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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 satisfactory. 

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

timber crib retaining walls are analysed and designed correctly. 



Figure 1. Location of Long Harbour. 



SECTION I — TIMBER CRIB RETAINING WALLS IN GENERAL 

DESIGN CONSIDERATIONS 

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 value 2 . 

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. 
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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 = 	h & Ha =1*(Pa)•11 

where 

Ca = Active Earth Pressure Coefficient 

= 	g  os 	cosz 

c.,>sz.rs - cc:>z- 96 

p= angle of internal friction of the soil 

,1 
= unit weight of soil (effective value) 

h = height of wall 

Ha = resultant active force 3  

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 



Figure 2. Active Pressure Distribution Behind A Retaining Wall. 
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Table 1. From: Bowles, J.E. "Foundation Analysis and Design", 
McGraw Hill, Montreal, 1982, p. 389. 
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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 

undertaken4 . 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 

If 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 

drain5 . 

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 

Unit weight w )  6 Angle of 
internal 

Type of backfill pcf kg/m3  friction,0 

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, 
well graded 

115-130 1840-2100 33 ° -35 °  

Dry dense sand, 
well graded 

120-130 1920-2100 42 °-46 °  

From: "Design of Reinforced Concrete Structures", PWS Publishersd, 1985, 
p. 426. 
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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 = ju R 

where 

,Ai = the coefficient of friction 

R = the vertical force acting on the base. 

The factor of safety against sliding is 

F.S = F > 1.5 

Hah 

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 MD = 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/M0  '> 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 II 

LONG HARBOUR RETAINING WALL 

DESIGN ASSUMPTIONS AND SITE CONDITIONS 

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) sliding 

b) overturning 

c) bearing capacity. 

a) 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. 

b) 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 



-14- 

safety against overturning, which is the balancing moment divided by 

the overturning moment, was computed as 3.31 which is greater than the 

recommended value of 2.0 (see Appendix A). 

c) 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 7 , 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 external failure mode. 

STRUCTURAL ANALYSIS OF TIMBER CRIB 

The following components of the timber crib wall were analysed. 

1) Structural integrity of longitudinals due to active lateral earth 

pressure. 

2) Structural integrity of ballast floor beams with the superimposed load 

consisting of rock ballast. 

3) General analysis of connections. 

A) 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. In 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 Manual 8 . The members 

satisfied all design criteria easily except for shear. During the 

analysis of shear the greatest span between the ballast was calculated 

only 0.21 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. 

B) 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). 

C) 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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Figure 4. Modelled Beam System for Longitudinal Members. 
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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. Its 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 

1) In future retaining wall designs a geotechnical investigation 

consisting of at least a backfill soil identification should be 

performed. 

2) Future retaining wall designs should be performed in a similar manner 

to the one outlined in this report. 

3) 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 C 

Drainage 

From: "Canadian Foundation Engineering Manual, 2nd Edition", 1985. 
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CRAFTIR 14 

DRAINAGE 

• 

14.1 	INTRODUCTION 

Selow-ground facilities, such as building basements, inevitably 
collect water unless protected by adequate subsurface interceptor 
drains. These drains must provide permanent channels of escape 

for water that would otherwise impair the use of the structure. 
The 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 
in spaces that should be and were intended to be dry; (2) a 

secondary effect is from water containing salt, which is 
corrosive to Portland cement concrete and is particularly 
detrimental in parking garages; and (3) a third effect is the 
potential reduction of shear strength in soils when subjected to 
an increase of pore-water pressure. 

Subsurface drain pipes are surrounded by a filter and are 
intended to provide the necessary channels of escape. These must 
'possess hydraulic, structural, and durability characteristics 
such that they will adequately carry away the water and safely 
support the loads to which they will be subjected during and 

after construction. The satisfactory functioning of many 
projects is related directly to the adequate control of 
subsurface water. 

14.2 	FILTER DESIGN 
-6  

.

iili 
lter materials, such as grades of natural sands and gravels and 
otextiles, are used to retain erodable soils. Filter materials 
t possess grain-size and permeability characteristics 

eampatible with the grain-size distribution of the soil being 
trained and the size, location, and distribution of perforations 
1:142e drain pipe. The term 'compatible' used in this context 

that: 

the pore spaces in the filters must be small 
enough to prevent particles from adjacent 
erodible soils from being washed through them, 
'filtration criteria'; 

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



the filter particles must be coarse SO ugh 
 prevent any significant amount of the til 

material being washed through the perforatiomm Is  the drain pipes; 

the filter material must be chemically stable mmd 
inert to the water and ioil with which it will be  
in contact; and 

AND the filter must be physically strong au 
 sufficiently durable to support the loads that 

will be placed on them during and niter 
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 al., 
(1984a,b). Filter design is based on the phenomenon that if 
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 been developed from both experimental and 
theoretical considerations. Various criteria are available; a 
common one is that of the U.S. Bureau of Reclamation (1974). 

For the filtration criteria: 

(a) for uniform soils, 

	

when 	D
60

(soil)/D 10(soil) < 1.5 

	

then 	D
15

(filter) < 6 x D
85

(soil) 

(b) for well graded soils, 

	

when 	D
60(soil)/D 10

(soll) 	4.0 

	

then 	D
15

(filter) f 40 x D
15

(soil) 

For the permeability criteria: 

D (filter) > 4 x D (soil) 

Throughout this section, D15 (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 material to pass through 
it. Similarly, D85 (soil) designates the size of sieve that 
alloys 852 by weight of the base soil to pass through it. 



/article sixes smaller than the No. 200 sieve (0.075 es) refer 
to results by hydrometer analysis. 

.Ais alternative criterion is that of the U.S. Bureau of 

•Seclamation (1974). 

for the filtration criteria: 

D 15(soil) 	! 5 D 85(soil) 

D50
(filter) 	25 D 50(soil) 

For the permeability criteria: 

D 15(filter) 	5 D 15(soil) 

The design of the filter is dependent upon the gradation curve 
of the soil to be protected; therefore, gradation curves should 
be included in 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 maximum 
circular pipe-hole sizes should be equal toD85(filter) of the 
immediate backfill. For slotted pipes, the width of the slot 
should be equal to D 70 (filter). 

In the event that the size of opening supplied is incompatible 
with 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 them. Alternatively, the pipes can be 
wrapped with geotextiles. 

	

14.2.4 	GEommuss 

Geotextiles, or filter fabrics, may be used as suitable 
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; 

retain the fine particles of the soil to be 
protected; 
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minimize ingress of soil particles taw 
 drains; 

be chemically and physically stable and inert 
the groundwater; and 

be sufficiently strong and durable to perform 
over the anticipated life of the structure. 

The location of the geotextile 	within the filtering/drainage 
system say vary. Consequently, in some cases, the fabric 

may be in direct contact with the native soil to separate it from the 
filtering soil, whereas in 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 imperative 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 is suggested that a minimum slope of 1% should 
be used for the installation of the weeping-tile system. 
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 in 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 is looped over the foundation pad, 
resulting in an inefficient drainage path, which only operates 
when the drain system is full. Because it is inevitable that 
some fine-grained soil will fall into the perforated drain pipes, 
soil will eventually collect in _traps. Therefore, it is 
imperative that the traps and backwater valuing 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 long 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. 
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Mere 14.1 shows a suggested arrangement of a subsurface 
. ,.riveter drainage system around shallow foundations. The figure 
illustrates three typical locations of drains and filter soils 
relative to the foundation footings and wells. Traditionally, 
'slay or concrete drain pipes have been used, but in recent 
pars, slotted plastic pipes are sore common. To avoid silting up 
/aside the drains, it is good practice to wrap the drains in 
geotextile (Subsection 14.2.4). The slope of the drains should 
always be greater than 11 and, preferably, greater than 22. An 
additional drop of about 10 mm should be provided near each bend 
(90• ) of the drain pipe. The drain pipe must not be placed 
underneath the footings. 

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

(1) Perforated or slotted pipe placed about 300 mm below the 
upper level of the basement floor slab; (2) unperforated drain 
pipe connected to appropriate trap and backwater valve before 
connecting to a sever. The trap shall have provisions for 
inspection and'cleaning; (3) filter 'material that is 
compatible with the grain else characteristics of the fine-
grained foundation and backfill soils, as well as with the 
perforations of the pipe; (4) filter material continously or 
intermittently placed next to the • foundatioe wall to 
intercept water from window wells and from low areas near the 
building (see also 6); (5) damp-proofing on wall -- optional 
depending on the quality of the concrete wall; (6) optional use 



of sheet drain, or synthetic filter blenhic, act to the 
foundation wall to replace the soil filter a=ceritimi to (4); (7) 
foundation and backfill soils, which nay coczesk ftb ripidasd 

 and erodable saterials; and (8) 'topping-WL47 material *Lo os  
outward to lead off the surface water. is 	smelly desleabla 
to use low permeability soil to. reduce the nu* a overuedus 

 the pipe. 
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Unified Classification System for Soils 



TECHNICAL NOTE 

   

Amster K. Howard' 

   

    

The Revised ASTM Standard on the Unified 
Classification System 

REFERENCE: Howard. A. K.. °Ile Radial ASTM Stamdard as the 
Untied Sal CYO Spam," Geoeechairel Testai 
GTJODI. Vol. 7, No. 4. Dec. 1984. pp. 216-232. 

ARST1tACT: ASTM Test Method for aassifcation of Soils for Engi-
neering Purposes (D 2487) was significantly revised in 1983. The mi-
nces require that soil is to be classified by using both a symbol and a 
name. and the group names Weir standardized. Organic silts and clays 
were tedefmed to recognize that organic sods occur that plot above the 
-A" Fite on the plasticity chart. More precise guidelines were estab-
lished. particularly with regard to plasticity. so that only one particular 
classification  will result. If boarderfine classifications are used, the clas-
sification symbols are separated with a dash with the classification sym-
bol indicated using the standard appearing fast. Appendixes give exam-
pie written descriptions. preparation of sod for testing. and guidelines 
for using the system for materials snob as shale, modstone, crushed rock, 
and slag 

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

Estroduction 

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

ASTM Test Method for Classification of Soils for Engineering 
Purposes (D 2487) was significantly revised io 1983. The modifica-
tions were the result of several years of discussion by ASTM Subcom-
mittee D18.07 on Identification and Classification of Soils and a spe-

.ial meeting of Federal agencies using the Unified Soil Classification 
System (USCS) held in Denver. CO, in 1960. 

The USCS has become the most popular and widely used soil cies-
ifiCiltiOn system for engineering purposes. The Federal Aviation 

Administration (FAA) recently adopted the used the USCS in place 
of the system they had developed artier. Personnel using the Amen-

an Association of State Highway and Transportation Officials 
AASHT0) soil classification system for highway construction are 

seriously looking at using the USCS. The USCS began as the Airfield 
'lassification System developed by Arthur Casagrande during 

Void War U. With the adoption of the system by the U.S. Bureau 
111 Reclamation and the Carps of Engineers ie 1952, with standard- 
ad berm and procedures. it became kaolin as the "Unified" 

/11111111111. 

2r Cid engieser. U.S. Omar of lbelmition. Cade 1542, 
007„ Dower, CO MOIL Member d ASTM. 
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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 engineering 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. 

areiticadow—Name and Symbol 

The classification of a sod 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: 

(I) 100% fines, 
(2) SS% fines, 45% fine-to-medium sand, and 
(3) SS% 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 day, 
(2)CL—sandy lean day, and 
(3) CL—gravelly ban day with send. 

hie obvious that the name sod symbol together gibe a better indi-
cation at what the soli le Ike. 

0140-1111111410012-02141110250 
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FIG. 1—Soil dassofication chart tASTM D 2487-691. 

Standardization of Group Names 

On Figure I of ASTM D 2487-69 (see Fig. I, this paper). one col-
umn of the soil classification chart shows "group symbols" and the 
adjacent column "typical names." The typical names were more like 
descriptions ot the sod, but some of the descriptions evolved in time 
to become a name associated with the symbol. The committee de-
cided to formalize these names with a single unique name for each 
symbol (except for organic silts and days). The names and cone-
'wading symbols me: 

GW wdl-graded gravel 
GP poorly graded gravel 
GM silty gravel 
GC clayey ravel 
SW well-graded sand 
SP poorly graded and 
Sat silty wad 
SC clam sand 
Cf. lean clay  

ML alt 
OL organic silt or organic day 
CH fat cky 
MH deltic sit 
OH organic silt or orgnic day 
Pr pea 

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

In addition. modifiers lathe basic group name were standardized. 
Most engineering organizations recognized the need to change the 
soil name or ;noddy it to better reflect the characteristics of the soil. 
However, the names varied widely between users. For example, sod 
with 20% mad. 15% gravel, and 65% fines has been variously de-
salted as: 

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

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 standard, 
every user would describe this soil as 

sandy lean day with gravel, CL 

Thus, the name and symbol alone relate the facts that the fines are 
dayey with a liquid limit less than 50: there is between 30 and 49% 
coarse-grained particles, predominantly sand, with at least 15% 
gravel. 

The standard group name is listed in Table I of the new standard 
(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. 1 and 2, also illustrate the use of the group name and 
"withs" (see Figs. 3 through 5. this paper). 

Organic SlIts aid Clays Iladdbmed 

In ASTT4 D 2487-69. organic silts (OL) and organic clays (OH) 
could only occur below the "A" line. A liquid limit of 50 was the di-
viding line between OL and OH (see Fig. 1 ASTi4 D 2487-69). 

The standard was changed so that OL and OH sods can be both 
below and above the "A" fine. A !quid limit (150 remains as the divi-
sioe between the symbols 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 day" will apply to 
soils on or above the "A" fine and "organic silt" will apply to soils 
Wow the "A" Mc. The posdble classifications then are 

organic day, OL, 
cosmic >it OL, 
(gamic dog, OH, or 
tupelo it OH. 

The abed= for amnia* whether or net a soil is organic re-
man as the casparhos of the Squid limit nines d an ono-dried 1 
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specimen and a scudded spacisnes. The dosage was made for the 
following reasons: 

I. Organic soils occur that plot above the "A" lime. The following 
comments an by A. Casegrande 

Originally the A-line was defied by the writer as as turnpike) bouadary 
between typical inorganic days and Omer griller aids. He was then not 
aware at the existence of tarty tough *epic days which tall above the 
Aloe. (They have more the characteristics at :messier days eseept for 
the substantial loss pbsticity due to drying.) it was suggested to move 
the Aloe so as to assure than all organic togs would below h. How-
ever. this would also bring most inorgasic din below the A-fine. The 
weber believes that the A-flora has morn its valise as as important Ma-
tinee fue and that it shook, be kept execrably is its original position. but 
that in the expanded system • new poop should be provided for the or-
gear soils located above the A4oe. 

The following are comments by R. A. Barron 121: 

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

buena. lithe fad Air um Grosse soils pia awe the "A" fee d the 
plasticity dimm 

la addition. Richard S. Ladd. of Woodward-Clyde Casseltants of 
Clifton. NI. reported in subcommittee meetings al D18.07 that his 
laboratory has eaconuNrod organic soils that plot above the "A" 

2. For inorganic sok the "A" fine is the division between days 
and silts. This divisions now logically extended to organic soils. 

3. The name "organic day" according to ASTM D 2487-69 mold 
have been applied to a soil with a liquid limit (LL) > SO and a plastic-
ity index (P1) < 10. Far a soil with such low plasticity, the name or-
ganic "day" is inappropriate. 

Mare Precise ClessIllesdhs 

ASITA D 2487-69 recommended giving a soil a borderline classifi-
cation if the 11 and P1 values plotted "on or practically on" the -A" 

fine or the LL = SO foe. 

CilliTtlit fat ASSUAN& SOUP 
414301 

AWES 
miser LaBaRaTIOT 

SOIL CLISSUICATIfal 

SIMMS MO 
TESTS • sum are • 

4410
0
 o

f •
41 

10  1
•0

0141 . M
N

 1
0
0

4
 M

i r 
1

10$  0
1
0

110
0

0
-  3041001  ... 

ORAVELS 
Pere Was SOO of 

Merle frectiso 
release so 
N. 4 sleet ...... 

CLEAN OUSELS 
Loss lase Si flees c 

Cc  Y 4 end 1 < Cc < 3 * • sell-grado0 spool , 

4< 4 maim 1 , C c  > 3 • 4P Poorly rake gravel f 

MIMS VITO FINES 
allre a. to 11044 c  

Floes classify as at or eli se Silty areal C.O.' 

Floes classify as CL or al IC Clayey gravel f.11.11  

St/OS 
MIS or more of 

awns fratille 

'''as"' 

CLEAR VMS 
Lass lama to fleas a 

Ce  Y 6 aid I < Cc  < 3 a • till -graft. sod 1  

Cs < • maim 1 , Cc , 3 • V Paris Fowl sad t 

oses Sa 	  
MOS WITH FINIS 

Nora lam IIN llama 4  
Floes stonily as IL sr IN la Silts samd I.110  

vises classify es CI. ear CM IC Clayey said SAO 

FI
N
(
 4

0
4
9
E

0
 S

O
IL

S 
10

%
 S

r  
o
w

l  
19

44
01

 9
.  

N
I.  

IN
 

SILTS NO cuts 
Liquid trot 

less teal lie 

Imsrvalc 

t1 ) 71RA-glets sm w abase 
'r flan 3 

41. tam aim 4. 1 .6  

PI < 4 ig plots below •IN Ilse .1 a slit t-.1.• 

cols rt spirwii"  
s.  11,11•11C clay k. 1. a. • 

arfamic silt k. 1 . Ill. • 
itif:asiad  Loll: - 	 ( I" 

SILTS INC CUTS 

Liquid licit 
SOS Sr sore 

trorgaeic 

PI plots ell or owe `A' Itaw Cll Fat clay 11 . 1 .° 

PI plots tole. 'A* Ilse • Elastic silt t. 1 .0  

"aik  1 1.11•Iit 
11, &Volk clay k. 1 . 416 V 

Omsk silt k. 1 . m. I C 0.75 ti::: 	-- rt Wdr1r 

Nighty weak Wilt 
PrImmrily organic .nets. dart is color, amd 

treillt ellle 

R 
_ 

Past 

a. base as tarn witarisl paste' tle 3.la (74..eo) sues. 
e. Is ftela somata comtassod adliblos maim looldors. add vita ClOalli Wafer illotairs •  to row mass. 

c. grovels vita S to 15 Has regain aim  
IM-di moil grads/ grape We silt 
111-1C sell graded grovel rteclay 
II♦ poorly gradad groat with silt 
war gmorly radua growl vita Cll. 

d. Smogs oftb S to ICS floss Main dell 110 ,11 
 lb-SS veil graMd samd mita silt 

1N-SC moil rasa sad tollb clay 
1►-IN gnarly rabid said sitb sift 
3P-3C snarly grata/ salt IN clan 

. . Ce  %AD  Ce  
1. If mil tomtalos a Ili ord. add Nitta mod' to grow adma. 
g If f 	classify as UAL, as dual /OW 144111. IC-IN. 
b.. If floes w smolt. add to .mitt floss' to grasp same. 
1. If soil gmatalso S ill ►ael. add 006111 gramel• Is group is. 

J. If ansomm toffs Oat r MOM arse. mall Is &WM.. silty cloy. 
IP sell 	is IS ruse Nan r. US. add Nab Nod" or •Will grape' satammor is grodasisast. 

1. It oil Umtata"CR Ides 	gradmataastly mad. aid 'NW Saguaros. 

sea. If oil ambilas IIB ISM 16. 	grodumimmatly grail, add agramollf yam some. 

▪ n ad pas w 	••• sirs. . 
.. IS • se palto Woo •r ties. 
a. di plats IS VI 	*** 
• H mets Wes or tbs. 

PIG. 3--SaBefauflomfan ChM IAS7W D NO 

4ZAVG— 

2:. NI. 4 



U. 24 0 

Ll-essednsi 

NOWARO ON SOIL CLASSIFICATION 219 

GROUP 
§ITIMIOL IEBELIAME 

LL<S0 

a0110. Ile Ille< MI Ow Ilte 	 SA01111 
waft .... os  in eset Yliolsol-so UM do w10 mil 

11 awl <11010.• Isowass ollb 00 

	

a sag >sr 	me...<11111eossl—•■• Dise• Ilmtdo 

Zill• Ors Os. Va< 	 2ll110.1 1Owee loads/ 
OAST li old <11.u.d. .11 on•---..11.•••■ low Ow 

jai essi----■ 111wift 11•• en ewe owl 

<30 Ow N. 111111. <IR Ow ft. 30 	 No OM 

echa ..--.1.411. 2  
Ples so se Wow 

4 	 'vs% owl C11 spssel'w WWI 0100 111•11  
-•• 1140 plo Ow 3111c 1s• 110  )411100111-• Oft 0/e web owl 

-lr-Ow 	 3111 Ow Ille. 
0111.<11 oild Yll owsl C1111sowl•-•-• awes ow dor  

rags smoso----1. Soma slIs dm wale reed 

1 awl •Cliesswe ll. 010-06.01 OW •Nr 
2111111 osd--.4.111.1.0r lit Ow web well 

	

PlOs Ow311111111siss Ow 	 IN 
%WI sew Illw 5••• •.1sLANI >11.0.1-6.01 ammo 

em1 4:1101.04,410  MO semi 

a one >111,••••■ ••Ilesal — - 4 follwar a 
gas on N. 00/ < 	 allNlow0-40001 de el0 owe. 

li wed CI, rod ...-0.(1111  wad ...- 4340.01 0 

al% 1110 ...• .' 4041ma, di PIP MOP 

moor lopo—o.CL 
ob. IBM. 
-A-AM 

PK* pia—.1111. 
Iwbe 

ors 
/u-were 

u- Owl 
Iles ewe lb 

U. -ea owl 

<10 Ow N. Mb..e.<10% Ow Ow Al 	 .N. Ow 
--'w twain 0. Ise 30111 mil MI oesel-sa el else web swat 

1 owl <II rod -4.30 Ow web IPO•P 

a •it ›ei in.d....<111% w.+----wlese►  ha Ow 

20% Ow els. SOO< 	 211111osew 	• Sew* %taw ews owe 

I. sod CS yawl ...-----,•< Of owl ---leOweav lel dos 
----• 211111 used —se Geode lo else wee owl 

.C.11Plis llw simi l;,,i1. 1.411. 10 	  
• owl ,a pod -•41leass ele es• wise 

- ere lo 

""•• II awe <II pee -seers +w owe 

>7111t Ow Me 
31.<1.  'I" >1' Pm" --.'<ir& mow.—olowly *In oh 

• 2W6 IrMel—W1klef slsose est ewe woe 

It spiel <IL owe ••■ 	 <III• ess1-4.11.Polle owe en 
110 sod--sellsevele dos U. U. owl 

<s.74)--04)14 	 lore le 

PI IINS OP IN 
Owes 'A' -esel 

FIG. 3—Row awn for classifying fuse-roined syt 

GROUP SYMBOL 
GROUP NAME 

OL 
WWI 0.• No. 2110-. 11 end >5 re/A-0•01pAle rt uNII sort 

% owl <IL fplowl—l" 0111011B uilb gnome 

G.1.. A-  OW 	  
a• 

• ZIPS pin No. SW 	
% mot >5 grind 	 OW* 1111 

	

en "POW 	 wpm' IN yowl 

% sone CI 	 <MP% sod --Nana/ segunis 
ZIP% mal---•■••••04 Silleie die ode■ mat 

<NW Ow 21/.. <1111% NIL VA 	 1.04.•ic dew 
WU% ON No. 110- % NNOYS grase 	ollognk uNla 

% awl CI gmal 	►00•12 sky waft rod 

don "A"- lbw 	 - 	• VS% Ow Ns. 	
Nod >11111110d" <111111 

ZWL e
smel 	••• Sway oink dew 

	

md 	 oliord, Amok iv elLA 'NW w.. • Er 

	

soll <IL sand •••• <111% sad 	0 Somao oink Nov 

	

re% mad 	 Goods sopois dos ea — 

Q/IM. .alid <WL So Ns. in 	 Ow* dll 
MI% Oa Ns. 31•••• % mid >% asal—•• ape% ala osia 

osoll fpwal—ellipsis sda saga 

-A--1110  	 -,N111% Ns. SID 	
110011--4" Soap sorb AI 

OM Gala —011ords sopa oft spla ana l law 

S me CS pod ....I .C111% orsd--s■ esvdo, sepab 
eV% usst--do lbw* goods sda sod 

FIG. 4—Flow chart* donlfring ova* al 

<3111% are N. 200 --se <VOL efts Me. ZOO 	 • Onpowic del 

WM% pis. NO. 2011.. 111 mod >11 fwd —0. Omput art ImiN =WI 
% Nod <% Owsol 	• 0•••• day 1.1•• Awed 

Pla4 sol plos s• 
at dim "A" in 	-239% plon No. NM 

.. 1L mud >5 rood 	 <ION yawl — • • • f Morn mew* dot 
ZIG% 'NW —warty — elms wil• spoil 

S mud •C'S rend 	 <11/11 sod ---4•411nosey swig OM 

ZINN Nod ---6"Gonat emmic dog Wet and 

aware. Ns. no .. 	<in 1011  r11- NO 
	 se avow di 



itt 110 00 	100 

LIQUID LIMIT ILL) 

For ciossofecotton of fine-9rotned soils  
and fee-cooed froct eon of coarse-cooed 
soils 

(geese. of 	Ilse 
Heriasetel it PI...4 to LL ∎ 25.5. 
tbs., PD.0.731LL-20) 

Eliot too of 'V - 
Vertmel et LI u16 to PI-
the. PI a 0.711.1-111 

P
L

A
S

T
I C

I
T

Y
  I

N
D

E
X

  (
P

I)
 

GO 

SO 

AO 

ao 

to 
7 
• 

Lor OL 

MH on OH 

44  
1.4 k1" KW' 

GROUP SYMBOL 	 WOW NAME 

	 .111W 	 ...--..INGioNAS Nowt 
Zws 	 1101•0•0 pond AIN INN 

	 Uralt -0.01111m1 	Pm* WOG NNW 
ZUG NAh-'"'-•• GANN AIN Gold lab Old 

• lible'inv 	 ules 

0.24 awl 141:19". 	 ell oat --0•11111walud rant alb sit aid moll 

	

'biomes... 4K 	 w 	 cos  —4,4••■••• veer aMIII dot Oft: Way 00 

	

1st C1.111U 	 711N1 mad --a. le.ameul paw* al0 dw .d Mil 
VIE AO, dor ad and 

ibmpaL .1.11■414p..am... .cigi awd—s■ Peathr gambol good aft de 
era . -ho 1:44.>3.• 	 217t or --4. Peaty rani rod AIN NM nil NNI 

11•••42, at. ---,a:0 -a c.... .aus ...1—... F.", anded rood Mai dot Mr taw Oaf 

	

Mt CL.1111.11 	 ZIPS awl —a. Pam* rub, NAPA AIN if awl sof 
Om Ow Oa mg Nod 

	

6.....k. - wo-----a al 	<Ins...._.....,,... 
2aos •••■ --IPSO, pod .N mod 

• SINe•CL et 01--tac 	 <ups Nod --wasp., gesed 
ZIPS awl —a. allasa pal AIN mut 

	

Illmr•Ct. AIL 	 GC .0 m 	<in sr —... My. tiro., gnat! 
ZIPS Awl --e. flOy. dem growl ANS sod 

vs firs 	• 0•24 	 SW 

-ss‘• Cara orNe• 1>OL>3 	 • SP 

 

•CIGS 	 mr1 
ZIG% yowl 	WallioNhal sod sift grwasi 
<1.12••••1 	Pee* inftel awl 

Nod, graded owl .eft gm* 

 

SAND 
IL rid k 

rod 
..1-12% Raw 

Amr•IN SIN--0SW 	 CIPIL yowler likaipUbli Wad 0111 

Coe. old ISCIS 	
VIM rod 	1,0111111111111 sad .10 MI sd gnmel 

fiam•CL, 	 SC- <WIL good 	NoSindat mod .116 sift kr ESN •INI 

Mr CLAW 	 kW& good --4•• ISNipealsd sod ••••• INT owl NAPA 
4_ Apr •••• and rime 

fi•se •eft 	 sp .stw 	<los ....1-41.14Mtly /Mild IMO 1010 Nt 

OrCS 	Des>3 	 kW% rood 	Pee" raged sod a•• sik awl yowl 
flowrOL. 	 Peep* 'NW sod WO AN NE MT 460 

ter CLAW 	 kIMPS rural --s• Peal• gnaw/ mod AM dry AN gm/ 
I. INT Noy Ad "Ad, 

ObarAll. es 104---4•Shil 	 .agg, owd—s• Oily amid 
kin wass1---••NIN mod owl wool 

>1711 	 olipareL ar 01---0•Ser- <111% ipors1-0. Clem Nod 
WOG IPINI--IP OWN mill MN gam, 

NarCIAMIL----roSC•Sil -••• <IGIL gmel--•• GSM dam =Id 
rGOIIINC■111. Mc skim awl wAlt pond 

FIG. 5—flow chart for classifying coarse-grained nil. 

neon 6--Mtutkey them 



NONA110 ON SOIL CLASSIFICATION 221 

The standard was changed so that these borderline damnification 
are efimisiatod. Rees to W described as day have an LL sad PI value 
that plot on at above the "A" be while fines to be described as alb 
would plot below the "A" Ise. The symbok CH. /4H. and OL refer 
la soils with a liquid limit 1150 or pester. and CL. ML, and OL refer 
to soils with a Squid limit ksa than 50. 

The change was made for the following reasons: 

(1) to eliminate the confusion and profusion ci using borderline 
classifications. 

(2) so people using the same laboratory test results would classify 
the soil exactly the same, and 

(3) so inexperienced personnel and computer programs would 
have a set ot prescribed roles to follow. 

Dail Venus Borderline Symbols 

The USCS requires some soils to have dual symbols. Soils with 5 to 
12% fires must have a dual symbol composed of a clean, coarse-
grained symbol followed by a coarse-grained soil with fires symbol 
(for example, SP-SM and GW-GC). Sous with LL and PI values that 
plot in the cross-hatched area at the plasticity chart must have a dual 
symbol of CL-ML.. SC-SM. or GC-GM. These classifications are a 
required part of the system as presented in ASTM D 2487-83. 

However, it is often desired to indicate that a soil is dose to the 
boundary or borderline between two different soil classifications. 
When the laboratory tests indicate that a soil is close to a borderline 
(either plasticity or gradation values), it can be given a borderline 
symbol et 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). 

Einpliask Placed is Mate Node Clmodfleation 

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

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

2. ASTM D2487-69 favored the less plastic classification hi one 
"tote (Note 5), while another note (Note 6) stated the more plastic 
classification was to be favored. 

The new standard favors the more plastic classification in the fel-
laving ways: 

1. New Note 7 (old Note S) was changed to favor the more plastic 
elmadflastion. 

2. Whim the 'Land PI far a soil fall on the "A" Sae. the soil bab-
a/ad as a day. not a db. 

3. When the IL s  SO. the mil is to be destined as a CH. sot CL, 
and MIL sot ha, enighneklag the more ampreenble mmerbi. 

4. A eon with IL aid II plod ■ is the hatched arced the pliestie-
by chart k to be elemilled as a CL-ML. lay day- 

Use of the Solis as a Sacoadtey CksdamlIns Sydow 

The USCS is often used for deadly* and describing materials 
each as shale. altstone. &ukase. mudstose. maddone, embed 
rock. deg. cinders, shdh. and so forth. 

Lithified or partially Mired material (shale, daystone, and so 
forth), is sometimes doodled as a soil after the material has been 
processed (grinding. slaking, and so 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 das-
sification ci true soils. 

Material, such as shells and slag, should not 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 a 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—retrieved as 50- to 101-mm (2- to 4-in.) pieces of 
shale from power auger. dry, brown, no reaction with HO. After 
laboratory processing by staking in water for 24 h material classified 
as "Sandy Lean Clay (CL)," 61% clayey fines, LL = 37, PI = 16; 
33% fine to medium sand; 6% gravel-size pieces et shale. 

2. Crushed Rock—processed gravel and cobbles from Pit 7; 
"Poorly Graded Gravel (GP)." 89% fine, bard, angular gravel-size 
particles; 11% coarse, hard, angular sand-size particles; dry, tan; 
no reaction with Ha; Cc = 2.4, Cu = 0.9. 

"IY" Use 

The upper limit or "U" line was added to the plasticity chart (Fig. 
6) to aid in the evaluation of test data. This be 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" line, de-
scnbed as the upper limit line, in their =usual Laboratory Sods 
Testing. Casagrande served as a consultant for this manual and did 
review it. The Corps' manual states that the be begins at an LL 
of 8 and PI of 0 and rises on a sloped 0.9 (PI — 0.9 (IL = 8)). How-
ever, the line is not shown on their plasticity chart below a PI of 7 (the 
top at the cross-hatched area). 

The 1983 revision ci ASTM D 2487 also shows the "U" be on the 
plasticity chart, but below a PI of 7 the ices vertical at LL = 16. 
LL's below 16 are felt to be unreasonable valocs as the sal is probably 
sliding on the surfaced the cup rather than a flowing or shearing of 
the material. A computer search revealed that of over a thossend sod 
specimens tested and reported by the USSR Focal:Mksi labora-
tory. four had IL gm 17. one had IL = 16, and acme had 11..below 16. 

Ibpsedied Illohl (Jail Stub 

Stopping the IL sale at 100 al the *dick chart Inds to saw 
force the anneons ammnption that the IL d a oell asset be 
greater than 100. &maw tbe male to 1110to help moat this mit- 
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tsiderstasding was inomparated 

 

in the 1113 revision at ASTM D 

3117 (F'. f)- 

lipid kr CulMast et OenIsm 

The most contswersid charge in the revised standard was the 
symbol for the coefficient of curratute. la the USCS. as adopted by 
the Corps of Engineers and the Bureau di Reclamation, the symbol 

used was Ce. Unfodunatdy, this is also the sod mechanics symbol for 
the compression index; the dope of the haw portion of the pees-
we-void ratio curve as a =Wog plot. be ASTM 2487-69, the sym-
bol C, was used for the coefficient of carman in order to avoid the 
=erasion of using the same symbol for two different terms. During 
the balloting process preceding the 1913 version, it became apparent 
that a 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 Cc 
symbol were also indeed numerous and vocal. Following hours of de-
liberating, cogitating. and arbitrating, the symbol Cc. with the lower 
case e on the same line (not a subscript) was selected as the symbol 
that least offended all the parties involved. 

Cabbies nod Boulders 

Although the soil that is classified is the 75-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 
gravel with cobbles, 94). Suggested criteria for what is a cobble or a 
boulder were given. 

Swaim 

ASTM D 2487 was signifsouitly revised is 1113. The millions io-
dide: 

1. Requiring sod to be classified by stating both a symbol and a 
manic. 

2. Standasfixing the mama associated with the symbols and what 
modifiers or additional terms must be included in the same. 

3. Redefining organic sits and days to recognis that organic soils 
oxur that plot above the "A" line on the plasticity chart. 

4. More precise guidelines were established, particularly with te-
pid to plasticity, to dominate borderline dedications. Using the 
standard, only one porticular dsuification wi suit. In the cue d 
sods with 5 to 12% fines or plotting in the hatched area of the plastic-
ity chart, dual symbols we used (for example. SP-SM. and CL-ML). 
However, if it is desired to indicate that the sad properties are close to 
another classification group, the two groups as be indicated using a 
dash, for example. C1JCH, with the dassificatioo indicated from 
the standard appearing first. 

S. Provision was made to apply the classification system to materi- 
als such as shale. mudstone, crushed rock, dig. and so forth. 
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Area behind Long Harbour Bait Depot prior to excavation. 

-emoomp, 

Area during excavation. 



Overall view of Timber Crib Retaining Wall. 

Profile view of wall showing entire length. 
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J View of ballast placed in cribs. 
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Highest section of wall. 
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View showing components of timber crib construction. 
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Elevation view of 

wall. Note the 

absence of 

translation or wall 

deformation. 

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


	Page 1
	Book 8.50 W 11.50  H_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

	Book 8.50 W 11.50  H_1.PDF
	Page 1

	Book 8.50 W 11.50  H_1.PDF
	Page 1
	Page 2

	Book 8.50 W 11.50  H_1.PDF
	Page 1

	Book 8.50 W 11.50  H_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4

	Book 8.50 W 11.50  H_1.PDF
	Page 1

	Book 8.50 W 11.50  H_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

	Book 8.50 W 11.50  H_1.PDF
	Page 1

	Book 8.50 W 11.50  H_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4

	Book   9.00 H 14.00 W_1.PDF
	Page 1
	Page 2
	Page 3

	Book   9.00 H 14.00 W_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4

	Book   9.00 H 14.00 W_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

	Book   9.00 H 14.00 W_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

	Book   9.00 H 14.00 W_1.PDF
	Page 1

	Book   9.00 H 14.00 W_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

	Book   9.00 H 14.00 W_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20

	Book   9.00 H 14.00 W_1.PDF
	Page 1
	Page 2
	Page 3
	Page 4


