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THE PIT SLOPE MANUAL

The Pit Slope Manual consists of ten chapters, published separate-
1y. Most chapters have supplements, also published separately.
The ten chapters are:

Summary

Structural Geology
Mechanical Properties
Groundwater

Design

Mechanical Support
Perimeter Blasting
Monitoring

Waste Embankments
Environmental Planning
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The chapters and supplements can be obtained from the Publications
Distribution 0ffice, CANMET, Energy, Mines and Resources Canada,
555 Booth Street, Ottawa, Ontario, KI1A 0Gl, Canada.

Reference to this supplement should be quoted as follows:

Richards, D. and Stimpson, B. Pit Slope Manual Supplement 6-1 -
Buttresses and Retaining Walls; CANMET (Canada Centre for Mineral
and Energy Technology, formerly Mines Branch, Energy, Mines and
Resources Canada), CANMET REPORT 77-4; 79 p; April 1977.



SUMMARY

Buttresses and retaining walls stabilize
stopes up to 200 ft high by restraining the toe.
They can be constructed of a variety of materials
but rock fill buttresses and concrete retaining
walls are most relevant to mining. It is {import-
ant to ensure the supported slopes can drain
freely, otherwise groundwater pressures may build
up and threaten stability. Proper construction
procedures must be followed. The slope and
stabilizing structure must both be monitored.
Case histories of stabilization by a buttress at a
Canadian mine and by retaining wall at a South
African mine are described.



ACKNOWLEDGEMENTS

Roy Sage was responsible for the chapter and supplement on
Mechanical Support. Address enquiries to him at: 555 Booth Street,
Ottawa, KI1A 0G1.

Donald Richards and Brian Stimpson of Dames and Moore wrote
the draft supplement, Roy Sage edited and revised the draft to conform
with the Pit Slope Manual. Derek Bullock and Dermot Ross-Brown
reviewed the text.

Dick Geren, vice-president of the Iron Ore Company of Canada
Ltd., kindly gave permission to publish the case history of the
buttress at Ruth Lake Mine.

Prime contractors: Dames and Moore.

The Pit Slope Manual is the result of five years' research and
development, cooperatively funded by the Canadian Mining Industry and
the Government of Canada.

The Pit Slope Group has been successively led by D.F. Coates,
M. Gyenge and R. Sage; their collieagues have been G. Herget, B. Hoare,
G. Larocque, D. Murray and M. Service.



CONTENTS

Page
INTRODUCTION
Purpose and scope 1
Types of restraining structures 1
Application to open-pit mining 1
METHODS OF STABILITY ANALYSIS
Field investigation 4
General considerations 4
METHODS OF DESIGN
Crib walls 6
Gabions 31
Buttresses 43
Masonry walls 46
Reinforced earth 50
Drains and filters 52
CONSTRUCTION SPECIFICATIONS
Crib walls 54
Cut timber 54
Logs 54
Concrete 56
Steel 56
ATuminum 57
Gabions 58
Buttresses 59
Masonry 59
Mortar rubble masonry 59

Dry rubble masonry 60



Reinforced Earth Structures
Concrete face panels
Steel face panels
Reinforcing and tie strips
Fasteners
Joint filler
Joint covers
Select granular backfill material
Construction requirements
Backfilling
Closed face structures
Open face structures
Drains and filters

COSTS

Timber cribs
Log cribs
Concrete cribs
Steel cribs
Aluminum cribs
Gabions
Buttresses
Masonry walls
Reinforced earth

POST CONSTRUCTION MONITORING
Techniques

CASE HISTORIES IN MINING

Ruth Lake Mine '
The slide
Remedy
Present

South African slide
Structural setting
General description and chronology of the slides
Causes of the slides
Remedial action

REFERENCES

Page
60
60
61
61
61
61
61
61
61
62
62
62
62

63
63
63
63
63
63
66
66
67

67

68
68
68
71
71
73
74
74
74

77




0 N oy O~ W Ny~

Jr e R e |
o1 W~ O W

16

17
18
19

20
21
22
23

24
25
26
27

28
29
30

31
32
33
34
35
36

FIGURES

Types of retaining structures
Different modes of instability and methods of analysis
Design criteria for retaining walls

Crib-type retaining wall and back-fi11 geometry

Timber cribbing design - Type A

Timber cribbing design - Type
Timber cribbing design - Type
Timber cribbing design - Type
Timber cribbing design - Type
Timber cribbing design - Type
Timber cribbing design - Type
Timber cribbing design - Type
Timber cribbing design - Type

S T O mom 9O O W

Timber cribbing design - Type K

Standard plans for log cribbing - Washington State
Department of Highways

Typical front elevation and cross-section for standard
log cribbing - U.S. Bureau of Public Roads

Typical log-rock retaining structures

Standard concrete crib wall designs

Detail of concrete crib members - U.S. Department of
Transport

Fishtail anchorage with a flush face wall
Continuous backwall anchorage

Pre-cast concrete crib walls

Continuous back wall anchorage with an open or
closed face

Armco bin-type retaining wall

Armco bin wall, Type 2

Design chart for Armco, Type 1 crib wall

Loading conditions for Armco, Type 1 crib wall:

= Depth D/Height H

Armco, Type 1 wall design details

Deisgn chart for Armco, Type 2 crib walls

Typical ratios of thickness to height for Armco,
Type 2 walls

Chart for selecting crib wall type

Crib wall design criteria

Chart for unit weight of gabion fil1l

Stepped face wall with horizontal backfill

Smooth front face wall with horizontal backfill

Stepped front face wall with sloping backfill

Page

1
12
13
14
15
16
17
18
18
20
21

22

23
24
25

26
27
28
29

29
30
32
33

33
34
35

35
36
36
42
44
44
45



37
38
39
40

4
42
43
44
45
46

47
48

49
50

51
52
53
54

W N -

S O

10
N
12
13

Smooth front face wall with sloping backfill
Gabion retaining walls showing counterforts

Rock buttress design criteria

Design assumptions for vertical face masonry
retaining walls

Design assumptions for sloping face masonry walls

Reinforced earth using pre-cast concrete panels

Reinforced earth using elliptical metal facing elements

Common types of retaining wall drainage

Chart for estimating gravel filter quantities

Joint details for log cribbing - U.S. Bureau of
Public Roads

Timber crib cross-section for IOC buttress
Construction of buttress at Iron Ore Co. of
Canada, IOC

Completed buttress at IOC

Structural damage to members of buttress at I0C
due to settlement

Longitudinal view of IOC buttress

I0C buttress after drainage of Ruth Lake

I0C buttress after drainage of Ruth Lake
Proposed post-tensioned rock buttress for
stabilizing a slide in South Africa

TABLES

Factors in the design of corrective measures
Investigations needed for various corrective measures

Allowable bearing capacities of soils

Selection of load condition for Kaiser cellular
type aluminum walls

Maximum cell height vs metal thickness

Foundation pressures and stable wall height Timits
Diameter and burial depth for Kaiser cellular-type
aluminum walls

Maximum height of cell as limited by interal

cell pressures

Nominal size of Bekaert gabions

Nominal size of Maccaferri standard gabions

Nominal sizes of Maccaferri metric gabions

Spacing of gabion counterforts

Empirical relations between various factors in the

use of restraining devices to control active slides

Page
45
46
a7

48
49
51

52
53

55
69

70
70

71
72
72
73

76

Page

36
37
38

40

40
41
4
43
43

47




14

15
16
17
18

1950 unit costs for estimating expenditures of
corrective measures

Timber crib wall costs

Costs of Armco bin structures

Material cost vs material thickness

Assembly costs vs cell diameter

Page

64
65
65
65
66




INTRODUCTION

PURPOSE AND SCOPE
1. Buttresses and retaining walls support

slopes by restraining the toe. They are not often

used in mining but are common in civil
engineering.

2. The purpose of this supplement is to des-
cribe how they may be used to support open pit
slopes. The scope of the supplement is to des-
cribe the various methods of slope toe support,
together with procedures for design and construc-
tion. Cost estimates and examples of mining

applications are included.

TYPES OF RESTRAINING STRUCTURES
3. Five basic types of restraining structure

can be installed at the toe of a slope, either to
forestall instability or to stabilize a slope
already showing signs of unacceptable displace-
ment. As shown in Fig 1, these are: buttresses
(b), cribs and gabion walls (d.,a), concrete,
masonry or sheet pile retaining walls (e}, rein-
forced earth fill (c), and steel piling (f).

4, Each type of structure has definite appli~
cations some of which have been summarized by
Baker (1). Appropriate parts of this summary are
given in Table 1.

5. Buttresses are normally constructed from
rock or earth fill and serve three purposes: to
provide additional weight at the toe of the slope,
to increase shear strength 1in the toe area above
that of the in situ material and to improve drain-
age. Al1l of these increase resistance to sliding.

6. Low cut siopes which tend to slough or
flow may be stabilized by modifying the general
buttress principle in which pervious rock material
is used both for drainage and as a buttress. A
blanket of rock fil1l or clean gravel is placed
over the slope at a flatter angle than the slope.
This forms a wedge-shaped buttress of material
which allows free drainage of water from the slope
and develops toe resistance against sliding.

7. Crib walls are most commonly used in slope
engineering as a corrective measure once signifi-
cant movement of the slope has taken place. Pre-

ferably, however, they should be used as a pre-
ventive measure before movement has occurred.
Cribs may be constructed of logs, cut timber,
pre-cast concrete blocks, or metal.

8. The resistance provided by crib structures
is 1imited and depends primarily on the ability of
the structure to resist shear action, overturning
and sliding on or below its base.

9. Gabion walls, which are heavy free-drain-
ing gravity structures, may be considered a type
of crib, since they too are constructed in compon-
ents and are relatively flexible. The structure
consists of wire mesh baskets {(gabions) filled
with non-degradable rock in pieces which range in
size from 3 ft by 3 ft by 6 ft to 3 ft by 3 ft by
12 ft and are stacked one upon another to con-
struct the wall.

10. Another method of stabilizing slopes is
reinforced earth (2, 3). In this technique,
either metal or concrete faces with attached metal
strips extend into and reinforce the backfill.
The resulting structures are capable of withstand-
ing differential settlement up to 1 per cent of
their length without significant distress.

11. Retaining walls of mass concrete, reinfor-
ced concrete, pre-cast concrete, masonry or sheet
piling are relatively thin structures compared
with buttresses and cribs. They rely mainly on
their flexural stiffness and strength for support.
Some types of mass concrete structures rely pri-
marily on their weight for stability and are more
analogous to crib walls. These more rigid struc-
tures are 1less T1ikely than cribs to perform well
where differential settlement is significant since
resulting cracking would reduce integrity of the
structure.

12. Single steel piles linked to each other by
tie bars have also been used to stabilize land-
slides, notably in Japan (4). Bored piles rein-
forced with steel beams have been used to stabi-
Tize slopes in Belgium (5).

APPLICATION TO OPEN-PIT MINING
13. It has generally been found in highway

engineering, where the types of restraining struc-
tures described above have widest application,







Corrective measures

Table 1:

Factors in the design of Corrective Measures

Best application

Principles involved

Remarks

1. Buttress at toe

Good foundation at toe in

shallow or deep soil.

tress should extend below

the s1ip plane.

Large mass blocks the mass
movement and any further
movement involves displacement
of the buttress. Permanent
solution.

An excellent method of correction when the
toe conditions permit. Action is that

of a retaining device; much less expensive
than cribbing or a retaining wall. The
buttress should be founded below the sl1ip
surface, for, unless the s1iding material has
an angle of internal friction greater than
15°, the added normal force of a buttress has
Tittle influence on the safety factor.

2. Cribbing - timber,
concrete, or metal

Shallow soil with good
foundations.

A retaining mass, with or
without additional lateral
restraint, placed in path of
the mass movement. Further
movement involves displacement
of the retaining mass, Per-
manent solution.

Good method where applicable but relatively
costly. Less stable foundation required than
for retaining wall as shifting is permissible
before cribbing fails. Resistance offered is
the weight of the crib unless bedrock is ex-
cavated to give resistance to lateral thrust.
Recommended for shallow soil profiles.

Weight of the crib wall can be compared with
weight of material removed for an estimate of
the relative degree of stability offered by
the cribbing. In slide areas, the resistance
required can be estimated by using the formu-
la for the safety factor. Not recommended in
creep and flow areas.

3. Retaining wall of
stone or concrete

Shallow soil with good
foundations.

A retaining mass with lateral
restraint, placed in path of
the mass movement. Further
movement involves displacement
of retaining wall. Permanent
solution,

The applications are similar to those of
cribbing. The cost is a deterrent. Walls
are advantageous in urban areas. A wall re-
quires a foundation in bedrock or in good
soil below the s1ip surface. Standard
practice is to include weep holes in design-
ing the wall. The formula for the safety
factor may be used to estimate required re-
sistance to Tateral thrust. Retaining walls
in creep and flow movement may take full
weight of soil.




that they are best suited to the control or pre-

vention of relatively small-scale slides. Typi-

cally, amenable slopes are less than 100 ft in
height and Tess commonly up to about 200 ft. Re-
straining structures have seldom been totally
effective for 1large landsilides. The cost of con-
struction increases with slope height and. a point
is reached at which other methods of slope
stabilization - slope flattening, unloading of
crest, drainage - are more economic. Also, the
risk of total loss of a costly restraining struc-
ture must be taken into account. The gréatest
potential for these types of structures would be
to support small-scale slides in soil-like over-
burden, stabilize spoil piles, construct truck
dump ramps, or to underpin existing structures.

14. Certain restraints are placed on the use
of these retaining systems 1in the open-pit en-
vironment.

a. The vrestraining structure must be flexible
enough to adjust to the accompanying slope dis-
p1acemenf and maintain adequate support under
constantly changing pit geometry.

b. The restraining structure must be able to with-
stand dynamic loading from blasting.

c. The slope requiring toe support may not be per-
manent and may be mined out during later stages
of mining, so that.only temporary or an easily
removed support is required. There is also the
possibility that what was initially waste rock
may Tlater become ore 1if, for example, the
mineral value increases and a lower grade can
be mined.

d. The space available for a vretaining structure
is restricted by the pit slope geometry and
operational requirements, as for example, if
the structure is to be located along a section
of the haul road, such as at the Ruth Lake mine
described in the case history below.

e. If mining extends below the restraining struc-
ture, the Tatter will become a surcharge or
additional T1oad on the TJower slope. This
should be kept in mind when designing the over-
all slope configuration.

15. Because of these limitations, a number of
restraining structures used in highway engineering

are not generally suitable for use in open-pits.
Such in particular are reinforced earth, steel
piles, massive structures such as concrete or
masonry retaining walls and some bin structures.
Some, however, may find application for under-
pinning permanent slopes beneath such mine facili-
ties as crushers or conveyors. Rock buttresses
and crib type restraining devices are more suit-
able for open pit slope stabilization.

METHODS OF STABILITY ANALYSIS

FIELD INVESTIGATION
16. The basic data for analyzing slope stabil-

ity and for designing vretaining structures is
obtained from field investigations. A good
summary of the minimum required information has
been presented by Baker (1) and is shown in Table
2. This table serves only as a general guideline,
and may be expanded or shortened as necessary
according to field conditions at a particular
site.

GENERAL CONSIDERATIONS
17. The design of cribs and buttresses on the

basis of experience alone is a potentially hazar-
dous practice as it offers no information on the
magnitude of the forces 1invoived., It is also
difficult
approaches to determine which will be the more
economical. For these reasons, quantitative sta-
bility analyses must be used. In most cases a
relatively simple analysis will be sufficient and,
because of the simplifications used, the answers
cannot be 1interpreted as being absolute. The
value of such analyses lies in the ability to

to compare two different empirical

change the various parameters involved and to
assess the relative cost of various designs and
the amount of extra stability provided by each
measure.

18. The analysis of slopes to be supported by
buttresses and retaining walls can be carried out
using techniques described in the Design Chapter.
The forces necessary to produce the required sta-
bility can be determined and the restraining
structure built accordingly.




Corrective measure

Table 2:

Investigations needed for various corrective measures

Topographic survey
ground surface

After Baker (1)

Bedrock profile

Source of water Undisturbed
soil sample

General soil condition

1. Buttress at toe

For stability estimate.

Surface only, for
stability estimate.

For stability
estimate.

Not essential.

Density and moisture
variations for stability
estimates.

2. Cribbing -~ timber,
concrete, metal

For computing forces
against wall and height
determinations.

For depth to foundation,
type of foundation, and
stability estimate.

Not essential. To compute
forces against

wall.

Density and moisture
variations for stability
estimate.

3. Retaining wall
(stone or concrete)

For computing forces
against wall and height
determinations.

For depth to foundation,
type of foundation, and
stability estimate.

To compute
forces against

Not essential.

wall.

Density and moisture
variations for stability
estimate.




19. In open pit mining, cribs and rock but-
tresses are most suitable for supporting overbur-

den such as til1 and alluvium, and highly wea-
thered rock. It can be assumed that the rota-
tional shear mode of instability applies in these
cases (Fig 2(a)).

20. The potential surface of sliding may in
some cases include the contact between overburden
and bedrock (Fig 2(b)). For these cases, the
sliding surface may be non-circular and the
general sub-surface stability analysis procedures
of the Design chapter would apply.

21. Buttresses and cribs may in some cases be
used to support faces in which structural
tinuities such as
joints are undercut (Fig 2{c)); plane shear insta-
bility modes and associated analyses would then
apply.

discon-
bedding planes, faults and

METHODS OF DESIGN

standard
designs are presented for cribs, gabions, and but-
tresses. However, it should be noted and empha-
sized that these designs are semiempirical and

22. In the following pages, various

hence are meant only as general guidelines for
designing the following designs for stabilizing
soil or soil-rock slopes should only be used for a
particular case, after a compiete analysis has
been made using known soil

parameters. Cribs,

gabions, and buttresses may all be analyzed as
gravity structures and should be checked against
s1iding, overturning, and internal shearing. The
recomnmended factor of safety for mining applica-
tions is 1.25, always coupled, however, with sound
engineering judgement. Detailed descriptions of
stability analysis for returning structures are
provided in various text books on soil mechanics,
and a brief summary is included in Fig 3. Table 3
shows a range of allowable bearing capacities for
gravity structures founded on various types of
soil.

23. The stability analysis of an existing or
potential slide is essential since any type of re-
taining structure must extend to sufficient depth
to prevent a shear surface developing below it.
To be effective, it must also be Tocated on the

toe or in front of the toe of the slide. Without
such a preliminary analysis or investigation,
there is always danger that the additional Toad
imposed by the toe support fill may increase the
driving force rather than provide added resistance
against sliding. Eckel (7) points out that many
rock buttresses have failed because they did not
extend to sufficient depth, and as a result, moved
as part of the slide. It is therefore obvious
that any of the following designs will be totally
ineffective if the retaining structure 1is not
constructed at a strategic location.

CRIB WALLS

24, The chief advantages of crib walls, as
pointed out by Zaruba et al (8), is that they can
be built quickly and adjust easily to settiement.
They are also effective as soon as they are
constructed.

25. The construction sequence for crib type
retaining walls is to build individual bins, fill
and then backfill against the
completed structure. Such a sequence leaves the
outside faces of the bin unsupported until adja-
cent bins have been filled and the backfill
placed. The pressures developed are analogous to
those exerted by grain on the walls of a bin or

them with material

silo. Bin pressure equations have been developed
by Janssen and are described by Reinsner et al
(9). The basic Janssen equation can be modified
slightly to include the effects both of soil ad-
hering to the wall and a surcharge pressure. This
modified form has been reported by Schuster et al
(10) as shown by eq 1:

YA - Cuu
o, = Ko, = '—"u]—u“‘ [1 - exp ('}J‘lKUZ/A)]
+ Kq. exp (= uqKU,/A) eq 1
Where o, = vertical pressure inside the crib

0, = lateral pressure inside the crib

2 .
= - COS = Krynine's coeffi-

z 2 - cos®p

leQ

cient of Tateral pressure of soil in a
cofferdam or crib (17)




(a) Circular Arc Mode

/ Swedish Circular Arc Method

Bishop's Simplified Method

Overburden

/

(b)+- Non-Circular Surface Mode

Bedrock
Janbu Method
Spencer-Wright Method
/ (c} Planar Surface HMade

Planar Slide Method

Fig 2 - Different modes of instability and methods of analysis.
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wail Load diagram Design factors
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2 p OVERTURNING
TOE ; HEEL Moments about foe:
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Pyb - Re
< 0 Ignore overturning if R is within
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For coefficients of friction between
VERTICAL base and soil see Table 10-1,
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Ca = adhesion between so0il and base
]
#an d = friction factor between soil and
CANTILEVER base
TOE SLAB; HEEL . ’ ) .
Pa ’ SLA8 W = Includes weight of wall and soil
in front for gravity and semi-
BASE OF gravity walls, Includes weight
b FOOTING of wall and soil above footing,
SOIL PRESS5URE for cantilever and counterfort
walls.
& " CONTACT PRESSURE ON FOUNDATION
COUNTERFORT
For allowable bearing pressure for
- P inclined load on strip foundation, see
W 71 Ch. 1.
P,
COUNTERFORT| . For analysis of pile loads beneath
al” A ]:I% strip foundation,see Ch.I3.
W OVERALL STABILITY
SECTION A-4 For analysis of overall stability,
see Ch.7.

Fig 3 - Design criteria for retaining walls (6).




Table 3: Allowable bearing capacities of soils*

Type of bearing material

Consistency
in place

Allowable bearing

recommended value of

allowable bearing
capacity (tons per
square foot)

Well-graded mixture of fine- and Very compact 10
coarse-grained soil; glacial till,

hardpan, boulder clay

(GW - GC, GC, SC)

Gravel, gravel-sand mixtures, Very compact 8
boulder-gravel mixtures Medium to compact 6
(GW, GP, SW, SP) Loose 4
Coarse to medium sand, sand with Very compact 4
Tittle gravel Medium to compact 3
(SW, SP) Loose 2
Fine to medium sand, silty or Very compact 3
clayey medium to coarse sand Medium to compact 2.5
(SW, SM, SC) Loose 1.5
Fine sand, silty or clayey Very compact 3
medium to fine sand Medium to compact 2
(SP, SM, SC) Loose 1.5
Homogeneous inorganic clay, Very stiff to hard 4
sandy or silty clay Medium to stiff 2
(CL, CH) Soft 0.5
Inorganic silt, sandy or clayey Very stiff to hard 3
silt, varved silt-clay-fine sand Medium to stiff 1.
(ML, MH) Soft 0.

* Adapted from Navfac (6)




= unit weight of material in crib
horizontal cross-sectional area of crib
= perimeter of crib

c
n

C4 = coefficient of soil-wall adhesion
up = tan § = coefficient of friction
between fill material in crib and crib
wall
z = the depth from the top of the crib at
which the pressure is calculated
q = average surcharge pressure at top of
the crib
26. Since the following crib designs are only
general guidelines it is necessary to check inter-
nal stability and stresses in individual

=1}

members
of a chosen crib design for the conditions under
which it will function. If the members are
inadequate, they may be resized using the proce-
dures outlined by Tschebotarioff (12). A detailed
analysis of internal given by
~ Schuster et al. (10).

27. Methods for checking the external stabili-
ty of a chosen crib are sumarized in Fig 3. How-
ever, a crib type retaining wall has an irregular
back face. The soil resting above this irregular
face is assumed to act as part of the wall, not as
part of the backfill.
that the rear boundary of a crib type retaining
wall is a theoretical vertical membrane extending
from the surface of the surcharge to the base of
the wall, as shown in Fig 4. This vertical mem-
brane is the same as that assumed in the analysis
of cantiliver retaining walls (Fig 3). The active
earth pressure is therefore assumed to act at this
vertical membrane boundary.

28. Crib type retaining walls have been built
of precast concrete, cut timber, rough hewn logs,

stability is

As a result, it is assumed

There are variations of such
structures, some of which are described below.

steel and aluminum.

29. Popular designs of timber cribs have been
developed by the American Wood Preservers Insti-
tute (13) which has a Canadian affiliate. The
AWPI designs presented here are based on a back-
fi11 unit weight of 120 pcf 4in the wall and 130
pcf against the wall. AWPI designs for various
conditions are shown in Fig 5-14.

30. In many locations, timber near the site of

10

the proposed crib structure is available at a much
lower cost and therefore a 1log crib structure

would be much more economical than a cut timber
structure. Three standard designs for 1log cribs
are shown in Fig 15, 16, and 17.

31. Precast concrete members have been used
for cribs for many years. These have been design-
ed with various configurations of front wall which
include open, closed and flush face type walls. A
series of standard wall designs from the U.S.
Dept. of Transportation is shown in Fig 18, and
details of the structural
Fig 19. Other types of open or closed walls may
have either a fish tail type anchorage or a con-
tinuous backwall.

32, Details of various other designs have been
reproduced by the Portland Cement Association
(PCA). Figure 20 illustrates a fish tail type
anchorage with a flush face. This type of con-
struction permits walls to be curved up to about

components are shown in

20° without special components. Figure 21 i1lus-
trates a continuous backwall type anchorage with
an open face or a flush face. Figure 22(a) is
essentially a counterfort wall with a flush face.
This type of construction permits
wall curvature without special components.
Figure 22(b) illustrates a modified bin structure
with a discontinuous backwall, Figure 23
illustrates a continuous backwall anchorage with
an open face, which may also be constructed with a

considerable

closed face. This type of wall permits Tong
radius curves to be built without special
components.

33. The concrete type walls require a fairly
good foundation so as to 1imit settlement and
prevent structural distress. Adverse foundation
conditions require a special sill wunit or a
cast~in-place footing to spread the load. Closed
face walls may incorporate small lugs at both ends
between the stretchers to provide openings for
draindge.

34. Several types of cribs
structed of steel and aluminum.
a common steel crib
two types.
vertical connector

have been con-
The Armco unit is
structure and is available in
The Armco Type 1 wall uses a U-shaped
(Fig 24) and is sturdier than
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Fig 4 - Crib-type retaining wall and back-fill geometry (10).
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Armco Type 2 wall which uses a T-shaped vertical
connector (Fig 25). As with other cribs, the
Armco unit is designed as a gravity structure. An
empirical design chart is shown in Fig 26 for the
various loading conditions shown in Fig 27. A
particular wall design is selected from Fig 26
based on the given loading condition and required
height. The six different designs of the
Type 1 wall are illustrated in Fig 28.

35. A
for Armco Type 2 crib walls. The basic design
chart is shown in Fig 29 and the same loading con-
for the Type 1 (Fig 27). A
particular wall design 1is selected from this
design sequence. The six different designs of the
Type 2 wall are illustrated in Fig 30.

36. Both Types 1 and 2 Armco walls can be
built in a curved configuration with the radius of
curvature depending on the type of construction
technique. For relatively large curvatures, spec-
ial components are used in the wall construction.
may be curved either to the inside or

wall

similar design sequence is carried out

ditions are used as

These walls
the outside.

37.
of galvanized steel.

Standard Armco wall units are fabricated
However, if extremely corro-
the units
are available in a special asbestos-bonded metal
for additional

sive service conditions are expected,
corrosion protection. Specifica-
tions for construction and backfill are described
later in this supplement.

38. Kaiser cellular type aluminum walls
designed for the five basic loading conditions
shown in Table 4. They are composed of cylindrical
cells placed adjacent to one another and rigidly

are

attached to form an integral wall.

39. Structural components to satisfy various
loading conditions for various wall heights are
available in different metal thicknesses. They

can be used to fabricate cellular walls of varia-
ble diameter (thickness).
are shown in Table 5.

40. For any required wall height and particu-
lar loading
may be chosen from Fig 31 and the required burial
depth at the toe can be found from Table 7.

41. Table 6 summarizes the expected bearing
pressure to be applied to the

The available choices

condition, an adequate structure type

soil for any expec-

31

ted Tload configuration and wall height. Table 8
shows the maximum permissible wall height as being
governed by internal cell pressure (based on 5/8
in. dia bolts, and equivalent fluid pressure of 45
pcf).

42, crib wall has been
chosen, it is advisable to check the stability of

Once a design for a

the structure for shearing through and beneath the
structure (Fig 32).
overturning should already have
the design process.

43. Shear failure through the wall may occur
along arc EH or Tine JH (or along any other criti-
cal s1ip surface). Foundation failure may occur
beneath

Resistance to sliding and

been checked in

the wall, along arc FG.

44, In the stability analysis, the resisting
forces are compared with the driving forces to
arrive at a factor of safety. Crib walls or any

retaining walls are more stable if placed on a
rock foundation (where possible or practicable) as

foundation failures through rock are unlikely.

GABIONS
45,
design follows standard engineering practice for
illustrated The
gabion itself is a woven wire basket filled with

Gabions are gravity structures and their

retaining walls, as in Fig 3.

rock and stacked one upon another to form a
gravity type retaining wall. The final structure
may have an irregular backwall and hence must be
analyzed using the vertical membrane
used for analyzing crib structures.
46,
23):
a. they can be erected quickly,

analogy as

Some advantages of gabion walls are (22,

b. they afford good drainage,

c. they are flexible and can withstand reasonable,
differential settling without fracture and need
not be founded below the frost line,

d. they require a minimum of lateral space, and

e. if excessive lateral movement is observed after
construction, another course of gabion baskets
can be added to the face of the wall to provide
additional gravity load (provided space per-
mits) with minimal disturbance of the existing
structure.

47,

Gabions are available from a number of









34

DESIGN C

DESIGN B
GIGE OF

|
' 7 STRINGER
¥ -

STRINGEAR

DESIGN A

CAGE OF
STAINGER

(XX WY B !
: -
S
Note: These depths may vary to suit conditions
DESIGN F
DESIGN E
DESIGN D

2 GAGE OF

STRAINGER
40" :
| '

-
iy GAGE OF

. STRINGLA
IIIEEHEMHEIIIQ

Fig 28 - Armco, Type 1 wall design details (18).
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Fig 29 - Design chart for Armco, Type 2 crib walls (19).

DESIGN C

DESIGN B

QAR
FANAN

Y

VALL DESIGN

s = g 4
2 4% 5 28 <

PULTE IR VY

55555
22222

DESIGN A

DESIGN F

DESIGN E

DESIGN D

Fig 30 - Typical ratios of thickness to height for Armco, Type 2 walls

(19).
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Table 4: Selection of load condition for Kaiser
cellular type aluminum walls
Load Surcharge Batter
condition
1 Level 1:6
2 S1ight and 1ine load 1:6 z
3 Infinite 1:6 3
4 Level Vertical §
5 Slight and Tine Toad  Vertical :
6 Infinite Vertical g
£
Fig 31 -
T A
o] 4
A A 5
H s
. s
-7 (q‘ v 9 °
,E/\,"E {,lo{ 1
,’IK \4\\ i UN
,’/ o 0 \///
D~—oe__C__2 <2,
a7

Fig 32 - Crib wall design criteria.
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Burial Dapth

Batter or Vertical

Chart for selecting crib wall type (20).
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Table 5: Maximum cell height vs metal thickness
After Kaiser (20)
Cell height (ft) for various metal thicknesses
Structure Cell
type diam. 0.060" 0.075" 0.1058" 0.135" 0.164"
(ft) 16 ga 14 ga 12 ga 10 ga 8 ga
I 6.2 1 2%
II 7.7 15%%*
111 8.7 14 17%%*
Iv 10.2 12 16 20%%*
A v 11.3 10 14 20 22%%%
VI 12.8 10 12 16 22 24%%k
VII 13.8 8 12 16 20 24
VIII 15.3 8 10 14 18 22
IX 16.5 8 10 14 16 20
I 6.2 12%%%
11 7.7 15%%*
III 8.7 17%%*
Iv 10.2 18 20%x*
B v 11.3 16 20 22%%%
VI 12.8 14 18 24%%%
VII 13.8 12 16 22 27%%*
VIII 15.3 12 14 20 26 29***
IX 16.4 10 14 20 24 30
For cells assembled with 1/2 in. For cells assembled with 1/2 in.
diameter steel bolts* and back- diameter steel bolts* and back-
A filled with soil having an B filled with soil having an
equivalent fluid pressure of equiVa]ent fluid pressure of
45 pcf.** 30 pcf.**%
*

If these cells are assembled with 5/8 in. diameter steel bolts instead of

1/2 in. the fill height may be increased by 12 per cent, provided the

resulting height does not exceed the maximum height limitation noted in
Structure Type Selection chart, Fig 35.

*% The soil description for these equivalent pressures is given by Terzaghi

kkk

and Peck (1967) as follows:

45 pcf = Residual soil with stones, fine silty sand, and granular
materials with conspicuous clay content {non-saturated)
30 pcf = Coarse-grained soil without admixture of fine soil particles,

very permeable (clean sand and gravel).

Denotes that maximum height is determined by overturning for Type 1

Toading condition rather than by hoop tension.

Maximum height limitations

for other load conditions can be obtained from the Structure Type

Selection chart.
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Table 6: Foundation pressures and stable wall height Timits

After Kaiser (21)

Bearing pressure at toe is in tsf

Bin type
Surcharge *%H

type ft. 1 .11 111 Iy v VI VIT VIITI LX
5 0.4 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.
10 0.9 0.7 0.6 0.6 0.5 0.5 04 0.4 0.4
15 2.0 1.5 1.3 1.1 1.0 0.9 0.8 0.8 0.B
1 20 ~—- 2.8 2,3 1.9 1.7 05 1.3 1.3 1.2
25 ——— e == 3,1 2.6 2.3 2.1 1.9 1.8
30 “me mme e mem e-= 3.4 3.0 2.7 2.5
35 mme mee mem mem meeeee == 3,7 3.4

28 31 34
h.max. 10 14 17 20 23 26 TF——TTF——

5 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2
10 1,1 1.0 0.8 0.8 0.7 0.6 0.6 0.6 0.6
15 2.8 22 1.9 1.6 1.4 1.3 1.2 1.1 1.1
2 20 ——=  ~.—= 3.5 2.9 2.6 2.3 21 1.9 1.8
25 ce= eme —e= e== 4.2 3.6 3.3 3.0 2.8
30 fm e mme eee mme e 4.9 44 4]
hamax. 11 13 15 18 20 22 %gﬁ,__g%w___%gw_
5 0.4 0.4 0.3 0.3 0.3 0.3 0.2 0.3 0.3
10 1.7 1.4 1.2 1.1 1.0 09 0.8 0.8 0.8
15 4.2 3.2 2.8 2.3 21 1.9 1.7 1.6 1.6
3 20 ——- = 5,2 4,3 3.8 3.3 3.1 2.8 2.6
25 s e emm eem e 34 49 44 4]
30 mem mmm mem eem eme B4 ——- 6.5 6.0
homax. 10 12 14 16 18 20 %'Zr*—zrg*—‘%?r
5 0.4 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.1
10 1.1 0.8 0.7 0.6 0.5 0.5 0.4 0.4 0.4
15 26 1.9 1.5 1.3 1.1 1.0 0.9 0.8 0.8
4 20 --- 3.6 2.9 2.3 20 1.7 1.5 1.4 1.3
25 mm- == === 3,9 3.3 2.8 2.5 2.2 2.1
30 em eem mem —ee === 43 3.8 3.3 3.0
35 cem e mem mmm mem e eee 47 43

27 30 _ 33
hmax. 10 14 16 19 22 25 2 30 33
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Table 6: Foundation pressures and stable wall height Timits - cont.

After Kaiser (21)

Bearing pressure at toe is in tsf

Bin type
Surcharge **H
type ft. I II III IV v VI VII  VIII LX
5 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.2 0.2
10 1.5 1.2 1.0 0.9 0.8 0.7 0.7 0.6 0.6
15 3.8 2.9 2.4 2.1 1.8 1.6 1.5 1.4 1.3
5 20 --- --- 48 3.9 3.4 2,9 2.7 2.4 2.3
25 -e= === se= === 57 48 4.4 3.9 3.6
30 “me mmm mem e eme aem —em 5.8 5.4
26 28
h.max. 10 13 15 17 19 22 23 o
5 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.3
10 2.3 1.8 1.6 1.4 1.2 1.1 1.0 1.0 1.0
6 15 --=  -== 3.8 3.2 2.8 2.5 2.3 2.1 2.0
20 “== === -== -~ 52 45 4 3.7 3.5

28
h.max. 7 8 10 11 14 15 17 18 7

NOTE: * Height limited by hoop tension of 8 ga. 3004H34 alloy sheet.
*%  Maximum bin height (H) limited by shear strength of shear
plane at vertical soil-bin interface on the back face of bin.
A11 heights are the actual height of bin measured in ft.
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Table 7: Diameter and burial depth for Kaiser

cellular-type aluminum walls

Type Diameter

Burial depth

(ft) at toe (ft)

I 6.2 1.5

I1 7.7 1.5
I1I 8.7 2.0
v 10.2 2.0

v 11.3 2.5

VI 12.8 2.5
VII 13.8 3.0
VIII 15.3 3.0
IX 16.4 3.0

Table 8: Maximum height (ft) of cell as limited by internal cell pressures

After Kaiser (21)

Surcharde
type 1 4 2 5 3 6
Sheet gauge 16 14 12 10 8 16 14 12 10 8 16 14 12 10 8
I 19 = = = e 20 == == == == 19 = e = -
11 1 S e L T e 1 S
111 13 17 =~ = — 13 17 - - = 12 16 == == ==
BIN v 11 14 21 -~ - 11 14 21 - - 10 13 10 - --
v 0 13 19 26 -~ 9 12 18 24 -- 8 1M 17 23 --
TYPE VI 8 11 16 21 26 7 10 15 20 25 6 9 14 19 24
VII 8 10 15 20 24 7 9 14 19 23 5 7 12 17 21
VIII 7 9 13 18 22 5 7 11 16 20 4 6 10 15 19
IX 6 8 12 16 20 4 6 10 14 18 3 5 9 13 1




suppliers. Two popular suppliers in North America

are Maccaferri and Bekaert
Gabions. The structures supplied by these two
are similar, although the former provides
standard and metric sizes, and includes more
basket than does the latter.

Each type may be constructed with either a

Gabions of America

firms
both
compartments in a

The basic sizes
of Bekaert Gabions are shown in Table 9, and those

straight or a stepped front face.
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48,
struction of a gabion wall as a gravity structure
is to ensure that a realistic unit weight is used
for both the basket fill material and the backfill
material. If either is overestimated compared
with actual field conditions, excessive lateral
movement or even failure of the

A critical factor in the design and con-

structure may
a good guide for estimating
Note that

occur. Figure 33 is
the unit weight of gabion fill.

of Maccaferri Gabions are shown in Tables 10 and porosity is given as 0.30 and if it differs signi-
1. ficantly, this chart should not be used.
Table 9: Nominal size of Bekaert gabions
After Bekaert (24)
Size code Size (ft) Capacity
Letter Colour Length Width Depth Partitions (cu yd)
A Blue 6 3 3 1 2
B White 9 3 3 2 3
C Black 12 3 3 3 4
D Red 6 3 11/2 1 1
E Green 9 3 11/2 2 1.5
F Yellow 12 3 11/2 3 2
G Blue/red 6 3 1 1 0.666
H Blue/green 9 3 1 2 1
I Blue/yellow 12 3 1 3 1.33
Table 10: Nominal size of Maccaferri standard gabions
Letter Length Width Height Number Capacity Color code
code of cells cu yd
A 6' 3! 3! 2 2.0 Blue
B 9! 3! 3! 3 3.0 White
C 12! 3! 3! 4 4.0 Black
D 6' 3! 1'6" 2 1.0 Red
E 9! 3! 1'6" 3 1.5 Green
F 12! 3 1'6" 4 2.0 Yellow
G 6' 3! 1! 2 0.66 Blue/red
H 9! 3! 1! 3 1.0 Blue/yellow
I 12! 3! 1! 4 1.33 Blue/green
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SPECIFIC GRAVITY
OF COMMON MATERIALS
BASALT 3.0
BRICK 2.0
CONCRETE (quken) 2.4
GRANITE 2.7
LIMESTONE 2,5
SANDSTONE 2.2
TRAP ROCK 2.7

Pcf

130

42

120

110

100

90

80

70

60

50 /

40

30 ]

! | | 1 I | |

Example:

| |
1.5 2 2.5

SPECIFIC GRAVITY

GIVEN: SPECIFIC GRAVITY = 2,5

FIND:

SOLUTION:

UNIT WEIGHT IN (a) Pef, (b) T/yd?, (c) Kg/m?

PROCEED VERTICALLY FROM S$.G.=25TO
INTERSECTION OF DIAGONAL LINE.
THEN PROCEED HORIZONTALLY TO
INTERSECTION OF VERTICAL LINE

AND FIND: {a) UNITWEIGHT = 109 Pcf.
by " " = 1.48 T/yd?
e " " = 1,760 Kg/m?

Fig 33 - Chart for unit weight of gabion fill (22).
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Table 11: Nominal sizes of Maccaferri metric gabions

Letter Length Width Weight Number Capacity Color code
code of cells cu yd

A 6'6" 33t 313" 2 2.62 Blue

B 9'g" 313" 33" 3 3.93 White

C 131" 33" 3'3" 4 5.24 Black

D 6'6" 3'3" 1'8" 2 1.31 Red

E 9'g" 33t 1'8" 3 1.96 Green

F 131" 33" 1's" 4 2.62 Yellow

G 6'6" 33" 1! 2 0.78 Blue/red

H 9r9" 313" 1 3 1.18 Blue/yellow

I 13'1" 3'3" 1! 4 1.57 Blue/green

49, The
simple and Fig 34-37 show common examples. It
should be noted that although Fig 34 to 37 show
wall heights of only 18 ft, gabion walls in Italy
have been built up to 81 ft high and 36 ft thick
(25) and have performed satisfactorily.

basic designs of gabions are fairly

50. Gabion wire baskets are generally fabrica-
but for extreme corro-
in PVC (poly-~

ted with galvanized wire,
sive conditions, they are available
vinyl chloride) coated wire.

used to retain
clay slopes, counterforts are recommended as illu-
strated 1in Fig 38. They should be built as
headers and extend from the front of the wall to a
point
circle of the bank.

51. If gabion structures are

at least one gabion Tength beyond the sTip
These counterforts serve both

as drains and as structural members of the wall.

The recommended spacing of counterforts is shown

in Table 12.

BUTTRESSES
52. Rock buttresses are relatively inexpensive
to construct on a unit basis but are usually con-
siderably larger and have relatively wider bases
retaining structures and there-
Royster (23) has found
work very well din stabilizing
but points out that they should

residual or

than conventional
fore require more space.
that buttresses
colluvial slides,
soils

be constructed on in-place

rather than on colluvium.

Table 12: Spacing of gabion counterforts*

Type of Water Cohesion  Counterfort

s0il content (psf) spacing
(%) (ft)

Very soft

clay 40 300 13

Soft clay 35 400 16.5

Medium

clay 33-30 600-800 20-23

Stiff

clay 27-25 1000-1500 26~30

* After Reynolds and Protopapadakis (26)

53. The term "buttress" includes earth or rock
dikes installed for either of two purposes (7):
a, to provide weight at the toe of a
such as "toe support" or "strut" fills; and
b. to increase the shear strength of the soil by

Tandslide,

construction of a dike or buttress of material

having substantially higher shear strength than

the native soil.

54. They are rarely used except at the toe of
a landslide for the purpose of controlling the
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Fig 34 - Stepped face wall with horizontal backfill (22).
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Fig 35 - Smooth front face wall with horizontal backfall (22).
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Fig 36 - Stepped front face wall with sloping backfill (22).
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3 180" {9-0"

Fig 37 - Smooth front face wall with sloping backfill (22).



COUNTERFORT

COUNTERFORT

Fig 38 - Gabion retaining walls showing counterforts (24).

slide itself. Ladd (27) points out that where a
wall must be built and the base rock is poor but
variable in strength, a good solution 1is the
angled underground buttress, extending forward and
down as nearly parallel to the angle of thrust as
possible.

55. The easiest way to design a buttress is to
make an empirical estimate of the required size
and then check the stability calculations to see
if it is adequate. Royster (28) recommends as a
rule of thumb, that the mass of the buttress
should be about 1/4 to 1/5 the mass of the slide
mass. Empirical relationships for sizing
buttresses and other retaining structures have
been summarized by Eckel (7) as shown in Table 13.

56. Once the first estimate of a buttress de-
sign is chosen, it must be checked for stability.
Instability may develop in one of three ways
(Fig 39):

a. shear through the buttress, along Tine HE or

HJ, or any other critical slip surface,

b. foundation failure beneath the buttress, along
arc FG, and

c. shear between the buttress and the foundation,
along Tine CD.

57. In the stability analysis the resisting
forces are compared with the driving forces to
arrive at a factor of safety. Rock buttresses are
more stable if placed on a rock foundation as

foundation failures through rock are unlikely;
this, however, is not always possible or
practical.

58. Normally, it is easier to determine the
size of a buttress on a preliminary basis by
checking stability against a shear instability at
the base of the buttress (Tine JH). A detailed
analysis of buttress stability is given by Eckel

(7).

MASONRY WALLS

59. Masonry walls may be practical 1in some
Tocations. These are essentially gravity struc-
tures and may be designed according to basic soil
mechanics practice as outlined in Fig 3. After a
wall design 1is chosen, it should be checked for
stability against internal shearing and foundation
failure as described in the section on crib walls
(Fig 32).

60. Masonry walls are structurally not very
rigid and so accept small differential settlement
with minimal structural damage. However, since
they have no restraining members such as cribbing
or wire baskets, excessive movements may destroy
their structural integrity.

61. Basic designs for vertical and sloping
front face masonry walls as wused by the U.S. Dept
of Agriculture, Soil Conservation Service (SCS)
are shown in Fig 40 and 41.
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Table 13: Empirical relations between various factors in the use of restraining devices to

control active slides*

Effect of
foundation conditions

Type of treatment Effect of quantity of
moving mass
1. Buttress at foot Buttress should be 1/4 to 1/3 the
(a) Rockfill volume of total moving mass to be
retained.
(b) Earthfill Recompacted fi11 should be 1/3 to

1/2 that of total moving mass to
be retained.

Should extend at least 5 to 10 ft
below slip-plane unless stable bed-
rock is encountered.

2. Crib or retaining wall Volume of crib should be 1/15 to
1/10 that of total moving mass to
be retained.

Stable bedrock preferred. Otherwise,
foundation should extend 4 to 7 ft
below slip-plane.

* Subject to evaluation and experience in given locality.

Notes: 1. Relative stability: With the exception of rock buttresses, restraining structures are not
recommended for controlling very unstable masses at the toe. Near the top of the landslide,
piling, cribs, retaining walls, and tie-rodding of slopes can be used successfully.

2. In general, restraining structures are not recommended for falls or flows except as underpin-
ning. If drainage is also provided, a restraining device may be helpful if area is permitted

to drain before retainer is built.

Fig 39 - Rock buttress design criteria (7).
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cy. per. lin. ft. =
w  Q=h(l+s)

C:t;zmenf mortar base course
v /" minimum thickness

N/

h P=20 5 P=33 5 P=50 P=625 P=80
cu.yds. cu.yds. cu.yds cuyds. cu.yds.
infeet| t  |iinHt N7 1 I e 3 IR £ ot o I AT 0
2 Ql1)” .05| L-2" a6l I'-5" 071 [y d 077 I'-9" 085
3 -4 102 i-9" Jea | 2.t .145 2-4" | 160 2.8 176
4 -9 170 2.4 207 | 2'-10" 245 3.2" 271 3.7 302
5 2-3" ,255 2-10" | .31 3-6" 374 | 3-1" | .410 4.6 .459
6 2.8" 355 3-5" 437 | 4-3" 520 | 4'.9" 582 5-4 653
32" | _.474 | 4-0° .585 | 4-11" 707 | 5-¢" 782 | §-3 .876
|8 3.7 607 4-7" 755 ) 5-8" 9l2 6-4" LI 7-2" 113
9 4-1" 160 5.2" | 943 | 6-4" 114 -1 126 gy 1.43
10 | 4.¢" 925 | 5-9° | L5 7=t 1L40 | 7.1 | 155 g-11" 1.75
il 4-11" 10 6-4" 1.39 7-9" 1,68 8.8 1.87 g.10" | 2.10
12. 5.5" 1.3l 6-10" 164 g.6" | 2,00 9'.6" | 222 1i0'-9" [ 2.50
13 5-10". | 1.53 7-6" .9l 9.2" | 233 ll0-3" |259 w-g" | 2.92
14 6-4" | 176 g. I 2,21 91" | 2.69 1" (300 [12-6" | 3.37
15 6-9° {20 | &7 |2.53 [10-7" [ 308 | W-10" [342 [13-5" | 38§
16, 7.2" | 228 9.2" | 287 l1-4" [ 350 |i2'-8" 1389 4-4 | 4.39
17 78" | 256 g-9° 3.23 12.0" | 393 |13'-58" |.438 _|15-3" | 4.94
18 g-1" | 286 |j0-4" | 36l 2-9" | 4.40._]14-3" | 4.90 . ] K- | 553
19 a.7" | a8 -1 1 40 |13-5 | 490 li15-0" | 545 _}17-10" | 6.i5
20 9.0" | 352 li1'-6" | 444 [14-2" [ 542 [15-9" {603 |i7-11" | 68i
DESIGN ASSUMPTIONS
Wt of masonry = 150 bs./cu.ft Where yielding foundation may
Earth pressure. Horz= P lbs/cu.rt exist, an exfended reinforced
Vert=100/bs/cu.ft concrete footing slab fo be
Resulfant pressure passes thru provided to allow resulfant fo
base at Y3t from foe fall in center of stab

Unyielding foundation assumed

Fig 40 - Design assumptions for vertical face masonry retaining walls.



49

cy. per. linft.=
Q=h{}+5)

Cement mortar base course
!"minimum thickness

h P=20Q - P=33 - P=50 . P=62,3 P=80
cu.ydas. Cu.ydas. cu.ydas. cu.yds. Cu.yas.
infeet! t | Vintt Rt o IR iy e B AT b |fintt
2 0-9" | .046 | Q-II" 053 1-2" .061 1-4" .066 -6 .072
3 -1 088 I~5" | .l06 1-9" 124 11" 136 22" 150
4 L-g" .148 1'-10" J76 2-4" 208 | 2-7" 214 2. 253
5 r-10" | .2i6 2-4" .264 | 2-1° 314 3.3 348 | 3-8" .380
8 2.3" | .302 | 2-10" 368 | 3-6" | .444 | 31" | 480 | 4.5" | .542
7 2-7"_1 .40 3-3" 492 | 4~ 1" .591 4-7" | 655 | 5-¢" 125
8 3-Q 512 3-9" 631 4-8" | .76l 5-2" 859 5-10" 939
9 3-4" | 840 4-3 790 5-3" 53 5-10" .06 [ 118
10 3L<1_ﬁ__;1?7 4-8 962 5-10" | 116 6-6" 1.29 7-4" .44
] 41" | 932 5-2" 115 6-5" 1.40 7-2" 1L56 g-Q" .74
12 | 4.8 | 109 5-8" .43 7-0" 165 7-19" | 184 g-9" 2.05
13 4-19" | 1,28 6-1" 1.59 7-6" 193 g-5" | 2.15 9-6" 2.40
14 5-2" 47 | 6-7" | 1.83 g-1" 223 | 9.1 2.48 | 10-3" | 277
15 5-7° L68 71" 2.10 8-8" 255 9-9" 2.85 1 10-11" 318
16 5-1* {190 76" 2,37 | 9-3" 289 [10-5" 322 -8 360
17 §-3" 214 8-Q" 2.6 910" | 326 | y.I" 3.63 12-5" | _4.06
18 &-8" | 238 g-6" 2.98 |1)0-5" 364_ | 11-8" | 406 | 13-2" | 454
19 7-0" | 265 | 9-0" [ 325 |iI'-0" | 405 | 12-4" | 452 | 13.10" | 505 |
20 7-5" | 292 9.5" 367 L N-7 4,4 13-19" | 500 147" 5,59
DESIGN ASSUMPTIONS
Wt of masonry = 1[50 /bs./cu. fl. Where yielding foundation may
Earth pressure: Horz = P lbs/cu.ft. exist, an extended rernforced
Vert=100/bs/cu.ft concrete foolting slab to be
Resultant pressure passes thru provided o allow resultant to
base at Y3t from toe. fall in center of slab.

Unyielding foundation assumed.

Fig 41 - Design assumptions for sToping face masonry retaining walls
(15).




REINFORCED EARTH
62. Reinforced earth is a patented process for

a construction material, formed by the association
of s0il with Tinear metallic reinforcement. It is
withstanding significant tensile
stresses parallel to the reinforcement.

63. Reinforced earth structures offer several
advantages:

capable of

a. ease and speed of construction;

b. they are relatively inexpensive, often 20-50%
below alternatives,

c. they are strong and stable,

d. they have no practical
limitation,

height or width

e. they are particularly suitable for construction
on poor foundation soils.

64. Reinforced earth structures are usually
designed for particular conditions and, as a re-
sult, there are no "standard designs". They
depend on two basic requirements:

a. there must be sufficient friction between the
soil and the vreinforcing strips to prevent
slipping.

b. there must be sufficient density of reinforcing
strips in the mass to prevent internal struc-
tural failure.

65. The first condition - sufficient friction
- is satisfied by ensuring that the length of the
galvanized steel or aluminum strips is adequate.
A length of 0.8 to 1.2 times the height of the
structure 1is satisfactory in most applications.
The necessary density of reinforcing strips is de-
termined by calculating stresses within the mass.

66. The reinforced earth theory assumes that
the soil within the structure is 1in a state of
limit equilibrium and that the horizontal earth
pressures corresponding to this state are
transferred to the reinforcements by friction.
The computations of the active horizontal earth

pressures take into account all imposed external
loading, geostatic and hydrostatic stresses, as

well as dynamic forces from seismic or moving
lToads. The stress distribution is calculated from
the total effect of all loadings at any point.
Theoretically, stresses on the reinforcements are
a maximum near, but not at, the face of the
structure and decrease to zero at the opposite

end.

67. Thus, the facing panels do not sustain the
full Tlateral earth pressure normally associated
with retaining structures. Rather, only minor
stresses are imposed by tension at the face of the
strips. The panels prevent the Toss of soil and
provide a stress continuity at the face end of the
structure. Facing panels commonly are either pre-
cast concrete in a variety of architectural de-
signs and textures (Fig 42) or metal elliptical
facing elements (Fig 43).

68. The theoretical assumptions concerning re-
inforced earth have been verified by extensive
instrumentation of  full-scale structures 1in
service. For details of reinforced earth design,
the reader is referred to Vidal et al., (31),
Schlosser et al., (32), and to Reinforced Earth
Co. in Toronto and Montreal (29). A schematic of
a reinforced earth structure is shown in Fig 1.

69. Construction requires only standard equip-
ment, simple construction techniques and readily
available materials, including:

a. galvanized metal or aluminum reinforcing strips
2 to 3 in. wide and approximately 1/8 in.
thick with Tlength varying according to the
heigth of the structure and the magnitude of
external loading;

b. precast concrete interlocking panels, each
about 5 ft square and 7 in. thick, 1ight enough
to be placed by a small crane, or Tight metal
facing elements;

c. earth backfill.

70. Using a crew of four or five men, con-
struction can proceed at rates of between 750 and
1000 square feet of wall surface per day.

71. The construction process is basically re-
petitive:

a. The first row of precast concrete panels is
placed;

b. the reinforcing strips are 1laid out horizontal-
1y'and are bolted to the facing panels;

c. earth is backfilled and compacted as in ordin-
ary earth embankment construction;

d. another row of facing panels is set into place,
more strips are attached, and the backfilling-
compacting process is repeated. ’







72. The reinforced earth structure is complete

and stable each time a layer of backfill

is

spread.  Trucks, bulldozers and compactors, can
drive on top of the wall while workmen fit
additional facing panels and reinforcing strips

into place.

DRAINS AND FILTERS

73.
signed to withstand the full hydrostatic pressure
of submerged soil should be provided with adequate
drainage facilities to ensure that the backfill
soil will not become saturated and
Common types of retaining wall draindge are shown
in Fig 44. Their application to cribs, gabions,
and buttresses can be separated into two different
cases.

74. is that of open face crib
with a fine-grained or

Any retaining structure which is not de-

submerged.

One structures

impervious bin fil1l

material, closed crib structures, or mansonry-rub-
ble retaining walls that serve as a barrier to
efficient water migration. These structures

require an adequate drainage system as part of the

0 ‘._ Peryiaus
¥ backfill

(a)

ilter material

v/f Pervious backfill
Fi
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wall and backfill design.
75.
Weep holes 4 to 6 in.

Drainage may be provided by various means.
in diameter should be placed
Tength and at
the Towest elevation at which free outlet drainage

in the wall at intervals along its

can be maintained. The effectiveness of the weep
holes 1is greatly enhanced by placing a vertical
Tayer of crushed rock or coarse gravel about 9 to
12 in. thick directly behind the wall. If the
backfill soil 1is fine-grained, a graded filter
(filter criteria will be discussed later) should
be placed between the soil and the rock to prevent
clogging of the drainage system by migration of
the soil fines into the coarse layer. Where it is
not practicable to install weep holes through a
wall, or if there is a question of whether they
will be adequately maintained throughout the 1ife
of the structure, a Tongitudinal drain may be
placed behind the wall at an elevation a 1ittle
above the footing. Water collected by this drain
may be carried to outlets at the ends of the wall
or it may be discharged through headers extending

through the wall at intervals of several hundred

Weep hales 6” diameter ar larger
at 5 to I5ft harizontal spacing

— Open-joini clay pipe or perforated metal pipe
should be pravided with rod-oul syslem

(b}

IE - Semipervious backfill

between weep holes; used in conjunclion with

Ié Verlical strips of filter moterial about 11 sq of midwoy

cantinuous horizontal strip of filter materiol

Filter material in pockets o! weep holes,
arin conlinuous strip

Fine-grained backfill
el =

1§t thick blonkel
of pervious
material

(d)

T ———

Fig 44 - Common types
b) Tongitudinal
d) blanket drain;

drain pipe;

Expaonsive clay
backfill

of retaining wall
c) weep
e) double blanket drain (33).

Longitudinal drain pipes (as shown)
or weep hales con be used os desired

drainage:
holes with

a) weep holes;
filter strips;
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feet in the case of a very long wall.

76. The
rockfill buttresses,
walls, or open crib structures filled with gravel
or rockfill with fine-grained backfill. These
structures have adequate natural drainage but re-
quire a filter layer between them and the backfill

that of
dry rubble masonry

second drainage case s

gabions,

to prevent clogging of the drainage system by
migration of fines into the coarse Tlayers.
Royster (23) has dncluded drain tiles in

conjunction with free draining gabions and rock
buttresses (Fig 1).

77. Filters must be sufficiently fine-grained
to hold erodable material 1in place, but must at
the same time be sufficiently coarse-grained to
discharge all the water that reaches them. The
accepted criteria for filter design suggested by

Terzaghi is the following:

D15 (of filter)

D85 (of soil)

where Dy5 and Dgg are particle

<4 to b <

Dyg (of filter)

D'|5 (Of SO'”)

by 15 and 85 wt % of the material respectively.
78.

the

The left half of the equation
piping criterion and the right half the

permeability criterion (34).

79.
well-graded
type
(Fig 44(a)
tiles
chart for estimating gravel

This

The most effective Tilter material
that meets the above criteria.
in drainage
and (e)) or as backfill
(d), and (e)).
filter quantities for

gravel
may be

(Fig 44(b),

drain tiles.

used

is

blanket
around drai

2)

sizes not exceeded

satisfies

a

S
n

Figure 45 is a
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!\I A |- i o TILE
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: ) S i SIZE PRAGTIGABLE  per. 100" of Line
— AR ot TRENGH
S s W N R 4" 22" 6.1
|5’i:} IR "||i'-\ T N 5" 22" 6.3
4 6 8 6" 22" 6.6
“ "
3T IZ" 22" 7.0
Min. 22 7.3
- 12" 22" 7.3
15" 24" 8.3
18" 28" 10.6
TYPICAL SECTION 24% 34" 13.9

Fig

45 - Chart for estimating gravel filter quantities (35).




CONSTRUCTION SPECIFICATIONS

80. Building specifications for the various
retaining structures have been adapted from the
following sources,

AASHO, (36)

AITC, (37)

AREA, (38)

ARMCO, (18,19)

AWPI, (13)

CHD, (39)

Kaiser, (20,21)
Maccaferri, (22)

NLMA, (40)

PCA Publication ST46, (17)
Royster, (23)
Schuster, (10)
UspoT, (41)
WSDH, (14)
These specifications may be used directly when
specifying work to be done by outside contractors.
A1l structural material and construction pro-
cedures should conform to the National Building
Code of Canada or to appropriate provincial or
municipal regulations.

CRIB WALLS
81. Crib structures may be made of cut timber,
rough hewn Tlogs,
metal. Material
outlined below.
founded on
compacted)

precast concrete blocks,
specifications
A1l crib type walls should be
stable ground (either natural or
or on a bedrock foundation.
that, because of the flexibility
of crib walls, the foundations of '"moderately
high" walls need not extend below the frost line
whereas "high" crib walls should be carried below
the frost 1line. Where foundations are poor or
inadequate, a concrete pad or footing should be
constructed beneath the wall to reduce the contact
pressure by spreading the Toad.

or

for each are

Seelye
(42) vecommends

Cut Timber

82. Cut timber components of timber crib walls
should be pressure treated with preservative.
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Suitable preservatives include creosote, penta
chlorophenol in heavy o0il, pentachlorophenol in
mineral spirits or liquid petroleum gas, or water-
borne salts. This type of treatment will protect
against any type of rot and will ensure Tong
service. Modifications in the field to any member
that expose fresh wood surfaces, such as on-site
cutting and drilling, should include the swabbing
of the exposed surfaces with preservative as
standard procedure.

83. A1l timber components should be of struc-
tural grade timber (Douglas fir or equivalent).
A11 bolts should be galvanized. Bolt holes should
be drilled within 1/16 in. of the required loca-
tion and should be 1/16 larger in diameter
than the bolt to prevent cracking due to stresses

in.

incurred by driven bolts.

84. A washer should be used under all bolt
heads and nuts which would otherwise come in con-
tact with wood. Either cast or plate washers may
be used and they should be designed to prevent ex-
cessive crushing of the wood when the bolts are
tightened. For bolts or rods
should be of sufficient size to develop the ten-

in tension, washers
sion stress in the bolt or rod without exceeding
the allowable unit stress in compression perpendi-
cular to the grain for the species and grade of
Tumber used.

Logs
85.

Douglas fir or equivalent and should be stripped
of all bark and protruding branches at points of
contact prior to use. This prevents deterioration
of the bark and
adjustment.
86. Face Tlogs

long with as
be no

Logs used for structural members should be

reduces natural internal
should be not less than 16 ft

1ittle taper as possible and should
than 10 in. in diameter at the small

The base tier should be no less than 12 in.

less
end,
in diameter at the small end. Interior tie 1logs
should have a diameter of no less than 8 in. at
the small end. '

87. Log connections may be either dapped and
pinned with 3/4 in. diameter drift-bolts as shown

in Fig 15 or they may be notched and pinned with
3/4 in. diameter drift-bolts as shown in Fig 46.




12

55

End of log ~— 7

"

™~ 12" = (Shop Cut)
12 This dimension should nol wxenoed
1 ™~ the average diamoler-of the adjoining
log (Field Cni)

i T i
7 1 1

oot . 1/8 b (nin) 1/8 L -~ Shop Cut

R 1/4 D (max)

Notch all face logs and tie logs
to provide flat contact surfaces.
Shop cuts are optional.

DETAIL FOR NOTCHING LOGS

Face loy
3/4" ¢ Drift bolt (galv) /
Bore holes for bolts. /

s
/ M7

"«\—‘——-_"— ,.A.-Ai..\ o
” ( 11 )

3 N \\r /
N N

I

Face ’////

Log

: { |
i /1
/

Ed

4" (Min.)
A _
I W Y
/ T Jl\ ]

Tie Log

DETAILS OF DRIFT BOLTING .
Tie Loy

Fig 46 - Joint details for log cribbing - U.S. Bureau of Public Roads

(10).



The requirements for bolts, bolt holes and washers
are the same as for cut timber

in the previous

section.
88. Each successive tier of Tlogs or timbers
should be drift-bolted to the one upon which it

rests by drifts not less than 3/4 in. 1in diameter
and of sufficient Tength to extend through 2 tiers
and not less than 4 in. into the third tier.

89. Drift-bolts should be staggered and not
more than 8 ft centre to centre in each tier. Al1
end joints and splices should be half-Tlapped for
10 in. and drifted at the centre. Before assem-
bling, all framed joints in contact should be well
coated with preservative.

90. The length of ties should be sufficient to
develop the required anchorage against overturn-
ing, and in no case should the Ttength extending
into the fil11 be Tless than two-thirds of the
height of fill above the tie in question.

91. Ties should be anchored to the face walls
by framing, either dovetailed or by sufficient
projection behind the face of the crib to form
proper anchorage. should be anchored at the
i1l end to cross pieces fastened to them at right
angles by drift-bolts or other suitable means.

92. Ties should be spaced not more than 8 ft
centre to centre in any horizontal tier and should
be staggered with the next adjacent tier of ties.
Tiers of ties should be not more than 3 ft apart
vertically.

Ties

Concrete

93. Concrete used in casting structural mem-
bers of crib walls should have a minimum compres-
sive strength of 3750 psi at 28 days. Each of the
members in any arrangement, should bear at two
points only, and the minimum percentage of rein-
forcement should be 0.9 per cent of the total
cross sectional area.

94. Reinforcing steel should be protected from
damage at all times. It should be free from dirt,
detrimental scale, paint, 0il, loose rust or other
foreign substances.

95. Al11 reinforcing bars should be bent cold

untess otherwise permitted. Bars partially embed-

ded in concrete should not be field bent except as

56

shown on plans or permitted.
should be employed for
proper equipment should be provided for such work.
Should the engineer in charge approve the
application of heat for field bending reinforcing
bars, precautions should be taken to assure that
the physical properties of the steel will not be
materially altered.

96. Forms for concrete cribbing should be true
to Tine and built of metal, plywood, or dressed
A 3/4 in. chamfer strip should be used in
all corners. Forms should be watertight and re-
main in place at Teast 24 hours after the concrete
has been placed.

97. The concrete pour should be continuous and
acceptable methods of vibration or compaction
employed.

98. A1l members should be free from depres-
sions, spalled, patched, or plastered surfaces or
edges, or any other defect which may impair
strength or durability. Cracked or otherwise de-
fective members should be rejected.

99. Backfilling around cribbing should not be
started until concrete test cylinders show a
pressive strength of at least 80 per
required 28 day compressive strength. In lieu of
test cylinders to establish this, the concrete
should be allowed to set for at least 14 days at a
minimum temperature of 60° F or 21 days at a
minimum temperature of 40° F.

100. Where used, connecting dowels should be of
wrought iron or galvanized steel not less than
1 in. in diameter and of the required length.
dowe'ls should be of galvanized
not Tless than 1.25 in. inside

Only competent men
cutting and bending, and

Tumber.

com-
cent of the

Casings for these
steel or iron pipe
diameter.

Steel

101. Structural members of steel bin-type crib
walls should be not less than 16 gauge. All
Jjoints should be connected by flexible bolts or
dowels of wrought iron or galvanized steel.

102. Metal sheets used to form the members of
bin-type retaining walls (except grade plates
should be

sides with a layer of asbestos fibres, app]ied in

and

connecting channels) coated on both




a sheet form by pressing 1into a molten metallic
bonding medium. Immediately after the metallic
bond has solidified, the asbestos fibres should be
thoroughly saturated with a bitmunious saturant.
The finished sheets should be of first-class com-
mercial quality, free from blisters and unsatura-
ted spots.

103. The wall should consist of units that con-
form to the dimensions and thicknesses specified
on the plans, and when assembled, should present a
A11 units should
units of the same nominal

uniform workmanlike appearance.
be so fabricated that
size are fully

interchangeable. No drilling,

punching or drifting to correct defects in manu-
Any

holes improperly punched should be replaced.

facture should be permitted. units having

Aluminum

104. Aluminum alloy sheets should have a nomin-
al cladding thickness on both sides of a 5% of the
total composite thickness and should have the
following mechanical properties:

Thickness 1in.

0.051-0.113 0.114-0.249
Tensile strength
Max (psi) 37,000 37,000
Min (psi) 31,000 31,000
Yield-Strength
(0.2% 0ffset
psi-Min) 24,000 24,000
Elongation % in 2 in. min. 4 5

Bolts and nuts for connecting the cells and facing
sheets should be than 1/2 in.
diameter.

not less in
105. Aluminum bolt and nut material should have

the following mechanical properties:

Diameter (in.) 0.125 to 8.000

Tensile strength (Min psi) 42,000
Yield-strength (0.2% O0ffset

psi-Min) 35,000
Elongation % in 2 in. 10
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106. Steel bolt and nut material should be hot,
double-dipped galvanized, aluminized or cad-
mium-plated. Bolts should meet the following
physical requirements:

Material
High Standard
Strength Carbon
Steel Steel
Tensile Strength (psi-Min.) 120,000 55,000
Shear (psi-Min.) 85,000 -
Brinell Hardness Number 241 to 302 Over 104

107. Aluminum sheet should have corrugations
with a nominal pitch of 6 in. centre to centre of
either crests or valleys. Depth of corrugations
should nominally be 1 in.

'108. Sheets should be curved to the bin diam-
eter and should have a gross width of 25.5 in. and
a variable gross length depending upon the geome-
try of the structure. joints 1in the
sheets cell should be
drilled or punched with a double row of holes,
1/16 Targer than the bolt diameter, on 3 in.
centres to match the of the
corrugations, the centre Tine of the outer row of
holes should be not less than 1 in. from the ends
of the sheet and the gauge between rows of holes
should be not less than 1 3/4 in. The horizontal
joints for all sheets should be drilled or punched

Vertical
forming the walls of the

in.
crests and valleys

with a single row of slotted holes spaced not less
than 18 in. or greater than 21 in. Centre 1line of
the row of holes should be centred on the crest or
valley of a corrugation and not less than 3/4 in.
from the edge of the sheet.

109, The facing sheets should be drilled or
punched with a single row of holes, 1/16 in. lar-
ger than the bolt diameter, spaced on 3 in.

centres to match the crests of the corrugations.
The centre 1ine of the row of holes should not be
less than 7/8 in. from the end of the sheet.

110. Field drilling of holes to fasten facing
sheets to cells is permissible. In this case, the

punched facing sheet should be used as a pattern



118. Wire mesh should be non-raveling.

119. The selvedge ‘on each sheet of mesh should
be galvanized steel wire (as described above) two
gauges heavier than used in the body of the mesh.

120. The wire mesh should have sufficient elas-
ticity to permit elongation of the mesh equivalent
to a minimum of 10 per cent of the length of the
section of mesh under test without vreducing the
gauge or tensile strength of dndividual wire
strands to values less than those for similar wire
one gauge smalier.

121. Gabions should be supplied in the various
sizes shown on the plans. Cages furnished by a
manufacturer should be of uniform size.

122. A11 gabion dimensions should be subject to
a tolerance 1imit of =
turer's stated sizes.

123. Rockfill for gabion baskets 12 in. or
greater in thickness should have a size tolerance

3 per cent of manufac-

. of 4-8 in. and should consist of a non-degradable
rock such as 1limestone, quartzite, granite or
broken concrete. Stone or broken concrete should
have a minimum specific gravity of 2.25 and should
be resistant to the action of air and water.
Flaking or fragmental should not be per-
mitted. Broken concrete may be used in the most
convenient size for the intended purpose.

124. Gabions should be fabricated
manner that the sides, ends, 1id,

rock

in such a
and diaphragms
can be assembled at the construction site into
rectangular units of the specified size. Gabions
should be of single unit construction - the base,
ends, and sides either to be woven into a single
unit or one edge of these members connected to the
base section of the in such a manner that
strength and flexibility at the point of connec-
tion is at least equal to that of the mesh.

125. Gabions should be placed to conform with
plan details. Riprap material should be placed in
close contact so that maximum fill

unit

is obtained.
The units may be filled by machine with only
enough hand work to meet specification re-
quirements.

126. Where the length of the gabion exceeds its
width, the gabion should be equally divided, by
diaphragms of the same mesh and gauge as the body
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and the holes should be drilled through the cell
sheets after assembly. ’

111. The structures should be assembled follow-
ing the manufacturer's shop drawings and assembly
instructions. A1l bolts should be torqued to at
least 25 ft-1bs. If a preset powered torque
wrench is wutilized, the contractor should be
required to test only 1 per cent of the bolts at
random for proper tightness.

112. Assembly procedures vary depending on the
diameter of the cells. Generally it is expedient
to: assemble one or more rings of a cell with
facing sheets attached to one side only;
the cell until the facing sheets are 1in correct
position on the adjacent previously placed cell;
field drill the holes to attach the facing sheet
to the previously placed cell; bolt the facing
sheet fast; and proceed with the next cell in the
Field drilling of facing
in one side of each cell permits

which may be necessitated by

rotate

same fashion. sheet
attachment holes
alignment changes
site conditions.

113. Filling of the cells or placing backfill
behind the structure should not commence until the
assembled portion of the structure has been duly
inspected and approved.

114. A11 portions of the structure should be in
true alignment before backfilling 1is started and
care should be exercised to maintain reasonable
alignment during backfilling operations.

GABIONS

115, Wire used in the body of the gabion mesh
should be zinc coated, 11 gauge, and soft temper.

116. Tie and connecting wire should be suppiied
for securely fastening all edges of the gabions
and diaphragms. Gabions should be provided with 4
cross connecting wires in each cell 1/2 unit high
and 8 in each cell one unit high. Gabions should

also have 1inner tie wires connecting the front
face to the rear face at approximate spacing of
12 in. in both vertical and horizontal dimensions.
Tie wire may be no more than 2 gauges lighter than
gabion wire.

117. The longest dimension of the mesh openings

should not exceed 4 in. for the gabions.




of the gabions, 1into cells whose length does not

exceed the horizontal width. The gabion should be
furnished with the necessary diaphragms secured in
proper position on the base section in such a
manner that no additional tying at this juncture
will be necessary.

127. A11 perimeter edges of gabions should be
securely selvedged or bound so that the joints
formed by tying the selvedges have approximately
the same strength as the body of the mesh.

128. Excavation for toe or cut-off walls should
be made to the neat lines of the wall.

129. A11 gabion units should be tied together,
each to its neighbor,
to form a continuous connecting structure.

along all contacting edges

BUTTRESSES

130. Buttresses should be constructed of large
blocks of non-degradable rock such as limestone,
quartzite, granite or broken concrete. If there

is any doubt as to the suitability of the mater-
durability tests should be carried out to
or fragments., All

ial,
ensure that none of it flakes
soil-like materials should be excluded from the
fill.

131. The fill should have 50 per cent of the
material greater than one cu ft 1in and not
more than 10 per cent passing the no. 2 mesh size.
If these general specifications cannot be met, the

size

size grading should ensure that buttress is

free-draining.

MAS ONRY

132. Building masonry structures in the field
as illustrated in Fig 40 and 41 may be done using
available stone, either with a cement base binder

(mortar rubble) or without a binder (dry rubble).

Mortar Rubble Masonry
133. Mortar rubble masonry includes the classes

commonly known as coursed, random and random range
work and should consist of roughly squared and
dressed stone laid in cement mortar.

134, Stone should be of
approved quality, sound and durable, and free from
seams, cracks, and other structural

for the masonry

segregations,
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defects or imperfections tend to weaken its re-
sistance to weather. It should be free from
rounded, worn, or weathered surfaces. Any
weathered stone should be rejected.

135. The stone should be free from dirt, oil,
or any other substance which may prevent proper
adhesion of the mortar.

136. Mortar for laying the stone should be com-
posed of one part portland cement and three parts
of mortar sand, unless otherwise specified.

137. Individual stones should have a thickness
of not less than 8 in. and a width
than 1.5 times the thickness.
headers, should have a length less than 1.5 times
their width. Stones should decrease in thickness
from the bottom of the wall to the top.

138. Headers should hold in the heart of the
wall the same size as in the face and should
extend not less than 12 in. into the core or back-
They should occupy not less than 20% of the
face area of the wall and should be evenly distri-
buted.
extend entirely through the wall.

139. The stones should be roughly

of not Tless

No stones, except

ing.

Headers in walls 2 ft or less thick should

squared on

joints, beds, and faces. Selected stone, roughly
squared and pitched to line, should be used at all
of walls. If
corners or angles in exterior surfaces should be
finished with a chisel draft.

140, A11 shaping or dressing of stone should be

angles and ends specified, all

done before the stone s laid in the wall, and no
dressing or hammering which will loosen the stone
should be permitted after it is placed.

141. Stone masonry should not be constructed in
freezing weather or when the stone is cold and
shows signs of frost.

142. Masonry should be

roughly

laid to 1ine and 1in

level courses. The bottom or foundation

courses should be composed of Tlarge, selected
stones and all courses should be laid with bearing
beds parallel to the natural bed of the material.
143. Each stone should be cleaned and thorough-
set and the
is to receive it should be clean and
stones should be well bedded
The mortar joints should

1y saturated with water before being
bed which
well moistened. All
in freshly made mortar.



be full and the stones carefully settled in place
before the mortar has set. No spalls should be
permitted. Joints and beds should have an average
thickness of not more than 1 in,

should

Teast

144. The vertical Jjoints in each course
break with those in adjoining courses by at
case should a vertical joint be so

6 in. In no

located as to occur directly above or below a
header.

145, 1f any stone is moved or the joint broken,
should be taken

oughly cleaned from bed and joints, and the stone

the stone up, the mortar thor-
reset in fresh mortar.

Dry Rubble Masonry
146. Dry rubble masonry

includes the classes
commonly known as coursed, random and random range
work and should consist of roughly squared and
dressed stone Jaid without mortar.

147. The stones should conform
size to the
rubbTle.

148. Headers should
for masonry rubble,

149, The stones should be

joints, beds, and faces.

in quality and
requirements specified for masonry

conform to specifications

roughly squared on
Selected stone, roughly
squared and pitched to 1line, should be used at all
angles and ends of walls.

150. The masonry should be Taid to 1line and in
roughly Tevel " The
courses should be composed

courses. bottom or foundation
of
stones and all courses should be Taid with bearing
beds parallel to the natural bed of the material.
Face joints shall not exceed 1 in. in width.

151. In laying dry rubble masonry, care should
be taken that each
the underlying
separate points.

large, selected

stone takes a firm bearing on
course at not less than three
Open Jjoints, both front and
rear, should be "chinked" with spalls fitted to on
their top and bottom surfaces, to secure firm
bearing throughout the length of the stone.

152. When required, the open joints on the rear
surfaces of abutments or retaining walls should be
"slushed" thoroughly with mortar to prevent seep-
age of water through the joints.
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REINFORCED EARTH STRUCTURES

Concrete Face Panels

153. Concrete should have a minimum compressive
strength at 28 days of 4500 psi.
retarding or accelerating agents

Air entraining,
or any additive
containing chloride should not be used.

154. Tie strips, connecting pins, and PVC pin
form and 1ifting and handling devices should be
set in place prior to casting to the dimensions
and tolerances shown on the plans.

155. Acceptability of the precast units should
basis

be on the of compression tests and visual

inspection. The precast units should be consid-
ered acceptable regardiess of curing age when com-
pression test vresults indicate strength will con-
form to 28-day specifications. Panels may be con-
sidered accéptab]e for placing in the wall when
7-day strengths exceed 60 per cent of 28-day
requirements.,

156. The panels should be cast on a flat area,

the front face of the form at the bottom, the back

face on top. Tie strip guides should be set on
the rear face. The concrete in each unit should
be placed without interruption and should be

consolidated by an approved vibrator, supplemented
by any necessary hand-tamping to force concrete
into the corners of the forms and prevent the
formation of

stone pockets

Clear form oil of the

or cleavage planes.
same manufacture should be
used throughout the casting operation.

157. The units should be cured for a sufficient
length of time so that the concrete will develop
the specified compfessive strength.

pour which does

Any panel
not reach specified strength
within 28 days should be rejected.
158. The forms should vremain in place until
they can be removed without damage to the unit.
159. The rear face should have an
finish, and should be vroughly screeded to

eliminate open pockets of aggregate and

unformed

surface
distortions in excess of 1/4 in.
160. AlT units should be manufactured to the
following tolerances:
all dimensions within 3/16 in.,
angular distortion with regard to the




height of the panel less than 0.2 in. in &
ft, and
defects on formed surfaces, not more than

0.1 in., measured on a length of 5 in.

161. Compression tests to determine the minimum
strength requirement should be made on cylinders.
A minimum of three cylinders should be made from
each day's production and cured in the same manner
as precast units.

162. Units should be rejected

meet all the above requirements.

if they do not
In addition they
should be rejected if there are signs of imperfect

mouTldings, or honeycombed or open texture
concrete,
163. The manufacturing date should be clearly

scribed on the rear face of each panel.
164. A11 units should be handled, stored, and
shipped in such a manner as to eliminate the

danger of their being chipped, cracked or frac-

tured and of excessive bending stresses. Panels
being stored
immediately

bending the tie strips.

should be supported on firm blocking

adjacent to tie strips to avoid

165. Concrete for footings should have a mini-
mum compressive strength of 3750 psi at 28 days.

Steel Face Panels

166. Steel face panels should be fabricated of
cold rolled galvanized steel.

Reinforcing and Tie Strips
167. Reinforcing and tie strips should be

shop
They should be
and tolerances shown on the

fabricated of galvanized steel.
cut to the
plans. The minimum bending radius
should be 1 in.

should be true to size and free from defects that

Tengths

of tie strips
A1l reinforcing and tie strips

may impair their strength or durability.

Fasteners

168. Bolts and nuts should be acceptable grade
should be a
3/4 in.

nominal
thread

cap screws and
1 in. size with a

hexagonal
1/2 in. by
length, hot dip galvanized.
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Joint Filler

169. Filler for vertical joints between con-

crete face panels should be flexible open cell
Filler

should be

2 in. x 2 in. polyethylene foam strips.
for horizontal joints between

resin-bonded cork.

panels

Joint Covers
170. Joint covers for steel face panels should

be fabricated of cold rolled galvanized steel.

Select Granular Backfill Material
171. A11 backfill material
should be free from organic
material and

in the structure
or other deleterious
should conform to the following
gradation Timits:

Sieve size Per cent passing
10 in. 100

4 fin. 100 -~ 75

No. 200 0-15

172. This material
ternal friction of not less than 25° as determined

should have an angle of in-

by standard triaxial or direct

methods.

shear testing

Construction Requirements

173. Excavations should be in reasonably close
conformity with the Timits and construction stages
shown on the The foundation for the
structure should be level for a width equal to or
exceeding the length of reinforcing strips

plans.

or as

shown on the plans. Prior to wall construction,
the foundation should be compacted with a smooth
wheel vibratory roller having a minimum weight of
6 tons.

174. An unreinforced concrete leveling footing
should be

when concrete face panels are

provided at each panel foundation level
specified. The
footing should be cured a minimum of 12 hours be-
fore placing wall panels.

175. When erecting precast

panels should be placed vertically with the aid of

walls, concrete



a light crane and 1ifting beam. Panels are hand-
Ted by eyes set into the upper edge of the panels.
Panels should be placed in successive horizontal
1ifts in the sequence shown on the plans as back-
fi11 placement proceeds. When a panel 1is having
fi11 placed behind it, it should be maintained in
a vertical position by means of temporary wooden
wedges at the junction of two adjacent panels on
the external side of the wall. External bracing
may also initial 1ift.
Vertical tolerances should be
0.25 in. in 10 ft.

176. Skin elements are hand placed in succes-
sive horizontal T1ifts as indicated on the plans.
Backfill should be maintained no more than two

be required for the

and alignment

skin elements below the top of wall. Wooden
wedges should be placed at no more than 5 ft
centres between the skins on the exposed face to

maintain verticality during backfilling. Batter
boards should be used to maintain verticality for

the first five 1ifts. All wedges should be
removed as backfilling proceeds. A minimum of
five 1ifts should at all times be supported by
wedges .

177. Placing backfill should closely follow the
erection of each panel Tift. Backfill should be
Tevelled roughly before placing and bolting
strips.  Reinforcing strips should be placed
normal to the face of the wall. The maximum 1ift
10 in.

thickness should not exceed (Toose) and

should follow panel erection closely. Lift
thickness should be decreased if necessary to
obtain specified density. Backfill compaction

should not disturb or distort the reinforcing
strips and panels.

BACKFILLING

Closed Face Structures

178. Backfill within the bins and behind the
bins of closed face structures may be either
granular and free-draining or cohesive and
free-draining.

179. For backfilling with coarse broken rock of
a specified size, backfilling may be done by
machine with sufficient hand work to assure close

non-
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contact with the structure and to minimize voids.
Care should be taken, especially with concrete
cribs, not to subject them to heavy impact and,
with timber or Tog cribs, care should be taken to
avoid distortion of members.

180. For soil-Tike backfill, the soil should be
placed in 6-8 in. thick loose, even, horizontal
1ifts and tamped or compacted to approximately 95
per cent of the maximum density obtained by the
standard Proctor test (36). Again, care should be
taken not to damage structural components. If any
holes or small openings are present in the walls,
they should be blocked off by caulking, taping, or

placing coarser material against the holes to
prevent Toss of fines.
181. At Tocations where headers are not uni-

formly supported, the fill should be tamped and
compacted under and between them.

182. Filling of the cribs may progress simul-
taneously with erection. Backfilling behind a
crib may progress with, but never ahead of,

fi1ling of the crib.

Open Face Structures

183. Backfilling for open face structures is
the same as the above procedure for closed face
However, if the size of the backfill
material is smaller than the openings, a layer of
rock or stone spalls of sufficient size should be
placed against the cribbing in advance of
backfilling to prevent loss through the openings.
As before, care should be taken not to damage the
structure.

structures.

184. It must be remembered, especially in crib
structures, that the backfill dis part of the
structure, and the need for stronger, less

compressible, higher density backfills is extreme-
1y important to minimize effects of environmental
changes.

DRAINS AND FILTERS
185. Fil1l material behind all retaining walls
should be effectively drained by weep holes, hori-
zontal drains, drainage blankets,
of the above.
186. Weep holes

or combinations

should be placed at suitable




intervals. In counterfort type walls and bin or
cell type structures, there should be at least one

weep hole per compartment.

COSTS

187. As an introduction to costs, Baker (1) has
summarized relative costs of many different land-
slide control measures (Table 14). These costs
are out-of-date, but may serve to point out that
some expedient other than
might be more economical in some cases.

a retaining structure

188. Because of the many variables involved -
volume of excavation, quantity of backfill, haul
distance,

labour costs

cost and availability of material,
and associated maintenance costs for

different types of structures -

costs are only a rough guide.

the following

Timber Cribs

189. Costs for constructing timber cribs vary
considerably depending on the location of the work
and on the availability of suitable timber.

190. Costs incurred 1in the Pacific Northwest
portion of the U.S, for timber crib walls reported
by Schuster (10) are shown in Table 15.

191. As can be seen in the table, the cost of
shipping Douglas fir from the coast to Minnesota
increases the cost considerably. In addition, the

cost of construction Tabor depends greatly on
whether cribs members are drilled in the field or
not. Field drilling can dincrease the cost
significantly.

LOG CRIBS

192. No cost data is available for log crib-
However, if the logs have been cut from on
the

material costs would probably be relatively low.

bing.
site available timber owned by the mine,

including cutting, drilling, and
might be compared with field

Labor costs
assembly of the logs

drilling operations in Minnesota in 1971 at $5.00
per square foot of wall.
CONCRETE CRIBS

193. The cost of concrete cribbing (10) was
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about $4.50 to $4.75 per sq ft of wall at the
Helca Mining dnstallation 1in 1960. Details of
this particular installation are not known, but

availability of aggregates, haul distance from a
mixing plant and haul distance to the job site

have a direct influence on costs.

STEEL CRIBS

194, The Helca
have cost about $4.50 to $4.75 per sq
if built of Armco standard steel bins.

195. Armco has estimated average
their standard steel bin structures
(43) as in Table 16.
sized that these are average costs

Mining installation (10) would
ft in 1960,

costs for
in the U.S.
shown 1t should be empha-
for a par-

ticular design. Higher or lower wall heights for
any particular design would result in higher or

lTower costs than the values given.

ALUMINUM_CRIBS

196. Schuster (10) reported that Kaiser Alumin-
um cellular walls constructed in 1968-1970 cost
between $15.00 to $17.00 per sq Tt for walls up to
15 ft high
California.

in the Angeles National Forest,
The cost of this type of wall
compared with concrete crib for
high wall at Boise, Idaho,

results:

was
use on a 17 ft
with the following

a. concrete crib, $16.00 per sq ft of wall face,
b. cellular aluminum, $10.50 per sq ft of wall
face.

197. Other that these

cellular aluminum walls cost from $4.00 to $10.00

information indicates

per sq ft of face,
excavation involved, the availability of approved

depending on the amount of

backfill material, and the actual diameter, gdauge,
and height of the cells.

198. Kaiser (44) reports costs for the material
and wall assembly given in Tables 17 and 18.

GABIONS

198. Gabions structures have been reported by
Schuster (10) to cost between $20 and $40 per
cubic yard or $5.50 to $11.00 per sq ft of wall.
The effect of haul distance for gabion stone can
increase this cost considerably.
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Table 14: 1950 unit costs for estimating expenditures of corrective measures
Corrective measure Item Costs, in Unit
dollars
1. Relocation Excavation 0.75 cu yd
Pavement 3.00 sq yda
Right of Way Variable
2. Excavate, drain, and backfill Excavation 3.50 cu ydb
Drainage pipe 1.00 ftc
3. Drainage Drainage pipe 1.00 ftC
Excavation 3.00 cu yd
Porous backfill 2.50 cu ydd
Jacked-in-place pipe 2.00 ft€
4. Removal of material Excavation 0.75 cu yd
Right of way Variable
5. Buttress at toe Excavation 1.00 cu yd
Backfill 3.00 cu yd
Drainage pipe 1.00 ft
Right of way Variable
6. Bridging Roadway surface 15.00 sq ft
7. Cribbing Face of cribbing 4.00 sq ftf
8. Retaining wall Face of wall 7.00 sq ftf
9. Piling Length of pile 5.00 ft9
10. Sealing joint planes and open Equipment rental 75.00 Day
seams Drilling 3.00 ft
Cement 4.00 bb1dsh
11. Cementation of loose material Equipment rental 75.00 Day
Drilling 3.00 ft
Cement 4.00 bb1dsh
12. Chemical treatment-flocculation Equipment rental 75.00 Day
Drilling 3.00 fth
Admixture Variable
13. Tie-rodding slopes Length of pile 5.00 ftd
Drilling 3.00 ft
Steel 0.20 Tbd
Concrete 45.00 cu ydd
14. Blasting Drilling 3.00 ft
Black powder -
a - for flexible type pavement - pipe 6 in. in diameter, in place
b - earth moved twice f - in place, 8 ft high, gravity-type
concrete
¢ - perforated pipe 6 in. in diameter g - steel, in place
d - in place h - quantities difficult to estimate
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Table 15: Timber crib wall costs

Type design Year Location Dollar costs per ft2 of wall
incurred Total Material Labor

AWPI 1972 Oregon 6.50 4.50 2.00
Perma Crib 1972 Oregon 5.00 3.50 1.50
U.S. Forest Service 1971 Oregon 7.50 4.50 3.00
Hecla Mining - Custom 1960 Idaho 2.25 -- -
AWPI 1971 Minnesota 13.00 8.00 5.00
U.S. Forest Service 1960's Utah 7.00 -- -

Table 16: Costs of Armco bin structures

Wall Design Height Canadian dollar cost*/ £t2 of wall

type type (ft) Total Materials Labor
I A 8'o" 9.60 6.50 1.80
I B 13'4" 11.05 7.40 2.10
I C 18'8" 12.90 8.60 2.50
I D 22'8" 15.40 10.25 3.40
I E 26'8" 17.25 11.30 3.50
- II A 8'4" 6.00 4.00 N/A
11 B 138" - 6.90 4.60 N/A
II C 17'8" 8.10 5.40 N/A
11 D 204" 9.75 6.50 N/A

* FOB site; does not include cost of backfilling.

Table 17: Material cost vs material thickness*

Gauge of metal 16 14 12 10 8

Metal thickness - in. .060 .075 .105 .135 .164
Cost - U.S. $/ft2 of wall 4.50 5.40 7.20 9.00 10.70
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Table 18: Assembly costs vs cell diameter*

Wall type I 11 IIT  Iv ) VI VII VIII IX
Cell diameter - ft 6.2 7.7 8.7 10.2 11.3 12.8 13.8 15.3 16.4

Assembly cost - U.S.
$/Ft2 of wall 1.75

2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75

* Note that costs reported by Kaiser (44) do not include backfilling of the
cells and are F.0.B., Spokane, Washington and hence do not include

shipping and customs fee into Canada.

The assembly costs reflect U.S.

labor rates and in Canada may be different.

199. Maccaferri Gabions (25) estimate the 1975
cost of gabion structures in the U.S. to be about
$40 to $45 per cu yd ($11.00 to $12.50 per sq ft
of wall) 1in place; and about $30 to $35 per cu yd
" ($8.25 to $9.63 per sq ft of wall) in place in
Canada (25, 45). For a $40 per cu yd cost, about
$10 per cu yd is for the basket, about $5 to $10
per cu yd for the rock and about $20 per cu yd for
the 1labor and equipment to construct the wall.
Maccaferri estimates that about 10 per cent can be
saved in total labor costs if metric baskets are
used rather than standard baskets since both re-
quire about the same amount of 1labor with the
metric basket yielding more volume per unit of
Tabor.

200. In mining applications, the cost of the
rock could be reduced due to the immediate avail-
ability of broken or crushed vrock. The only rock
costs involved would be screening to ensure the
proper sizes. In such a case the cost of a gabion
structure would be reduced to approximately $35
per cu yd or $9.60 per sq ft of wall in the U.S.
and $25 per cu yd or $6.85 per sq ft of wall in
Canada.

201. If the haul or shipping distance of the
gabion baskets is extremely long, the cost would
increase accordingly. Therefore, availability
baskets could be a significant
factor. Bekaert Gabions (46) have their only
North  American outlet 4in Reno, Nevada, and
shipping costs to points 1in Canada east of

ofthe gabion

Manitoba might - be
Maccaferri Gabions maintain outlets din Toronto,
Montreal and Vancouver and could supply eastern as
well as western Canada.

prohibitive. However,

202. Costs of gabion structures reported in
1973 by Royster (23) were $44 per cu yd (approxi-
mately $12 per sq ft of wall).

BUTTRESSES

203. Limited cost data is available for
constructing rock buttresses. Costs for such
structures depend almost entirely on the excava-
tion or p1acément of the rock since minimal
appurtenant material is necessary.

204. Royster (23) reported in 1973 that but-
tress rock placement ranged from $3 to $6 per cu
yd. Cost figures for 1976 from Royster (28) in-
dicate buttress rock to vary from $6 to $12 per cu
yd and costs to excavate slide material to be $2
to $6 per cu yd.

205, The above buttress rock costs do not dif-
ferentiate between actual rock costs and transpor-
tation costs. In a mine, shot vrock is generally
already available so that the only actual cost
involved would be for hauling to the desired Toca-
tion. If existing haul routes are close to the
location of a planned buttress structure, the
total rock cost could be quite minimal.

MASONRY WALLS

206, Limited cost data 1is available for mason-



ry-rubble or dry-rubble retaining walls. However,
in mining, the rock would essentially be free with
minimal haulage cost so that most of the cost
involved would be for labor. Information from the
Denver Stone Company (47) indicates that a good
stone mason should be able to lay 100-150 sq ft of
This footage not
face, but square footage of
a single rock layer in thickness. As a
result, the use of larger size stones would reduce

rock 1in one day. is square

footage of wall
masonry,

the overall costs of a wall. If an average size
of stone 1is wused and the wall dimensions are
known, a cost per square foot of wall could be

calculated knowing the labor rates of stone masons

at any particular location.

REINFORCED EARTH

207. Reinforced earth costs in Canada estimated
by Gladstone (48) for a 10-20 ft high wall with
sloping backfill would be about $13.00 per sq ft
of wall for reinforced earth material and $1.50 to
$2.00 per sq ft for erection (1976 figures). If
the backfill is flat rather than sloped, the re-
quired reinforcement would be reduced and material
costs would also be reduced accordingly. If the
structure were erected by mine personnel rather
than by an outside contractor, erection costs may
be reduced 30 to 50 per cent. Also,
afford lower unit costs for erection.

208. The reported cost of $10.00 per
(1976) for material includes technical
from the Reinforced Earth Co., which covered the

larger walls

sq ft
services
required design and engineering, construction
drawings and specifications, and assistance prior
to and during construction.

POST CONSTRUCTION MONITORING

209. It is good engineering practice to monitor
the behavior and performance of retaining struc-
tures. If possible, it 1is advisable to install
instrumentation during construction. In this way,
if the wall shows instability during that period
any inadequacies in the design will be evident be-
fore the entire expense of the completed wall has
been committed. Ladd (27) points out cases in
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which walls have failed during construction;
hence, there is a need to continuously monitor be-

haviour from the beginning.

TECHNIQUES
210. Schuster et al. (49)
movement on timber cribs using inclinometers which

have monitored wall
measure the angular deviation from the original
tube rigidly attached to the
structure at a particular orientation. This type
of instrument is described in Chapter 8 - Monitor-

inclination of a

ing of the manual.

211, The tube for the
on the at a convenient
Readings of the inclinometer should

inclinometer ds mounted
Tocation,
initially be

frequent; after construction is completed and the

structure

wall thus stabilized, they may be reduced to once
a month or even once every second month. Readings
should be more frequent after any drastic change
in environmental conditions such as an increase in
surcharge or after a heavy rainfall. Continual
monitoring in such a fashion will give a contin-
record of wall movement vs time and any
sudden increase in movement may be an 9indication
of possible instability.

212. Inclinometer readings may be used in dif-
ferent ways. They can be used to show variations
with time of the position of points on the face of
the wall relative to the base of the inclinometer
tube, or to show the horizontal deflection of
points on the face of the wall. Schuster (49) has
pointed out that crib walls can change geometry

uous

drastically and still perform their overall design

functions. Hence, any symptoms of impending
instability must necessarily be carefully
interpreted.

213. An alternative method of monitoring struc-
tural
surveying techniques.

behavior would be to use conventional

However, the repeated sur-

veys needed for such a monitoring program would
probably be more expensive and Tless accurate than
inclinometers.

214. Maccaferri Gabions (25) recommends for ga-
bion walls that control pins be grouted into the
gabion structure. The position of these pins

should then be checked once a week for the first



month after construction, and once a month for the
As before, it is
dis~-

first year after construction.
necessary to distinguish between natural
tortions and impending instability.

CASE HISTORIES IN MINING

215. Few case histories
background information have

with any appreciable
been  documented.

of the use of
but few
is  well
Iron Ore

There are several known cases
retaining structures in open pit. mining,
details are available. One that
documented is the Ruth Lake Mine of the
Company of Canada where a crib structure was used,
and another 1in South Africa where a post-tensioned
buttress was used. Details of these follow.

RUTH LAKE MINE

216. The Ruth
Quebec was one of the

Lake Mine at Schefferville,
first mines to go into
production when the area was opened in 1954.

217. There was no prior knowledge regarding the
operation of large, open pit mines in Ungava, nor
was there much background information available
with respect to pit design parameters such as
optimum slope angles, climate, ground water
conditions and detailed geological structure. As
a result, mining progressed on a "design as you
go" basis, Progress was maintained during the
early 1960's 1in an attempt to analyze past slides
in the area and to investigate strength parameters
and to understand instability mechanisms.

218. By the summer of 1965, Ruth Lake Mine
self was beginning to show
instability. Essentially, the west wall of the
mine, comprising Ruth Slate and by
Wishart Quartzite, began to move.

it-
signs of significant

underlain

The Slide

219. On the west wall some 50,000 cubic yards
of material slowly began to move. It should be
noted that slides had occurred in the same general
area over the previous several years, in some
larger quantities of mater-
interest is that the slope angle

sliding was never greater than 50°, and

cases involving much
ial. Also of
prior to
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was often as Tow 32°. The present-day

procedure of peripheral dewatering of open

as
pits
was only in the design stage in 1965 and the input
dewatering system then 1in use at Ruth Lake was
probably inadequate to reduce the adverse effects
of the high natural water-table. Previous slides
had been handled by digging them out, unioading
the crest, or in some cases loading the toe where
pit geometry and operating procedures permitted.
The unique feature of the 1965 slide was that it
threatened the main haul road into the pit, and no

alternative access was available.

Remedy
220, It was

technique available, commensurate with maintaining
the haul road past the toe of the active slide
area, was to load the toe. The required mode of
loading did not allow for a wide base because of
the haul road.

decided that the most amenable

Accordingly, a fabricated retain-

ing structure was envisaged, allowing a heavy load
to be applied over a narrow base area.

221, Design drawings for a crib wall were com~
pleted by October 1965 (Fig 47) and the main
structure, almost 300 ft in length along the main
haul-road, was constructed during the following
winter. Figure 48 shows
Note that the toe of the
to make way for the crib.

222. By spring of 1966 the job was completed,
Figure 49 shows the crib as it was in June 1966,
with the haul road passing 1in front of it from
left to right and then doubling back as a new
sinking cut was made to the Teft of the photo-
graph. Essentially, at this time the crib was
isolated on a berm which was 1in fact the haul
road.

223. The survey monitoring of the crib began
early in 1966 at two-weekly intervals. By June,
it had established that movement was taking place

construction under way.
slide had been excavated

at the crib. Differential settlement of the crib
resulted in failure of certain crib members.
However, even though some members had failed
individually, the structure as a whole continued
to serve its intended purpose. Figure 50, taken
on June 14, 1966, with backfilling still in



















unaltered and had the appearance of typical slaty
iron formation.

234. Some idea of the physical nature of the
squeezing Tlayer was obtained from very Timited
test data. A uniaxial compression test of an
80.75 in. diameter specimen showed a compressive
strength of about 60 psi. In a triaxial test with
40 psi confining pressure, failure occurred at
about 100 psi. In a uniaxial test of a specimen
from the same Tayer just outside the slide zone,
an apparently unaltered specimen failed at about
4000 psi. The uniaxial failure strength of two
test specimens of the iron formation collected
20 ft above the altered layer was 29,000 psi and
16,000 psi.

General Description and Chronology of the S1ides
235. The two separate slides occurred on the
north slope of the pit. One at an elevation of
. 500 to 600 ft above Lake Superior datum was

referred to as the lower slide. The other at an
elevation of 600 to 720 ft, centred about 400 ft
further to the north and about 300 ft further

west, was referred to as the upper slide. The

upper slide 1involved destruction of part of the
main haulage road. The first signs of failure
were noted 1in February 1962, shortly after the

removal of 7000 cu yd of material from the toe.
No evidence of failure in the Tlower slide areas
was reported at that time. Although cracking and
some subsidence occurred, the - haulage road was
sti11 usable. The lower area s1id in August 1963,
just after removal of a cut at the base of the
bank adjacent to the old underground workings.
The height of the instability, from toe to crown,
was about 100 ft. There was no evidence of re-
newed movement in the upper slide area at that
time. In November 1963, the upper slide renewed
and extended its movement following removal of
10,000 cu yd of material along the toe bench.
Again there was no evidence of new movement>of the
Tower slide.

Causes of the Slides
236, A critical point of the study was whether
the two slides were both results of the same root
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The
were

cause or whether they unrelated.

conclusion reached was that the two

were

slides

independent, and not related to a single deep sea-
ted cause.

237. 1t was also concluded that the Tower slide
resulted from a combination of:

a. the fault zone, which cut across its upper part
and east side, with its related fracturing and
decrease of cohesive support at the east edge
of the slide area;

b. the caving method of mining used 1in the adja-
cent old underground work, which probably cau-
sed some additional fracturing of the rock to
the north and some degree of opening up of the
Joints and bedding planes in that region;

c. water movement .along the fault zone into the
Joints and fractures north of the caved area
and consequent hydrostatic pressure effects
which could have acted after deepening of the
pit and lowering of the water table;

d. removal of support along the toe until insta-
bility resulted,

238. The wupper slide resulted from a combina-
tion of:

a. the fault =zone, which cut across it, but which
occurred further west and stratigraphically
higher than where it cut across the lower slide
areas

b. existence of a particularly shaly layer at the
base of the upper slide which was strongly al-
tered by water percolating along and down
through the fault zone (the resultant decrease
in shear- cohesion made the Tlayer subject to
"squeezing out");

c. strong nearly-vertical Jjoints, striking nearly
parallel to the benches, and occasional
build-up of water pressure in them because of
the relatively impervious nature of the altered
shaly Tayer at the base;

d. continued removal of material along the toe
bench until the area reached a critical stage
and instability resulted.

Remedial Action
239. Lower slide: Because the lower slide area
was remedied by a fairly standard approach, only a




brief description is given. Basically the effec-
tive cohesion was insufficient to support a 1 to 1

slope, 100 ft high 1in the weakened rock in and
near the fault zone, but was adequate to support a
50 ft slope. Hence, a change was
mining sequence so
60 ft at any time.
proved satisfactory and no

made in the
that no single bank exceeded
As of October, 1964, this had
further trouble had
been experienced.

240. Upper slide: It was clear that regardless
of the details, any remedial action would require
removal of the slide material to wunaltered rock
below the squeezing layer and that rock backfill
would be used. Economic considerations ruled out
stripping back at road level to provide road room.
This meant that 40 ton loads would be moving over
then over
rock plus backfill, then over backfill and to rock
again.

241. It was felt that the part of the road and
bank which had not yet slid was in a critical con-
dition because all of the elements creating insta-
bility were still Dumping of rock fill
against the bank would tend to dinhibit further
movement but might be inadequate if the altered
Tayer continued to sqeeze out. The width of rock
backfill which could be placed was limited by the
size of the bench, and by future mining Timits at
a lower elevation.

242. A backfil
designed to provide some additional resistance.
The design consisted of the following steps:

a. removal of slide material,
altered layer,

rock underlain by the squeezing layer,

present.

postensioned system was

including the

75

b. drilling anchor holes adjacent to the toe below
the altered layer,

c. anchoring steel cables (old churn drill cable);

d. filling the toe area to above the altered Tayer
with screened face rock (1/2 to 1 in.}, to
provide uniform bearing against the squeezing
Tayer as well as good drainage,

e. placing some regular coarse backfill, stringing
the cable,
placing bearing mats,

covering it for protection and
f. completing backfill to road elevation,

g. tensioning cables with jacks, and

h. adding further backfill to the top as settling

occurred.

243. The principles are shown in Fig 54.

244, The remedy was decided upon 1in January.
About 50,000 cu yd of slide was removed and 30,000
cu yd of backfill placed.

245, As of October, 1964 the remedy had worked.
New instability did occur beyond the zone of post-
tensioned cables but ceased where the post-ten-
sioned zone began.

246. The remedial action provided the following
additional
direct resistance to squeezing of the altered
layer. It increased the frictional resistance at
the base of the fill. It provided some additional
force against the whole bank., It increased the
internal resistance of the fill, It
established a system whereby any slight outward
movement of the rock increased the tension on the
which

stabilizing features. It provided

also

cables in turn increased the resisting

forces.
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ROAD ELEVATION

BEARING MAT
POTENTIAL (TIMBER)

SLIDE AREA

ALTERED

LLAYER ANCHORAGE

FINE OLD CABLE
BACKFILL (TENSIONED)

Fig 54 - Proposed post-tensioned rock buttress for stabilizing a slide
in South Africa (50).
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