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SUMMARY

This report details the analysis of a timber crib retaining wall
constructed at the Department of Fisheries & Oceans Bait Depot in Long
Harbour in 1986.

Lateral active earth pressure is the major design load on a retaining
wall, and can be calculated by the Rankine or Coulomb Theories.
Furthermore to accurately calculate this pressure, the backfill soil
properties must be obtained using geotechnical investigations and by
subsequently applying accepted design values.

Since no geotechnical investigation was performed at Long Harbour
before construction, a worst case soil condition was assumed and the wall
analysed under these conditions. As built, the wall was found to have a
factor of safety against sliding of 1.52 and a factor of safety against
overturning of 3.31. The bearing capacity of the underlying soil was also
determined to be satisfactoéy.

The longitudinals and the ballast floor beam members were structurally
analysed against the internal factors of bending, shear and deflection and
found to be structurally secure.

It was concluded that timber crib retaining walls in general can be
successfully used in retaining wall applications. This is clearly
illustrated by the Long Harbour retaining wall which is safe against the
external and internal factors which may cause failure. These walls have
several advantages over other designs including ease of construction and
inherent drainage properties. To properly design a safe, economical timber
crib retaining wall, the analysis should be performed in accordance to the

guidelines established in this report.



INTRODUCTION

Retaining walls are structures used to provide stability for soil or
other materials where conditions disallow the mass to assume its natural
slope.

Retaining walls are classified based on their method of achieving
stability. Gravity walls depend upon their self weight to provide
stability. Cantilever walls are reinforced concrete walls which use
cantilever acpion to retain a mass. Counterfort walls are modified
cantilever walls used generally for heights greater than six meters.

Timber crib construction is more commonly used in wharf design,
but, can also be used in retaining wall applications. Timber crib walls
have members connected to form rectangular cells or cribs. These cribs are
filled with rock ballast to provide stability for the structure.

The Department of Fisheries and Oceans (DFO) used a timber crib
retaining wall to retain a steep excavation in the construction of a
storage yard at the DFO Bait Depot in Long Harbour, Nfld. in 1986. This
68.1 meter wall was constructed of 1.8 meter wide cribs 2.8 meters long and
reaching a height of 3.2 meters at the highest section.

Detailed engineéring analysis were not performed for this structure.
The wall was designed using basic handbook calculations and the past
experience of the project team involved. This report provides a
post-construction engineering analysis of this timber crib retaining wall
to ensure the structure is safe against the external factors of sliding,

overturning and bearing capacity as well as internally structurally



secure. The report also proposes some helpful guidelines to ensure future

timber crib retaining walls are analysed and designed correctly.
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SECTIOR I - TIMBER CRIB RETAINING WALLS IN GENERAL

DESIGR CONRSIDERATIONS

EARTH PRESSURE

Retaining walls are subject to lateral pressures from the earth they
retain. This lateral pressure is usually the major design parameter in
retaining wall analysis.

Under the effect of soil pressure, retaining walls may deflect or move
a small amount causing an active soil pressure condition to develop. If
the wall moves towards the soil mass, a passive soil condition develops.
Both active and passive pressures are dependent on the backfill soil type
with granular soils such as sand behaving entirely different than cohesive
soils such as clay. The pressures are assumed to vary linearly with the
height of the wall and are calculated commonly by either the Rankine or
Coulomb theoriesl.

Retaining walls are usually designed for the active pressure soil
state. This recognizes that if the lateral force is large enough that the
system starts to translate or rotate about the toe, the lateral
displacement allows the backfill pressure to reduce to the active valueZ2.

This report will use the Rankine theory of earth pressure. This theory
assumes that the retaining wall yields a sufficient amount to develop a
state of plastic equilibrium in the soil mass at the wall surface. The

rest of the soil remains in the state of elastic equilibrium.



Active soil pressure develops when the retaining wall deflects from the
backfill under the lateral soil pressure. The active soil pressure at a

depth, h, on a retaining wall is as follows:

Pa = Ca'¥" h & Ha =%'(Pa)-h

where

Ca = Active Earth Pressure Coefficient

= cosS cosg»,gcoszé~ r.oss,zx;$>

cond 4 Jcosel - costg

g§= angle of internal friction of the soil

|
¥ = unit weight of soil (effective value)

h = height of wall

Ha = resultant active force3

GEOTECHNICAL CONSIDERATIONS

The purpose of a geotechnical investigation is to disclose the
subsurface soil conditions. The physical properties of soils that most
commonly enter into the design of retaining structures are: the angle of
internal friction, unit weight of the soil, and location of the water
table.

The backfill soil should be sampled and classified according to the
Unified Classification System (U.C.S.) presented in Appendix D. A variety

of situ and insitu tests exist that can be performed to determine the



Active Pressure Distribution Behind A Retaining Wall.

Figure 2.
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required soil properties. Several excellent literature sources have
sections devoted exclusively to the subject of situ and insitu testing,
including the "Canadian Foundation Engineering Manual" and "Foundation
Analysis and Design" by Joseph E. Bowles (see references).

Attempting to save time or money by eliminating or reducing the
geotechnical investigation is generally a false economy, as unanticipated
conditions frequently result in costly design changes during construction.
Undisclosed subsurface conditions may result in an unsafe design or an
over-designed structure which results in wasted materials and labor.
However, for walls less than six meters in height and where the total cost
is not relatively great, a detailed geotechnical investigation need not be
undertaken?. The backfill should be appropriately sampled and classified
according to the U.C.S. and appropriate design values for the required soil

properties applied as given in Table 2.

DRAINAGE

I1f water accumulates behind the retaining wall, the hydrostatic
pressure must be included in the design. It is much more desirable to
provide soil drainage than to design a retaining wall for the larger
lateral pressure which will be induced if the backfill does not readily
draind.

Drainage is inherent in the design of timber crib retaining walls. The
spaces between the crib members along with the voids in the rock ballast
provide permanent channels of escape for water that accumulates behind the

retaining wall. The possibility of clogging of these channels due to



Table 2. Values of w and§5
Unit weight v, P Angle of
internal
Type of backfill " pef kg/m3 friction, &
Soft clay 90-120 1440-1920 0°~15°
Medium clay 100-120 1600-1920 15°-30°
Dry loose silt 100-120 1600-1920 27°-30°
Dry dense silt 110-120 1760-1920 30°-35°
Loose sand and gravel 100-130 1600-2100 30°-40°
Dense sand and gravel 120-130 1920-2100 25°-35°
Dry loose sand, 115-130 1840-2100 33°-35°
well graded
Dry dense sand, 120-130 1920-2100 42°-46°
well graded
From: '"Design of Reinforced Concrete Structures', PWS Publishersd, 1985,

p. 426.



leaching out of the finer backfill particles may occur. To prevent this
drainage systems using gradated filter designs as found in the Canadian

Foundation Engineering Manual should be incorporated. (See Appendix C).

STABILITY AGAINST SLIDING AND OVERTURNING
The horizontal component of all forces acting on a retaining wall tend
to push it in a horizontal direction. The total frictional resistance

force of the base of the wall resisting the sliding effect is

F = /u R

where
s = the coefficient of friction
R = the vertical force acting on the base.

The factor of safety against sliding is

F.S =F > 1.5

where

Hah = the horizontal component of the active pressure, Ha.

The horizontal component of the active pressure tends to overturn the
retaining wall about the toe of the wall. The overturning moment is equal
to Mg = Ha (h/3)

where h = the height of the wall.

The weight of the wall tends to develop a balancing moment to resist the
overturning moment. The balancing moment, Mb, is equal to the product of

the weight of the wall and the distance of its center of gravity from the
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toe of the wall,.

The factor of safety against overturning is

F.s. = Mb/M, > 2.0 6,

TIMBER CRIB CONSTRUCTION

The major advantage of timber crib construction is its ease of
construction. Timber crib can be assembled using relatively unskilled
labour and a minimum of specialized equipment. Figure 3 shows a typical
crib retaining wall and its components.

It is highly recommended that timber crib be perservative treated and
the connections should be galvanized to prevent decay and to increase the
structures service life.

Timber crib retaining walls are designed as gravity walls with the
weight of the ballast material and the timber weight taken as the

structural self weight.
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SECTION 11

LONG HARBOUR RETAINING WALL

DESIGN ASSUMPTIONS AND SITE CONDITIOKRS

There was no geotechnical investigation performed at Long Harbour. The
backfill was simply identified as a "cohesionless - granular material".

In future retaining wall construction it is strongly recommended, if not
imperative, that at least a soil identification be performed! As a result
of this dilemma, it was decided that a backfill soil representing the worst
case scenario would be assumed and the wall analysed under these
conditions. If the wall was deemed safe under these conservative
conditions, it would perform more than adequately under the existing
conditions.

The wall at Long Harbour was constructed of 140 x 140 mm preservative
treated timbers connected with 15 mm galvanized drift spikes and 15 mm
machine bolts in the configuration shown in Figure 3. Boulders
approximately 200-400 mm made up the ballast.

The wall was constructed in three different sections of 24.6, 19.4 and
24.1 meter lengths with heights of 1.7, 3.2, and 2.6 meters respectively.
The backfill sloped away from the wall at an approximate angle of 30° to
the horizontal.

Longitudinals were extended back from the main crib section to form a
tie-back system to add further structural stability to the wall.

The water table was observed to be near or at the top of the

excavation, consequently the water table was assumed to be at the surface
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level and the backfill was analysed under fully saturated conditions.

The design section was taken at the 3.2 m wall section without

considering the presence of tie-back longitudinals, this again represented

the worst case scenario.

DESIGN RESULTS

A lateral active earth pressure of 40.03 kn/m length was computed to be

acting at the base of the retaining wall (see Appendix A). The wall was

checked for the following external factors

a)

b)

a) sliding

b) overturning

¢) bearing capacity.

Using a unit weight of 23.38 kn/m3 the retaining wall was found to
impose a 135.92 kn reaction on the underlying soil. The frictional
resistance force of the wall against the soil was 53.00 kn. Therefore
the factor of safety against sliding, which is computed by dividing the
frictional resistance force by the horizontal active pressure
coefficient, was 1.52 which is greater than the recommended value of
1.50.

The overturning moment, which is the product of the horizontal
component of the lateral active earth pressure and the vertical
distance from the toe of the wall, was 36.95 kn/m. The balancing
moment for the wall was computed by taking the product of the weight of
the wall and the distance from its center of gravity to the toe of the

wall. The balancing moment was 122.33 kn/m. Therefore the factor of
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3)
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safety against overturning, which is the balancing moment divided by
the errturning moment, was computed as 3.31 which is greater than the
recommended value of 2.0 (see Appendix A).

The pressure exerted on the underlying soil was found to be a uniform
value of 75.51 kn/m2, Applying a recommended factor of safety of 3.0
against bearing capacity failure/, any soil other than a '"very-soft
clay" will yield safe bearing capacity for this wall (see Appendix A).
The likelihood of the underlying soil being a "very-soft clay" is very
remote.

Consequently, the wall is safe against sliding, overturning, and
bearing capacity. This conclusion was confirmed during a recent site

visit in which the wall showed no signs of any extermal failure mode.

STRUCTURAL ARALYSIS OF TIMBER CRIB
The following components of the timber crib wall were analysed.
Structural integrity of longitudinals due to active lateral earth
pressure,
Structural integrity of ballast floor beams with the superimposed load
consisting of rock ballast.

General analysis of connectionms.

The worst case scenario for loading of the longitudinal occurs at the
base of the wall where the active soil pressure of 40.03 kn/m acts.
Every fourth longitudinal is bolted to the verticals using 15 mm

diameter machine bolts and spiked to the crossties while the
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intermediate longitudinals are simply spiked to the crossties. 1In both
cases, the members can be modelled by a simply supported beam with a

uniformly distributed load of 40.03 kn/m superimposed upon it.

Besides being supported by the connections the longitudinal and
crossties are also supported by the rock ballast. This leads to a
highly indeterminate system which can be modelled by the beam-system

shown in Figure 4.

The longitudinals were analysed for bending, shear, and deflections
using the guidelines used in the Timber Design Manual3. The members
satisfied all design criteria easily except for shear. During the
analysis of shear the greatest span between the ballast was calculated
only 0.2]1 meters. However, this considered a member at the base of the
crib, a longitudinal half way up the crib can have a safe span of 0.85
meters between the individual ballast. The spacing between the ballast
was not likely to be less than 0.21 meters unless undermining was

experienced, therefore, the members were concluded to be satisfactory.

The ballast floor consists of 140 x 140 mm members spanning the width
of the crib-work wall, i.e. 1.8 m. The floor beams are at 300 mm

spacing and support ballast of 2.7 m at the highest section.

The ballast was assumed to have a conservative unit weight of 2700

kg/m3, This led to a uniform distributed load of 21.17 kn/m on each
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ballast floor beam. Assuming a clear span of 1.8 meters for each beam,
the 140 x 140 mm members adequately supported the loading condition

(see Appendix B).

The connection detail consisted of every fourth longitudinal bolted to
the verticals using 15 mm machine bolts. The intermediate
longitudinals where spiked to the crossties using 15 mm drift spikes.

This connection detail is shown in Figure 3.

No calculations were performed on these connections due to the fact
this connection arrangement has been used for years with proven success

in situations under for higher loading conditions.
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CONCLUSIONS

Lateral active earth pressure is the major parameter of retaining wall
design, and is dependent on the soil properties of the backfill. A
properly conducted geotechnical investigation leads to an accurate
assessment of these properties. From these a prediction of the lateral
active earth pressure may be calculated resulting in a safe, more
economical design.

Timber crib construction can be used quite effectively in retaining
wall applications. 1Its advantages over other retaining wall designs are:
ease of construction and its drainage properties.

The Long Harbour timber crib retaining wall is safe against the
external factors of sliding, overturning and bearing capacity. The wall is
also adequate internally, that is, its members adequately resist the
bending moments and shear forces imposed upon them by the lateral active

earth pressure.
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RECOMMENDATIONS

In future retaining wall designs a geotechnical investigation
consisting of at least a backfill soil identification should be

performed.

Future retaining wall designs should be performed in a similar manner

to the one outlined in this report.

Periodic monitoring of the timber crib retaining wall at Long Harbour
should be performed. Any visual signs of failure should be noted in
order that corrective measures can be implemented to rectify the

problem.
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APPENDIX A

Active Soil Pressure Determination
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TABLE 8.1 Presumed allowable bearing pressure

of values of the slloveble desring pressure sre estisates end say need to be sdjusted vpwarde or downwmrds ia

F"“-. Bo cossideratics has been ssée for the dapth of embedsent of the foundstion. Reference should de sade
parts of the Mesusl vhes using this table.

g— Presumed Allowable

Types and conditions of rocks Strength Besring Pressure
and soils of Rock Meterisl (kPe) Remarks

_/;-lrn ignecus end metamorphic  Righ to very high 10 000 . These values are based on
rocks (grsaite, diorite, beselt, the assumption that the
goeiss) 12 sound condition (2) fomdations sre carrried

dowva to unvesthered rock.

Folisted sstamorphic rocks Medium to high 3000

(slate, schist) ia sownd
condition (1) (2)

Sedimentary rocks: cemented Medius to high 1000 - 4000
shale, siltstone, sandstone,
lisestone vithout cavities,
thoroughly cemented conglome-
rates, sll in sound condition
o (1) (2)

Compection shele and other Lov to sedium 500
argillaceocus rocks ia sound
conditios (2) (&)

Broken rocks of aay kind with 1000
soderately close spacing of

discontinuities (0.3 ® or

greater), except argillaceous

rocks (shale)
Lisestone, sandstome, shale (See note 3)
with closely spaced bedding
Heevily shattered or westher- (See note 3)
ed rocks
: Dense gravel or demse sand and >600 Width of foundatioa (B)
gravel pot smsller than 1 =,
Groundwater level is
Compact gravel or cospsct sand 200 - 600 sssumed to be at a depth
and gravel equal to B or sore than B
. belov the base of the
Casirss - Loose gravel or loose sand and <200 foundation.
prained gravel
atl
Dense sand >300
Compact sand 100 - 300
Loose sand <100
Very stiff to hard clays or 300 - 600 Fine—grained soils are sus-
heterogenecus mixtures such as ceptible to long-ters con-
till solidation settlesment due to
imposed losds and are often
Stiff clays 150 - 300 susceptible to severe swel-
ling or shrimking due to
Pias - Firs clays 75 - 150 changed moisture conditions.
e sod If the Plasticity Index (Ip)
od) Soft clays and silts <75 exceeds 30 and the clay con-
tent exceeds 251, the long-
Very soft clays and silts sot applicable ters performance of the
’ foundstion may be signifi-
cantly affected by swelling
or shrinking of the subsoils,
and a complete assessment of
these possidilities is nec-
essary as discussed in Chap-
ter 17,
Grgeaic Peat and orgsnic soils not applicable
oulls
nhu Fill not spplicable
ah
3 -
| -3
!D valves for sedimentary or folisted rocks apply where the strats or the folistion are level or nearly so,

The sbove
and, then, only if the ares has ample lstersl support. Tilted strats and their relstios to mearby slopes or excava-
tions should be sssessed by & persos ksowledgesble in this field of work.

3

m Sound rock cosditions dludma&hun&tnmdmﬁnll.

p’ To be sssessed by examinstics in-sits, iacleding test losding 1f mecessary.
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Structural Analysis Calculations of Timber Crib
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APPENDIX C

Drainage

From: "Canadian Foundation Engineering Manual, 27d Edition", 1985.
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CEAPTER 14
DRAINAGR

14.1 INTRODUCTION

pelow-ground facilities, such as building basements, inevitadly
collect water unless protected by adequate subsurface interceptor
drains. These drains must provide permanent channels of escape
for water that would othervise impair the use of the structure.
fhe detrimental effects of water on below-ground facilities and
structures are manifested in three general ways: (1) probably
the most significant effect is the ingress and presence of water
{n spaces that should be and were intended to be dry; (2) a
secondary effect is from water containing salt, wvhich {is
corrosive to Portland cement concrete and 1is particularly
detrimental in parking garages; and (3) a third effect is the
potential reduction of shear strength in soils when subjected to
en increase of pore-wvater pressure.

gubsurface drain pipes are surrounded by a filter and are
- 4atended to provide the necessary channels of escape. These must
*possess hydraulic, structural, and durability characteristics
‘guch that they will adequately carry away the wvater and safely
support the loads to which they will be subjected during and
sfter comstruction. The satisfactory functioning of wmany
projects is related directly to the adequate control of
sudsurface wvater.

14.2 FPILTER DESIGN

)

Pilter materials, such as grades of natural sands and gravels and

E»textues. are used to retain erodable soils. Filter materials
t possess grain-size and permeability characteristics

eompatible with the grain-size distribution of the soil being

@rained and the size, location, and distribution of perforations

g: the drain pipe. The term 'compatible’ ufed in this context

that:

- the pore spaces in the filters aust be small
enough to preveant particles from adjacent
erodible soils from being washed through thea,
‘filtration criteria’;

- the pore spaces must be large enough to permit
wvater to escape freely and thus provide control
over seepage forces and hydrostatic pressures,
'permeability criteris‘;



- 198 -

- the filter particles must be coarse en,
prevent any significant smount of ¢pe

saterial being washed through the p.gg“.u‘uq
the drain pipes; o u

- the filter material must be cheaically geqp),
inert to the water and éoil with which g, will
ia contact; and %

- the filter wmust be physically gtro and
sufficiently durable to support the 1loads that
will be placed on them during and after
construction.

14.2.1 SOIL FILTERS

The theory and rational approach to filter design has been
presented by Bertram (1940), Karpoff (1955), and Sherard et a1,
(1984a,b). Filter design 1s based on the phenomenon that 1;
perfect spheres have diameters greater than six and one-half
times the diameter of a smaller sphere, the smaller sphere can
move between the larger spheres (Taylor, 1948).

Because soils vary in particle size, shape, and grading,
criteria have Dbeen developed from both experimental and
theoretical considerations. Various criteria are available; 4
common one is that of the U.S. Bureau of Reclamation (1974).
For the filtration criteria:

(a) for t‘mifom soils,

when 060(5011)/D10(soil) < 1.5

<
then Dls(filter) S6 x Dss(soil)

(b) for well graded soils,
>
wvhen D60(.°11)/D10(”11)" §.0

<
then Dls(filter) <40 x Dls(soil)

For the permeability criteria:

D (filter) > 4 x D (soil)

Throughout this section, D)5 (filter) is used to designate the
152 size of the filter material, that is, the size of the sieve
that allows 152 by weight of the filter wmaterial to pass through
it. Similarly, Dgs(scil) designates the size of sieve that
allows 85X by weight of the base soil to pass through {it.
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particle sizes emsller than the No. 200 sieve (0.075 mm) rvefer
“¢e results by hydrometer anslysis.

. slternative criterion 4s that of the U.S. Bureau of
‘ asclamation (1974).

por the filtration criteria:
<
Dls(ooil) - | Dss(soil)

Dso(filtct) <25 Dso(ooll)

Por the permeability criteria:

>
Dls(filter) ) Dls(soil)

The design of the filter is dependent upon the gradation curve
of the soil to be protected; therefore, gradation curves should
be included 1n site investigation reports, particularly when it
is suspected that filter criteria will be a design consideration.

14.2.2 CONCRETE SAND

Experience shows that filters "consisting of well graded sand
provide adequate protection for a wide range of soils.

14.2.3 DRAINAGE PIPE OR TILE

To avoid clogging of perforated drainage pipes, the maxiaum
circular pipe-hole sizes should be equal to Dggs(filter) of the
immediate backfill. PFor slotted pipes, the width of the slot
should be equal to D70(f11ter).

In the event that the size of opening supplied ts incompatible
wvith the filtration, permeability, or pipe-opening criteria,
provision should be made for the regular cleaning and rodding of
foundation drains to remove any sediment and fine-grained soils
that may accumulate in thea. Alternatively, the pipes can be
vrapped with geotextiles.

14.2.4 GEOTEXTILES
Geotextiles, or filter fabrics, wmay be used as suitadble
filtering media to prevent the ingress of native soil into the

drainage system, provided that the following performance
criteria are used to select the fabric; i.e., it should:

- permit the free passage of water;

- tetain the fine particles of the soil to be
protected;



- ainimize {ingress of s0il particleg tlate
draians; .t

- be cheaically and physically stable anq tnerg
the groundwater; and

- be sufficiently strong and durable to Perfory

over the anticipated life of the structure,

The location of the geotextile within the filtering/drayng

system may vary. Consequently, in some cases, the fabric may be
in direct coaotact with the native soll to separate it frog the
filtering soil, whereas 1im other cases, the fabric may be
installed between the filtering soil and the drainage Pipe. The
specifications for the fabric will differ for each case.

14.3 PIPES AND TRAPS

For drain pipes to function adequately, it is {mperative that
they be installed with sufficient slope (or grade) to induce the
velocity required to carry any fine particles (i.e., clays,
silts, and fine sands) that may have passed through the filter
and perforations in the pipe. In the absence of specific design
calculations, it 1is suggested that a minimum slope of 1 should
be used for the installation of the weeping-tile systeam.
Moreover, when the trench for the filter and pipe is dug, the
invert of the trench should be shaped and sloped parallel to that
of the pipe in order that water in the filter below the pipe will
drain away. Such a sloped system will not result in a continuous
man-made perched water table 1in the vicinity of the foundation
structure.

Particular attention should be given to the installation of
weeping-tile drains at the exterior corners of buildings.
Frequently the drainage tile 1s looped over the foundation pad,
resulting in an inefficient drainage path, which only operates
when the drain system 1is full. Because it is inevitable that
some fine-grained soil will fall into the perforated drain pipes,
soil will eventually collect 1in traps. Therefore, 1t 1is
imperative that the traps and backwater valving arrangements be
designed and installed in such a manner that they can be
maintained by periodic inspections and cleaning.

14.4 CONSTRUCTION OF SUBSURFACE DRAINS

Few other single features of civil engineering works are more
vital to 1long trouble-free performance than drainage. The need
for high quality of workmanship in the construction of drains
cannot be over-emphasized. Adequately prepared plans and
specifications of an enforceable nature are a prerequisite for
good quality of construction.



e 14.1 shows a suggested arrangement of & subeurface
riseter drainage systes around shallov foundstions. The figure
"f1lustrates three typical locstions of drains and filter seoils
gelative to the foundation footings snd walle. Traditionally,
sglay or concrete drain pipes have been used, but in Tecent
rs, slotted plastic pipes are more common. To avoid eilting up
inside the drains, it is good practice to wrap the drains in
geotextile (Subsection 14.2.4). The slope of the drains should
slweys be greater than 1X and, preferadbly, greater than 2. An
sdditional drop of about 10 sm should be provided near each bend
(90°) of the drain pipe. The drain pipe must 0ot be placed
underneath the footings.

8
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Pig. 14.1. Typical sections showing arrangement
of subsurface periseter drains around
shallow foundations.

(1) Perforated or slotted pipe placed about 300 mm below the
upper level of the basement floor slab; (2) wmperforated drain
pipe connected to appropriate trap and backwater valve defore
connecting to a sewer. The trap shall have provisions for
inepection and cleaning; (3) filter wmaterial that is
compatidble with the grain size characteristics of the fine-
grained foundation and backfill soils, as well as with the
perforations of the pipe; (4) filter material countinously or
intermittently placed next to the - foundation well ¢to
iatercept water from windov wells and from lov sreas near the
building (see aleo 6); (5) damp-proofiag on wmall — optionsl
depending on the quality of the coacrete wall; (6) optionsl use
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of sheet drain, or synthetic filter blanke: amxt to the
foundation wall to replace the soil filter accerdiag te \); )
foundation and backfill soils, vhich msy csecx’s fine-gratned
and erodable materisls; and (8) 'topping—ef mmterial elogping
outward to lead off the surface water. 1 5 ssmally desirad]e

to use low permeability soil to reduce the =gk of overloadiag
the pipe.
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APPENDIX D

Onified Classification System for Soils



TECHNICAL NOTE
Amster K. Howard'

The Revised ASTM Standard on the Unified

Classification System

REFERENCE: Howard, A. K., “The Revised ASTM Standard en the
Unified Sell Clamification * Geotechnical Testing Journal.
GTIODJ, Vol. 7, No. 4. Dec. 1984, pp. 216-222.

ABSTRACT: ASTM Test Method for Classification of Soils for Engi-
necering Purposes (D 2487) was significantly revised in 1983. The revi-
sions require that soil is to be classified by using both a symbol and a
same, and the group names were standardized. Organic silts and clays
were redefined to recognize that organic soils occur that plot sbove the
“A” lme on the plasticity chart. More precise guidelines were estab-
lished. particularly with regard to plasticity. so that only one particular
classification will result. If boardertine classifications are used, the clas-
sification symbolis are separated with a slash with the classification sym-
bol indicated using the standard appearing first. Appendixes give exam-
ple written descriptions, jon of soil for testing, and guidelines
for using the system for materials such as shale, madstone, crushed rock,
aad seg

KEYWORDS: soil classifications, soils, sands. clays, silts

Introduction

Classification is the mirror in which the present condition of science is re-
flected: a series of classifications reflect the phases of its development,
Aristocristane. 98 A.D.

ASTM Test Method for Classification of Soils for Engineering
Purposes (D 2487) was significantly revised in 1983. The modifica-
tions were the result of several years of discussion by ASTM Subcom-
nittee D18.07 on Identification and Classification of Soils and a spe-
-ial meeting of Federal agencies using the Unified Soil Classification
System (USCS) heid in Denver, CO, in 1980.

The USCS has become the most popular and widely used soil clas-
ification system for engineering purposes. The Federal Aviation
Administration (FAA) recently adopted the use of the USCS in place
of the system they had developed earfier. Personne! using the Ameri-
an Associstion of State Highwsy and Transporistion Officials
AASHTO) soil classification system for highway construction are
seriously looking at using the USCS. The USCS began as the Airfield
Tlassification System developed by Arthwr Casagrande during
Vorid War I1. With the adoption of the system by the U.S. Bureau
€ Reclamation and the Corps of Engincers in 1952, with standard-
a2sd terms and procedures, it became known as the “Unified”
rtem.

civll engineer, U.S. Buress of Raclamstion, Code 1542,
25007, Deaver, CO 80225. Member of ASTM.

? 1084 by the American Society for Testing and Materisls

P.0.
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In the ensuing years, it became apparent that certain approaches
in the system needed to be better defined and standardized. Where
insufficiencies or gaps existed, various organizations and agencies
found it necessary to develop their own standards or practices. In an
attempt to bring uniformity to this important means of communicat-
ing engincering information, ASTM Subcommittee D18.07 sought
to refine and standardize the ASTM version of the system.

The significant changes and revisions adopted include the follow-
ing:

1. Soil classification consists of both a name and a symbol.
2. The names were standardized.

3. Organic silts and clays were redefined.

4. More precise classification was established.

In addition, information presented in appendixes gives example
written descriptions to encourage uniformity, detail methods of
preparation and testing, and shows how the system can be used to as-
sist in describing materials such as shale, siltstone. crushed rock.
and so forth.

ASTM Recommended Practice for Description of Soils (Visual-
Manual Procedure) (D 2488-69) is currently undergoing similar revi-
sions.

Classification —Name and Symbol

The classification of a soil should consist of both a name and a
symbol. Often only a symbol is used, and this can be misleading. For
example, the symbol CL is used for the following three soils:

(1) 100% fines,

(2) 55% fines, 45% fine-to-medium sand, and

(3) 5% fines, 25% fine and coarse gravel, 20% fine to coarse
sand.

These are three different materials based on their gradation and
on their engineering properties. The new ASTM D 2487-83 would
classify the soils as follows:

(1) CL—lean clay,
(2) CL—sandy lean clay, and
(3) CL—gravelly leas clay with sand.

uhmmmmuwwammw
cation of what the soll is like.

0148-8115840012-0216802.50
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F1G. 1—Sod classification chart (ASTM D 2487-69).

Standardization of Grenp Names

On Figure 1 of ASTM D 2487-69 (see Fig. 1, this paper), one col-
umn of the soil classification chart shows “group symbois™ and the
adjacent column “typical names.” The typical names were more like
descriptions of the soil, but some of the descriptions evolved in time
to become a name associsted with the symbol. The committee de-
cided to formalize these names with a single unique name for each
symbol (except for organic silts and clays). The names and corre-
sponding symbols are:

GW  well-graded gravel
GP  poorly graded gravel
GM silty gravel

GC  clayey gravel

SW  well-graded sand
SP  poorly graded sand
SM silty sand

SC claysy mnd

CL leanclay

HOWARD ON SOIL CLASSIFICATION 217

|

ergasic silt or organic clay

fat clay

elastic silt

orgaaic silt or arganic clay

pest

Although some of the names were often unpalatable (for example,
fat ciay and elastic silt), it was decided to go with the venacular that
had evolved, recognizing that it would be impossible to change.

In addition, modifiers to the basic group name were standardized.
20il name or modify it to better reflect the characteristics of the soil.
However, the names varied widely between users. For example, soil
with 20% sand, 15% gravel, and 65% fines has been variously de-
scribed as:

lean clay,

sandy clay,

sandy gravelly clay,

sandy lean clay,

sandy gravelly lean clay,

lean sandy clay,

lean clay with sand and gravel, or
clay with well-graded sand and gravel.

J2EIRE

Since only the symbol, CL, does not convey enough information, a
group name should be associated with the symbol and that group
name should be standardized. According to the revised sundard
every user would describe this soil as

sandy lean clay with gravel, CL

Thus, the name and symbol alone relate the facts that the fines are
clayey with a iquid fimit less than 50; there is between 30 and 49%
coarse-grained particies, predominantly sand, with at least 15%
gravel.

mnmdardgmupumeshstemeabklofﬂnncwstmda:d
(see Fig. 2. this paper) for each group symbol and information given
as to what to add to the group by a “with™ statement. The flow
charts, Figs. | and 2, also illustrate the use of the group name and
“withs” (see Figs. 3 through S. this paper).

Organic Sits and Clays Redefined

In ASTM D 2487-69, organic silts (OL) and organic cisys (OH)
could only occur below the “A” line. A fiquid limit of 50 was the di-
viding line between OL and OH (see Fig. 1 ASTM D 2487-69).

The standard was changed 30 that OL and OH soils can be both
below and above the “A” inc. A liquid limit of SO remains as the divi-
sion betwees the symbois OL and OH (see Fig. 6, this paper). How-
ever, the group name will depend on whether the soil plots above or
below the “A™ fine. The group names “organic clay™ will apply to
soils oo or sbove the “A” fine and “organic silt” will apply to soils
below the “A” line. The possible classifications then are

arganic clay, OL.,
organic silt, OL,
organic clay, OH, or
crganic sikt, OH.

The criterion for determining whether or act & soll is organic re-
mains as the comparisos of the Squid mit valees of an oven-dried
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mm.mm.mwumhm

following ressons:
l.OrpnicniBocwt&-plu‘bon'he“A'he.mein‘

commeats are by A. Casagrande /).

m:ﬁckthemdﬁdbym-fhu'uueqildbum
mw_m&mmwtwﬁ He was thea st
aware of the existence of {airly tough orgesic clays which {all sbove the
A-line. (They have more the characteristics of imorganic clays except for
the substantial loss in plasticity dwe o drying.) It was suggested 10 move
&tA-h'enswmuudapntﬂmldhlbdwh. How-
ever, this would aleo bring smost imorganic soils below the A-lac. The
writer beficves that the A-fme has proves its value 85 sa important refer-
ence lime and that it should be kept essentially in its original position, but
”h@wmnmmw&pw&dh&ew
ganic soils located above the A-line.

The following are comments by R. A. Barron {2):

After a year's use, comments were sent in from the various field offices to
the Office of the Chief of Eagimeers. There were s few comments on the
system which indicated some minor revisions may be necessary. One. for

instance, is the fact thar some arganic soils plot sbeve the “A™ line of the
In addition, Richerd S. Ladd. of Woodward-Clyde Consultants of
Clifton, NJ, reported i subcommittee meetings of D18.07 that his
taboratory hes encosstered organic soils that plot above the “A™
lime.

2. For inorganic soils, the “A™ fine is the division between clays
and silts. This division is now logically extended to organic soils.

3. The name “orgasic clay” according to ASTM D 2487-69 could
have been applied 0 & soil with a liquid limit (LL) > SO and a plastic-
ity index (P1) < 10. For & soil with such low plasticity, the name or-
ganic “clay” & inappropriate.

Mere Procise Classification

ASTM D 2487-69 recommended giving 2 soil a borderline classifi-
cation if the LL and P1 values plotted “on or practically on™ the “A™
fine or the LL = 50 fme.
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The standard was changed 50 that these borderfine classifications
are eliminated. Flnes 10 be described as clay have an LL and P value
that piot on or sbove the “A™ lime while fines to be described as silt
would plot below the A" lime. The symbols CH, MH, sad OL refer
%0 solis with a liquid kmit of SO or grester; and CL, ML, and OL refer
to soils with a liquid &mit less than S0.

The change was made for the following reasons:

(1) to efiminate the coafusion and profusion of using borderfine
classifications,

(2) 30 people using the same laboratory test results would classify
the s0il exactly the same, and

(3) 30 inexpericnced personne! and computer programs would
have a set of prescribed rules to follow.

Dual Versus Borderline Symbeks

The USCS requires some soils to have dual symbols. Soils with S to
12% fines must have a dual symbol composed of a clean, coarse-
grained symbol followed by 8 coarse-grained soil with fines symbol
(for example, SP-SM and GW-GC). Soils with LL and PI values that
plot in the cross-hatched area of the plasticity chart must have a dual
symbol of CL-ML, SC-SM. or GC-GM. These classifications are 2
required part of the system as presented in ASTM D 2487-83.

However, it is often desired to indicate that a soil is close to the
boundary or borderline between two different soil classifications.
When the laboratory tests indicate that 2 soil is close to a borderfine
(either plasticity or gradation values), it can be given 2 borderfine
symbol of two symbols separated by a slash. The first symbol is the
one based on ASTM D 2487 (for example, CL/CH, CL/ML,
ML/CL, and GP/SP).

Emphasis Placed en Mere Plastic Classification

The new standard emphasizes or {avors the more plastic classifica-
tion or the finer-grained classification.

1. ASTM D 2487-69 defined fine-grained soils as “50% or more
passes the No. 200 sieve™ and coarse-grained soils as “more than
S0% retained on No. 200 sieve™ while sands were soils with “more
than 50% of coarse fraction passes No. 4 sieve™ and gravels as “S0%
or more of coarse fraction retained on No. 4 sieve.” In the former
case, the fine-grained material was favored while in the latter case
the coarse-grained material was favored. The new standard changes
the latter case to describe sands as “S0% or more of coarse fraction
passes the No. 4 sicve™ and gravels as “more than 50% of coarse frac-
tion retained on No. 4 sicve.”

2. ASTM D2487-69 favored the less plastic classification in one
sote (Note S), while another note (Note 6) stated the more plastic
classification was to be favored.

mne'mdlrdfmﬂlemphsﬁcchsiﬁaﬁoninthebl-
lowing ways:

1. New Note 7 (0ld Note S) was changed to favor the more plastic
clamification.

2. When the LL and P1 for a soil fall on the “A” fine, the soil is clas-
sified as s clay, not 8 skt

3. Whes the LL = S0, the soill is to be classified as a CH, sot CL,
and MH, not ML, emphasizing the more materiel.

4. A soll with LL and Pl plotting in the hatched ares of the plastic-
ity chart is %0 be clamified as & CL-ML, silty cley.

HOWARD ON SOIL CLASSIFICATION 221

Uss of the System a8 a Secendary Clansification Systom

The USCS is often wsed for clamifying and describing materials
such as shale, siltstone, claystone, mudstone, sandstone, crushed
rock, siag, cinders, shells, and 30 forth.

Lithified or partially fithified material (shale, cisystone, and 20
forth), is sometimes classified as a 30il after the msterial has been
processed (grinding. slaking, and 30 forth). The material should be

- “classified” according to its original state. A secondary classification

according to USCS can be reported. However, as presented in Ap-
pendix X2 in ASTM D 2487-83, it is suggested that the group name
and symbol be in quotation marks to distinguish them from the clas-
sification of true soils.

Material, such as shells and slag, should sot be considered as soil,
but the USCS can be used to describe the material. Again, the pri-
mary classification should be shells or slag with 8 secondary USCS
classification in quotation marks.

Crushed rock is not a naturally occurring soil and any classifica-
tion should also be in quotation marks.

Examples of written descriptions were included in Appendix X2,
some of which are shown below:

1. Shale Chunks—retricved as S0- to 101-mm (2- to 4-in.) pieces of
shale from power auger. dry, brown, no reaction with HCl. After
laboratory processing by slaking in water for 24 b material classified
as *Sandy Lean Clay (CL)," 61% clayey fines, LL = 37, P1 = 16;
33% fine to medium sand; 6% gravel-size pieces of shale.

2. Crushed Rock—processed gravel and cobbles from Pit 7;
“Poorly Graded Gravel (GP),” 89% fine, hard, angular gravel-size
particles; 11% coarse, hard, angular sand-size particies; dry, tan;
po reaction with HC; Ce = 2.4, Cu = 0.9.

“U” Line

The upper limit or “U™ line was added to the plasticity chart (Fig.
6) to aid in the evaluation of test data. This fine was recommended by
Casagrand as an empirical boundary for natural soils. It provides a
check against erroneous data, and any test results that plot above or
to the left of it should be verified.

There is no formal documentation as to the origin of the “U” line.
Students in classes given by Casagrande reported that it was
presented as part of his lectures, and they have the sketch in their
class notes. The Corps of Engineers does include the “U™ fine. de-
scribed as the upper fimit line, in their manual Laboratory Soils
Testing. Casagrande served as a consuitant for this manual and did
review it. The Corps’ manual states that the “U” line begins at an LL
of 8 and P1 of 0 and rises on a slope of 0.9 (P1 — 0.9[LL = 8]). How-
ever, the line is not shown on their plasticity chart below s P1 of 7 (the
top of the cross-hatched area).

The 1983 revision of ASTM D 2487 also shows the “U™ line on the
plasticity chart, but below a P1 of 7 the lime is vertical at LL = 16.
LL's below 16 are feht to be unreasombie valoes as the soil is probably
sfiding on the surface of the cup rather thaa a flowing or shearing of
the material. A computer search revealed that of over a thousand soil
specimens tested and reported by the USBR geotechaical labors-
tory, four had LL = 17, cne had LL = 16, and nonc had LL below 16.

Expanded Liguid Limk Scals

Stopping the LL scale at 100 on the plasticity chart tsnds to rein-
force the erromeous thet the LL of 2 soll cannot be
greater than 100. Expending the scale 0 130 10 help corvect this mis-
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saderstanding was incorporated in the 1983 revision of ASTM D
297 (Fyg. ).

Sywibel for Cosliiciont of Cmxvature

The most controversial charge in the revised standard was the
symbol for the coefficient of curvature. la the USCS, as adopted by
the Corps of Engineers and the Bureau of Reclamation, the symbol
used was C,.. Unfortunately, this is also the soil mechanics symbol for
the compression index: the slope of the limear portion of the pres-
sure-void ratio curve on 8 semilog plot. In ASTM 2487-69, the sym-
bol C, was used for the coefficient of curvature in order to avoid the
confusion of using the szme symbol for two different terms. During
the balloting process preceding the 1983 version, it became apparent
that s strong and vociferous faction wanted to return to the tradi-
tional C, as the symbol. After a ballot incorporating the C. symbol
went out, it became obvious that the advocates of not using the C,
symbol were aiso indeed agmerous and vocal. Following hours of de-
Bberating, cogitating, and arbitrating, the symbol Cc, with the lower
case ¢ on the same fine (not & subscript) was selected as the symbol
that least offended all the parties invoived.

Cebbies and Bouldens

ARlhough the soil that i classified is the 7S-mm (3-in.) minus
material, the new standard requires that if plus 75-mm (3-in.) par-
ticles (cobbles or boulders) were present in the field sample, then
the name of the soil should reflect their presence (for example, silty
pvd-inhcobbla.@n. Suggésted criteria for what is a cobble or a
boulder were given.

Semmery

ASTM D 2487 was significantly revised in 1983. The revisions in-
clude:

1. Requiring 30 10 be classified by stating both & symbol and »
same.

2. Standardizing the sames associated with the symbols and what
modifiers or additional terms must be included in the name.

3. Redefining orgasic silts and clays to recogaize that organic soils
occur that plot sbove the “A” line on the plasticity chart.

4. More precise guidefines were established, particularly with re-
gard to plasticity, to eliminate borderfine clamsifications. Using the
standard, only one particular classificstion will result. In the case of
soils with S to 12% fimes or plotting in the hatched srea of the plastic-
ity chart, dual symbols are used (for example, SP-SM, and CL-ML).
However. if it is desired to indicate that the soil properties are close to
another classification group. the two groups can be indicated using a
dash, for example, CL/CH, with the classificstion indicated from
the standard appearing first.

S. Provision was made to apply the classification system to materi-
als such as shale, mudstone, crushed rock, siag. and so forth.
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APPENDIX E

Photographs
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Area behind Long Harbour Bait Depot prior to excavation.

Area during excavation.
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Overall view of Timber Crib Retaining Wall.

Profile view of wall showing entire length.
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Highest section of wall.

View showing components of timber crib construction.
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Elevation view of

1Y 118

wall. Note the
absence of
translation or wall

deformation.

Connections arrangement. Note drift spikes and machine bolted through
vertical.
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