 mm)
9. w .
tw |25n 0 mm) ?Sﬁ'g‘mm
30°Y Pile 90° T Pile 120° Y Pile
w 1
Delivery Conditions & Tolerances
PS ASTMAG6
Mass +2.5%
WEIGHT Elatiic COATING AREA
menatn || Mt Erost | Section Mo Length + 5 inches - Qinches
Width ~ Web Interlock Ccell Sectional  Pile Wall Modulus  of Inertia Both Wall
(w) (t,) Strength  Diameter* Area Sides Surface
in in k/in ft in?/ft Ib/ft I/ ft* in*/sheet in*/shest ft2/ft of single | ft?/ft*of wall
SECTION (s T KN/ i kg, T ( heet) i ) m Maximum Rolled Lengths*
. 1969 04 24 30 8.09 451 275 33 53 365 ‘ 1.1 Fe D5 et nesinies 70ifest for pairt 258m.21.3
| . Ps 65 feet
e 1969 05 24 30 912 509 310 33 5.3 365 ‘ 111 * Longer kngths may be possibke upon request
* Minimum cell diameter cannot be quaranteed for piles over 65 feet in length

Minimum cell dlameter cannot be quaranteed i piles are spliced.
58 Piles are needed to make a 30 foot dameter cell

Technical Hotline: 1-866-875-9546 / engineering@skylinesteel.com www.skylinesteel.com Technical Hotline: 1-866-875-9546 / engineering@skylinesteel.com www.skylinesteel.com



SKZ/SCZ Sections (Skyline)

SRLISLE

SKZ/SCZ Cold Formed Steel Sheet Piling ArcelorMittal SKZ/SCZ Cold Formed Steel Sheet Piling

SKZ/SCZ A ‘ el

Corner Piles

1 t
| 7 E

WEIGHT SECTION MODULUS COATING AREA !_/
Chass [ B2 Comer Pile B3 Comer Pile
Width Height  Thickness Sectional Pile wall Elastic Plastic of Inertia Both Coating
(w) (h) (t) Area Sides Area SCZ14-5CZ16 sCz17-5cz21
in n in in*/ft Ib/ft Ib/ft? in*fft in'/ft in'/ft fee/fe fri/fe A=50inches A= 15 0iches 1
SECTION ) m m ) ! . n n m B=23.5inches (596 9 B = 2495 inches
S 28.50 1600 | 0315 6.00 48.24 2031 31.69 3666  253.51 7.60 1.60 SKZ 20 - SKZ 25 5CZ22-5CZ30
3 & 1 1704 1 B1E A=5.0inches A =50 Inches
T I I I I I I B=23.5inches (591 B=19.0inches
Sz 28.50 1600 | 0335 6.30 51.30 21.60 33.43 3804  267.40 7.60 160
qEEE 28.50 1800 | 0354 6.70 5420 2282 35.61 4112 284.90 7.60 1.60 Delivery Conditions & Tolerances
T 1 ASTM
T 28.50 1600 | 0375 7.10 57.43 2418 37.73 4352 301.80 7.60 1.60
| il | | | Mass +2.5%
G 28.50 1600 | 0.399 7.60 61.10 25.73 40.14 4624 32112 7.60 1.60 Length +5 inches ~ Dinches
Interlock Opening ~ + 0.08 inches
Sor e 28.50 1000 | 0.250 418 33.81 1423 14.36 16.32 71.82 6.10 1.28 Straightness 0.2% of the length
=l | = | : ! | Twisting 0.4% of the width
e 28.50 1000 | 0.276 4.62 37.37 1573 1575 17.97 78.73 6.10 1.28
21y 29.95 1013 0.315 5.16 43.86 17.57 16.86 19.57 88.77 6.32 127 Maximum Rolled Lengths*
| | sl h |l | skz,5¢2 70 feet
R 29.95 1013 0.335 5.49 46.67 18.70 17.86 2085 90.48 6.32 1.27 e ot B sl v et
seais 29.95 1013 0.354 5.80 49.30 19.75 18.74 2206 94.92 6.32 127
Seran 29.95 1013 0.375 6.14 52.19 2091 19.85 2326 10055 6.32 1.27 Optional Accessories
Ty 2402 13.39 0315 643 43.81 21.89 20.76 3375 19919 5.01 1.48
g 2402 1330 0.335 6.87 6.84 2335 31.62 3608 | 22363 5.91 1.48
S 24,02 13.39 0.354 7.27 49.60 24.78 33.48 3813 22408 5.91 1.48
61 | ) ]
erdc 2402 | 1339 | 0375 768 | 5228 2622 | 3534 4028 23653 | 591 148 St BItactor
i 1 Waler
D 2402 13.39 0.413 8.48 57.92 28.88 39.06 4449 261.43 5.91 1.48
30 z:?‘oz 1239 0.433 8.88 60.68 3031 40,92 4656 | 27388 5.91 1.48

Sheet Pile Protector

Technical Hotline: 1-866-875-9546 / engineering@skylinesteel.com www.skylinesteel.com Technical Hotline: 1-866-875-9546 / engineering@skylinesteel.com www skylinesteel.com



AZ Sections (Skyline)

JAVA skylinesteel T AL

AZ Hot Rolled Steel Sheet Piling AZ Hot Rol

1 Steel Sheet Piling

te
Available Steel Grades
. AMERICAN CANADIAN EUROPEAN
h " YIELD STRENGTH YIELD STRENGTH YIELD STRENGTH
ASTM f { CSAG40.21 EN 10248 +
(ksi) i (ksi) ] (ksi)
A328 39 ‘0 Grade 260 W 38 G0 | 5240GP 35
I » T o 1 A 572 Grade 42 42 29 Grade 300 W 43 ) 5270GP 39
N ) ) ) A 572 Grade 50 50 Grade 350 W 51 5320GP 46
THICKNESS | WEIGHT SECTION MODULUS COATING AREA A 572 Grade 55 55 Al Grade 400 W 58 ! 5355 GP 51
T | cross I I Moment T I [as72Grde60 | 60 = 1 Tsas0Gp | s
Width | Height Flange  Web | Sectional  Pile  Wall | Elastic  Plastic | of Inertia Both wall [A 572 Grode 6 | | |j=a50 7
(w) h) g () Area Sides Surface A 572 Grade 65 65 5430GP 62
in in in in in/ft bt | Mbfe | it | it n'ft | f/ftofsingle | fii/ftt A 690 50 2 S460AP 67
SECTION (i (mir (T m) | e kg kasm?) | ( : ) /) (r y 1) | i | il ey 1
A 2638  11.80 0335 0335 504 | 4442 2022 223 262 1328 5.45 1.23 1030 i
| | . | Y 14 | “Not available for AZ 37-700 and larger.
T 2638 1193 0375 0375 | 647 4838 2202 242 284 1443 5.45 123 Cornariiite
az14 | 2638 | 1197 0413 0413 | 703 | 5262 2394 260 307 1560 5.45 1.23 — e
) 105 1 8 3¢ ) : | . o -2 ~1.18" Y.
~(25 mm) ~{70 mm) (30 mm) o
AZ12-770 30.31 1?.52 0.335 9.335 5.67 43.?? 19.3‘1 23.”2 2:7.5 156.9 6.10 1.20 mm, ~{15 mm)
az13-770 | 3031 1354 0354 0354 594 | 5114 2024 242 288 1637 610 | 120
1 ] | 12 | 1 22 | 1 ~0.98" T ~tas ~0.79"
azia-zzo | 3031 1356 0375 0375 | 621 5342 | 2114 | 252 | 300 1706 6.10 1.20 “25mm)  gohqase ~{30 mm) ~(20 mm) 60°-120°
it 2480 1492 0335 0335 | 653 ‘ 4596 2224 310 362 2313 5.64 135
24.80 1496 0375 0375 7.1 49.09 2419 335 391 2504 5.64 135 ~Omega 18 ~c9 Delta 13
AZ1g 5 ‘ 118 " Weight: 12.10 Ibsfft Weight: 6.25 Ibs/ft Weight: 8.73 Ibs/ft
e 2480 | 1500 0413 0413 7.74 ‘ 54.43 2634 36.1 423 2708 5.64 1.35 hlc s S s
Azi7-700 | 2756 | 1652 0335 0335 | 628 | 4912 2138 | 322 | 377 | 2653 6.10 133 Delivery Conditions & Tolerances
az1s-700 | 2756 | 1654 0354 0354 | 658 ‘"5’1’.41’ 2239 335 394 2768 610 | 133 ASTMA 6 EN 10248
az19-700 | 27.56 1656 0375 0375 | 688 | 5376 2341 348 410 2884 6.10 133 = £25%
L C L 0 14 220 9 Length +5inches - Oinches
2480 | 16.77 | 0472  0.441 | 874 | 61.49 | 2974 457 | 534 | 3826 591 1.41
LEE | 630 | 4260 | 1200 | 1120 | 1850 | 9150 | 14520 | 2455 | 2873 | 53250 | 2 1BO | 141 Height
2480 1681 0512 0480 | 935 | 6572 3179 48B4 | 568 4065 5.91 1.41
AZ 26 g 5 3 X i Thickness
— 2480 1685 0551 0520 | 997 | 7015 3394 512 | 605 4316 591 | 141
253 i .
Azza-700 | 2756 | 1807 | 0441 0441 | 823 | 6430 2800 | 452 | 535 | 4088 6.33 138 Wid
az26.700 | 2756 1811 0480 0480 884 | 6912 3010 484 | 571 4373 633 | 138 Double File Width
C | | ) 3 Straightness the lengt
Azzs7oo | 2756 1815 0520 0520 946 | 7383 3219 513 603 4659 6.33 1.38 s )
az3z-700 2756 1965 0663 0480 | 1068 8345 3633 683 792 6765 6.76 1.46
az3g-7o0 2756 1969 0709 0520 | 1134 8863 3859 725 837 7140 6.76 146 Rolled Lengths*
| L | i = ! ! 1 2, 1 : | S—_— AZ 101.7 feet
az41-700 2756 1972 0748 0559 | 1200 | 9374 4084 762 883 7514 6.76 1.46
. 2] 3 s 4 A ! c9 59.1 feet
2283 1894 0709 0551 | 13.76 | 89.10 46.82 855 | 985  808.8 6.23 163
| | | 7 | 2 5o | | ) 1 | cia 59.1 feat a0
o 2283 1898 0748 0591 | 1448 | 9381 | 4928 893 | 1033 8471 6.23 163 — —
Ri50 2283 1902 0787 0630 | 1521 | 9858 5180 933 | 1082 | 8865 6.23 163 Omega 18 520 feet "

* Longer lengths may be possible upan request

Technical Hotline: 1-866-875-9546 / engineering@skylinesteel.com www skylinesteel.com Technical Hotline: 1-866-875-9546 / engineering@skylinesteel.com www skylinesteel.com



Cantilever and Anchored

Anchored Walls

Walls

e Cantilever Walls

Walls which have additional o
supports buried in the soll
(tiebacks)

d. Tle rods and A-frame

. Steel H-plle anchors

COMCRETE CAP

BEARNG CLUSTER PRLE

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



Failure of Sheet Pile Walls

« Geotechnical Failure
0 Deep Seated Failure

CROUND SURFACE
] s

= Corflever weil

o0 Inadequate Penetration

CROUND SURFACE
CROUND SURFACE N

DREDGE LINE
< v

N

........

DREDGE LINE .~
YRy

a. Cantilever wall b. Anchored wall

Structural Fallure
o Flexural Failure

a. Gantifaver wall

o Anchorage Failure (can be
geotechnical)




Methods of Solution for
Cantilever Walls

e Conventional Method e Chart Method

o Involves analysing active and o Very straightforward to use
passive pressures on sheet pile o Only applicable to simplest
wall per layer cases

o Traditionally the most common o Good check on other
method used methods

o Versatile but requires some :
experience for proficiency  Closed Form Solution

o Complex soil profiles can be 0 Math complex but more
difficult straightforward

: - o Limited number of cases

 Simplified Method

o Variation of conventional ° Computer Software
method o For complex soil profiles, only

o Eliminates problems at wall toe practical solution

o Still requires some proficiency



Design of Cantilever Walls:
Conventional Method

NOTE: WATER LEVELS CAN
BE DIFFERENT Ci 2PONGITE
SIDES DUE TO PUMPING,TIDAL
FLUCTUATIONS AND OTHER
REASONS.

E F
L—}'DKP‘Y(H’D)KA—M'—)’(H'D,KA-"

7OKp ¥ (H+DKp-y DKy
e y(H+D)Kp

l. Assume a trial depth of penetration, D. This may be estimated from
the following approximate correlation.

Standard Penetration
Resistance, N
Blows/ foot Depth of Penetration*

0 -4 2.0H

5 - 10 1.5H
11 - 30 1.25H
31 - 50 1.0H

+50 0.75H

* H = height of piling above dredge line
2. Determine the active and passive lateral pressure using appropriate
coefficients of lateral earth pressure. If the Coulomb method is
used, it should be used conservatively for the passive pressure.

3. Satisfy the requirements of static equilibrium: the sum of the
forces in the horizontal direction must be zero and the sum of the
moments about any point must be zero. The sum of the horizontal
forces may be written in terms of pressure areas:

AR e —— ——
A(EA1A2) - A(FBAp) - A(ECT) = 0
Solve the above equation for the distance, Z. For a uniform
granular soil,
Kp D2 = Ka (84D)2

T K - Ky (H42D)

4, Take moments about point F. If sum of moments is other than zero,
read just D and repeat calculations until sum of moments around F is
zero.

5. Compute maximum moment at point of zero shear,

6. Increase D by 20%Z - 40% to result in approximate factor of safety of
1.5 to 2,

\aa el qnidia betton phractioe inbolf cnsea. )

FIGURE 23
Analysis for Cantilever Wall

Notea:

A For cantilesrn os anchored.akeet pile
walle,you may mmmemﬁé
pheasune coefficienta o (oK Ko and

on the LULGHTE @M ( Covkomf. z@,//@

lo 2ol K5

B R ibem &, alellen ofwiny ofincliding. )
Che acton effaafely caCo diside Che Kp by

/5=, m%m&%, m?@wfu

Hra ia alao ﬁ/;/cam’z&vm walla

) o notco Che methiod in b wilhthie
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Cantilever Sheet Pile Example

Cantilever Wall — Example .

(Cohesionless Soils)

SURCHARGE 10kN/m’

2= T z
[ 1 33
T GHSHSINENE f 0“ T f
; ¥ =1716 kN/m® -l
E $=3073= 0° b
M C=0kN/m’ 2
| Ts:
g L0 786
=]
[ 172 958,
- o 2 -o.
}’_—I_a 6 kN/m 5 0. |.38mn4a| 0
‘_' @
7' =108kNjm’ &
$=354=10° g
C = 0kNm? #
Yo =98kN/m° S 294) [681168] [294

P

Water Soil Soil Water
Passive Active NETT PRESSURE DIA. kN/m®

OVERBURDEN kN/m’

Active Pressure pa = 7.h Ka — 2¢c v'Ka + pw
Passive Pressure pp = 7.h Kp + 2¢ VKp + pw

The coefficients of earth pressures are obtained from the tables in the section on earth and
water pressures.

Loose fine sand Ka= 033 Kp:

3 Note: Wall friction has been ignored in this
Compact fine sand Ka — 0-:27 Kp = 3

0 example, however its beneficial effect can be
-7 included at the discretion of the engineer.



SPW 2006

 Simple software to use, ML R R
does not require N
installation § | - |

e Input according to £l
instructions oo o |

. . w 04— .
* For active-passive [ o
stroke, use chart at right 3 TN W
o Complete stroke Y/H should T o
be sum of active and passive AAGATUDES F WAL ROTATEN To REAGH LURE
rotation values, depending AND GoNDIToN e
upon the soll oot R, oiig po-
o Y/H sum is then multiplied by ””g::jlf,mmm,fim &
height H (as shown) to —
determine stro ke Effect of Wall HmIrment on Wall Pressures




Cantilever Sheet Pile Example

(Cohesionless Soils)

Retaining Walls Retaining Walls Eb
Pp 8t 4 m below ground level in loose sand 0 kN/m*
. le . Pp at 5 m below ground level in loose sand 17.2x 3.0 51-6 kN/m?*
Cantilever Wall — Example Pp at & m below ground level in compact sand 172 x 3.7 63-6 kN/m?
Pp at & m below ground level in compact sand 358x3.7 1325 kN/m?*
Pp at 9 m below ground level in compact sand 681x37 + 294 2814 kN/m2
Nett pp at 5 m below ground level in loose sand 516 —31-6 200 kN/m?
i Nett pp at 5 m below ground level in compact sand 636 —25.9 37-7 kN/m#*
Nett pp at 6 m below ground level in compact sand — 132.5 — 309 1016 kN/m?
, Nett pp at 9 m below ground level in compact sand 2814 —69-0 212-4 kN/m?
SURCHARGE 1okh/m 3 As the Pressure Diagram below ‘0" is not uniform the depth 0.C. is most easily derived by trial
1 ¥ ﬂa and error,
. - A I|I
Try 0.C. = 3.0m
Y=rekNm' g Fie—t v .
| @303 00 E z i Moments about 'C
C = 0kN/m' E Al 3-3 x 4-000 x 5-560 = 73-4
E N 226 x 4000 x 0.5 x 4.893 = 221.2
H r 333. 25-9 x 0-560 x 0-5 x 3.373 2 24.5
"l 72 95 moolm — 20-0 x 0-440 x 0-5 x 2.707 = =119
. i ° — 37-7 x 1-000 x 2-060 - 777
PolmekNimT g o Lwmawe) o ~ 63-9x1-000 x 05 x 1.893 - — 605
e 2 ; | —101-6 x 1:560 x 0.780 . —1236
Y =108kN] g B ! — 57-6 x 1-560 x 0-5 x 0-520 - — 234
poasd- 0 g EJ | y \
= 2 . B30
b O;'::-m‘ 8 o) lowweal Looa 2124 ' 22:0 kN/m
o =20k ! water Soil Soil Water NETT PRESSURE DIA. kNim* _ )
Passive Active Hence the correct value of 0.C. is slightly more than 3-0 m. However itis sufficiently accurate
} to take 0.C, — 3.0.
. ’ Depth of cut-off required 0560 +12x3.0 ~ 42m
BURDEN kN | .
OVER ! Total Active Pressure 146 x4 - 5840
: 25.9 x 0-560 x 0.5 - 7.25
it
6565 kN
'II Zero Shear (Max. Bending Moment) occurs 5-9 m below ground level.
j Moments about and above point of zero shaar.
3-3 x 4.000 x 3-900 = 515
22.6 x 4-:000 x 0-5 x 3.233 1461
_ 259 x 0-560 x 0.5 x 1.713 12.4
: - 3.h Ka — 2¢ vVKa + pw —20-0 x 0-440 x 0.5 x 1-047 - — 4.6
Active Pressure pa !‘ ) :; + 26 Vo pw —37-7 x 0-900 x 0-450 - —15.2
ive Pressure pp = 7.h Kp . d —57:5 x 0-900 x 05 x 0-30 = —78
e ici f earth pressures are obtained from the tables in the section on earth an X X X 0
The cosffll:;:rf:: ot ear Note: Wall friction has been ig"?m? ";n"i‘)'i 182-4 kN/m
water pres ! 0-33 Kp =30  gxample, however its beneficial effect c Bending Moment on Piles 182-4 kN/m
Loose fine sand KiZ 027 Ky 37  imchuded st he discretion of the engineer 182.4 x 1000 x 100
Compact fine sand  Ka ’ 10 x 0.33 3-3 kN/m? Z required T 125x100 - 1459 cm¥/m
25-9 kN/m*
Pa al‘9"{‘““'“1“5“IEI ound level in loose sand 78-6 x 0-33 31-6 kN/m?* Z of Larssen 3/20 — 1665 cm®/m
Pa at 4 m below gr in loose sand 958 x 033 9 kN/m? ; 3
pa at 5 m below groun: Ileve1| in compact sand 95.8 x 0.27 %gg kN:‘rn’ Z of Frodingham 3N — 1688 cm /m
el In " . .
ga :: 2 ,n,: ::g:gx g:zﬂ:d IZ:eI in compact sams| :lg‘; : 357? + 294 £9.0 kKN/m? Use either Frodingham 3N or Larssen 3/20 Piles x 8:2m, long in Grade 43A steel
a i act san .
at 9 m below ground level in comp.
pa 79
78




Input to SPW 2006

Fight Side

[ Soil Mame Cap q kKp
m kM ArF kel A m m bed At ke At m
1 |LoogeFine Sang 4000 17.1a0 17160 &.000 0.000 10.000 0.000 0333 2.000 1.000 003z
2 |Loose Fine Sanc  1.000 17,160 17.1a0 &.000 0.000 10.000 0,000 0333 2.000 0.500 0032
'3 |Dense Fine Sani 1.000 18,600 18.600 &.000 0.000 10.000 0.000 0270 2470 0.426 0.o10
"4 |ience Fine Sand  4.000 18,600 18600 &.000 0.000 10.000 0.000 0.270 2470 0.426 0.o10

| Soil Mame Cap q Kp
m beMd froe bePd e 1] m ket At bed ot - - - 1]
1 |Loosze Fine Sanc 4.000 0.000 10.000 &.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000
2 |Looge Fine Sanc 1,000 17,160 17,160 &.000 0,000 0.000 0,000 0,333 2.000 0.500 0032
3 [Denze Fine Sand 1.000 18.600 18.600 &, 000 0.000 0.000 0.000 0.270 2470 0426 0010
4 lienge Fine Sand|  4.000 18.600 18.600 &.000 0.000 0.000 0.000 0.270 2470 0.42e 0010
a2
Mo.| Depth Fx Fa Do
m kA kM /m m
0 | 0.000] 0.000 1.000
1 4.000 0.000 0.000 1.000
2 5.000 0.000 0.000 1.000
3 6.000 0.000 0.000 1.000
4 10.000 0.000 0.000 1.000




Solution to Example from

SPW 2006

100.0

f

-100.0

100.0

-100.0

n

10.000 m

200.0

-200.10

0.500

-0.500



Cantilever Piles in Clay

e Two step analysis

(a)

YA
r *

(h)

Short term, where ¢ =0 and
c = s, (analyse for cohesion

only)

Long term, where ¢ >0 and ¢ >
O (use strengths from S (C-D)
tests)

Include critical height
considerations



Questions
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