
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 COJmllercial 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. 

July, 1917 

4-35 



soil Bearing Capacity and Settlement .......•••.....•....... 4-39 

Bearing Capacity Equation ..... , .••...•.....•............... 4-40 

A Shallow Bearing Capacity Equation .•.•...••.•...•.... 4-48 
B Maximum Allowable Settlement ......••••.............. 4-50 
C Estim~ted Shear Strengths .•........•.•..•...•••....• 4-51 
D Settlement on Sand•••..•..•...•..••••••.••••..••.•.. 4-52 
E Settlement on Clay .................................. 4-54 
F Exam.pl e •• * •••••••••••••• ., • • • • " •••••••••• - • "' ••••••••• 4-5 6 

Figures 

4-lS Water Table Correction Factors .........•......... 4-42 
4-2S Depth of Significant Consolidation ............... 4-46 
4-3S Bearing Capacity Factors..........•.••..•... ..... 4-49 

July 1987 



C 

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 

e 

g 

Gs 

Y,gma 

k 

N 

Nc,Nq,K"(" 

po 

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 .aw. 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, pct. 

Footing shape factor for the shallow 
bearing capacity equation. 

Blow count. The nwaber of blows with a 
140 lb hUllller dropped 30 in required 
to drive a standard sampler l ft. 

Bearing capacity factors froa figure 
4-3S. 

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

The increase in load on a soil at the 
center of a strata or incr-.nt. 
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R/C 

4>, phi Total angle of internal friction of a 
soil. 

4,),bar phi Effective angle of internal friction of 
soil (Sometime• written;') • 

q The overburden pressure at the base of 
a footing. 

qa Allowable bearing capacity, usually 
qult/3. 

qult Ultimate bearing capacity. (Coaputed 
bearing capacity with no factor ot 
safety). 

Reinforced concrete. 

Settlement, s Downward movement ot a 1tD1ctu~• due to 
soil consolidation. 

Settlement, allowable- The maxim.um settlement or maximum 
differential settlement that will 
not cause structure malfunction. 

Settlement, differential- The difference between tbe settle
JHnt at two point.a on a struc
ture. 

Settlement, total- The SWI of th• imaadiat• and long term 
••ttle:11Nmta at a giv~ point on a 
atructur• foundation. 

settleaent, unitora- The SUMI total aettltment at all points 
on a structure foundation. 

Shallow Footing- A tooting whose depth below th• ground 
surface is 111111111 than or equal t.o i ta 
width. 

W, W' waur table elevation correction factors 
for use in tl'ua shallow ~uing capacity 
equation. 
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Soil Bearing Capacity and Settlement 

When designing animal wa1te storage and other coneervation structures, 

foundation's bearin6 capacity IIUlt be detet"lllined. Standard structure 

drawings will often call for a minimum soil bearing capacity, such as, 

2,000 pounds per square foot. However, referring to a 1011 bearing 

capacity ts a gross over1iaplification. Structure ■ must be designed so 

the loadings will not cause the 1011 beneath the footing to fail by 

shear, and settlll!'llents vill not diatres1 the 1truc:ture. Foundation 

design is more often controlled by eettle■ent than by aoil shear strength. 

Bearing capacity is dete!"lllin~ by three 1011 factors; 

Shear strength 

Compressibility 

Water table elevation 

And three structure characteriatica; 

Foundation size and ahape 

Foundation depth 

The atructurea' ability to Nttle vitbouc diatreaa 
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Bearing Capacity Equation 

Searing capacity equations have been developed for both und and clay 

soils based on theoretical analyses and ~odel tests, the equation 

described below applies to shallow footings. Foundations for structures 

uaed in resourc• unage!IMl!lnt systas will uaually fit the definition for 

shallow footilll•• A 1h&llov foot1q's depth 'below the ground Burface 1• 

equal to or l•s• than the footing's width. Footinas that do not •••t 
this criteria 'becGae their depth is greater than tbelr width UJ still 

be conservatiwly designed by a1aU111ing the footing depth equal to the 

width. 

For Class V or smaller structure• the &hallow bearin5 capacity equ.ation 

is recommend•d ~hen 1izing footing• for failure against shear. Tba 

equation is given belo~ and in the appendix, Part A, Part A include• a 

sketch and definitions of the te?'!llls. 

qult • Ultiut~ Bearing Capacity. (The uxillWIII unit load101 .t. 1oil can 

•upport without failing in •l:'llilar.) 

Ne. Nq, and 'tit' are beadn, capacity facton. They •r• atvcni 1a Appendu 

A• Table 4-JS. They depesad oa tb@ l or f soil 111tnusgtb par,1W11tH'. 
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The fint tera in the equation is (g • C • Ne). For continuous linear 

footings, such as for walls, g • 1.0 and for square and round footings, 

such as for colU11ns, g • 1.3. the c is the cohesion (c or c) soils 

strength parameter. This term accounts for the cohesive 1trength of the 

soil. 

The second term is (q • Nq). q is the load per unit area (lb per aq. ft) 

on a horizontal plane beside the footing at the footing bottoaa 

elevation. Thia term accounts for the effect of overburden confining the 

soil beneath the footing. In some cases this ters account• for a major 

portion of the coaaputed ultimate bearina capacity. Even 1111811. 1 to 

2-foot, back.fill depths can be significant with noncohesive soils. In 

the case of eccentric loadings caused by a backfilled wall with an empty 

tank or a loaded tank with little back.fill, both empty tank and full tank 

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

The third tera is (k • Y • B • NY). Ir. is dependent on the footing 

sluape. 'I' ta the unit weight of soil !!.!2! the footing. Use moht soil 

weights. Bis the footing width. Notice the value of the third tena is 

directly proportional to the footing width. Thia tera represents the 

frictional ■ hearing atreaath of the soil beneath the footing. 

Footing 1ize for the 1011 bearina equation is Matured on each 

structurally independent unit. The ·a· for preca1t retainiaa vall um.ta 

uNd as structure valla with a poured concrete floor 11 the I of each 

unit. Un.its Ht in line to fora a eontiauoua wll should be treated as a 

continuous footing rather than aeparate rectaqular footing ■• HOtHtftr, 
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~hen estil&lll.ting settlement, the total loaded area mu•t be con~idered 

because part of the load fr0111 one unit is spread to the 1011 beneath 

adjacent units and contributes to their settlement. 

bottoa, then it does not affect bearing capacity. if the water table is 

betveen the bottom and depth JS below the footing. the (k "' Y • B ., NY) 

factor must be aodified by adding a V,111ter table correction factor W'. 

The third U:nl is then cw'e k • y. I e MY). If the vat,u: table is 

above the botto1111 of the foot:l.ns, then the term ( q e Nq) wst also be 

corrected by adding w. The second tem i.s then (W e q • Nq) W' &nd Wcan 

WATER TABLE CORRECTION FACTORS 

fJ)----.......-..-......-- to 

0.., t--...--1--1""-- o~.....,......ailP"--+--i--+----

0.I 0., 
w' w o,Q.7 

DA
l_ __ _ 0.6 

OJ 04 06 01 l.0 0,,.10 0.1 0.4 O.b 0.& 
d/1 ~ 
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SettleMnt 

Two settleaent conditions must be considered. They are unifonn 

settlement and differential settlement. 

Total aettlaent is the sum of iaediate and long-tem aettlementa at a 

given point on the structure foundation. If all points in the foundation 

have the saM total aettl•ent, the structure settles uniforaly. Since 

settlement is unifona, uneven stresses are not created in the structure. 

Moat atructures can witbataad fairly large unifora settleunt, e1pecially 

if the potential settlement is anticipated and provisions are ude for it 

in design. Unifonn settlement can cause problem• such as: ahear1ng or 

malfunction of loading and unloading conduits and fixtures and disrv.ption 

of surface and subsurface drainage. 

Even very saall differential settlements can cause structural damage such 

aa craclr.ing of concrete, openina of joints, and bending and dimplina of 

steel structures. Part 8 of tbe Appendix contain• a chart of allowable 

settlements for various structure en••· 

Any loading of the soil cau••• Mttleaent due to (a) relocation and 

consolidation of the soil particles, and (b) aoveaent of water and/or air 

from the void spaces. Conversely, any excavation or atructure reaoval 

unloads tbe Wlderlyina 1011 so tbat new loads will cause only ...11 
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settlements until the reloading exceeds the previous load. Soils that 

have not been previously loaded greater than at present are called 

~normally conaolidated,M Soils previously subjected to greater loadings 

than present are called "ov!lllrcom11olidated" or "precon1olidated... 

Loads on certain coapre•aible aoila can cause atguific:..int consolidation 

to a depth ~her• the weight of the impoNd load 11 10% of the existing 

overburden pressure. This can be quits deep. Fisure 4-2S Pa&• 4-46 

gives an Eu1apl~ •Of tM COtil!lpuution of tbh depth. SettlGHnts vill be 

large ln soft fine grained soils and io low density 111,1u:lda. &oek, dens• 

tills. gravels, and highly overconsolidated fil'WII grained soil• will have 

few or no settlemnt problua. 

£xteneiv~ gaolo11c investigation, saplins, aod t•sting are required to 

reliably esc.iute HttleMrU:. However, depending oo the 1011 and thG 

characteristics of the structure, sett11111Mu1t t::l.'IY be r«uu11onably estiwu::ed 

udng the i:::athoda aod gu.idalir:ws de11cribed 1n the Appcu:uU.x. TheH 

methods 1hould not bl appliClki to high 1-1.aurd structures or where •oil 

cb..iracteriatics outliNd ta tbt Appendix can net be reasonably 

estiuted. btioula for detenaini~ tM •!1nificanc1111 of the Httla11111nt 

and Htia.atlllld ¥&lue11 1bould bit dOCUllllll!Dted in the dedgo f.i.11111. 

Differential NttUMftta occur when foundation 1eil111 aro aot wdtona 

and/or: when l~din,a111 ara ®l!Wftifont and ufildu• l11u·1• fluibb fouudat.1otus 

and floors on e01111pr•1aible foundations. Relatively niall diffcnautial 

1ettleMat1 (l to 2 incba~) will e&\18@ di1tre11 1n uny stn.ctur.~ 

July, 1987 



especially concrete structures. When total settlement is large, a high 

potential for large differential settlement usually exists. It is 

important to select uniform fouadation soil conditions and to keep 

loading 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 materral is of uniform depth, In some situations sampling 

and testing may be required. Examples of loadings and resultant 

settle11ents are given in the Appendix. 
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Depth of Significant Consolidation 

A 60 ft by 96 ft rectangular animal waste storage tank sets on 
the ground surface. When loaded, it exerts 1400 pownds per 
square foot (psf) on the foundation soil. The foundation soil 
weighs 125 pct, It is deep to the water table. Assume the 
load spreads at a slope of l/2:l. At what depth is the load 
i~posed by the loaded tank less than 101 ot the existing over
burden pressure? 

r-----------~- Cornp(JtC tJ,e, fofo I w+. of 

Ccmp,d·c ltttposed load 
) I bO t-d ..J ~a-= Wf/ a1-e.a 

ACf"-=Bo64-,ooo/(6o+d)•{9'-fd) 

·Ja-: S4-S- ps f 
Compuk ove,- bu ;-c:Jo1 

p,-e s_s v. t- e o +- 'i:I" 
Oo .: /'J .s-p~.:f- ,; 4-S.;. t 

C1o =- -:t• :ZS-pS f, 
Oll"e'lll. f,,.•J« J 6,y +111,. P. 

Cow,p12~• 4crw1-tbe 6'75ot d•r t1<i ''d .. 
( 4 0-/a;;; )"' I 00 .: (.s-;1..sis, U )- /00 

(AO-/oa)• /Oo::. 9. 7% ( IO°!o 

At 4-S f+ de,p th f-/,, e. I '"P ot.ed load 

Qet;owcs les:s th«n /oio of flu ow:1- but-den 

Figure 4•2S 
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PART A 

THE SHALLOW BEARING CAPACITY EQUATION 

V 

I'll, • 

,. 
·c 
ill,. 

A 
. . '-l . . "' .,. . .. . 6 

D; 

8I~ ~I 
Df<B 

qult • (g•c•Nc:)+(W•q•Nq)+(W'• k 4 r'•B•N.r) 

qult • Ultimate Soil Bearing Capacity 

qa • qult/3 • Allowable Bearing capacity 

c or c = Soil Cohesion Parameter 

, o~ t = Soil Friction Parameter 

g & k Footing Shape Factors 

Continous Footing g • 1.0, k • 0.5 
Square Footing gm l.3, k • 0.4 
Round Footing g • l.J, k • O.J 

Of• Depth of Footing 

'I• Soil Unit Weight 

q • Dt• Y I Ettectiv• Vertical Soil Pressure 

B - Footing Width 

Ne, Nq, N( • Bearing capicity Factors 

w, w• • Watertable correction Factors 
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BEARING CAPACITY FACTO~-~ 

<t> Ne Nq,. Nr 

0 5.7 1 .0 0.0 

5 6.7 1.4 0.2 
10 8.0 1 .9 0.5 

15 9.7 2.7 0.9 

20 , 1.8 .3.9 1. 7 

25 14.8 5.6 .3.2 

.30 22.6 1 1., 8.5 

.35 48.0 .32.8 .35.2 
40 95.7 81 . .3 100.4 

Figure 4-3S 

.,
This chart lists local shear factors for~< 2a , general shear 
factors for~> 38°, and interpolates between local and general 
factors between~= 28°& ♦ • 38~ 
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PART B 

MAXIMUM ALLOWABLE SETTLEMENT 
for 

STRUCTURES USED IN RESOURCE MANAGEMENT SYSTEMS 
( Maximum Settlement In Inches) l/ 

STRUCTURE WIDTH OR DIAMETER FEET 
TYPE 20 40 60 80 100 

l 0.5 l.O 1.5 2.0 2.5 

2 0.7 l.5 2.0 J.O ::L 5 

3 1.2 2.5 3.5 5.0 6 0 

4 2.5 5.0 7.0 lO.O 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 (aJ Simple wood or steel framed structure. 
(b) Precast R/C units, leakage per:mi~ted. 

4 Impervious earth lined structures. 

l/
If the foundation soils are shrum to Q§ uniform through the 
depth of significant 11tt1eunt the a119wable setj:.luen~§
from the chart UY a do@led. * 

Estimated allowable settlements are taken froa observations 
studies on buildings and structures. The aaximua allow

able settlements in the table are based on the assumption
differential settlel!Nnts may equal total settlel!Nnt and 
occur at oppoait• aides of the structure. This asSW11ption 
may not be conservative in that maximua and minilwa nttle
ment may be at. inte:c11uKiiate point.a. If the tm.mdation 
uniform then differential aettleme.nu will be lesa than 
total settlement and the allowable aettlmaent aay
increased. 

* Appurtenances ( pipes, ramps, etc) must be articulated 
at their contact with the atructure to allow settlmaent 
without. damage. 
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Part C

ESTIMATING SHEAR STRENGTHS 

The following guide may be used to estimate shear strength 
when test data are not  available 

Strength of Sands and San�s 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 Cohesion Blowcount 
consistency psf N 

Very soft  * <2 Thumb will 
penetrate >l" 

Soft 250 2-4 Thumb will 
penetrate about l"

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

Hard 2000 15-30 Readly indented 
with thmlbnail 

Very hard 4000 >30 Thumbnail will 
not indent 

* Requires special evaluation of shear strength 

July 1987 
4-51 



PART D 

SETTLEMENT ON SAND 

Settlement of structures on sand may be estimated from the 
results of standand penetration tests with the equation 

qa• Net increase in soil pressure in psf producing l inch of 
sett.lament. 

N• Blow count from the standard penetration test. 

Ba Width of tooting. 

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

Kd• l+Of/B But no greater than 2. 

Of= Footing depth below ground surface. 

When B :becomes very large then ( (B+l) /2B)2 approaches o. 25 

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

When d/B > l, W' • l 

Assuming a load on the toundation soil 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 l inch ot settlement. 

Sand N Load 
Density Blows/ft psf 

Very Loose 2 l/ 

Loose 7 700 

Medium 20 3000 

Dense 40 6000 

Very Den11• 50 8000 

l/ Even very ligbt loads yill produce 1etti1w•nt1 in 
ex2111 of 1 inch. 
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Total settlement for any foundation load can be estimated by 
relating it to the load producing l inch of settlement. For 
example, on a sand of medium density, a 2000 lb load will 
produce 2/3 the settlement of a 3000 lb load or 2/3 of an 
inch. If the footing is large and flexible, the loading of 
the soil under the edge will be a.bout l/2 the loading under 
the center and settlements will be about l/2 as much. on a 
large structure, a 5 inch thick reinforced concrete floor 
will act like a flexible floor. 

To compute settlement for any load; 

settlement (in) • (actual load psf)/(load producing l in of 
settlement) 
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PART E 

SETTLEMENT ON CLA'i 

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

If the soil has been loaded in the past with a greater 
load than it now bas, it is said to be preconsolidated, 
overconsolidated or preloaded. Compacted till has been 
preloaded by the compaction equipment. In the ease ot 
preconsolidated soil the, recompresaion index (Cr) is used 
in place of cc in the computations. cc and er are deter
mined by consolidation testing of undisturbed samples from 
the foundation. Cc can be estimated from the liquid limit 
with the tormula; 

or from the liquid limit and the void ratio with the 
formula 

Cc• (O.OOJ5•LL•(eo-0.4))½. 

er is usually 15 to 25\ ot Cc. 

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

e• (Gs•lw/fd)-1 

e• void ratio 

(d• dry density of the soil in pcf 

Gs• the specific gravity ot the soil grains 
Usually J::l.etween 2. 65 and 2. ?5 

fw- 62.4 pc:f 
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S• total settlement 

cc• compression index 

H• depth of compressible strata. 
Thick strata should be 
divided into 4 to 10 foot thick 
increments. 

po• The existing vertical soil pressure 
at the center of the strat~ or incre
ment. 

eo- The void ratio of the compressable 
strata before loading. 

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

loglO• The logarithm of this number to the 
base 10. 
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PA.RT: 

EX>.MPU: 

An animal waste storage structure with inside dimensions of 
68 ft by 104 ft by l2 ft is to be constructed of preeas~ 
R/C units. The units are 7 ft wide, 12 ft long and produce 
a 12 ft high wall. They weigh 2800 lb per tt of length. A 5 
in thick R/C floor will be cast and all the joints will 
sealed to produce a water tight structure. Th• units will 
ce placed on a smoothed ground surface and backfilled on 
the outside to a depth of 2 ft. The foundation consists of 
40 ft ef firm silty clay with a liquid limit of 40. The dry
unit weight is 90 pef and the wet unit weight is 118 pcf. 

unit weight ot the animal waste is 6! pcf. The water 
table is ft below the ground surtace. 

Assess adequacy of the foundation soil to support this 
structure when it is full. 

.. 
I ~.I ' 

I I -
l l 

l I 
I I 
I I 

I I 

I I 
l I 

I I 

I ;.. _ - - - -- - - - --J. I 
.. - - ______ J 

l: 

~•u• .- ,o'
- - ---· _____ ......sz_... -
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LOG SHEET 

Proiect; Location: Oate: 

Invest Igator: 

Interval 
(feet) 

0 . 

Title; 

SIZE DISTRIBUTION 

Notes: 

Jes.r Hole Mo,: Stat ion: Elevation- hour">. of 



or 

HBLE I Cricenar.o-n-. ~ofC-. 
c.... Putidft 

Dcs::npuon 

Panldes na,e 5/W'p edges and relau,ety 
plane Sides ,o,uh 11npol1slled wrfaca 

Subangul:ar Paruc!rs zn s,m,m :o angular dcscnpuon 
but 11a,e rounded~ 

P.irucl<e:$ have near,, plane 11des bu1 have 
well-rounded ,;omm and edge, 

Rounded P1n,,1c-s nave smoornl~ ~ sides and no 
edges 

The PffilClc Wl)e shall be decnbed U foll~ when lenelh, 
,."ldlh. and lh1ckneu refer to I.he greatC:SI. intermedWc. and las& 
ct,mrnsions of a P&tt1dc. res;,ect>vely 

Flat Parucles w,th Wldth/tludcness > 3 

E!onplcd Pan1ctes w,th lenglh/Wldt.h > 3 

Flat and eion• Parucles meet crnma for both flJ.1 and 
gated tlonp.ted 

r ~BL£ J Criteria fur o-:ribiq Moilmn CONldoll 

Descn1mo11 CntenA 

Dry ~l!smce of m~ dwiy. dry to Ille IOui:b 
',,10U,l Damp bvl no VlSlblc -u:r 
Wet Vi51ble free -- usually IOd IS below walff 

. table 

T \BLE .f Criffrill for ~ 1k ll-=daa Widl HO 

Descnpc,on Cntma 

'<o v111ble re:icuon 
Some =ion. With bubbles fomung slowt, 
V,01en1 re:&C'!lon. ,.,th bu~ fonmn& 1mmc• 

d1ately 

TABLE S Crittria for ~C~ 

IN. ,._lre'C1_..c,,,.,.,..... ,,..,..,...,... -~... r•1 tllf9D•11illl 
letw•t• 1a,1, '-:!.,i"" .......,ft 

r,_. wC\l lllfllltt"Me toti • 0.10 .... V'lfl,,... 
~ .,tl ...-,:f"He IOll o. to • a.a I • •,...,. 
f~+.a- 111U !~Mil O.Z! l.llO "' ~ ,,, -·~ l \~ 

• I 

!l'li\a ., \ \ 1"1Df 3~ ._,,t Lllll • I.Iii! ,, • !Ill 
Ol.tt ~--11, 1~4'111 wtffl 
~,...... ,1 

n·~•\wiill"lllttl~lNfl >2.QIC • JO 

H8L£ 6 Crilwrial«~.... --illh+cc:.,■ ■ 

Descnpuon 

Weak Cnunblcs ct breaks ..,,u, hudlina or bnk fin
aer Pffllllrt: 

l.todcnte Crumbles oc brab with comadcnblc liftlCI' 
l)RSIUn! 

S1rong Will IIOl mimble or break wicll fias,r pnsure 

~t 0Nignation: D2411 • 14 

\ltematin§ ta,m -,i ,ar,,ng rna1mal 

Homoaenco..s 

;:olor "'1fh la,ttS .it l~t b mm thick note 
1h1cknns 

\ltemanng layers oi ,ar,1ng mater.ai or 
,.;..,,1or ,,,.,th 1he- la.,,en. le-\5 th.an 6 mm ~rucl 
nore thickn:e"ll 

Bre:.ks Jlong JctinHe :,taries iJf fracture"' 1tr1 
IHtlc :-rsat.ance rrac1unn1 

Fr:i,·ture p1anr,; .ip~ar ;:,oltshed '" ~Q'I.I> 
\ii."H'!ictir•r,e-s,tnate'O 

C..,H"\e,1;..e :h.1: s.:Jn be i:iroki::n Jo""'n :rn◊ 
,ma!! JnguLH : ump-,; •tH.:11 !"l!"i.isr !t..Ml"h!t 

!"tre.Jkd+..>"'n 
lnch,s,on of small pockets of d11Teren1 ..,,1s 

iuch .u small ienscs or wnd lo:3tter?d 

1nrou&11 a mus -,i .:!a, note tt11c1<nns 
Same color and .tPl)Cannce 1nrour,'lou1 

T~BL£ I Crittri/11 roe Dnmbi1111 Ory Srr-tqtb 

Descnpuon Cmena 

l 

'<one 

Low 

l.lcd1um 

High 

The dry $1)«1men cn.imbles 1n1O powder "-l!h 
mCTe pre.sure of handhng 

The dr, ll)eC!men CT\lmbln 1n10 powder ,..,tn, 
some fi ll&e1' pres.s11 re 

The dry s;:,ec,men tin:ak$ into p,ec:,:,s 01 ,-rum, 
bles w,th considerable !inacr Pre1.SUre 

Thr dr1,- specimen cannot be broken 11111h fi111tt 
pr=sure. Si:,eamen wtU break onto pi«es 
betwee1I thumb and a hard surface 

VCf'!I l'ngl\ The dr,, ~men cannot be broken bcr,,,een 
1hr dtumb and a hard surface 

TABI.E 9 Critfflll f0t °'"4:nbi"C DilaWJCr 

Cntena 

'-one "o , ,s1ble change ,n the !l)«tmen 
Slow Water appean slowlv on ,ne surface ,ii 1~e 

spl!'C'lmen dunng shalung and dOC"! n,11 d1s
aP'P¢at er d1~ sJowh uP<,>n liQueez,ng 

Wau:r appean qu,cltl'!f on the surface of :lie 
spcamen dunna sl!U.tng .ind d~ 
qu1ckl• upon SQUttlln& 

Dcscnpuon Cniena 

Onl~ sJ1gh1 !)l'C'll!Ure ts n:,ciutred to roll Ihe 
thread nar the pill.st,(- bm1t. The 1/u'Q:1 and 
the lump ue wa..i; and soft 

Medium ~ IS reciwred 10 roll :be thread 
10 near me plaslx lmut. The r.hn:ad and the 
lump have medium mimes!; 

ConSldcnble pressun: l!I n=Q111n::d 10 roU the 
thn:lld 10 near the plaAlc umit. The thre:ad 
and IJlc lump have yuy tnp sutrnai 

T.\ILE 11 Crkflill far DelcriM111 Plariciry 

Cn1m1 

A ...,_,n. tJ-mml t!lreld Clllnol be rolled a1.n~ 
wau:r COnlftll 

The 1l'ln:ad 1:an ban:ty be rolled and tile lump 
cannot be rorrned when dne,- Ull&n lhe pia.Wc 
limn 

The tl'ln:ad ,s ~ 10 roll and no1 much time 
,s required to rex:h the pl.mic 
1hread cannot be rerolled after mchmg Ihe 
plasuc hmn, The: lump aumbles when dner 
than the p1asuc: bmll 

11 wes conSldeftble ume rollina .tnd kneao,n, 
10 reach Ulc p1asuc: liffllt. The tl'lracl can be 
rerolled wwcnl umes after reach,ng the pl~ 
uc l1m1t. The lump can be formed "'11hou: 
crumbhn1 ,.,hen \tncr I/WI the pl.sue l,mn 
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CJ!lgJ,lST • OfS!jlll"TJC, 0, CXRM·GMINB zms . l$TII Q-2W 

Typical •w: loul..,.. CGIIIM• G,-.w\ -
Ac:111 0011Criptlw ldJecti- for ■inor c-tinatta. 

2. ~• lolell·tradicl "-lrtradicl <unifonaty tradicl or _..,._, 
3. Sjzt PilSCB!YSi90: P..-c.m: 1r-l, Ml'ld, ard 11,,.. in fr11Ction ft,- th., 

3•inc:/I (76 •l, to n■■ l'flt 5 P■f'C....t, If desieed, t!M percent- ■-YI» 
stated in t•,... il"dlcat11'4 • ,.,.. of ....1,-, • foll,_, 

Trace: c 5 S 
, ..., 5 • 10 S 
little: 15 · 25 S · · ·• Or, e.g., with ,,..,.1 
s-: 30 • 45 X ···• Or, t.;., gr..,.lly 
II04Jtl y: 50 • 100 X 

4. P9rc;ms C@lp -,g hY\121'!' ly voh.-. 
s. Ptrpc\r tu•,.,,,,, Gr..,.l •• fine, co.rse 

Sand • • fine, -h•, co.rse 
6. Ar,gul•CiSY of liffClt ettultl: .......1., ~l•r ~ ·-
7. PtrtJC\f SQg <If AC9Rr11Stl' flat Eloneated Flat in:I Eloneated 
8. PIHtfeity of ,jm: ~l•tic LOld -ila Nigh 
9. "'Cllc ■ \91Y: Rock t'fPlt for gr..,.l, ,:,,-..,_,,,.,, ■ lnerela in sand. IIOte pr•enc• 

of ■ica flllltft, lllal.., parttcl•, in:I or9a11c •terlela. 
10. ~• UH c- t- or -....11 notttion. laMd on aoht or wt ccr!dith:ir,. 
11. Qdoc ctec 111ct·se\2rtd er \1'Y5111 •21\1 911\y>: •- Earthy o,....,,c
12. •siuuc, ceosmx: Dry 11c1iet we, 

··hr fr,tact ~I••• 
13. lftSWCtl pqity: L- 0... 
14. lltW£1W.C.l: Stratified L-«I •-tretHied 
15. Cm,uti90: We.it IIOClitrete Stront 
16: ••tsUCO <dllutt tfCll: llane wc.t Strq cor PM> 
17. 9ttl99fc 9CJtio: 1....1• • Allwh•, lftl<U.11, Collwh•, Claclel till, <M:• 

....,,, D\l'llt sand, Allwlel f8", Taha, etc. 
18, Uni fled SOI\ Clg9!flcatlon ti,bol: tatt•te. cs. Field ldllntlficatlc,n of 

toersa•9rainacl Solla l»lOld. J 

~ote: ••fer to Tllbles 1•11 for criteria for dncr!bi1'4 _,,., of th• ...,... factOMI.··------------·..-·--------....................,_________ 
my, IQENTlfJCAIJON • CQA!Sl·WJ@ SOJLS 

!i!:IYB wm1.1 ClllADI! m11 
Gra1• ;ca au, llm..!19.. C,_1'11£lll! 1111 

8oulclenl 12• • 11.ultetbllll or lOf'911' 
large CClbbles 6" • 12• c..ielCi4illt to hlll:etbllll 
5ml l Colil>la 1• • 6" . 0r.,... to ClntalQ14:io 

(!xClYda fraction le,,,.,. tflffl 3• for unlftOd Clneiftcatlon) 
Co,,rae Gr..,.l 3/4" • 3• Chlll"l'Y to or.,.. 
F1ne Gr:.vel 1/4" • 3/4• 4 • 3/4• Pff to Cherry 
Co,,rH S.-,d 2.0 • 4,76 • 10 • 4 Wllfft Grain to '-

i 14<1di ... s....s - 0.4l • 2.0 40 • 10 s.....,. to llllfft Grain 
I Fine $....:I 0.074 • O.4l • 200 • 40 Flour to Sl..li;ll,r -

lliclot r..,.. in 1rein slza C'ld!1 CUAI GIAW!LS GIiS<&IIUntlal -· of ell
i7 il'lte.-iate ah... 

Wtll not l-.... 
• dirt 1taln IIOetly - tit• or • ,..,.. of- j on • ,., pata.GIIAVl!L :i .. tit• with - ir,c.,....lece GP.. aiiea aiaalt'III • 

AID §1 
LOld to nanpl•tlc: fine■ (fw 

GIAVILLY 
... ll 
o- ,..,tiflcatlClfl of fine■ - GIii 

DI IT'f' GIA\1111.J Field ldafttlflcatiCll'I of ,i,.. 
9reinacl SOHi for Ill Mil&).so1u2 -· J: 

j! Pl•tlc ,,,,.. (for tdlm:lflca·Viii I- a 
dirt stain an tlon of fine■ - Ptehl I_. GC 

CQAIISI!• 
:1 

tiflcatlOII of ,1,..1rained• ,_t pala,l! 

!i 
SOila for C\. aoilll, 

GUIIIID 
Wiellt •- ir, greln alzee md 

scms1 CUAII SAIIDS SIi-t■l'ltial -• of all
ir,t.-tete 1111rttcte •ii■e. 

VIII Nt \-ii-
• dirt stein -tly - ail• w • r.,.. ef 

WIii :: 
Ii 
i a'I I wet IIIIIL ■, li&ft •itft - lntll"a1111•fl• .,..1,.. • 

AID 
LOW to "'"ltl•ttc fl,- <fw..., ;I... ldlffllffcatltl'I _, ft,- -
,telll llltntlflcatt.. of ,i,_. •Dlln SAIDS 

SQILs2 ltllned IOtll fW Ill. Mlll),i: 
lll•ttc fl,- (fir IIIIMtfl• 

dfl"I: 118111 _, 
11111 l- 1J!

-1 

i! 
cation ef 11,- - ,t11d ,_,. 

I 1111: 1111la. tlflcatl.. of ,,,...,..,,.. IC 
SOile fW Cl. NIii). 

z, 
,, 

ro c:l..tfy • CNrle-tnlNIII, _,. tlle,I llllf of tlle •twl1l o,, wellllt> _, 
-tit of tndivtul .,,,,. wl1ltll1 to 'die •• .,., tnllMMI 1t11N fl,_. 
tll81'1 ,w. 2IIO ••- - 1111...,. wttll tlle,,......,.. - felt 1111' tlle fl,..... 

,or viul cl•tttcetlat, l•IN:1111st _,lilt ..... •·-hllft ti IW, 4 IIM, 
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GROUP 

'"'·'► Well 9raded gravel 

iand Well 9radod gnvel with sand 

~·-- ----GP-=,,------ - , 1S% ,.nd 
"" --·•;?:15% Hnd 

Poorly gr&ded gra1ol 
Pootly gradad 1;1,awel with ,and 

• Woll graded grnol with uh 

GRJ/\VH ,and --- ----• Wel1 graded gruel with ult ind und 

'll.o••••I> -10% sand - ----~ Wtlt•oradtd grnel with clay 
l!,,.r,d sand "--·-► WeU 9rlded gruel with <;lay ai'\d ,and 

und __,. Poorly graded gravel wah 111ft 

Of Cti ..,..GP·GC-.:;,,:-,,::,;: 
?.:tS% a..nd -.,~·--• Poo,lv g,edoetd gravel with 11!t and ,anti

···-• <15'% r.and -------.. Poorly gudodgrewo! with clay 
-~----..,. 2"15% Hnd ----~ Poorly graded grant with day and ,and 

A 
I 

0\ ro 

+GM-=-·· 

---.,,.GC 

.-,... S,ltv grawat 
11nd _.,. Silty ;,a,-eJ with sand 

• <' 15% ,.and-·"·-•• Clayey g,nel 
•·• Clayey gunl with und 

·"• <15% gnne! ·~·-·-.,. Well-9,aded iaod 
-.,,._215% 9,a1rel ----► Well graded t.and with g,ave-i 
► <151' gra.al ---- ..~► Pootly gudod ,.and 
-► ~15% g,awttl ·-·~~~ Poorly graded uind with gravel 

· ·• '- 15% 9, ...1 ... Well graded und with ult 
~16% Qfhel -· - -·~ Welt 9,odod tand w>ith uh aM gravel 

SAI\IO ► <15% granil ► Wett11rtded $.lOd with c:hty 

% ..nd 2'. 
% grave:~ 

---- 10% 
• 2:::15% grnel ~-""····--• Well graded t,.tnd with ctav and Qt&¥el 

15% 9:unel • Poo,ly graded land with 11U 

gravel~-· - --• Poorly gndffl.i 1.ond with 1th end g,ut! 
gravel ·•· 00 -•• ► Poorly 9nded M:nd Wlfh clay 
gravel ► Poorly graded ,•nd with day and gravo:! 

..SM ·► Silty i&Od 

.,.SC ► ,: 15% grawef 

• Silty u1nd 1N1th grawel 

• Clayey iand 

w:15'\t. Q:1.t\tt! • Clayey uod <N1th grad! 



CHECrLIST • DESCRIPTION OF FINE-GRAINED SOILS· ASTM 0·2488 

,. Typical Name: Silt Elestic Silt Leen Cley Fat Clay 
Silty Clay Organic Silt or Clay Peat 

2. Dry Strength: None Low MediUIII High Very High 
3. Size Distribution: Percent gravel, send, and fines in fraction finer than 

3 inches (76 11111), to nearest 5 percent. If desired, the percentages 
may be stated in te!'IIII indicating a range of values, as follows: 

Trace: < 5 l 
Few: 5 • 10 l 
Little: 15 • 25 l •··> Or, e.g., with send 
S01111t: 30 • 45 l ···> Or, e.g., san::ly 
Mostly: 50 • 100 l 

4. Percent Cotblg end Boulders: By voll.N. 
5. Qi \atancy: Ilene Slow Rapid 
6. Tyhness of Pl•stic Thread: low MediUII High 
7. Plasticity of Fines: Nonplutic low MediUII High 
8. ~: Use CC181:!n te!'IIII or Nu'Welt notation. (In aoist or wet condition> 
9. Odor <for dlrtc•c;olored or !l"YfYll soils ro\x>: None Earthy Organic 

10. Moisture content: Dry Noiat wet 

•·For intact samples•· 
, 1. consistenc;x: Very Soft Soft Fi MIi Herd Very Hard 
12. Structure: Stratified Lmninated (verved) Fissured Sliclcensided 

Blocky Lensed H~ 
13. Cementation: W.alc Moderate Strong 
14. Reection (dilute HCl>: Ilene Wulc Strong (or r,:,11) 
15. !i19l9Ric Origin: ExMples · AllwfUIII, Residu.1111, Collwiun, Loesa, Glacial 

Till, Lacustrine, etc. 
16. Unified Soil Classification Sylli)ol: Estiaete. (See Field Identification of 

Consistency of Fine-grained Soils below, and Table 12: Identification 
of Inorganic Fine-grained Soils fr01111 fillll"IUlll Tests.> 

Note: Refer to Tables 1·11 for criteria for describing~ of the above factors. 

FlELP 1DENTIFJCATION · FJNE·GRAINEQ SOILsl 

Dry Strength Di latency Toughneu Plasticity Syntiol 

Ilene to low Sloi, to Rapid Low or IIO Thread llonplastfc to Loi, ML 

Mediun to High Sloi, Mec:111.111 LOW to Mec:IILIII CL 

Low to Medi1.111 Nono to Sloi, Loi, (Sponay) None to Loi, OL 

MediUII Ilene to Sloi, LOIi to Medi U111 Low to Mediua MH 

Very Nigh Nono lligh Mec:111.111 to High CH 

Mec:IIUIII to High None low to Med. (Sponay> Mec:111.111 to High OH 
-~---·-······-······-·-······--·--·--························-·····---------··--·-·-

HIGHLY ORGANIC SOILS Pri•rily orgenlc •tter, dark In color, spongy PT 
fNl, or;enic odor, end often fibroua texture. 

,, To cluaify u Ftne•grainecl, IIOf"e than half of the •terlal (by weight) 
-t consist of finN <•terial finer than the no. 200 sieve). 
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GROUP SYMBOL GROUP NAME 

' 15% plu, No 200 • lean clay 
15 25% pha No. 200 ► %sand;>% g,avel ► lean clay w,1h sJnd 

....,._ % iand "% gravel ~" • lean day wtth gr a\tcl 

Sandy 1..n cl•v......... ,.. <15% g,a,el 

215% gravel 
• 

... 
·► 

Sandy lean clay with gr awe! 
15% >and Gr•velly le.n cl•y 

;~15% sand Gravelly lun cl•y vv,th und 

.,._ S,lt 
► S,11 w,th ,4nd 

% und <% grovel -·-·•--·... S111 wuh g,.,,I 

<15% gra•el ··- S,11ndy 1111 
;?: 15% 11••••1 ...... +- s..ndy Slit with grovol 

30% plus lllo 200 15% plu, No. 200 
15 25% plus No. 200 ~,c::_--· .. ······"... % sand .2:% grovel 

• 

...,. <15% 14nd +- Gravelly .,11 
2'.15% sand-·-·----· ► Gravelly silt with und 

<30% plus No. 200 ==---- <15% plus No. 200 --· ·► fat cloy 
15 25% plu, No. 200 -c:::::::__ "' % und .2:% gravel ""Fat clay w11h und 

--% sand<% gravel ..,_ f•I clay w11h gravel 
.....,.. Sandy lai clay 

215% gravel ...... .,_ Sandy fa! clay w,th gr•••I 
-=:--··-· ..,.,. <15% gravel 

% und <% growol -=·..----·-·--·,.. <15"'- und ► G,avelly lat clay 
sand ► Gravolly !el clay woth und 

<30% plus No. 200 -:::.-·---·--·,.. <15% plus No. 200 ...,.. Elaslic silt 

1525% plus No. 200 ♦ % sand 2% grovel ► Elamc JIii with und 
% HOO <% QIHei ► Elawc 1111 woth grawel 

.,. <15% gravel .,. Sandy elastic ult 
~15% g,a,el .... ,.. Sandy elHtic ult with 9••••1 

... <15% sand •► Gravelly elu11c ,,It 
,:'.15% und .,. Gravelly elamc •air w!lh und 

Non -Pcn:"tntagri arc b,J')("d on C)al!m,urng amounu of fines, \.Jn1.t and guvel 10 the ncdlt':',l ~ % 

fiG. h flow Chart for ldtotUyin1 inorganic Finf'-GtalMJ Soil {50 % or mort lints} 

<30% plua No. 200 """""··---.......,. <15% plus No 200 --------·-· ..... .,. Organic soil 
15 25% plu, No. 200 -c:::.0 -~--➔~ % ..nd 2:% s••••I-----•· Org•mc ,o,I with ••nd 

% iand <~% grattel Orgamc 10,I with qravtl 
Sandy orgonu:: soil 
Sandy orgorac wil wi1h giave! 

.- <" 15% g,awol 
]~15'% gr•••I 

' 15% und • GnvoHy orya,ruc 10,IIumd 
-• GnveHy 01gan1c so1t with uod 




