ENGINEERING FIELD MANUAL
Supplement to Chapter 4

FOUNDATION ANALYSIS FOR STRUCTURES USED IN
RESOURCE MANAGEMENT SYSTEMS

GENERAL

This supplement discusses the factors involved in determining

soil bearing capacity and provides simplified methods for esti-
mating soil bearing capacity.

The great increase in the installation of commercial structures
for animal waste storage in recent years has increased our need
to understand soil foundations and their capacity to support
structures. This supplement provides an understanding of bear-
ing capacity and the factors involved in its determination.
Simplified computational methods for soil bearing capacity and
settlement and an example of their use are included.
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Definitions

Parentheses ( ) will be used to group terms.

A dot "," will be used to indicate multiplication.

B

Bearing capacity

c,bar c

cc
Cr

Consolidation

Gs

Y, gamma

Nc,Nq,Ny”

po

AP

Footing width.

The maximum footing pressure that can
be permitted on a soil, giving consid-
eration to all pertinent factors.
Total unit cohesion, psf.

Effective unit cohesion, psf
(sometimes written c’).

Compression index.
Recompression index.

Reduction in the volume of a gojil due
to increased loading.

Void ratio, volume of voids divided by
the volume of solids.

Footing shape factor for the shallow
bearing capacity equation.

Specific gravity of the soil grains.
Unit weight of soil, pcf.

Footing shape factor for the shallow
bearing capacity equation.

Blow count. The number of blows with a
140 1b hammer dropped 30 in required
to drive a standard sampler 1 ft.

Bearing capacity factors from figure
‘-330

The before construction soil load at
the center of a strata or increment.

The increase in load on a soil at the
center of a strata or increment.
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p 1phi

¢ ,bar phi

e

gqult

R/C

Settlement,

Settlement,

Settlement,

Settlenent,

Settlement,

Total angle of internal friction of a
soil.,

Effective angle of internal friction of
soil (Sometimes writteng’).

The overburden pressure at the base of
a footing.

Allowable bearing capacity, usually
qult/3.

Ultimate bearing capacity. (Computed
bearing capacity with neo factor of
safety).

Reinforced concrete.

Downward movement of a gtructure dus to
soil consolidation.

allowable- The maximum settlement or maximum

differential settlement that will
not cause structure malfunction.

differential- The difference betwesen the settle-

ment at two points on a struc~
ture.

total- The sum of the immediate and long term

settlements at a given point on a
structure foundation.

uniform— The same total settlement at all points

on a structure foundation.

Shallow Pooting- A footling whose depth below the ground

surface is less than or equal to its
width.

Water table elevation correction factors

for use in the shallow bearing capacity

eguation.

(July, 1987)
4-38


https://maxim.um

Soil Bearing Capacity and Settlement

When designing animal waste storage and other conservation structures, a
foundation's bearing capacity must be determined. Standard structure
drawings will often call for a minimum soil bearing capacity, such as,
2,000 pounds per square foot. However, referring to a soil bearing
capacity is a gross oversimplification. Structures must be designed so
the loadings will not cause the soil beneath the footing to fail by
shear, and settlements will not distress the structure. Foundation

design is more often controlled by settlement than by soil shear strength.
Bearing capacity is determined by three soil factors;

Shear strength

Compressibility

Water table elevation
And three structure characteristics;

Foundation size and shape

Foundation depth

The structures’ ability to settle without distress
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Bearing Capacity Equation

Bearing capacity equacions have been developed for both sand and clay
"soils based on theoretical analyses and model tests. The equation
described below applies to shallow footinge. Foundations for structures
ugsed 1o resource management systems will usually fit the defimition for
shaliow footings. A shallow footing's depth below the ground surface is
equal to or less than the footing's width. Footings that do not meet
this criteria because their depth is greater than their wideh may still
be conservatively designed by assuming the footing depth equal te the

width.

For Class V or smaller structures the shallow bsaring capascity eguation
is recommended when sizing footings for failure against shear. The
equation {s given below and in the sppendix, Part A. Part & includes a

sketch and definitions of the terms.
qult = (g o ¢ s Ne) + (g o Hg) + (ke Y B NY)

qult = Ulcimste Bearing Capacity. (The maximum unit loading a sell can

support without felliang in shsar.)

Ne, Ng, and MY are bearing capacity factors. They are given in Appendix

A, Table 4~38. They depend on the Tcr $ soil strength paramster.

July, 1987
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The first term in the equation is (g « ¢ « Nc). For continuous linear
footings, such as for walls, g = 1.0 and for square and round footings,
such as for columns, g = 1.3. the ¢ is the cohesion (T or c) soils
strength parameter. This term accounts for the cohesive strength of the

soil.

The second term is (q « Nq). q is the load per unit area (1lb per sq. ft)
on a horizontal plane beside the footing at the footing bottom

elevation. This term accounts for the effect of overburden confining the
soil beneath the footing. In some cases this term accounts for a major
portion of the computed ultimate bearing capacity. Even small, 1 to
2-foot, backfill depths can be significant with noncohegsive soils. 1In
the case of eccentric loadings caused by a backfilled wall with an empty
tank or a loaded tank with little backfill, both empty tank and full tank

conditions may need to be checked to find the most critical case.

The third term is (k »Y « B » NY). kis dependent on the footing
shape. ¥ 1is the unit weight of soil below the footing. Use moist soil
weights. B is the footing width. Notice the value of the third term 1is
directly proportional to the footing width. This term raprasents the

frictional shearing strength of the soil beneath the footing.

Footing size for the soil bearing equation is measured on each
structurally independeat unit. The "B" for precast retaining wall units
used as structure walls with a poured concrete floor is the B of esach
unit. Units set in line to form a continuous wall should be treated as 2

continuous footing rather than separate rectangular footings. Howewver,

July, 1987
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when egtimatiog settlement, the total loaded area must be considered

because part of the load from onme unit is spread to the soil beneath

ad jacent units and contributes to their settlement.

If the water table is at a distance of more than "B” below the footing

bottom, then it does not affect besring capacity.

If the water table is

between the bottom and depth B below the footing, the (k » Y e Be NY)

factor must be modified by adding a water table correction factor W'.

The third term is then (ﬁ'u ke Y Bo NY). If the wataer table is

above the bottom of the footing, then the term (g ¢ Ng) must also be

corrected by adding W. The second term (s then (W @« g ¢ Ng) ¥' and W can

be read from figure 4-1S.

WATER TABLE CORRECTION FACTORS

v
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Settlement

Two settlement conditions must be considered. They are uaiform

settlement and differential settlement.

Total settlement is the sum of immediate and long-term settlements at a
given point on the structure foundation. If all points in the foundation
have the same total settlement, the structure settles uniformly. Since

settlement is uniform, uneven stresses are not crested ia the structure.

Mogt structures can withatand fairly large uniform settlement, especially
if the potential settlement ig anticipated and provisions are made for it
in‘design. Uniform settlement can cause problems such as: shearing or

malfunction of loading and unloading conduits and fixtures and disruption

of surface and subsurface drainage.

Even very small differential settlements can cause structural damage such
as cracking of concrete, opening of joints, and bending and dimpling of
steel structures. Part B of the Appendix contains a chart of allowable

settlements for various structure types.

Any loading of the soil causes settlement due to (a) relocation and
consolidation of the soil particles, and (b) movement of water and/or air
from the void spaces. Conversely, any excavation or structurs removal

unloads the underlying soil so that new loads will cause only small

July, 1987
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settlements until the reloading exceeds the pravious load. Scils that
have not been previously loaded greater than at present are called
"normally consolidated.” Soils previously subjected to grearer loadings

than present asre called "overcousolidated” or "preconsolidated”.

Loadas on certain compressible soils can cause significant congolidation
to a depth where the weight of the imposed load is 10% of the emisting
overburden presgure. This can be quite deep. Figure 4-2S page 4~46
gives an exanplp~of the computation of this depth. Settlemsnts will be
large Iln soft fine gralmed soils and io low density sands. BRock, dense
tills, gravels, and highly overconsoclidated fine grained soils will have

few or no settlement problems.

Extensive geologic investigation, sampling, aod testing are required to
reliably estimate settlement. However, depending on the soll and the
characteristics of the structure, settlement nay be reasonably estimated
using the methods snd guidelines described in the Appendix. These
methods should not ba spplied to high hazard structures or where seil
characteristics outlined {e the Appendix can not be ressonably
estimated. HRatiomale for deteraining the significance of the ssttlemant

and estimated values should be documented In the design fille.

Differsancial secttlements occur when foundation moils are oot umiform
and/or when loadings are nosuniform and under large flexible foumdstions
and floors on compressible foundations. Relatively small differentisl

settlements (1 to 2 lonches) will cguss distress ilo many structures

July, 1987
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especially concrete structures. When total settlement i{s large, a high
potential for large differential settlement usually exists. It is
igportant to select uniform foundation soil conditions and to keep
ioading uniform. For example, it would be poor practice to place a
structure partially on rock and partially on a compressible soil. Also,
a foundation should not be constructed partially on a dense till and
partially on a compressible alluvium. Where compressible soils occur in
a foundation, an investigation must be adequate to assure the
compressible materifal is of uniform depth. In some situations sampling
and testing may be required. Examples of loadings and resultant

settlements are given in the Appendix.

July, 1987
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Depth ¢of Significant Consolidation

A 80 ft by 96 ft rectangular animal waste storage tank sets on
the ground surface. When loaded, it exerts 1400 pounds per
sguare fogot (psf) on the foundation soil. The foundation soil
weighs 125 pcf. It is deep to the water table. Assume the
load spreads at a slope of 1/2:1. At what depth is the locad

imposed by the lcaded tank less than 10% of the existing oVer-
burden pressure?

e T Compute the total Wt of
the rank ond Confents.
W= Areae WH/ umt ared

= (60-9¢")= 1400 pc
Wiz 8,064,000 /b
Compare fhe imposed lood

¢+

and existing over burdesn
pressure at depth ‘d’
try o= #5FY
i Compute Imposed [oad
= AC7= W/ area

1400 ps+ A0 = 8 064,000/ (60+d)=(Frd )
h RER AG = S45psE

' ver burd
// O = 125 pef \V/ » Compute over u:.:“
pressure gt d

73 - az, 0o < /285 pes e &5
e o5 = easest.
’ o+ depth d" ! Com pare Ae=wiitvh 08
(ac—/a5 ) 100 =(sus/5625) /0O
(a0755)- 100 9.7% < /0%
At- 45t depth the imposed [oad
becowes fass than [0l of the over burden

Figure 4-2S
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PART A

THE SHALLOW BEARING CAPACITY EQUATION

Df<B

qult = (geCeNg )+ (WoqeNg)+(W's ke Vo BN,)

'qult = Ultimate Scil Bsaring Capacity

ga = gult/3 = Allowable Bearing Capacity

€ or ¢ = Soil Cochesion Parameter

$ or ¢ = Soil Friction Parameter

g & k Footing Shape Factors
Continous Footing g = 1.0, k = 0.5
Square Footing g = 1.3, k= 0.4
Round Footing g = 1.3, k= 0.3

Df= pDepth of Footing

Y= 3So0il Unit Weight

q = Df«¥ , Effective Vertical Soil Pressure

B = Pooting Width
Ne, Ng, Ny = Bearing Capicity Factors

W, W' = Watertable Correction Pactors

July 1987
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BEARING CAPACITY FACTCT:

¢ Nec Ng Ny
o | 5.7 1.0 0.0
S 6.7 1.4 0.2
10| 8.0 | 1.9 0.5
15] 9.7 | 2.7 0.9
20111.8| 3.9 1.7
25114.8| 5.6 3.2
30122.6{11.1 8.5
35/48.0]132.8| 35.2
40]195.7181.3|100.4

Figure 4-3S

This chart lists local shear factors for ¢ < 28", general shear
factors for ¢ > 38°, and interpolates between local and general
factors between ¢ = 28°& ¢ = 38°

July 1e87
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PART B

MAXIMUM ALLOWABLE SETTLEMENT
for
STRUCTURES USED IN RESOURCE MANAGEMENT SYSTEMS
{ Maximum Settlement In Inches ) 1/

STRUCTURE WIDTH OR DIAMETER FEET

TYPE 20 40 60 80 100
1 0.5 1.0 1.5 2.0 2.5
2 0.7 1.5 2.0 3.0 3.5
3 1.2 2.5 3.8 5.0 6.0
4 2.5 5.0 7.0 10.0 12.0

1 (a) Masonry walls.
(b} R/C walls, no cracking permitted.

2 (a} R/C walls, minor cracking may occur.
(b) Precast R/C units that must remain watertight.
(c) Steel tanks.

3 (a) Simple wood or steel framed structure.
(b) Precast R/C units, leakage permitted.

4 Impervicus earth lined structures.

Estimated allowable settlements are taken from cbservations
and studies on buildings and structures. The maximum allow-
able settlements in the table are based on the assumption
differential settlements may equal total settlement and
occur at opposite sides of the structure. This assumption
may not be conservative in that maximum and minimum settle-
ment may be at intermediate points. If the foundation is
uniform then differential settlements will be less than
total settlement and the allowable settlement may be
increased.

* Appurtenances ( pipes, ramps, etc ) must be articulated
at their contact with the structure to allow sattlement
without damage.
July 1987
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‘Partc
ESTIMATING SHEAR STRENGTHS

The following guide may bz us:d to zstimat: shzar strzngth
when test data are not available

Strength of Sands and Saras with Gravel Based on Estimated
Density

c=0
Soil N %
Density Blows/ft Deg
Very Loose 2 27
Loose 7 30
Medium 20 35
Dense 40 37
Very Dense >50 40

Strength of Silts and Sandy Silts with Little or No Plasticity

c=0 -
Soil
Density Deg
Loose 27
Dense 30

Strength of Clays and Silty Clays Based On Consistency

phi = 0

Soil Cohestion Blowcount

consistency pst N

Very soft * <2 Thumb will
penetrate >1"

Soft 250 2-4 Thumb will
penetrate about 1"

Firm 500 4-15 Thumb will
penetrate about 1/4 "

Hard 2000 15-30 Readly indented
with thumbnail

Very hard 4000 >30 Thumbnail will

not indent
* Requires special evaluation of shear strength

July 1987
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PART D
SETTLEMENT ON SAND
Settlement of structures on sand may be estimated from the
results of standand penetration tests with the equation
2
ga= 720¢ (N=3)e ((B+1)/2B) s W'e Kd

ga= Net increase in soil pressure in psf producing 1 inch of
settlement.

N= Blow count from the standard penetration test.

B= Width of footing.

W'= Water reduction factor as defined in Part A.

Kd= 1+DEf/B But no greater than 2.

Df= Footing depth below ground surface.

When B becomes very large then ((B+1) /28)2 approaches 0.25

When the footing depth (D) is very shallow in relation to
the footing width, then Kd approaches 1.

When d4/B » 1, W' = ]

Assuming a load on the foundation soll that is wide and at a
shallow depth such as a manure tank set at the soil surface
and a deep water table we can compute soil loadings that
will produce 1 inch of settlement.

Sand N Load
Density Blows/ft . psf
Very Locsa 2 i/
loose 7 700
Medium 20 3000
Dense 40 8000
Very Dense 50 8600
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Total settlement for any foundation load can be estimated by
relating it to the load producing 1 inch of settlement. For
example, on a sand of medium density, a 2000 1b load will
produce 2/3 the settlement of a 3000 1b load or 2/3 of an
inch. If the footing is large and flexible, the loading of
the soil under the edge will be about 1/2 the loading under
the center and settlements will be about 1/2 as much. On a
large structure, a 5 inch thick reinforced concrete floor
will act like a flexible floor.

To compute sattlement for any load:;

Settlement (in) = (actual load psf)/(locad producing 1 in of
settlement)

July 1987 4-53



PART E
SETTLEMENT ON CLAY

The settlement of a structure on a clay soil foundation is
estimated using consolidation theory. The void ratioc and
compression index (Cc) for the soil is needed in order to
make the settlement computations.

I£ the soil has been loaded in the past with a greater
load than it now has, it is said to be preconsolidated,
overconsolidated or preloaded. Compacted £ill has been
preloaded by the compaction eguipment. In the case of
preconsclidated soil the, recompression index (Cr) is used
in place of Cc in the computations. Cc and Cr are deter-
mined by consoclidation testing of undisturbed samples from
the foundation. Cc can be estimated from the liquid limit
with the formula:

Cec= 0,008¢ (LL~10)

Or from the ligquid limit and the void ratic with the
formula

)
Ce= (O.OOBS*LL*(sowO.ﬁ))AL
Cr is usually 15 to 25% 0f Cc.

Void ratioc can be computed from the dry density and spe-
cific gravity of the soil with the formula:;

e= (GsedWw/rd)-1
a= void ratio
Yd= dry density of the scil in pecf

Gs= the specific gravity of the seoil grains
Usually between 2.65 and 2.75

Ygu 62.4 pef

The formula for settlement is:

S= ((CceH)/(1+e0)) ¢ 10gl0 ((potdp)/PO)

July 1987



S=

Cc=

po=

eo=

ap=

log10=

total settlement
compression index

depth of compressible strata.
Thick strata should be

divided into 4 to 10 foot thick
increments.

The existing vertical soil pressure
at the center of the stratd or incre-
ment.

The void ratio of the compressable
strata before loading.

The added load at the center of the strata
or increment.

The logarithm of this number to the
base 10.

July 1987



PART ¥

EXAMPLE

An animal waste storage structure with inside dimensions of
68 ft by 104 £t by 12 ft is to be constructed of precast
R/C units. The units are 7 ft wide, 12 ft long and produce
a l2 ft high wall. They weigh 2800 lb per ft of length. A §
in thick R/C floor will be cast and all the joints will be
sealed to produce a water tight structure. The units will
be placed on a smoothed ground surface and backfilled on
the outside to a depth of 2 ft. The foundation consists of
40 ft of firm silty clay with a2 liquid limit of 40. The dry
unit weight is 90 pcf and the wet unit weight is 118 pcf.
The unit weight of the animal wvaste is 685 pcf. The water
table is 10 £t below the ground surface.

Assess the adequacy of the foundation soil te suppecrt this
structure when it is full.
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-

Quit = (gee- M) (W Z ”Zr)~t(.w TKE Ym-,B /754)
FPOM Paf‘f C, .' ,

Silty. Clﬂg'ﬂrmwém : : 2900
Frow Part A, Tokle [, @ #Z0_3wes |
We=ET M= L0 Ners 0.0 T
g= (2%) (118FcF) T

=236 Psf

Effective Vertical Pmssura.
Assume the precast uwts ._-.a.c.f__..l;&s;wa.
Contenous faa‘f'mgw,;hl'ifk; 8= 7”’ L
9:/0 ,Kzo.8 Yim= /"la’pcifi' .
From A?e 4*4-2 d~fo culm./v s 3;«::(# ﬂae 8=7’
Therefore W'z/0

...,«f.. ..__.-Au..a

Putp = (1.0°500:8,7)t(/s 16236°1.0) £(] 'D.i_lla.z? 0.0)

2850+236f0 =3086ipsF .

fa Y"“*/3 (a/fowaéle Aeamnj capacn‘y)

fa = uQ——-J-—-JﬁzB PS‘+ A
10287 880"”‘ . i”"“’“’f__,__,u
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TABLE | Critents for Describiag Aaguianty of Coarse-

G Parts
Oescnpuon Cntena
angular Parucles have sharp edges and relatively
plane sdes w1th unpolished surfaces
Subangutar Parucies are simuiar 0 angular descnpucn
put have rounded ~dges
Subrounded Particles have neari» plane ndes but have
weil.-rounded comers and odges
Rounded Parucies have smoothlv curved sides and no
euiges
TABLE 1 Crireria {or Describing Particle Shape

The partcie shape shall be descnbed as follows where length.
width, and thickness refer 1@ the grestest, intermediate, and least
dimensions of 3 parucie. respecuvely

Flat Parucies with width/thickness > 3
iongated Particies with iength/width > 3

Particles meet eritena for both flat and
efongated

Flat and elon-
gated

TABLE 3 Criterin for Descritimg Moistare Coodition

Descnipuion Criera
Dry Apsence of motswure, dusty. dry 10 the touch
Mot Damp but no visible water
Wet Visible free water. usuaily sodl 13 below water

tabie

TABLE 4 Criteria for Describiag the Rescticn With HQ

Description Critena
None No visible reaction
Weak Some reacuon, with bubbles forming slowly
Sirong Violent reacuon. with bubbles forming imme-

drately

TABLE § (riteria for Describimg Coesistency

oWt o te. Porwtretion

lesiregnion irotervs for fimp-gratnse rorgs et o Tewt (ASTR J-1386)
Satwrated 3oiiy wd Sious/tt
ey $o¥T TR will penmtrate sail « 3.18 «2
sors thom 1 ek
3ot ™D v il perwtrete 308t %10 - 0.3 24
sboat 1o
oo Thumty wrtll et sadl 5.23 - 1.0 YRR
\ ach
“urg Tl el oot cngmve sws i T 1.8 (LI ]
T rowdtly | nletad we e
Thumgre 1
Hery serg TRed L will ot eement s®ti > .08 * 30
TABLE 6 Criteria for Describing Comentation
Descnption Critena
Weak Crumbles or breaks with handling or hitie fin-
ger pressure
Moderate Crumbles or breaks wiwh coasderable finger
pressyre
Strong Wil not crumbie or break with fager pressure

me Designation: D 2488 - 84

TABLE 7 (ntena for Descnbing Structwre
Drescmprion Crena

Stratilted Alternaung lasers of .arving maenal ot
color with lavers ai least 6 mm thick aote
rhickness

Laminated Alternaning lavers of samving mateny o
colorwith the favers ess than & mm (Mica
note thckness

Fragured Breaks aiong Jetimte planes ot fracture witn
ltitie ressance (O ractunng

SUChensided Fracture plames 2opear polished ue giosse

wrmetimes sinated

Coanesive sl thas can be broken down (o
SMall anguiar fumps wHIUR eSSt tuntner
nre3kduwn

Inciumon of smali pockets of different 2y
such as small ienses of sand waterss
through 2 mass of clav. note thickness

Same coior and appearance Nroughou!l

ton s

Lenwd

Homogeneous

TABLE 8 Criteriz for Descridbing Dry Streagth
Descrption

None

Cntena

The dry specimen crumbies into powder with
mere pressure of handhng

The dry specimen crumbies in1o powder with
some finger pressure

The dry specrmen breaks nto pioces or cTum-
bles with considerable finger pressure

The dry specimen cannot be broken with finger
pressure. Specimen wall break into peces
between thumb and a hard surface

The drv speaimen cannol be broken tetween
the thumb and a hard surface

Lavw
Medium

High

Yery tigh

TABLE 9 Criterin for Describeng Dilntsncy
Description

None
Slow

Criena

N visible change in the specimen

Water appears slowly on the surface of the
specimen dunng shaking and does nat digy
appear or disappears siowly upOn WQueeTIng

Water appears quickiy on the surface of the
specimen dunng shaking and disappears
quickly upon squeezing

Rapwd

TABLE 10 Criteria for Describiag Toughacss
Cniena

Only shght pressure 15 required 10 roll e
thread mear the plastc kot The thread and
the tump are weak and soft

Medium pressure 15 required 10 roll the thread
1o near the plastic hirmt The thread and the
lump have medium suffness

Considerable pressure o required to roll the
thread 10 near the plashe imt. The thread
and the lump have very migh sulffness

Descnipuen

Low

Medium

High

TABLE 1t
Descniption
Nonplastc

Criteria for Describing Plasticity

Cmena

A eint. {J-mm) thread cannot be rodled at any
water content

The thread can barely be rolled and the iump
cannot be formed when dner than the plasuc
fimst

The thread 1 casy to roll and not much time
15 required 10 reach the plasuc hmit The
ihread cannot be rerolled afler reachung the
plasue hmit. The lump crumbles when dner
than the plasuc hmit

11 takes considerabie ime roliing 208 kneading
1o reach the plastic mit. The thread can be
rerotled several tmes after reaching the plas-
ue it The lump can be formed without
crumbling when gner than the plastic bmit

Low

Medium

High
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. pr . . ASTH B

Y. lypicel Meme: Souldars Cotidl es Gruvel Sarct

Add dascriptive sdjectivee for minoe comatituents.
2. gradation: wetl-graced Foor ly-graded (Uniformly graciod or gep- graded)
3. §i i ign: Percent grevel, serd, arvd fires in fraction finer than

3-inch (76 em), to rearest § purcent. [f desired, the percentages mey be
stated in terma indicating & renge of values, a8 folliows:
Trece: <53
Few: 5-10%
Little: 15 - 25 % ---»  Or, 0.9., with grevel
Same: 30 -45% ---> Or, e.q., graveily
Mogtly: 50 - 100 X
Percent Cobbles snd Boulders: By volume.

5.
5. Particle Size Ranae: Gravel -- fine, coarse
Sared -+ fine, medium, coarse

6. Anguigrity of Cosrge Materipl: Anguiar Suberguisr  Subrounded  Rounded

7. Pargicle Shepe Cif seocooriste): Fiat Elongated Flat erd Elongated

8. pPissticity of Fineg: Norplastic Low Nedtium High

9. Minerglogy: fock typw for gravel, predomirent minersis in sand. Ndote presence
of mica flakes, shaley particies, snd organic saterieis.

10. geoler: Use common terms or Muwail notation., Besed on moist or wet cordition.

1. Odoe (for dark-colored or wwmual Boils oniy):  None  Earthy  Organic

12. Holggure Content: ory Naist et

--for intect semples--
13, dagural Density: Looss Derme
. Structurg: Stratified Lensad Monatratified
15, Comgmtation: weak Hoterate Strong
16: Rgpction (giiyte ¥CU): Strong  (or p)
17, Geeleoais Origin: Exemples - Allwiue, Resicam, Coliuviue, Glsciel titl, Cue-

wash, Oune sard, Aliuviasl fon, Talum, etc.

+ fstimste. (See fisld Idemtification of

§
i

18, ifi i
Conrsa-grained Sofls bmiow.)

Hote: Refer to VTables 1-11 for criteris for describing meny of the sbove factors.

EIELD IOEMTIFICATICN - COARSE-GRAINED SOILE
COARSE PARTICLE GRADE 312E3
Grade Nem ficade $ize fleve ¥o, Somparative 3izg
Boulders 129 + - Baskatdall or larger
Large Cobbles & - 120 - Cantaloupe to Deskaetdell
Smatl Cobbles L LR - Orange to Cantaloupe
(Exciugy froction larger than 3* for Unified Classification)
Coarse Grevel 3/74% - 3¢ - Cherry o Orange
Fime Gruvel 1748 - Jrkm & - 3/40 Pee to Cherry
Coarse Sand 2.0 - 4,746 == 10 - 4 wheat Grain to Pes
Medium Send - 0,42 - 2.0 = 40 - 10 Suger to Wheet Grain
Fine Sand 0.074 - 0.42 = 200 - 40 Flour to Sugaer
. Wide range in grain sizes erxd
54| e owvas substantiel mmuts of all Y
e intermpdiate sizes.
S | will not Lesve
"-2 e dire atain Mostiy one size or & renge of
GRAVEL £ | on e wk pailm, siles with same interwadiete G
i aizes miseing.
no 8
- & Low to norplastic fimea (for
GRAVELLY O~ identitication of ¢inse soe o
2] BIRTY GRavELS field tdentification of Fine
sons? 2. grained Soils for M sofls).
g_i. Witt leave ¢ Pisseic fimes (for identifica-
o3| dirt stainon tion of fines see Fleld lden- GO
COARSE ~ ;3 o weot pala. tificgtion of fima-grained
- Sails for CL soils).
GRA [HED
: Vide rengs in groin olzes ang
sons’ §f | cieas sams subatentiai smmnts of il ™
- interomiate porticie nizes.
[ Rl witl not {eave
:2 o dirt stain Rostiy one size or 2 range of
AN o o wat pelm, sizen with soma intermadiate -4
i 5 sizen wisning.
A -
1 Low to nonplastic fines (for
DY k3 I identitication of firee soe L]
o DIRTY SAMDS Flald dentification of Fine-
sons? 37 grained soils for m sofls).
-
58| vill teewe o Plastic finea (for idemiti-
-9 dire stain on cation of fires oee fleld ldem
'3, 8 wot polm. titication of Fire-grained $C
i3 sofls for CL soils).
'/ To cleasify as Cosrse-grained, more then hett of the amterial (by woight) sust
coraist of individusl groine visidle to the neked eye. Individual graine tinee
2 then no. 200 sieve Carmwot bo seen with the noked eye nor felt By the fingere.
7 For visual clessificetion, A-inch size may be used 0o equivalent to no. ¢ sieve,
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GROUP SYMBOL GROUP NAME

< 5% dines < i Wath g aded GW

‘‘‘‘‘ C— < 15% sand wegee Woll graded gravel
T V5% gand i Woll graded gravel with sand
\ <
.
\Pooriy graded rGP - & < 15% sand g~ Poorly graded graval
T > §5%, sand oot Pootly graded gravel wath sand
5 Well graded e — - fines= ML or Mg e GW'GM o < 15% sand Well graded gravel with uly
GRAVEL T e T 5 15% sand ~-e o~ Well graded grave! with pilt and sand
% graval > Lo 10% Fineg Q o finegnCL or O~ < 15% sand ~pe Well-graded gravel with clay
9%, saruct ‘\\N e > 15% sand g Welh graded gravel with clay and rand
B Pootly grated i fingge Mt ot MH - o <15% sand e Poorly graded gravel with sift
— . T 2 15% sand ————n Poorly greded gravel with siit snd 1and
TR fines=CL o CH GP‘GC - —g» Poorly graded gravel with clay
T 338% sand ————- Poorly graded gravel with clay and sang
- e finagaML 0 MH GM > <15% wnd o Sitty gravel
1 2 V5% fingy mememzlITTTTT o 215% sand o Silty gravel with sand
% TT—— s e CL 0t CH GC . < g Clayey gravel
T 215% a4 -~ Clayey grave! with sand
NM,‘,V.VW.NQ'MM . CIS% gravet i Weall-graded sand
<B% tines =l Tt 2 16% gravel o Waell graded 1and with gravet
-t Poorly groded SP i C15% graval —esm Pootly graded sand
T 5 18% gravel ——— Poorly graded sand with gravet
i W finey =ML or MM -8 < 15% gravel g0 Waell graded sand with pit
o Wellgraded I B 5 16% graval ———s Woll-graded sand with 115t and gravel
SAND L g g e CLoor CH - B < 15% grovel - o Woll graded sand with cliay
% sand > Emte 10% finas < B 2 15% gravet - o Well graded sand with clay and gravel
% graval T e figs = ML 07 M - <15% gravel ~———u~ Poorly graded sand with sitt
T Poorty gradad =T T 2 15% gravel w Poorly graded send with silt and gravel
T fines=CL or CH & SP“SC ey <15% graval - Poorly graded sand with clay
T 25 15% gravel e Poarly graded send with clay and grovel
———_ ST L R NG ] »SM —— —gw < V5% graval - Siity sand

2 15% fings —ewssmTlll

S e 2 15% grave! - 2 Sitty sand with gravel
et finar o O ot GH SC s < 19% grave! - —g Clayey sand
T 1B, grave! ~am Ulayay saod wath grave!
Nuts — Peecentages are based on cspmating smounts of Hres sand, and gravel 1o the nearesy §9%

FIG 2 tlow Chart for Tdentifying Coarse-Gruined Sotis (less than 50 % fines)



CHECKLIST - DESCRIPTION OF FINE-GRAINED SO - ASTM D-

1. lypical Neme: silt Elastic Silt Lean Clay Fat Clay
sitty Clay Organic Silt or Clay Peat
2. Dry Strength: None Low Medium High Very High
. Sige Distribution: Percent gravel, sand, and fines in fraction finer than
3 inches (76 mm), to nesrest 5 percent. If desired, the percentages
may be stated in terms indicating & range of values, as follows:

Trace: <5%

Few: 5-10%

Little: 15 - 25 % ---> Or, e.g., with sand
Some: 30-45% ---> Or, e.g., sandy

Mostly: 50 - 100 X
4. Percent Cobbles and Boulders: 8y volume.
5. QRilatancy: ¥one Slow Repid
6. Toughness of Plastic Thread: Low Medium High

7. Plagticity of Fines: Morplastic Low Hedium High
8. Color: Use common terms or Munsell notation. (In moist or wet condition)

9. Odor (for dark-colored or wnususl soilg only): Wone  Earthy  Organic
10. Hoi on : Dry Hoist Wet
--For intact samples--
11. Congistency: Very Soft Soft Firm Hard Very Hard
12. Structure: Stratified Laminated (varved) Fissured Slickensided
8locky Lensed Homogeneous
13. Cementation: Weak Hoderate Strong

14, Reaction (dilute HCL): Hone Week Strong (or pH)
15. Geologic Origin: Examples - Alluvium, Resicuum, Coliuvium, Loess, Glacial
Till, Lacustrine, etc.

16. Unified Soil Classification Symbol: Estimete. (See Field ldentification of

Consistency of Fine-grained Soils below, and Teble 12: Ildentification
of imorganic Fine-grained Soils from Memusl Tests.)

Hote: Refer to Tables 1-11 for criteria for describing meny of the sbove factors.

E DENTIFICATION - FINE-GRAIN 18

Dry Strength Dilatancy Toughness Plasticity Symbol
Homne to Low Slow to Repid Low or ¥o Thread Nonplastic to Low ML
Hedium to High Slow Hedium Low to Medium cL
Low to Medium Hone to Slow Low (Spongy) None to Low oL

Medium Hone to Slow Low to Madius Low to Medium HH

Very High None Nigh Medium to Migh CH
Hediua to Nigh Hone Low to Med. (Spongy) Hedium to High OH
HIGHLY ORGAMIC SCILS Primerily organic metter, dark in color, spongy PT

feel, organic odor, end often fibrous texture.

1/ To classify as Fine-grained, more than half of the meteriel (by weight)
mmt consist of fines (material finer than the no. 200 sieve).
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GROUP_SYMBO

L GROUP NAME

g <30% plus Mo w . 15% plus No 200 o * Lean clay

g % yand > % gravel - ~# Lean clay with sand

o T 15.25% plus No, 200
CL <:; T % sand <% gravel - ® Lean clay with gravel
T e % sand % OF gravel e < V5% gravel — & Sandy lean clay
B 230% pius No. o s 18% gravel - 8 Sandy lean clay with gravel
TR % sand % graved s ~ g < 15% sand ~® Gravelly lean clay
e 22 15% sand “# Gravelly lean clay with sand
e <30% plus No. 200~z < 15% plus No. 200 St
s “Ee 15.25% plus No. 200 e ~8- % sand >% gravel — - Sait with sand
ML “?»\/ i % sand <% gravel ————t §iit with gravei
‘\‘\ ety %o sa0d 2% of gravel ~co— e <15% gravel — -9 Sandy ult
>30% ples No. 200 Q:“ e e 15% gravel — - Sandy st with gravel
T 8 sand <% BYBYBH iz <15% sand -~ Gravally silt
T 2 15% sand oo g Gravally silt with sand
o <30% plus No. 200 <= = <15% plus No. 200 # Fat clay

TR 15.25% plus No. 200 -
MH <_

T 15.25% plus No. 200wzt % 1and 2% gravel -
T % sand <% gravel
o < 15% gravel

8 Fat clay with sand
¥ Fat clay with gravel
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