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Type of Retaining Structures
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|Type of Earth Retaining Structures

Rigid Gravity, Semi-gravity Wall Mechanical Stabilized Earth (MSE) Wall
1.Cast-in-place (CIP) concrete gravity wall 6. Segmental precast facing MSE wall
2. CIP concrete cantilever wall 7. Prefabricated modular block facing MSE wall

8. Geotextile-Geogrid/ Welded wire facing wall
Prefabricated Modular Gravity Wall

3. Crib Wall Reinforced Soil Slope (RSS)
4. Bin Wall 9. RSS of various facings

5. Gabion Wall

Non-Gravity Cantilever Wall In-situ Reinforced Wall

10. Sheet-Pile wall 16. Soil-nailed wall

11. Soldier pile and logging wall 17. Micropile

12. Slurry (diaphragm) wall (with braced support)
13. Tangent/secant wall
14. Soil mix wall (SMW)

Non-Gravity Supported Wall

e  Cut Wall Construction |




Type of Retaining Structures

Purpose:
Stabilize the unstable masses

: Superstructure support
Grade separation P PP
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Slope stabilization Excavation support



Type of Retaining Structures

N =

Gr:avity wall Reinforced wall

Identify the types. advantages and disadvantages of
different earth retaining systems and select the most
technically appropriate and cost-effective type of
retaining wall for the application

Cantilever wall
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Type of Retaining Structures

Slope (p<70°)

L

Mechanically Stabilized Earth Reinforced Soil Slope (RSS)

(MSE) Wall
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Wall vs. Slope

Wall (g>70°) Slope (B<70°)

Cost-
Earth Pressure Theory

Soil Shear Strength
Limit Equilibrium
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Type of Retaining Structures

Sheet pile retaming wall and lateral supporting system
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Cantilever retaining wall Propped cantilever retaining wall

Active Passive

sidle side
(=)
Anchored retaining wall Gravity wall
=
Anchar =
Base shear stress
() 1]
Gravity wall ing fill
o e
m

Figure 2-1 Principle types of retaining structure ( Atkinson. 1993)
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Type of Retaining Structures

Diaphragm wall

1. Excavation of barrette trench
2. Insertion of reinforcement cage
3. Placing of concrete by tremie pipe
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Type of Retaining Structures
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Type of Retaining Structures
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Large distortions

(a) 1k}

Sliding. overturning or bearing capacity failure

Piping. erosion or

Slope instability " hydraulic uplift

fe) in
Figure 2-2  Mechanisms of failure of retaining walls ( Atkinson. 1993)
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Type of Retaining Structures

Bending failure

of wall
Breakage of anchor *“
(a) (b)
"
Buckling of props
(c)
Figure 2-3 Structural failures of retaming walls ( Atkinson, 1993)
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Retaining Wall Failure
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Retaining Wall Failure

(Courtesy from Dr J. Endicott)

22



Retaining Wall Failure
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Retaining Wall Failure
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Retaining Wall Failure
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(a). Before Failure

(b). After Failure *



Retaining Wall Failure

(b). After Failure



Conceptual Design

e In DESIGN a retaining wall, we need to know
—. The basic soil properties of soil behind the wall, such as unit weight, friction angle, cohesion.

—. Two major steps in design
e Calculate the lateral earth pressure, and check for stability including overturning,

sliding and bearing capacity failures
-.Use lateral earth pressure theory and bearing capacity theory

e Check each component of the structure for adequate strength and determine the
steel reinforcement of each component
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Proportioning Retaining Wall

Assume the dimensions first - proportioning

- And then check the stability, essential try-and-error.

- Minimum
e Top: 0.3m; D: 0.6m
» Counter-fort slabs: 0.3m thick spaced at 0.3H-0.7H.
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o Use of lateral earth pressure theories

- Simplifications and approximations
¢ Vertical plane AB a ¢ .-
_Sin_l [ ]

* Rankine’s active earth pressure | 9. @
 W_and W_counted.




Backfill material

Coulomb’s active pressure theory

Range of 3’ (deg)

Gravel
Coarse sand
Fine sand
Stiff clay
Silty clay

27-30
20-28
15-25
15-20
12-16

(c)
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Main steps for stability check

1. Check for overturning about its toe (a)

2. Check for sliding failure along its base (b)
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(a) (b)
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Main steps for stability check

3. Check for bearing capacity failure of the base
« Bearing capacity failure (c)
e« Deep seated shear failure (d)

—

- 4. Check for excessive settlement
- 5. Check for overall stability

Angle & with
horizontal

Weak aoil

(c) (d)
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(1). Stability against Overturning

Cantilever

Retaining wall

Rankine’s active pressure acting on AB;
Rankine’s pasive pressure acting on the
vertical line at the toe;

-

1 2 ot
P, =2 K, 1D +20, JK,D

| 2 M
FS o) =531

| 33




2. Mx

Procedure for calculation of X M,

Weight funit Moment arm Moment
Section Area length of wall measured from C  about C
(1 (2) (3 (4) (5)
| Ay W=y XA, X, M,
2 A, W=%XA4; Xy M;
3 A; Wy=y. X A,y Xy M
4 Ay W,=y. XA, Xy M,
5 A W.=vy_ X A, As M
Y o B M,
=V Z My

Nate: ¥, = unit weight of backfill
v, = umt weight of concrete

re L MitMy+ MM+ M+ M,
{ " P cosa(H'[3)
- MM,y + M+ M+ M,

(ovetming) — p cosa(H'[3)-M,

FS{ ey 1.3~ 2.0

P =P sma

M =PB=PsmaB
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Table 13.1 Procedure for calculation of 5 M,

Gravity Retaining wall

Weight funit Moment arm Moment
Section Area length of wall  measured from € about C
(1] (2] (3] (4) (5)
1 ..4.] W1=}"lx_.-“!|| ‘];'I .IIH'|
E AE Wl=‘}"1 }{AE ..Jf'z ﬂ";!_:l_
3 J‘:!.::‘ Wq D * .-"13 .A:r; JHT;
3 As Ws =y, % Ag X M,
6 ."'lﬁ Wﬁ = }f{, }fz":i.ﬁ Xﬁ Elll"fﬁ
B, B M,
=¥ = My
Note: y, = unit weight of backfil]
¥, = unit weight of concrete
g M +My+ M+ M, + M+ M+ M,
y o o
(i) P cosa(H'[3)
s M+M,+ M, +M,+M;+M, Frce
{overtummg) — ‘F:: CGS&'(HV.@]_M?
L |
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(2). Stability against Sliding along the base

» The factor of safety against sliding

FS —& r f '
(stiding) — S'F, r,=0 tang, +c,

R =1 7 (area of cross sectinn)

=7,(Bx1)=Bo'tang, +Bc,

: "Ia_.
Bo' =sum of the verticle force = Z V l :. :;1
K= (Z V) tan @, + Bc, SV :

— P,
ZFR,:(ZV)tangé;nLBc;Jrg . r i

D
g B

ZFJ =P cosa
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(ZV)EM1¢2'+B+[:;+PF

FS stting) = P, cosa =12
Without a base key
1 ) syl
P,==1,D'K,+2¢,D, K,
Ignore P, and reduce ¢, andc, ; "
I
(Z V) tan (I:l;b; ) + Bk,c, l Iﬁ
FSsiang) = P cosa - |
a | P,
; i
3 <k < z b
2 3 F“ 3 -
i ¥a




e Use a base key (normally some main steel) to increase
stability

]_ 7 f s ______-r_’—/__—_
B :EyQDI K, +26,Dyk, [ | Use of a dead
¥ | man anchor

k=1

M Bise slab

B
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(3). Stability against Bearing Capacity

R=>V+(Pcosa)

MM:ZMR_ZMG ﬁ:f:

M e = +
E—E—CE q 4

D4 Q(ZV)g_ZV

qm:gme_

(B)(1)" [L](B*) 5\
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Drainage

e Drainage from the backfill

- Saturated soil (due to rainfall or other conditions) may

increase the pressure on the wall
» Create instability problem

- Drainage types

* Weep holes (a)/ Perforated drainage pipes (b)

T

P o

Filter needed to

Filter material

Minimum
diameter 0.1m prevent wash
Weep hole
N :*:it/
ERERRENEG ..  11

-

Filter materjal
Perforated pipe
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Drainage
- Weep hole/perforated pipe
- Need filter to prevent wash up of sand/clog

— Factors on the choice of filter materials - the grain size
distribution of backfill materials be such that
¢ The soil to be protected is not washed into the filter

¢ The excessive hydrostatic pressure head is not created in
the soil with a lower hydraulic conductivity

D5 s

e R 'to satisfy condition(a) ]

Dgﬁ{ B) (Terzaghi and
Peck, 1976)

Dis¢ry

>4  [tosatisfy condition(b) ]

F: Filter; B: Base,
D,./Dg,: the diameters through which 15% and 85% of the soil will pass




Exravation & an important segeeent of foundatinn engiseeing (for semple, in the
construcian of e foondations or basemens of high nise beilings, enderground of

e, e eacavation knowledge droaiuced Ire most keooks on
forandation engineering & 100 simgde lo handle actusl exonaten anaksis and desgn.
Moreover, with soonosnic deselopment and urtanization, escavatons go deeper and
e kanger b arale. These conditions require e malysis s design methok and
constnichan Sechnnlogees

This book iz amed 2 both theoretecsl explicamon and practical spplication. Fom baaic
i advanced, this book attempts 30 schieve thecortical nigonoes and tonsistency. Each
chapter & Tollowed by & gemblem =21 50 thal e book Com e ¢ Rught &t s
undesyradusie and gracuate levek The solution to the probless at the md of o
chapters can be fowred an ihe wetaite @ntip:fsssacimiusteduiwloull On e obiver
hamdl, fhe analysis meshods Dincsuoed infhe ko be used n actual analyss sed
design @ ihey comiain (e most up=in=c e kevsledge

Therefore, thin book & suitahle far trachen who teach foundation englneering andf

or deen excaEtion ro enqinesrs wino ane engeged i vation anakesh ami
design.
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Fundamentals of
Deep Excavations

Chang-Yu Ou
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Definition

Deep Excavation

Terzaghi (1943):
Whose excavation depths were larger than their widths

Terzaghi and Peck (1967) ; Peck et al. (1977):
Whose depths were deeper than 6 meters.



Definition

Deep Excavation

A complete deep excavation design includes :
* Retaining system

* Strutting system

« Dewatering system

 Excavation procedure

* Monitoring system

* Building protection



; ; Flow chart for analysis

Geological Adjacent property and de Sign O f dan
excavation

investigation investigation

v

Set the criteria fo r design

v

Confirm the conditions of
the excavation site

v

Decide excavation
method

v

Decide auxiliary method Boiling analysis

v

Decide depth of retaining Push-in failure
wall analysis

Basal heave
analysis

Whether economic ?




|

Strut design

v

Dewatering analysis

Determination of the
excavation procedure

v

Deformation analysis

Uplift analysis

Meet the design

criteria ?

Stress analysis

v

Detailed design of the
retaining strutting system

v

Arrangement of monitoring
systems




