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ENCE 4610

Foundation Analysis and Design

Piling Walls:
Cantilever Wallls s

A~ Anchored Walls




Overview of Sheet Piling as a
Retaining Wall

O Shﬁet piling is a structural “in-situ” type of retaining
wa

O DOﬁs not rely on its mass to retain the soil, as opposed to a gravity
wa

@ 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
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Matenals for Sheet Piling

@ Steel
® Coldformed
@ Hofrolled

® Aluminium

@® Exiruded

. @ Vinyl
@® Extruded
@ Fibreglass
. @ Pultruded




Steel Sheet Piles

@ Hotrolled ® Cold formed
@® Panel and inferlocks rolled in ® Form rolled cold from steel
one operation plate
O “Trgdi’rionol” form of steel sheet ® Common with lighter sheet pile
piling profiles
@® Inferlocks more prone to
breakage
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a. Hot-rolled Z-section b. Cold-rolled Z-section



Concrete and Wood
Sheeting

@ Concrete Sheeting @® Wood Sheeting
FRL s o DL ﬁHML***“JXQ_ ANNNNNN//2747777 NN\ NN\ /471 2F),
SROUTED TONGUE AND GROOVE CUTT—ENDED

—T—T T T T T

==+ FA— o

T T

N

FT-T—T-: If"'lf 1|' T_} TONGUE AND GROOVE

i i L
NN/
SPLINT FASTENED




Aluminium, Vinyl and
F1breglass Sheeting

@ Made for lightweight
and light load
applications

® Common substitute for
wood or concrete
walls

@® Require special
handling in setfing and
driving

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




Sections of Sheet Piling

/-shaped sheeting

g Popular in north America
= Usually drive two at a time
B 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 log
transferred using the
interlocks (European
practice; U.S. praciice does
. nhot assume this load
- transfer)




Sections of Sheet Piling

Arched Shgped FlCIT-Web Sheeﬂhg
Used for shallower wall Almost exclusively used
. for cellular cofferdams
construction Main stress is tensile

through the web and
interlocks

Can be driven singly

Used in cold formed
steel and aluminium

sheetfing or two at a time




Transitional Sections and
Interlock Styles

« Transitional Sections ferlock Styles

@ Hofrolled and
extruded sections

@® Ball and socket
@® JSingle or double jaw
@ Double hook

® Thumb and finger
® One point contact

‘m' ® Three point contact

@® Cold formed sections
@ Hook and grip
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¢. Fabricated corners d. Rolled corners

O

Ball and Socket (BS) Double Jaw (DJ)

Double Hook (DH)

-~

Thumb and Finger - one point
contact (TFX)

Hook and Grip (HG) a

Thumb and Finger - three point
contact (TF)




Steel Sheet Piling Sections
° b ° Profi Section District taDLSC.e Per T‘:‘vii?" Per Per
ecifications tor - R R s
: Pile of Wall Wall Wall
In. Lbs. | Lbs. In. In2 In3 In.? In? In#
£, | Psx3z H. |16% [44.0| 32.0 | 2%, | 33| 24 [1298 | 51| 37
B3]
S t 1 S] t P‘l' 5SS | PS32* | HS. |15 |400(320|% | 24| 19 |1L77 | 36| 29
ee ee 1 lng =¥ | psz HS. {15 [350] 280 |% | 24| 1.9 (1030 | 35| 28
g PSA28* | H. (16 (373|280 |% | 33| 251098 | 60| 45
‘[J’E;E; K PSAZ3 HS. (16 [30.7] 230 (% | 32| 24| 899 | 55| 41
=
= PDA27 | HS. |16 [36.0| 27.0 {% |143 |10.7 [1059 | 53.0 | 39.8
g PMA22 | HS. [19% [36.0] 220 % | 88 5.4 [1059 | 224 | 137
Steel Allowable | Allowable
Grade Stress, ksi Stress, .
QN
=<
MPa 52 | P H |18 [57.0]| 380 |% |70.2 | 468 |16.77 |421.2 | 280.8
ERS
ASTM A 25 172 £5
=P
328 85| P W |21 [560| 320 |% |67.0 (383 |1647 |385.7 |2204
£2
572 Gr. 45 S
£5%
ASTM A 32 220 25| no Ho |18 [405] 27.0 | % | 453 [302 |11.91 |2763 |184.2
S =F o
K=} =3
572 Gr. 50 iz
ASTM A 35 241 ssections PS32 and PSA28 are infre- : _
G 55 quzﬁtlgnrilled anda:fe do notadE:/rize their | Suggested Allowable Design Stresses—Sheet Piling
r- se in a design uniess an adequate ton- — - -
:age can be ordered at one time to assure Steel Brand or Grade er;:(r)r_:;ltm:s»ield Allowable E;ilgn Stress,
a minimum rolling. USSEXTEN 55 (ASTM A572 GR 55) 55,000 35,000
e e e ate subication | USS EXTEN 50 (ASTM A572 GR 50) 50,000 32,000
entitled “USS Steel Sheet Piling.” USS MARINER STEEL 50,000 32,000
H—Homestead, Pa. (Pittsburgh District) USS EX-TEN 45 (ASTM AS72 GR 45) 45’083 gg'ggg
S—South Chicago (Chicage District) Regular Carbon Grade (ASTM A 328) : 38,5 ,

*Based on 65% of minimum yield point. Some increase for temporary overstresses
generally permissible.
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PZ/PS Hot Rolled Steel Sheet Piling

PZ /PS Sections (Skyline)

ArcelorN\muI

skylinesteel T

RIS

PZ/PS Hot Rolled

Steel Sheet Piling

Available Steel Grades
PZ's PS’s
YIELD STRENGTH YIELD STRENGTH INTERLOCK STRENGTH
ASTM ASTM T
(ksi) (ksi) (kfin) kN/m)
A328 39 2 A328 39 2 16 2800
A 572 Grade 50 50 34 A 572 Grade 50 50 20 3500
A 572 Grade 60 60 4 A 572 Grade 60 60 4 24
A 572 Grade 65 85 A5 A 572 Grade 65 65 24 4200
A588 50 4 A 588 50 20
THICKNESS Crams WEIGHT | SECTION MODULUS COATING AREA A 690 50 . A 690 50 20 —
sectional Moment wall g i
Width Height  Flange wall Area Pile wall Elastic Plastic = of Inertia Both Surface y .
(w) (h) (tp) (ty) Sides fesf of Corner and Junction Piles
in in in in in?/ft b/t Ib/ft? in?/ft in*/ft in*/ft ft2/ft of smgle wall
SECTION (mm) mm) mm (mm emi/m) | (ka/m) | (ka/m?) | (em?/ ni/m) | (em'/m m?/m) (m/m?)
-
e 220 9.0 0375 0375 6.47 40.3 220 18.1 21.79 84.38 4.48 122 (101.6 mm), ]
c X: 9.5 136.9 )73 ] 3 1 (101.6 mm)
Pz 27 18.0 12.0 0.375 0.375 7.94 40.5 27.0 30.2 36.49 184.20 4.48 1.49 T Pile
A ! . S 1€ ) 2520 ] Length of T and
1 1 L/ e o Angle Varies
Pz 35 226 14.9 0.600 (D‘.S’JD 10.29 §5,0 35.0 43..5 5?.17 361.22 5.37 ‘I‘.42 FC-a MC -a
Female or Male Corner _ osa
Pz 40 19.7 16.1 0600  0.500 11.77 65.6 40.0 60.7 71.92 | 490.85 5.37 164 2508 ) 120
[a] 1267 ). 1 6! B66. 64 1.64
30. 10.16"
150 U mm) (258 mm) 5.91"
(150.0 mm)
9.84"
tw zso u mm) I (250.0 mm)
30°Y Pile 90° T Pile 120° Y Pile
w
pS Delivery Conditions & Tolerances
ASTMA 6
Mass +2.5%
WEIGHT Elastic COATING AREA Lenath . oinch
Maximum  Minimum Cross Section Moment =ng Rree —finches
Width Web Interlock Cell Sectional Pile wall Modulus of Inertia Both wall
(w) (t,) Strength  Diameter* Area Sides Surface
in in kfin ft in?/ft Ib/ft Ib/ft’ in*/sheet in‘/sheet | ft?/ft of single | ft?/ft?of wall
SECTION mm) (mm (kN/mi {em? /i g/m) | (kg/m?) | {cm’/sheet) | (cm/shee (m?/m) m?/m?) - Maximum Rolled Lengths*
psars | 1069 04 24 0 800 2z I 2z 13 <3 165 ‘ 111 [ 85 feet for singles, 70 feet for pairs 259m,213 0
2l i | = : ps 65 feet
PS 31 19.69 0.5 24 30 9.12 50.9 31.0 33 53 3.65 ‘ 1.1 * Lenger lengths may be possible upon request.
s i : e i . g :
* Minimum cell diameter cannot be guaranteed for piles over 65 feet (| inlength

Minimum cell diameter cannot be quaranteed if ples are spliced
58 Ples are needed to make a 30 foot diameter 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)

SKZ/5CZ AN ‘ skylinesteelT SKZ/SCZ

SKZ/SCZ Cold Formed Steel Sheet Piling

SKZ/SCZ Cold Formed Steel Sheef Piling ArcelorMittal

Corner Piles

w w A
| 1
80° - 225°
WEIGHT SECTION MODULUS COATING AREA B
(s ome B2 Comer File B3 Corner Pile
Width Height  Thickness Sectional pile wall Elastic  Plastic  of Inertia  Both Coating
(w) (h) ) Area Sides Area $CZ14-5CZ16 SCZ17-5CZ21
in in in in*/ft Ib/ft Ibyft? in*/ft in*/ft in/ft ft2/ft fegfe A= 50 Inches (1 A= 5.0 inches
SECTION m) {mm) m cm?/m) (kg/m {kg/m?) | (cmi/m (cmifm) | (cmi/m m?/m) n?/m?) B=235inches (5000 B = 24.95 inches
e 28.50 1600 0315 6.00 48.24 2031 31.69 3666  253.51 7.60 1.60 SKZ 20 - SKZ 25 5CZ 22 - 5CZ 30
23 € £ € 7 ! 1 2 B0 A =50inches (1 A =50 inches mr
B=-235inches (596 T B = 19.0 inches (4
SEse 28.50 1600 0335 6.30 51.30 21.60 33.43 3804  267.40 7.60 1.60
SK235 2850 1600 0354 6.70 5420 2282 35.61 4112 28490 760 160 Delivery Conditions & Tolerances
T T T ASTM
AT 28.50 1600 0375 7.10 57.43 2418 37.73 4352 301.80 7.60 1.60
3.€ 6.4 L il 126 2 i 32 £ Mass +2.5%
Ges 28.50 1600 | 0399 7.60 61.10 25.73 4014 46.24 32112 7.60 1.60 Length +5 Inches - Oinches
Interlock Opening +0.08 inches
Scit 28.50 10.00 0.250 418 33.81 14.23 14.36 16.32 71.82 6.10 1.28 Straightness 0.2% of the length
. i = = s ) Twisting 0.4% of the width
R 28.50 1000 0276 162 a7 1573 15.75 17.97 78.73 610 1.28
Py 2995 | 1013 | 0315 5.16 4386 1757 | 1686 | 1957  88.77 6.32 1.27 Maximum Rolled Lengths*
: ; 8573 : ; K2, 5CZ 70 feet
e 29.95 1013 0335 5.49 46.67 1870 17.86 20.85 90.48 6.32 127 T ——
B 29.95 1013 0.354 5.80 49.30 19.75 18.74 2206 9492 6.32 127
s 29.95 1013 0.375 6.14 52.19 2091 19.85 23.26  100.55 6.32 1.27 Optional Accessories
Ty 2402 13.39 0315 643 43.81 21.89 2976 3375 19919 591 1.48
D 2402 13.39 0335 6.87 46.84 2335 31.62 3608 | 22363 591 1.48
e 24.02 13.39 0.354 7.27 49.60 24.78 33.48 3813 224.08 5.91 1.48
61 40. 3.6 i E L JE E ]
= 2402 1339 0375 | 7.68 5228 2622 | 3534 4028 23653 591 148 sheet Pile rotector
610 10, ) s 1 X : £ 3 Waler
T 24.02 13.39 0413 8.48 57.92 28.88 39.06 4449  261.43 591 1.48
iy 24‘1.92 1 3‘..39 0.433 8.88 60.68 3031 40.92 4656 | 273.88 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)

A

ArcelorMittal

AZ

AZ Hot Rolled Steel Sheet Piling

AZ

AZ Hot Rolled Steel Sheet Piling

kylinesteel ©

Available Steel Grades
AMERICAN CANADIAN EUROPEAN
YIELD STRENGTH YIELD STRENGTH YIELD STRENGTH
ASTM CSA G40.21 EN 10248
(ksi) (MP [ g | we (ks (MPa)
A328 39 Grade 260 W 38 5240GP 35 240
I w w 1 A 572 Grade 42 42 29¢ Grade 300 W 43 29 5270GP 39
A 572 Grade 50 50 Grade 350 W 51 5320GP 46
THICKNESS WEIGHT SECTION MODULUS. COATING AREA A572 Grade 55 55 Grade 400 W 58 5355 Gp 51 .
Cross Moment [ | A572 Grade 60 50 a1¢ [ |'s3906p 57
Width  Height Flange  Web  Sectional  Pile  Wall  Elastic  Plastic | of Inertia Both wall St | |
w) ) p  (t,) Area Sides Surface A 572 Grade 65 65 5430 GP 62
in in in in in?/ft Ib/ft Ib/ft? in*/ft in*/ft in'/ft fe2/frof single | feo/fi? A 630 50 4 S 460 AP 67
SECTION m (mm) (mr mm) emifm kafm) | (ka/m?) | (emitm) | (emiym) | (cmipm) (m?/ (m?/m?) b | !
A 690 57 390
— 2638 1189 0335 0335 594 | 4442 2022 223 262 1328 5.45 1.23
| 302 150 1257 66.10 ¢ 20 09 14 1.23 *Not available for AZ 37-700 and larger.
O 2638 | 1193 | 0375 0375 647 | 4838 2202 242 284 | 1443 5.45 123 Eormerbiiae
T 2638 1197 0413 0413 703 | 5262 2394 260 307 1560 5.45 123 i e .
- ~(25 mm) ~(70 mm) ~(30 mm)
aziz770 | 3031 | 1352 0335 0335 567 | 4878 1931 | 232 | 275 | 1569 6.10 120 mm
az13770 | 3031 | 1354 0354 0354 594 | 5114 2024 242 | 288 | 1637 610 1.20
) ) 9 € € € 1€ 6 1 ~0.98" ~1.18" ~0.79"
Azia-7zo | 3031 | 1356 | 0375 0375 621 | 5342 2114 | 252 300 | 1706 610 120 ™ ~E5mm) gghqas ~(30 mm) ~(20 mm)
. 2480 1492 0335 0335 653 | 4506 2224 31 362 | 2313 564 135
2480 1496 0375 0375 711 | 4999 2413 335 391 2504 564 135 c14 ~Omega 18 L Delta 13
Az18 : ; : " it ’ 7 S T3 Weight: 9 68 Ibs/ft Weight: 12.10 Ibs#t Weight 6.25 Ibs/ft  Weight: 8.73 Ibsft
o 2480 1500 0413 0413 774 | 5443 2634 361 423 270.8 564 135 {1%:4:5am (1€ kam Lol (ke
Az17-700 2756 1652 0335 0335 628 | 4912 2138 322 | 377 | 2653 610 133 Delivery Conditions & Tolerances
ASTMA 6 EN 10248
Aziagoo 2756 1654 0354 0354 658 | 5141 2233 335 394 2768 610 133
| I — - M 25% +
Az19.700 2756 1656 0375 0375 688 | 5376 2341 348 410 | 288.4 610 1.33 = &
d ? i 87 = = 1 Length + 5 inches - Oinches
2480 1677 0472 0441 874 | 6149 2074 457 534 | 3826 591 1.41
AR [ i 12 1 L 1.5 245 5 1 Height "
2480 1681 0512 0480 935 | 6572 3179 484 569 4065 591 141
AZ 26 : = : ot i i = - Thickness
A 2480 1685 0551 0520 997 | 7015 3394 512 605 | 4316 591 1.41
1 ; 3 i -
Azza7o0 | 2756 | 1807 | 0441 (0441 | 823 | 6430 | 2800 452 | 535 | 4088 633 138 Wid
T - Double Pile Width
az26-700 2756 1811 0480 0480 B84 | 69.12 30.10 | 484 | 57.1 4373 633 138
| ‘ 02.9 .01 ‘ ] 138 Straightness lengt
2756 1815 0520 0520 946 | 7393 3213 513 609 | 4659 633 138
AZ 28-700 ; : ) ¢ o : : Ends out of Square e widt
azazzo0 2756 1965 0669 0480 1068 | 8346 3633 689 792 | 6766 676 1.46
az3o-700 2756 1969 0709 0520 1134 | 8863 3859 725 837 | 7140 6.76 1.46 Maximum Rolled Lengths*
00 | 5000 1800 | L 3150 | 18840 | 390C C 750 1.48 Az 101.7 feet. or
Azarzoo | 2756 | 1972 0748 0559 1200 | 9374 4084 762 883 | 75 676 146
i o 13 x Lo i) 129 . AL 2 uie e 59.1 feet m
aae 2283 1894 0702 0551 1376 | 8910 46.82 855 985 BO0B.8 623 163
1 4 1 ¢ . ) ( 1 c14 59.1 feet 80m
ot 2281 1898 1448 | 0381 4223 893 1033 8471 6.23 183 — ik -
e 22583 1902 0787 0630 1522 '9“'3'.55 51.80 933 1082  886.5 6.23 163 Omega 18 520 feet .

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

www.skylinesteel.com

* Longer lengths may be possible upon request.

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

www skylinesteel.com



Types of Sheet Pile Walls
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Cantilever and
Anchored Walls

* Anchored Walls @® Cantilever Walls
@® Walls which have additional @® Walls which have no additional
supports buried in the saoll supports, and which rely on the
(tiebacks) lateral earth pressures in the

lower portion of the wall to
support the earth in the upper
portion

® Limitedin height and soil type

® Almost exclusively done with
steel piling

@® GCenerally restricted to
temporary structures

1. Steel H-plle anchors



Failure of Sh

« Geotechnical Failure

O Deep Seated Failure

i GRDUND SURFACE o GRQH’_‘EEH’?E%EE..

SHEET PLE SHEET PILE

DR’EDGE LINE

a. Cantitever wall b. Anchored wall

o Inadequate Penetration

GROUND SURFACE

GROUND SURFACE
W

TIE ROD

SHEET PILE
ANCHOR

DREDGE LINE DREDGE LINE
N7 T N/ \\\

g. Cantilever wall b. Anchored walt

eet Pile Walls

Structural Failure
o Flexural Failure

GROUNO _SURFACE

GROUND_ SURFACE
AR

PLASTIC HINGE DREDGE LIKE
S

HREDGE LINE
NNy

a. CantHaver wall b. Anchored wall

o  Anchorage Failure (can be
geotechnical) |~z .

e BN
i ROD




Methods of Solution
for Cantilever Walls

 Conventional Method * 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 Solufion

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

. .o o Limited number of cases
- Simplified Method mitea nu
o Variation of conventional * Computer Software

method © For complex soil profiles, only
o Eiminates problems at wall tog === Practical solution




Design ot Cantilever Walls:

onventional Method

NOTE: WATER LEVELS CAN
SE DIFFERENT Ci:i MPeNZiTE

T

SIDES DUE TO PUMPING, TIDAL —
FLUCTUATIONS AND OTHER i
REASONS.

D

E E F
L—YDKP—Y‘H.D)KA —....-y(mn)x,\-q
} YOKp y (H+D)Kp-y DKy,
fe———— Y (H+D)Kp

1. 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 usding 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:

— — —
A(EAJA2) = A(FBA) - A(ECT) = 0
Solve the above equation for the distance, Z. For a uniform
granular soil,
Kp DZ = Kp (H4D)2
Ot o i
(Kp = Kp) (H+2D)

" 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 20Z - 40% to result in approximate factor of safety of
1.5 to 2.

FIGURE 23
Analysis for Cantilever Wall

Notea:
A For cantlilesen on anchored aheet pile
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@Cantilever Method Closed Form Example:
Cohesionless Soil, No Water, Simplified
Method

@ Simplified method
eliminates pressure
reversals at pile toe

@Active and passive
e forces on each side of
e 1 wall shown, along with
nomenclature

@Object is for moment at
toe to-be zero

N

vKpd?

F, = 5

Fy

Active
Pressures

Passive
d Pressures




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

@Changes in variables

K, , = d
= — 2 = — d! —_ —
" K, h h

@Dimensionless moment equation at any point
below the dredge line:
F(2)=1/622+1/22"+1/22 +1/6—1/62"k
@Real root for zero moment at pile toe (solution
for d’ and thus d):
— g k23 + ¥k + 1
K — 1

od, 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:
oF(z) _ 1/22% + 2 +1/2 —1/22"°k
0z’
@Distance o below dredge line for maximum
moment .0 14k
() — — =
h kK — 1

@ Value of maximum moment:

e VS . L ";’,5/2 ULV
6(k—1)




@Cantilever Method Closed Form Example:
Cohesionless Soil, No Water, Simplified
Method—Example Problem

@ Given @ Solution
® Dry cantilever wall, uniform ® From Rankine theory, K, = 1/3,
cohesionless soil, level backfill K =3
— (o) — p
® ¢ =30%y=109.2 pcf ® Reduce passive earth
® Rankine conditions pressure coefficient, thus = K,
® h=10 3/1.5=2
® Passive reduction factor of ® Fromthisk=2/(1/3)=6
safety = 1.5 O Equationlfor d2y3 YR
@ Find =
Penetration below dredge i
@ renetration below dredge line ® Substituting, o’ = 1.22, thus d
® Maximum moment on = (1.22)(10°) = 12.2
sheeeting ' '

@ 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 @ Solution
® Equation for maximum moment: ® Location of maximum moment
below dredge line:
3/2 5/2 1 .3 / g _ 1+ \/E
v :—K,—QI{ + 2K _H{'yKh?’ 0O = — =
ma 6(r—1)° ’ h k—1

® Substituting for maximum ® Substituting, o’ = (.69)(10) = 6.9’
moment, M__ = (.476)(109.2)(1/3) below dredge line = 16.9 below
(10)3 = 17,325 ft-Ib/ft of wall 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




Qiert: Cartilever Sheet File WAl

Pressue Rakirne
Toex Cartilever

Mepdmum d (ft)
0 3B04psf | 10.00

O 170C3.8fbf 16
¢ 2157.8Ipft | 11.

=L, omparison with Sheet Pile Software .

10.00 ft:

0.001t
Loose Fire Sad

Toe= 1417t}




Cantilever Piles in Clay

@® Two step analysis

@ Shortterm, where ¢ =0 andc
= s, (analyse for cohesion only)

@® Longterm, where ¢ >0andc >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
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Distribution of Moment and Shear Along
Anchored Walls
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@Analysis Methods for Anchored
Walls

@® Design Methods @® Implementation Methods
® Free Earth Support Method ® All of the methods used in cantilever walls

Assumes lower end of the pile
incapable of producing negative

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

bending moments ® Anchored walls are both simpler and more
Converts problem into a statically complex for hand solution than cantilever
determinate one ones
Rowe’s Moment Reduction Method ® Key for solution is to take moment around
used to take in to account flexibility of anchor point, solve for sheeting length and
sheeting then compute anchor force
= Is unnecessary with SSI (soil-structure ® In this course, we will primarily use
interaction) solutions such as SPW 2006 SPW2006 to analyze these walls
® Fixed Earth Support Method/Blum’s Method Stable wall is arrived at by varying the
(Equivalent Beam Method) length of the wall

Makes lower end has no angle like a Solution doing this is basically free
cantilever beam, but no moment earth support method with SSI,
Results in sheeting which is longer but obviating need for Rowe’s moment
has lower moment (and thus can be reduction
lighter) ® Blum’s Method

Useful for some kinds of sheeting, more
conservative

Also does not require Rowe’s Moment
Reduction -

Discussed in Veruijt for simple cases
A more comprehensive closed-form

solution is available

=

Figure 37.1: Blum’s schematization.



Closed Form Example: No Water,
Homogeneous Soll

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

@®New variable a’ = a/h

Figure 36.1: Anchored sheet pile wall.



Closed Form Example: No Water,
Homogeneous Soll

@ Governing Equations

1 Anchored Wall, Penetration Distance Equation:

1/3+d'—1/2d'+d”—d' a'+1/3d°-1/2d"a'-1/2k d°=1/3k d°+1/2k d"*d' = 0

2 Anchor Pull Ratio to Active Earth Pressure:
27 C142d+d%*(1-k)
K,vh2 (14 d')? (1+ d)*
3 Location of Maximum Moment:

Y= /1+2d +d?(1— k)

~—

4 Dimensionless Maximum Moment:
L

M 1 1—«k 23
max — - dl d.f2 e A
Koyl (2 TaTd ) (F-a)-3




Closed Form Example: No Water,

Homogeneous Soll

Values for
dfh varying 1
a'h and
kappa kappa
a'h 4 5 ] 7 8 9 10 1 12 13 14 15 16
0 0.793 0.644 0.550 0.436 0.438 0.401 0.371 0.347 0.326 0.309 0.294 0.2380 0.269
0.05 0.785 0.637 0.545 0.481 0.433 0.396 0.367 0.343 0.323 0.305 0.290 0.277 0.265
0.1 0.777 0.630 0.539 0.475 0.428 0.392 0.363 0.339 0.319 0.301 0.287 0.274 0.262
0.15 0.768 0.623 0.532 0.469 0.422 0.386 0.358 0.334 0.314 0.297 0.282 0.270 0.258
0.2 0.759 0.615 0.524 0.462 0.416 0.380 0.352 0.329 0.309 0.292 0.278 0.265 0.254
0.25 0.749 0.605 0.516 0.454 0.409 0.374 0.346 0.323 0.303 0.287 0.273 0.260 0.249
0.3 0.737 0.595 0.507 0.446 0.401 0.366 0.339 0.316 0.297 0.281 0.267 0.254 0.243
0.35 0.724 0.584 0.496 0.436 0.392 0.358 0.330 0.308 0.289 0.273 0.260 0.248 0.237
0.4 0.710 0.571 0.484 0.425 0.381 0.348 0.321 0.299 0.281 0.265 0.252 0.240 0.229
0.45 0.693 0.556 0.470 0.412 0.369 0.336 0.310 0.288 0.270 0.255 0.242 0.230 0.220
0.5 0.674 0.538 0.454 0.396 0.354 0.322 0.296 0.275 0.258 0.243 0.230 0.219 0.209
Values for
TiFa 2
varying a'h
and kappa kappa
a’h 4 5 3] 7 8 9 10 1 12 13 14 15 16
0 0.218 0.233 0.244 0.252 0.258 0.263 0.267 0.271 0.274 0.276 0.279 0.281 0.283
0.05 0.226 0.242 0.254 0.262 0.269 0.275 0.279 0.283 0.286 0.289 0.292 0.294 0.296
0.1 0.235 0.252 0.265 0.274 0.281 0.287 0.292 0.296 0.300 0.303 0.306 0.308 0.310
0.15 0.245 0.263 0.277 0.287 0.295 0.301 0.306 0.311 0.315 0.318 0.321 0.324 0.326
0.2 0.255 0.276 0.290 0.301 0.309 0.316 0.322 0.327 0.331 0.335 0.338 0.341 0.344
0.25 0.267 0.289 0.305 0.317 0.326 0.334 0.340 0.345 0.350 0.354 0.358 0.361 0.364
0.3 0.280 0.304 0.321 0.334 0.345 0.353 0.360 0.366 0.371 0.376 0.380 0.383 0.387
0.35 0.284 0.321 0.340 0.354 0.366 0.375 0.383 0.390 0.395 0.400 0.405 0.409 0.413
0.4 0.311 0.340 0.361 0.377 0.390 0.401 0.409 0.417 0.423 0.429 0.434 0.439 0.443
0.45 0.329 0.362 0.386 0.404 0.419 0.431 0.441 0.449 0.458 0.463 0.469 0.474 0.478
0.5 0.351 0.388 0.415 0.453 0.466 0.478 0.438 0.496 0.504 0.510 0.516 0.521

0.436




Closed Form Example: No Water,

Homogeneous Soll

Values of zf
h for
Mmaximum
moment 3
varying a'h
and kappa kappa
a'h 4 5 3] 7 8 9 10 n 12 13 14 15 16
0 0.837 0.794 0.766 0.746 0.730 0.718 0.709 0.701 0.694 0.688 0.683 0.679 0.675
0.05 0.849 0.806 0.778 0.758 0.743 0.732 0.722 0.714 0.707 0.702 0.697 0.692 0.688
0.1 0.862 0.819 0.792 0.772 0.757 0.746 0.736 0.728 0.722 0.716 0.711 0.707 0.703
0.15 0.875 0.833 0.806 0.787 0.772 0.761 0.751 0.744 0.737 0.731 0.727 0.722 0.719
0.2 0.889 0.848 0.821 0.802 0.788 0.776 0.767 0.760 0.753 0.748 0.743 0.739 0.735
0.25 0.903 0.863 0.837 0.818 0.804 0.793 0.785 0.777 0.771 0.766 0.761 0.757 0.753
0.3 0.919 0.879 0.854 0.836 0.822 0.812 0.803 0.796 0.790 0.785 0.781 0.777 0.773
0.35 0.935 0.897 0.872 0.855 0.842 0.832 0.823 0.817 0.811 0.806 0.802 0.798 0.795
0.4 0.953 0.915 0.892 0.875 0.863 0.853 0.845 0.839 0.833 0.829 0.825 0.821 0.818
0.45 0.972 0.936 0.914 0.898 0.886 0.877 0.869 0.863 0.858 0.854 0.850 0.847 0.844
0.5 0.992 0.958 0.937 0.922 0.911 0.903 0.896 0.891 0.886 0.882 0.879 0.876 0.873
Values of
M 4
varying a'h
and kappa kappa
a'h 4 5 ] 7 8 9 10 1 12 13 14 15 16
0 0.196 0.167 0.150 0.138 0.130 0.124 0.119 0.115 0.111 0.109 0.106 0.104 0.102
0.05 0.186 0.158 0.142 0.131 0.123 0.117 0.112 0.109 0.106 0.103 0.101 0.099 0.097
0.1 0.176 0.150 0.134 0.124 0.116 0.110 0.108 0.102 0.099 0.097 0.095 0.093 0.091
0.15 0.166 0.141 0.126 0.116 0.109 0.103 0.099 0.096 0.093 0.090 0.088 0.086 0.085
0.2 0.155 0.131 0.117 0.108 0.101 0.096 0.092 0.089 0.086 0.084 0.082 0.080 0.078
0.25 0.144 0.121 0.108 0.099 0.093 0.088 0.084 0.081 0.079 0.076 0.075 0.073 0.072
0.3 0.132 0.111 0.098 0.090 0.084 0.079 0.076 0.073 0.071 0.069 0.067 0.066 0.064
0.35 0.120 0.100 0.088 0.080 0.075 0.071 0.067 0.065 0.063 0.061 0.059 0.058 0.057
0.4 0.107 0.088 0.077 0.070 0.065 0.061 0.058 0.056 0.054 0.052 0.051 0.050 0.049
0.45 0.093 0.078 0.066 0.060 0.055 0.052 0.049 0.047 0.045 0.043 0.042 0.041 0.040
0.5 0.079 0.064 0.055 0.049 0.045 0.042 0.039 0.037 0.036 0.034 0.033 0.032 0.031




Closed Form Example: No Water,
Homogeneous Soill

@ Use the same basic * Determine actual
variables as with quantities from ratios
cantilever case - d =(0.516)(10") = 5.16’

— Simply add an anchor at a — T = (Anchor Pull
depth of 2.5’ from the top, Ratio)K_yh2(1+d’)2/2 =
@ Ratios from equations: (10)3(1+.516)* =1274.6
Ib/ft of wall

—d’= 0.516

| - 2 =(0.837)(10) = 8.37’
— Anchor Pull Ratio = 0.305

- M__ = (Moment Ratio)

— 7’ for maximum moment = aax

0.837 - K,yh3= (0.108)(1/3)
e (109.2)(10)° = 3924.5 ft-

).108 Ib/ft



Client: Cantilever Sheet Pile Wall
Example
Page: 1 d n ;
= Closed Form Example: No Water, .
|
Sheet: PZ27 s ) = 0.00 ft
Pressure: Rankine . Loose Fine Sand
=me i | HOMOgeneous)
o  360.4psf | 10.00
O  3823.5ftib/ft| 8.33 i
o 1139.11b/ft | 2.50 |
Waler
10.00 ft
15.13 ft 15.13 ft

SPWO11, v2.22

®© 2001 - 2003, Pile Buck®, Inc.
I Email: pilebuck@pilebuckcom
Wieb: www.pilebuckcom




Free Earth Analysis

of Anchored Walls

FREE EARTH SUPPORT - GENERAL CASE

I. COMPUTE PRESSURES BY METHODS OF FIGURES 2T0 7
PASSIVE PRESSURES FOR CLEAN COARSE GRAIN SOILS
INCLUDE WALL FRICTION (3).TABLE I. FOR ACTIVE OR
PASSIVE PRESSURES IN ALLOTHER SOILTYPES,

IGNORE WALL FRICTION.

2.DEPTH OF PENETRATION REQUIRED : TAKE MOMENTS
ABOUT POINT (B)AND SOLVE FOR D: Pp; £ +Ppp 45 = BP 4y
Fg =2 TO3 FOR COARSE GRAINED SOILS Fs
F5=1.5TO 2 FOR FINE GRAINED SOILS

3. ANCHOR PULL: Ap =[Pa| +Pa2 - Pp/Fg ] d, d=ANCHOR SPACING

4. MAXIMUM BENDING MOMENT (MmaX) IN SHEETING
COMPUTED BY THE FREE EARTH SUPPORT METHOD AND
APPLYING Pa|,Pa2,Pp/Fs AND Ap. FOR SHEETING IN SAND
APPLY MOMENT REDUCTION FOR FLEXIBILITY OF FIGURE 19,

5. INCRESE PENETRATION COMPUTED (D) BY 20%TO
ALLOW FOR DREDGING , SCOUR , ETC.

34 QL= 5000 PLF

<9230 PSF

5" GI- Pay =155 KIP
4 — (Bel\.23 KSF .
¥ : 10, i : %55 — A,
" 6 \ \ ¢,=259 C|=I00PSF
\ i
10.52 ke P, 275 KIP Yg =115 PCF
: y Ka (FROM FIGURE 3)=.4|
19 \
2109’ Pag =104 KIP
Y 24’ ACTIVE EARTH PRESSURE DIAGRAM
333 30' NET WATER PRESSURE DIAGRAM
6
P27 IV TTTTIITTTTFTITI?Y ¢2:35o' CZ=SOPSF
] Y7=130 PCF
Ka (FROM FIGURE 3 )=.27
Ppy =43.26KIP

S (FROM TABLE 1)=14°

.83

594  Kp (FROM FIGURE 5):60

ACTIVE EARTH PRESSURE (SEE FIGURE 2)
INCLUDING UNIFORM SURCHARGE q

oW =YZKy ~2C (Ka

®),0} =.30x.41 -2x.10 Y& =0

®), o} =(.30+5x.115) 41-2x 10 yAT =.23 KSF

©), 0} =(30+5x.115+19x.053).41-2x.10 AT =.65KSF
8,:;-“ =(.30+5x.115+19x.053), 27-2x.05 {27 =46 KSF

, O =.46+6x.068x.27 = 5T KSF

®, 0}, = 46 +(6+14) x 068 x.27= B3 KSF

SAFETY FACTOR AGAINST TOE FAILURE :

TAKE MOMENTS ABOUT ()
F. = £ MOMENTS OF PASSIVE FORCES
S ° T MOMENTS OF ACTIVE FORCES
. 4326x 333
155X 0T3+275x6 +10.4x 1052 +4.05 x21.09+10.9 x3.0

=261)25

Netea:

Q) #1, melhiods of Figunes 2-7 " refer to

eadlh preaannes preionaly

M.

Koveteh , Rovset s, @WMM

b Ze/\/e/fa% %@cfg«@ bone })W%W vl

PRESSURE OF LINE LOAD SURCHARGE
(SEE FIGURE I)

m = =501

P, =0.55Qy =0.55x5 = 2.75KIP

LOCATION OF RESULTANT :
R=.60H =.60x30:18'

ANCHOR PULL
Ap =ZP, -ZPp/Fg .
= 155+2.75+10.4+4.05 +109 - -}fﬁ- 212,37 KIPS

NET WATER PRESSURE
Ow = Ywl=0625x25=.16 KSF

PASSIVE PRESSURE
Oy *YZ Kp +2C Kp

©@. 0} =0+2x.05 B0 =.24 KSF

®, 0}, =068 x 14x60+2 x 058D = 5.94 KSF

MAXIMUM BENDING MOMENT IN SHEETING
POINT OF ZERO SHEAR: g
12.37-1.55-2.75-45X ~022 x 5 20
X ¥13.6'BELOW OUTSIDE WATER LEVEL
Muax =155 XI5.7+12.37x15.1-2.75 x 91
—asx 382 _0pp 4 1362 L 4 52:86.9 FT-KIPS
. 3 2 : SF

MOMENT REDUCTION :

ASSUME : fg =27,000PSI, E=30,000,000 PSI

TRY ZP32,1:385.7 IN4, 5=383 IN>

p =(FROM FIGURE 19 ) = (H2D)4
(30xI2+14x12)% IN2

P* 36,000,000x3857 -7 L8

MDESIGN ;
W =.83; MpESIGN =-83x869:T2.1 FT-KIPS

72.1x1000x12
fy = M- TEIXOPO0XI2 - 52 s00Psi <27,000

TRY A SMALLER SECTION




Rowe’s Moment Reduction Curves

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

@ Different set of
curves for clay and
sand

Fleecble

| | W
Flerible

S

a. Deflection b Farth pressure C. anf |
o stribedion distribufion

M/M, Bowe, 1957




Free Earth Support—Example

Anchored Wall

SURCHARGE 10kN/m?

10_
£ VTR
- L_ITierod £
1
Y=1116 kN/m3 o g
b 30 i<
c =0 kN/m?2 %
£ Weep holes / §
= ) \iGWL _____ = 786 0
%_low water & 7=108 kN/m3 0 84| |os
s $= 35
£ c= 0 kN/m?
. Tw=98kN/ms Z| oo o M| |204
AN ANANZ NN @ = 1 [ 1 T
g/~
5 ®
(2}
c
] 8
e 4 _588] [4311544] | 686
Water Soil Soil Water
Passive Active

OVERBURDEN kN/m?

\ Active Pressure pa = ).h.Ka — 2¢ v'Ka + pw kN/m?

Passive Pressure pp = 7.h.Kp + 2¢ v'Kp + pw kN/m?

water pressures.

. 33
T
o
b
v
212 259
_y zeroshear [339
(=
@®
@

NET PRESSURE DIA. kN/m?

The coefficients of earth pressure are obtained from the tables in the section on earth and

Loose fine sand: Ka = 0-33 Kp = 4-9; Compact find sand: Ka = 0-27 Kp = 6-0



Anchored Wall Example

ES Retaining Walls Retaining Walls EQ
Free Earth Support—Example Moments of Active Pressure dEEyt Tie Rod 2 ™M ABeuT T To
3-3 x 4-000 x 0-5 x 0-333 2.2 -
25.9 x 4-000 x 0-5 x 1-667 -~ 864 Macrive —MpassVg = &2
21-2x 1:000 x 0:5 x 3-333 353
339 x 1:000 x 0-5 x 3-667 = 622
33.9x 2:000 x 0-5 x 4-667 = 158-2
SURCHARGE 10KN/m? 39.8 x 2.000 x 0-5 x 5-333 2123
39.8 x 0645 x 0-5 x 6:215 798
ER kel “ e 636-4 kN/m
'E, S @L ?cﬂ 1 Total Active Pressure — 172-5 kN
;:17—_15 kN/m?3 ; E ‘ For stability the moment of Passive Pressure about the tie rod must be equal to, or not less than,
30 = | . :
" o= D kn/me 2 : the moment of Active Pressure about the tie rod. SouNE  Can. ™M .
E eep holes . 2
- \JjGwL & w6l o 22 o ;5" (6‘545 + 23—'() 636-4, x-"=1.63 m Defre T,
E o E
-~ low water T =108 kN/m3 0 894 | |98 -
! = $= 35 T Total Net Passive Pressure — 61.76 x 1.63* x 0-5 — 82:0 kN —eaL Fun, fasSIVE
£ c¢= 0 kN/m?
Yw=88kN/ms T oo PR 204 Moment of Nett Passive Pressure about tie rod — 82-0 x7.732 — 634-0 kN/m < W&Ec<
g W\W @ £ ] r Ma- Mf e
2= Total Net Active Pressure — 1725 kN A
E = Force in Walings and Tie Rods — 1726 — 82-0 — 90-5 kN/m run of wall
§ | | yrnron ol well o By~ Po
3 . Zero Shear (maximum bending moment) occurs at 5:120 m below ground level.
______________ . 755‘5 431 TEQL _68.5 20724/_ ——— 1 Moments abDUt and 'ﬁlo_\f\.‘. leve' Of zero Sheﬂf; , -ﬁ Aso\‘t
Water Soil  Soil Water §2.0x 3612 2962 Thaws NMenan
| Passive Active NET PRESSURE DIA. kN/m? "gg‘g : }‘ggg : 82 i ?‘gég - :fg_g pug Belew Tero SHEAR
OVERBURDEN kN/m* —39-8 x 0-645 x 0-5 x 2-095 - —269
202:3 kN/m
B.M. on piles = 202-3 kNm/m run of wall
: _ _ o 'm? 202-3 x 1000 x 100
Active Pressure pa — y.h.Ks — 2¢ /Ki- pw kN/m Z reqd. - Y, 1618 cm?/m run of wall
Passive Pressure pp = ).h.Kp + 2¢ vKp + pw KN/m? x
The coefficients of earth pressure are obtained from the tables in the section on earth and Use Larssen No. 3/20 or Frodingham 3N ~
/A
water pressures. Penetration required to give a factor of safety of 2 against rotation of wall about the tie rod |
Loose fine sand: Ka — 0:33 Kp — 4.9; Compact find sand: Ka — 0-27 Kp — 6:0 = y + 0.645 + 7.000 N
pa at ground level 10 x 0-33 = 33kN/m? 61.75y* 2y X A
pa at 4 m below ground level in loose fine sand — 786 x 0-33 = 25:9 kN/m? To find “'y" - (67645 + ?) = 2x6364,y>224m )
pa at 4 m below ground level in dense fine sand = 786 x 0-27 = 212 kN/m?® S’
pa at 5 m below ground level in dense fine sand = 894x027+98 = 339kN/m? Moments of Net Passive Pressure with 2:24 + 0-645 — 2.885 m cut-off "
pa at 7 m below ground level in dense fine sand = 111-0x 027 +29-4 = 594 kN/m? - 2-24 x61-75 x2:24 x 0.5 x 8138 — 12607 kN/m
pa at 11 m below ground level in dense fine sand — 154-1 x 0-27+68:6 = 110:2 kN/m? 1260-7
pw at 7 m below ground level ) — 19:6 KN/m? S.F. against rotation = —zpn = 1-38
pp at 11 m below ground level in dense fine sand — 431 x6-0+588 = 3174 kN/m? Penetration reqd. = 0-645 + 2.24 + 7 = 9-885m
Nett pa at 7 m below ground level in dense fine sand - 594 —19-6 = 398
Nett pp at 11 m below ground level in dense fine sand —317.4 —110-2 — 207-2 Use Larssen No. 3/20 or Frodingham No. 3N x 10-0 m long in Grade 43A steel
82 83




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

Ratio horizontal to vertical stress, K

Figur

00 F—T—T1T1T 7
8.0

6.0
5.0

40
30

20 1=

1.9
0.8
0.6
0.5
0.4
0.3

| L L

} Passive State
K

o
. ———

0.2

o1 L_L | | | L1 | | I
0.005 0.004 0003 0002 0001 0 0010 0020 0030 0040 0050

Wall rotation, _:‘;_

Magnitude of Wall Rotation to Reach Failure
e e e —
Soil type and Rotation, Y/H

condition Active Passive
Dense cohesionless 0.001 0.02
Loose cohesionless 0.004 0.06
Stiff cohesive 0.010 0.02
Soft cohesive 0.020 0.04

re 10-4. Effect of wall movement on wall pressures (after Canadian Geotechnical

Society, 1992).



Anchored Wall Example

=
Fu Fa Doy

Ciy

Ma.|Sail Mame H ' W' 2w Cap q C ka Kp Kn Mo Depth
m kN/TE | kN/E m m KR/mE | kM/mE m o LM LM o
1 |LooseFineSanc 1000 0000 10000 5000 0000 0000 0000 1000 1000 1000 1.000 0 0000 |G 0000 100
2 |LooseFineSane 3000 | 0000 | 10000 | 5000 | 0000 | 000 00 1000 1000 | 1000 | 1.000 1 00 coo0 | Eooooo| 0030
3 |DenseFineSam 1000 0000 10000 5000 0000 0000 0000 1000 1000 1000 1.000
4 |DenseFineSan 2000 0000 10000 5000 | 0000 0000 0000 1000 1.000 1.000  1.000 2 4.000 0.000 0.000 1.000
5 |lerseFineSand 5000 20600 20600 5000 | 0000 0000 0000 0270 4000 0426 0.018 3 5.000 0.000 0.000 1.000
4 F.000 0.000 0.000 1.000
Right Side 4] 12.000 0.000 0.000 1.000
| S ol Mame Cap q Kp M
m KN/E | kM/TE m m KN/E | kN /e m
1 |LooseFineSanc 1000 | 17160 17160 4000 0000 10000 0000 0333 | 3260 1000 005
2 |LooseFine Sane 3000 17160 17160 4000 0000 10000 0000 0333 3260 0500 005
'3 |DenseFineSan 1000 | 20600 20600  1.000 0000 10000 0000 0270 | 4000 042 @ 0018
4 |DenseFineSam 2000 20600 20600  1.000 0000 10000 0000 0270 | 4000 042 0018
5 |ienseFine Sand 5000 20600 20400  1.000 0000 10000 0000 0270 4000 042 0.018




Anchored Wall Example

-0.200 W 0200 -A00.0 Ll 500.0 D -100.0 [#] 1a0.0 -100.0 f 100.0

12.000 m 3 ——




Estimation of Maximum Moment
using SPW 2006

@ Sheet pile database has an unusual @® To determine whether sheeting meets
method of input for sheet pile properties structural requirements:
® Modulus of elasticity “E” ® Determine o, based on alloy
®  “EI" product of modulus of elasticity and moment of ® Select section, which gives you “El,” E, h.
inertia per meter of wall _ ® Determine maximum permissible moment for
® “h”distance from neutral axis to face of sheeting = section using formula above
half of depth (this is different from way it's ® If moment from SPW2006 is greater, use heavier
presented in tables) (greater |, h) section
@ Conventional beam theory @ Valid for both cantilever and anchored
® o =M walls

® o, based on failure criterion, usually = o,,,/FS

For example:
® Maximum permissible stresses given for a variety @ Forexample

of materials in previous slide set ® l;/l;xzigwm ?Prqﬁnt =520 lkN-m/m
@ Substitutions using values in SPW 2006 O e Campie
: | = “E"’/E El = 24150.0 kN-m?m
Cc~= —
E =210 GPa
® O™ (MEN)CET) G,..= 220 MPa (ASTM A 572 Gr. 50)
® M, =0, EI'Eh M__ =0 __"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)

Figure 37.1: Blum’s schematization.

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
1s lighter than free earth support, but has more penetration. Verruijt
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Tiebacks and Wales

Tieback Formulae:

Ton =TS
where
e T,; =load per tieback
e T =tieback load per foot of wall

e S =spacing between tiebacks

Eonmdap?
Ka, =1/4 LahT Gan
Lah

where

e K,p =tieback stiffness per tieback
e F,; =tieback modulus of elasticity
e d,, =tieback diameter

e L., =tieback length

Mpax =1/10TS
where

e M,,., =maximum moment on wale

Kah

K =
S

where

e K =combined stiffness per unit length of wall of tiebac

ALL PILES
MUST BE
BOLTED

TO WALE
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Wales inside of wall
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Can be considered either as a beam with rigid
or flexible supports

b. Wales outside of wall



Deadman Anchor Design
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Soil Anchored Walls
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Soldier Beams




Overview of Braced Cuts and

Tied Back Excavations

* 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 ¢)
both

* 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

ot the cut (if any)



History of Braced
Excavation Design

« QOriginal work by * Important
Terzaghi and Peck on considerations in
subway braced braced excavation
excavations in 1940’s design
+ Discovered that o Suitable for walls constructed
. . “progressively”
progressive excavafion o Strictly speaking, brace loads
and placement of are statically indeterminate
braces adltered |lateral o Terzaghi and Peck profiles
. assume hinges at braces for
« Toe deS|gn enhrely o Must consider bottom heave
. (esp. cohesionless soils, see
dlfferen’r.from . ENCE 3610) and bearing
conventional sheet pile capacity failure (esp. cohesive

IS — ey




Braced Excavations
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le’.’
Fo 4
2
R |
17 =
s o H
. SR 0,065 Ky YH
WHERE Kp=TANZ (45-¢/2)
P k
i 0.25H
° ° ° /l ’ (b) SOFT TO MEDIUM CLAY
t b tion |°
1S rl u 10 12 For clays base the selection on
F; 0.75H N, = Y H/e
Oh=Kap'y-H
L
F 3
- _'L KA‘ =[—-m ;1‘: H
O I I a‘ e '..7__.1 m = 1 except where cut is

/ [ h underlain by deep soft
Fax(—;-q. _2_) o, normally consolidated

clay, then m = 0.4Fgp
ASSUME HINGES AT STRUT

LOCATIONS FOR CALCULATING See Figure 28 for Factor of Safety
STRUT FORCES against bottom instability,
Oa S (FSB): 1 _<_ FSB 5105

F-l=——]
Fa i 025H (o) STIFF CLAY
(No<4)
l; ~ For 4<N,<6, use larger of
Fa 0.50H diagrams (b) and (c).
Oh;=0.2 YH; Ohp=0.4yH
{ 3 ~ Use lower value when movements
Fq g are minimal and short
: 0.25H construction period.
T
B o
"T—.—

FIGURE 26
Pressure Distribution for Brace Loads in Internally Braced Flexible Walls




Design Criteria for

Braced Cuts

PROPERTIES

ol
| ne ORC7

SHEETING OR
SOLDIER BEAMS
WITH LAGGING

I
|
I
|
I

FLEXIBLE WALL OF NARROW CUT

COMPUTE PRESSURES ON WALL ABOVE BASE OF CUT BY METHODS OF FIGURE 26. FOR WATER
AT BACKFILL SURFACES USE Y *Ysyp AND ADD PRESSURES FOR UNBALANCED WATER
LEVEL. FOR WATER AT BASE OF CUT USE 7 *Y7.INTERPOLATE BETWEEN THESE PRESSURE
DIAGRAMS FOR AN INTERMEDIATE WATER LEVEL.

DETERMINE STABILITY OF BASE OF CUT BY METHODS OF FIGURE 28. IF BASE IS STABLE,SHEETING
TOES IN SEVERAL FEET AND NO FORCE ACTS ON BURIED LENGTH. IF BASE IS UNSTABLE ,SHEETING
PENETRATES AS SHOWN IN FIGURE 28 AND UNBALANCED FORCE P}y ACTS ON BURIED LENGTH. IN

ANY CASE,PENETRATION MAY BE CONTROLLED BY REQUIREMENT FOR CUT-OFF OF UNDERSEEPAGE.

MOMENTS IN SHEETING BETWEEN BRACES =0.8 x (S| MPLE SPAN MOMENTS ), EXCEPT FOR UPPER
SPAN WHERE MOMENT =1.0 x (SIMPLE SPAN MOMENT ). MOMENTS IN SHEETING AT POINT@IS
COMPUTED FOR CANTILEVER SPAN BELD\\'@, INCLUDING UNBALANCED FORCE P;.. v

4. REACTION AT BRACES COMPUTED ASSUMING SIMPLE SPAN BETWEEN BRACES.

DEFLECTED POSITIQ\I—7

SHEETING OR SOLDIER [| |
BEAMS WITH LAGGING

AL L e

|

Pp = RESULTANT ACTIVE PRESSURE
Pa=RESULTANT ACTIVE BELOW | FxiBLE WALL WITH RAKING BRACE
FONT &) ALL $

I COMPUTE ACTIVE AND PASSIVE PRESSURES BY METHODS IN SECTION 2.PASSIVE
PRESSURES FOR CLEAN,COARSE-GRAINED SOILS INCLUDE WALL FRICTION (8), TABLE 1.
IGNORE WALL FRICTION FOR PASSIVE PRESSURES IN OTHER SOIL TYPES AND FOR
ACTIVE PRESSURES IN ALL SOILS.

2. MAXIMUM MOMENTS IN SHEETING AND MAXIMUM LOADS IN BRACES ARE USUALLY OBTAINED
AT A CONSTRUCTION STAGE WHEN EXCAVATION FOR A BRACE AND WALE IS COMPLETE
AND JUST PRIOR TO PLACING THE BRACE .FOR EACH SUCCESSIVE STAGE OF EXCAVATION

COMPUTE SHEETING MOMENTS AND BRACE LOADS BY ASSUMING SIMPLE SPAN BETWEEN
LOWEST BRACE THEN IN PLACE AND POINT OF ZERO NET PRESSURE BELOW EXCAVATION.

3. FOR TEMPORARY CONSTRUCTION CONDITIONS,APPLY FACTOR OF SAFETY OF .5 TO COMPUTE
PASSIVE PRESSURES. TO ALLOW FOR POSSIBLE CONSTRUCTION SURCHARGE AND RIGIDITY
OF UPPER BRACE POINT, INCREASE LOAD ON UPPER WALE AND BRACE BY 15% OF COMPUTED
VALUE.

4. REQUIRED PENETRATION OF SHEETING BELOW FINAL SUBGRADE GENERALLY IS CONTROLLED
BY CONDITIONS AT COMPLETION OF EXCAVATION. PENETRATION REQUIRED IS DETERMINED BY
EQUILIBRIUM OF FREE ENDED SPAN BELOW POINT @ ASSUMING FIXITY AT POINT@=

P
Pai 4 'T{;Iz'"sw
Mg = ALLOWABLE MOMENT IN SHEETING
5. CHECK POSITIVE MOMENTS IN SPAN BELOW POINT (&) FOR THIS FINAL LOADING CONDITION.

FIGURE 27
Design Criteria for Braced Flexible Walls

FIGURE 27 (continued)
Design Criteria for Braced Flexible Walls




CUT IN COHESIONLESS SOIL

SHEETING OR SOLDIER BEAMS AND BOARDS
STABILITY IS INDEPENDENT OF H AND B, BUT VARIES
[ e WITH ¥ ¢ AND SEEPAGE CONDITION.
N : SAFETY FACTOR, Fg = 2Ny, (—;’f—) Ky TAN ¢
{ Ny, =BEARING CAPACITY FACTOR, FIGURE |,CHAPTER 4
H :' PyTANG,  IF GROUNDWATER IS AT ADEPTH OF (B) OR MORE BELOW

Pa BASE OF CUT:
IP 7i AND Y2 ARE TAKEN AS MOIST UNIT WEIGHT

IF GROUNDWATER IS STATIC AT BASE OF CUT :
T Y\ = MOIST WEIGHT, 7’2 = SUBMERGED WEIGHT,
%, $o IF SEEPAGE IS MOVING UPWARD TO BASE OF CUT :
Y2 = (SATURATED UNIT WEIGHT ) - (UPLIFT PRESSURE)

CUT IN CLAY,DEPTH OF CLAY UNLIMITED (T > 0.7B)

L = LENGTH OF CUT IF SHEETING TERMINATES AT BASE OF CUT:

Ng C
SAFETY FACTOR, Fy = St P P
N¢ = BEARING CAPACITY FACTOR, FIGURE 2, CHAPTER 5 t 1 lt
WHICH DEPENDS ON DIMENSIONS OF THE E l
EXCAVATION: B,L AND H (USE H=Z).

C = UNDRAINED SHEAR STRENGTH OF CLAY IN
FAILURE ZONE BENEATH AND SURROUNDING

BASE OF CUT.
q = SURFACE SURCHARGE.

IF SAFETY FACTOR IS LESS THAN |.5, SHEETING MUST BE
CARRIED BELOW BASE OF CUT TO INSURE STABILITY.
FORCE ON BURIED LENGTH :

IF H 2 %_ +Pu=T (YrHB-14CH-TCB)

IF Hl(%-%,i‘" 215K, (yp H- L4CH - rc)

CUT IN CLAY, DEPTH OF CLAY LIMITED BY HARD STRATUM (T%0.78) ‘ u t S
, B SHEETING TERMINATES AT BASE OF CUT. SAFETY FACTOR:

CONTINUOUS EXCAVATION; Fs = Nppy —Sl—
» TS cD YTH"‘q
FAILURE cy
SURFACE RECTANGULAR EXCAVATION; Fs =NCR iz
Z

Ncp AND Ncg = BEARING CAPACITY FACTORS.

FIGURE 5 CHAPTER 4, WHICH DEPEND ON DIMENSIONS OF THE
EXCAVATION: B,L AND H, (USE H=Z)

Cz HARD STRATUM

NOTE: IN EACH CASE FRICTION AND ADHESION ON BACK OF SHEETING IS DISREGARDED .
CLAY |S ASSUMED TO HAVE A UNIFORM SHEAR STRENGTH = C THROUGHOUT FAILURE ZONE.

FIGURE 28
Stability of Base for Braced Cut




Braced Cuts

Example

|" B=12 . o '{ GIVEN CONDITIONS :

psyes  EXCAVATION IN SILTY CLAY.
025H5  ¢-400PSF,$=0,7y =120 PCF
LENGTH OF EXCAVATION ,L=80'

DETERMINE : PRESSURES ON WALL.FORCE ON BURIED
LENGTH OF SHEETING AND STABILITY OF BASE OF CUT.

5
ng' 1 STABILITY OF BASE OF CUT(SEE FIGURE 28)
881" = NeC__ 120 (NOUNIFORM SURCHARGE )

_! | SB~ YTH+q
=5 : H _Z_20_
X ; 25 FOR Ng¢ ,(FIGURE 2,CHAPTER 5) b B ?-E--I.GT,
Hy =5 Pu3 B _12
T 80 “0/5N¢cc =69
NgR:Nec (1402 B/L)=6.9(1402(015)) 7.1

- _T1x400 _
S° T20x2040 --18 <15

DRIVE SHEETING BELOW BOTTOM OF EXCAVATION
PRESSURE_ON WALL FROM SURROUNDING SOIL (SEE FIGURE 26)

KA = I=m 35 M=04Fgg=04x118:0.47

:1-(047) ( 72400 =069

G, = Kp YH= 0,69 X012 X 20 =1 66 KSF
Py = US32OMIEE) - 2905 kiPs

LOCATION OF RESULTANT:

R, = [66x5/2 x(I15+5/3)+1.66 xI5 x15/2 881"
J 29.05 ;
PRESSURES ON WALL FROM SURCHARGE (SEE FIGURE Il)
R SV .
m: — 20 - 0-2
. Qp ..o 10 .
Php* 78 —P-H 78 5~ =39 KIP

LOCATION OF RESULTANT :
R, .50H .59 x 20 = ns'

FORCE ON BURIED LENGTH OF SHEETING: (SEE FIGURE 28)

ASSUME H = 5¢ g'_j_/‘z“ ,FOR T ) 0.78 RESULTANT FORCE P

PHg =15 HI (Y7H - |.13cu -7e)

Py =15 x5(012x 20~ 2X8X20 _314 44):16KIP
NOTE : ALL COMPUTATIONS ARE PER LINEAR FOOT OF WALL.

FIGURE 30
Example of Analysis of Pressures on Flexible Wall of Narrow Cut

In Clay - Undrained Conditions




Tied Back Walls Pressure
Distribution

SOFT TO MEDIUM CLAY

:
Compute pressure based on at-rest
conditions with K, from 0.5 to
0.6. 1In normally consolidated clays
excessive prestressing should not be

H permitted because of the potential

for induced consolidation. Use
design procedure as in Figure 26.

| BYH |

e
—
P
Tra—

ELEVATION PLAN

SANDS

-

04 KoYH TO 05 KoYH

STIFF TO VERY STIFF CLAY

FIGURE 29
Pressure Distribution for Tied-Back Walls

T

1

|0.15 yH ’

TO
0.3 yH

Where deformations are critical and
tie-backs are prestressed to 100% of
desig load, compute pressure based
on at-rest conditions. Use K, = 0.4
for dense sand, and K, = 0.5 for
loose sand.

Use pressure ordinate to produce the
same force as for braced excavation.
0.3 is applicable for stability number
of about 4, and 0.15 is applicable when
stability number is less than 4. Use
design procedure as in Figure 26.

FIGURE 29 (continued)
Pressure Distribution for Tied-Back Walls




Questions
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