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EXECUTIVE SUM.MARY 

This study is an attempt to determine from laboratory tests 

the shrink or swell characteristics of excavated pedological 

soils. Twenty-six benchmark soils of various particle size 

classes were selected for study. 

It was found that sandy loam soils shrink the most. They 

shrink about 14 percent. Clay soils may not shrink at all. 

Standard Proctor densities (AASHTO T99) were used as the 

compactive effort to induce the reduction in soil volume. The 

amount of shrinkage relates to the natural pore sizes and shapes 

as well as moisture content. Liquid limit values correlate 

fairly well with shrinkage factors. 

This report will be useful to design engineers when making 

estimates of soil shrinkage or verifying estimates derived from 

other information. Savings of up to $30,000 may be realized on 

a typical grade and drainage project, based on the information 

provided in this report. 
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PREFACE 

This constitutes th� final report on Research Project 

71-16-1, - "Shritnk and Swell · of Excavated Earth Matterials". 

Included are descri p ti on and characteritzatiton -itnformatiton 

concerning densitties of soils in their natural and compacted 

states. The soi ls are grouped i nto p art i cle size classes with 

shri nkage factors related to each si ze class. 

The author wishes to thank t he Oklahoma Department of 

Transp ortati on ODOT Ma teri als Laboratory ,  Okla homa Soil 

Conservati on Servi ce,  and the ODOT Engi neeri ng Test Branch of 

the Research Di visi on for thei r help in prep ari ng thi s report. 



INTRODUCTION 

Purpose 

This study is an attempt to determine more accurately the 

shrink or swell characteristics of excavated p edological soils. 

These soils are those excavated from road cu tst, hauledt, 

moistened, and comptacted in fills . Particle size classes are 

related to the reduction in volumte from the natural to the 

compacted condition . 

This rep ort p rovides the Design Engineer with a more 

accurate method of determ i ni ng the amount of shrin kage or wi ll 

help verify the results of other methods of calculating 

shrinkage. It could save up to $30,t000 in ex ca vation costs for 

each project .  

This p roject was done during t he peri od of July , 19 75 to 

Januaryt, 19  83 b y  p ers onnel of t he Researc h Division of the 

Okla homa Dep artme nt of Tra nsp or ta tion . 

Twenty-six Soil Conservation Servic e  "be nc hmark" soils were 

sampled and tested to det ermine their shr i nkag e  fa ct ors . 

Scope 

The b enchma rk soil series of Okla homa were selected for 

te s t ing a s  a gr oup of exten s i ve repre se nta t i ve soilst. These 

soils are re p resenta tive of a var i ety of soils of differitng 

pa rti cle size s t. Shrinkage and ot her p rop erties of s oils ot her 

than benchmark soils may be inferred by u s e  of pa rticle size 

c las s ificationst. 



Benchmark soils are chosen from "Land Resource Areas". 

These are areas selected by the Soil Conservation Service (SCS) 

as groups of soils having similar potential for growing specific 

kinds of crops. Land resource areas may include areas as large 

2 as 10,000 mist (26,000 km2). They are somewhat similar to 

g eologi c p rovinces (10). 
Particle size classifications are useful tools in developting 

basic i nformation f or a characterizati on of soi ls . Three 

classifications are in common use by highway eng ineers. These 

include the American Associati on of State Hi g hway and 

Transport ation Off i cials (AASHTO) , t he Unified , and the Soi l 

Conservation Serv i c e  (SCS) cl assific at i on syst ems (1), (2), 
(12) • All of t hese systems may be used to relate soil particle 

si ze classes to shrink age values . 



MATERIALS AND METHODS 

The soils selected for testing were th� bepchrnark soils as 

est ablished by the Oklahoma scs as of 1976t. The type localities 

as stated in the SCS So il Series Descrip tion Sheets se rved as 

locations for sampling. Pits were d ug with block samples taken, 

sealed, and transp orted to the ODOT Soils Laboratory fo r 

te sti ng. Laboratory t ests included: Atte rberg limits (AASHTO 

T89 and T90), particle size analysi s (T88), standard Pro ctor 

d e tnsity ( T9 9) , and detnsity of natural soil (T233). In 

co hesio nle ss so ils, nuc lear (T238) and rubbe r balloon tests 

(T205) were used for d et e rmi ning natu ral densi t i es.  Shrinkage 

value s were determine d by the following me thod : 

Standtard detnsity/natural d e nsity = shri nkag e fact or.  For 

example,  if the d ry wei g ht per cubi c  foot of Prat t loamy 

3 3sand is 80 lbs/ftt (1281 kg /mt ) and the standard 

c omp ac t i on t est shows dry we i g ht a t  opt imum moi stu re to be 

3 3t 3100 lbs/ftt (1600 kg/mt ), t hen it t akes 1.t25 f tt

3 3
(0.t035 mt ) of natural Pratt soil to equal 1.t0 ftt

3(0. 028 m ) of compacted Pratt . The shri nkage fac t or i s  

the refore 1.t25 ( 11) . 

Most of the re si dual soils in Oklahoma are de ri ve d f rom 

shale s.  Shales compr i se fcrom 60 t o  70 pe rce nt of the rock typ e s  

exp osed on t he land surface (10). Thus,  soi ls de rive d from 

shales domi nate t he landscape .  Usually t hese are claye y. These 

f i ne tex tured USDA soi l type s inc lude :  c lays , silty c lays , 

.., 



silty clay loams, sandy clay s, and sandy clay loams. The less 

common more granular soil types include.: silt loaFls,loams, 

sandy loams, loamy sands, silts, and sands derived most ly from, 

sandstones or o t her granular rock types. 

In order to reduce t he amount of sampling and testing o f  

over 300 soil series that occur in Oklahoma, 26 benchmark soils 

were sampled and tested. These so ils represent the USDA classes 

mentioned above . Type lo c at ions fo r eac h o f  these so ils were 

found so t hat t he most representat ive (mo dal) so il profile would 

be tested. These soils, plus a few no n-benchmark so ils, were 

used to derive t he data us ed in t his repo rt . 



DISCUSSION 

Soil Horizons 

Pedological soils are composed of genetic soil layers called 

horizons . The horizons designated in this report are the A,  B, 

C and R horizons. See Figure 1. The A horizon is constidered 

the topsoil. Usually, the B horizon designation in dicates 

conditions where the soil contains an accumulation of clay. The 

C horizon is cotnstidered to be highly weathetred roctk. It 

gene rally is tho ught of as that part o f  the so il not in vo lved in 

ma jo r  biolog ical a c tiv ity .  So ils ha ving R horizons ar e thos e 

formed from cotnsotlidatted (indura te d) bed rock e.tg .  limes t onet, 

granite. The R hotrizons generatlly wetre not t e st ed unlests the R 

soil matetrial was sotf t  e no ugh to remotve and testt. 

Shrinkage Mecthanism 

The ability of a natura l soi l to shr i n k  und e r  c ompac tive 

e ffor t is d ir e c tly re lated to the ini tial v oid rati o o r  

p orosity . Soils with hig h po ro s iti es p osse ss the p otential for 

c on s ider ab le c onsolid ati on or shr inkage when c ompac te d .  See 

Tab le 1. Converse ly ,  soils with lo w porosities ha ve les s 

p oten tial for shr in kage .  The c ompactive e ffort test u s e d  f or 

thist study is that o f  a fa lling hammer as in AASHTO T9 9 . 

"Moisture -Densi ty of Soils Using 5. 5 lb (2.t5 kg ) Rammer ,  12 in 

(305 mm) Drop". This tes t is a labora tory s imula t ion of the 

utilizati on of re lativ e ly light we i g ht c ompaction equipment used 
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TABLE l 

The Total Porosity of Various Soils 

Total 
Type of soil Depth porositya, 

inches p�r cent by 
volume 

;_ 

Chernozem-like fine sandy loam 0-3 60a. 6  

Hardeman clay loam l�-10 44.4 

Poncena clay 0- 7 49.8 

· Nipe clay 0-5 56.t6 

Georgeville silt loam �-8 57.t0 

Kirvin fine sandy loam at 6 

Nacog�oches fine sandy loam at 5 43.t4 

Vernon fine sandy loam at 2� 41. 5 

Muskingum silt loam at 45.t1 

Muskingum silt loam at 31.t3 

Cecil sandy clay loam at 3 45.3 

Shelby silt loam at 3� 45. 4 

Shelby silt loam at 13 51. 7 

Shelby silt loam at 31.t7 

Palouse silt loam at 10 50. 2 

Colby silty clay loam at 5 48.t9 

Clinton silt loam at 51. 9 
Marshall silt loam at 6� 56. 4 

Marshall silt loam at 18� 60.t3 

Houston black clay at 4 61.t9 

Houston black clay at 35 40.2 

Taken from Baver et. al. and Middleton et. al. 



in construction prior to 1940. An example of such equipment 

would be the 6 to 8 ton (5.5 to· 7.3 metric ton) sheeps-foot 

roller (6). 
The compaction curves of Johnson and Sallberg illustrate a 

density r�lationship between particl� size and moisture contents 

(7). The ability of a soil to compact under a given load , from 

a high porosit y to a lower porosity,  is a function of soil 

fabric. 

Soil fabric is the physical constit ution of a soil material 

as expressed by the spatial arrangement of t he solid part icles 

and associated voids o r  pores (4). Natural soils co nt ain 

poros ities of about 50 percent (3). See Figure 2. This 

includes capillary and non-capillary pores. See Table 2. The 

percent of soil poros ity t hat is non-capillary varies 

considerably, however , it decreas es ra pidly as so ils become more 

clayey . Soils high in clay content may contain up to 10 percent 

non-capillary po res o f  a tota l poro s ity of 25 percent . The 

loamy s oils co nta in abou t  25 p ercent cap illa ry and 25 percent 

non-capillary po res o f  a t otal po ro s ity o f  50 percent .  Pores 

are d ifficult t o  clas s ify . They po s s es s  d ifferent s ha pes as 

well as s izest. 

Several po re (vo id) types a re lis t ed by Brewer (4). See 

Table 3. Some o f  t he lar g er pores s uch a s  chambers , plan est, 

channelst, ves iclest, and vughs are probably t he only ones tha t  

are affected by compa ction. In Figur e 3 Mitchell explains s ome 

of the factors affected by compaction of soils (9). Brewer also 
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Figure 2 .  A Profile of Pore Volume. 
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54..7 

4.5 7..5 

TABLE 2 

The Relationship of Soil Porosity to the Size of Aggregates 

Diameter of aggregates in mm .  

Soil property Smaller 0.5-1.0 1..0-2.0 2..0-3..0 3.0-5..0 
than 0.5 

Total porosity, per cent 47.5 50.0 59. 6 62. 6 
Non-capillary porosity, per cent 2.7 24..5 29.6 35..1 38.7 
Capillary porosity, per cent 44.8 25..5 25.1 24..5 23..9 
o2 content of soil air, per cent 5..4 18.6 19..3 19..4 

content of soil, per cento2 
Nitrate formation, mg. N per kg. 

soil 

0.1 5. 7 6. 7 

9.0 19.1 . . . . 34.0 45..8 

Taken from Doiarenko (Krause, 1931) 



TABLE 3 

MORPHOLOGICAL CLASSIFICATION OF VOIDS 

Shapes Conformation t>mootnnes,; (oi wails)I I I IVoid 'rype Distribution Pattern Orientation Pattern (ratios of axes) (of walls) 

Packing voids: Between solid individuals Random Usually equant Irregular Orthovoids or metavoids 
' (i) Simple Between single grains to prolate Orthovoids 

(ii) Compound Detween unaccomodated. Orthovoids or metavoids 
peds (interpedal (smoothed) 

Vughs* Random Random Usually equant Irregular to Orthovoids or metavoids 
to prolatP. mammillated (smoothed) 

Vesicles Usually random, but some- Random or parallel Usually equant A specific form Usually metavoids 
times a specific referred to prolate, or (smoothed) 
distribution arcuate 

Chambers h�� Random Usually equant Usually a specific Usually metavoids 
to prolate form (smoothed) 

Joint _t>lanes Random or interpedal Parallel· to subparallel Planar Regular Usually metavoids 
sets with specifjc (smoothed; sometimes

--' referred orientation slickensided) 
Skew planes Random Random Planar Regular or Orthovoids or metavoids 

irregular (smoothed; sometimes 
slickensided) 

Craze planes Interpedal (between accom- Random Planar Irregular due to Orthovoids or metavoids 
modating equant to pro- compound (smoothed) 
late peds) or random nature; small 

individual 
planes may be 
regular 

Channels Branching patterns Usually acicular; Regular with Metavoids (smoothed) 
sometimes specific cross­
prolate sectional 

shapes 

*When vughs are very numerous they may intersect! thus forming a network of large voids; these are interconn�cted vughs. 

Taken from Brewer. 



STRUCTURE DETERMINING FACTORS AND PROCESSES 

RESIDUiL SOIL � 
Chemical Processes 
Leaching 

Compositional Factors Environmental Factors Precipitation/Cementation 
Mineralogy Pressure Weathering 
Particle Size,-Shape Temperature Mineralogical 
Chemistry of Pore Water Water Regime Transformations 

Effects of Pressure, 
Temperature, and Time 

TRANSP,RTED SOIL --------------- lCompositional Factors Environmental Factors 
Mineralogy Rate of Influx 
Particle Size, Shape Settling Velocity CHANGES IN FINAL 

STRUCTURE STRUCTUREType of Depositional Turbulence + 
Medium; e.g., Water, 'Temperature 
Air, Ice Currents 

Chemistry of Depositional Concentration of 
Medium Including Organic Suspended Sediment 

Constituents I 
Physical Processes 

REMOLDED OR COMPACTED SOIL � Consolidation 
Dry/WettingI Freezing/Thawing 
Shearing

Compositional Factors ENVIRONMENTAL FACTORS 
Mineralogy Method of Compaction 
Particle Size, Shape Effort of Compaction 
Chemistry of Pore Water Temperature 
Water Content Time 

Taken from Mitchell. 

Unloading 
Erosion 
Seepage 
Shrinking, Swelling 
Effect of Pressure, 

Temperature, and Time 

Figure 3. Structure Determining Factors and Processes. 



, � 

has developed a pore (void) size classification showing the 

sizes that occur in natural soils. �hese range from his 

cryptovoids, of less than 0.1 µm, to coarse macro voids, of 

greater than 5 mm. See Tabl e 4. Most likely, only the macro 

voids (pores) could be affected by compaction efforts. Such 

pores are d er ived from grain packing (arrangement), gas 

movement, ice · format ion, root systems, worm activi t y, insect 

activity, burrowing anim al st, shrink and s we ll,  we ttin g  and 

drying, and inh e rit ed b e dding p lan es and joints of the parent 

rock. 

�omp ac tio n  o ccurs as p ores are re duc ed in s ize. Baver says 

that the fluid -like flow of moistened clay particle s und e r  

stress will caus e de s truct io n  o f  the la rg e r  pores in a natural 

soil (3). Co llins and McGowan have no t e d  that s in gle pa rticl e 

(grain ) inte rac tion is rare (5). This co nc e pt ind ic at e s  that in 

s oil with ev en sm all amounts o f  c lay,  o nly the c la y  is· 

contiguous , no t the grains.  Thu s ,  soil s t rengthst, o r  re s is tance 

to shear,  com e s  from br idge s o r  "connectio n s "  o f  c lay or 

grain-c la y a s s embla ge s  in a soilt. A reduction in po ro s ity 

oc c ur s  as  the connections a re s h e ar ed by compactio n t. 

Par t icle Size Relationships 

The l o amy s o il s ,  such a s  loam , s ilt loa m ,  sand y loam (USDA); 

SM-SC, ML-CL, SM (Un ified ); A-2- 6, A-2-4, A-4, (AASHTO); s ho w  

the greate s t  average sh rinkage fac t or s t. See App end ix A. This 

is tho ught to be due to an "open" or high po r os ity s o il fabr ic.  



TABLE 4 

Size Classification of Voids 

Clas.s Name Subclass Class Limits 

Macrovoids 75u 

Very fine macrovoids 75-lOOOu 

Fine macrovoids 1000-2000u 

Medium macrovoids 2000-SOOOu 

Coarse macrovoids SOOOu 

Mesovoids 30-75u 

Microvoids 5-30u 

Ultramicrovoids Su 

Cryptovoids* O.lu 

* The water in cryptovoids is generally accepted as being 
unavailable to plants. 

Taken from Brewer 



The op en fabric is easily disturbed by compactive effort when 

the soil is at optimum moisture content. See Figure 4. The 

opp osite is true for the clay soils. Usually, these soils 

cannot· be compacted as well as Mother Nature has done. In many 

c as e s  the s e  s oils app e ar to s we ll s lightly when e xcavated and 
/ 

compacted in a fill. 

As mentioned above , the degree of compac�ion is strongly 

re lated to s oil moist ur e c ontentt. Wat er in the s oil ac ts as a 

lubric ator to allow a c loser p roximit y  of grains and a 

cons eque nt alteration of fabr ic as c omp re s s ion of the s oil mas s. 

occtur s t. At opttimum moisttur e  c ontent the s oil partic le s  may be 

brought as c los e t oge th e r  as p os s tible with n ormal c ompaction 

e fforts. 

Statist ic al Analysis 

One of the pr oblem s  when us in g  a limited numbe r of soil 

s ample s t, is the d e gr e e  of s catter of t e s t  value s t. Wh en d ealing 

with s oils the s c atter is some t im e s  co n s id er ab le and s ometim e s  

r e asonab ly narro w.  Se e Append ix A.  

A regr e s s ion analy s is was us ed t o  d e t ermine the re lationship 

be tween p artic le s ize s ys tems and shrin kage fac t or s t. The gr aphs 

in Append ix A show the r e lat ion s h ip be tween the thr ee par t ic le 

s ize s ys te ms a nd s hrinkage fac t or s t. The trend is for c laye y 

s oil to approa c h  a s hr in ka ge fac t or of 1.t00 or s om e what le s s .  

This me an s  that lar ge p or e s  are fe w .  Soils high in s ilt and 

s and show shr inkage fac t or s  of 1.10 or mor e t. The s e  s oils 

, � 
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SOIL TEXTURE AND PLASTICITY DATA 

No. Description Sand Silt Clay LL PI 

1 Well-graded loamy sand 88 10 2 16 N.P. 

2 Well-graded sandy loam 72 15 13 16 N.P. 

Med-graded sandy loam 9 18 2 2  4 

4 Lean sandy silty clay 32 33 35 28 9 

5 Lean silty clay ,_.:::> 64- 31 36 15 

6 Loessial silt 5 85 10 2 6  2 

7 Heavy clay 6 2 2  72 67 40 

Poorly graded sand ----6---- N.P. 

Taken from Johnson and Sallberg 

Figure 4. The relationship of moisture-density to soil properties. 

8 



contain relatively high percentages of large pores that can be 

col l apsed to reduce the soil volume. 

Among the usual laboratory tests, liquid limit serves best 

when estimating soil shrinkage. Note that the liquid limit test 

was not run on non-plastic soils. See Figure B-1 in Appendix 

B. Neither the plasticity index nor the clay content correlate 

well with shrinakage factors. Soils that are granular, with just 

a small amount o f  clay, seem to shrink the most. These are 

soils that have very low plasticity indices or are non-plastic. 

Very clean cohesionless sands do not shrink as much as soils of 

ver�. low plasticities. Highly plastic soils may not shrink at 

all. 

, "7 



COST ANALYSIS 

The information presented in this report provides a means 

for a more accurate prediction or verification of the changes in 

soil volume that result from earthwork construction operations. 

In a typical six mile long grade and drainage project, about 

3 3
500,000 to 1,000,000 ydt (382 ,000 to 765,000 mt) of soil 

material are excavated (8). Current methods of esti�ating 

shrinkage are based on the history of adjacent or close-by 

projects. 

For example: Plans indicate that a six mile project will 

3require 700,000 yd. (5 35 ,00 0  of excavation. The soil 

survey indicates that a USDA class of sandy clay loam is 

rredominant. Without this information, design engineers 

probably would use the standard shrinkage factor of 1.2 0 .  

Tabl� A-1 in Appendix A shows a shrinkage factor of 1.t11 should 

be used to compute changes in volume. This difference· in the 

method of calculating shrinkage would produce an error of 63,00 0  

3 3ydt (48,000 mt). In terms of dollars this would be an error 

of $126,000 (assuming $2. 0 0 /yd 3 for excavation) . While it is 

not expected that the use of this report would save over 

$10 0 ,0 0 0  on every project, it could assist in saving about 

$20 ,000 to $30 ,00 0  for each project of this magnitude. 



CONCLUS ION 

The resultts cif this study are based on the shrinkage in 

voltume occurring as soils are compacted to standard Proctor 

density (AASHTO T99). Modern heavy construction equipment, 

heavier ·than an 8 ton (7.3 metric tons) roller is capable of 

compacting soilts to a greater density than standard Proctor. 

For example: This report indicates that sandy loam has a 

shrinkage factor of 1. 14. It is very probable that modern 

equipment will compact the soil more than this - perhaps up to a 

shrinkage factor of about 1 . t20. 

The information in this report . indicates the relative 

differences in �hrinkage based on particle size classes. The 

coarser soils such as sandy loam (USDA), ML-CLt(Unified), and 

A-2-6t(AASHTO) will shrink the most, usually about a 1�14 

shrinkage factoi. The finer soils such as clay (USDA), 

CHt(Unified), and A-7-6t(AASHTO) shrink the least, usually near a 

1.t00 shrinkage factor. 

Liquid limit test (AASHTO T89) values are a fairly good 

indicator of shrinkage. 

The results of the soil tests as provided in this report 

will allow a more accurate method of determining soil shrinkage 

factors. It can also assist in verifying the results of other 

methods of calculating shrinkage. 

This report should be helpful in producing savings of up to 

$30,t000 for each project. 

1 Q 



RECOMMENDATIONS 

In ordce r  to implement properly the resultts of this study, 

the following steps should be taken: 

1. A manual shoul d be devel oped incorporating the steps 

outlined below. This manual should include a method to 

assure that soil test information is availabl e for 

making shrinkage factor determinations. 

2. A table listing the soil series of Okltahoma and their 

particle size relationship to the tested benchmark 

soils should be compiled. 

3. A method for making soil shrinkage determinations from 

soil maps should be provided. 



9. 
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APPENDIX A 

SHRINKAGE FACTORS 

This appendix describes and illustrates the relationship of 

the number of tests and the resulting shrinkage factors for each 

particle size class. The distribution of test values is shown 

graphically. Also, ·at· statistical summary is given. The 

particle size class, horizon, number of observations, mean, 

standard deviation, minimum, and maximum values are presented in 

the table on page A-17 to A-19. A chart co1nparing the particle 

sizes of the USDA, Unified, and AASHTO classes is on page A-20. 



USDA Classification 
CLASS=C 

FREQUENCY 
40 

30 

20 

10 

o.75 o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

CLASS=CL 

FREQUENCY 

40 

30 

20 

10 

a.1s a.ea a.as a.so a.ss 1.aa 1.os 1.10 1.1s 1.20 1.2s 1.30 
SHRINKAGE FACTOR 



USDA Classification {Continued) 

CLASS=SIC 
FREQUENCY 

40 

30 

20 

10 

o.1s a.so a.as a.so o.ss 1.0 0 1.os i.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

CLASS=SICL . · 

FREQUENCY 

40 

30 

20 

10 

0 .15 o.ao o.a5 o.so 0.95 1.00 1.05 1.10 t.15 1.20 1.25 i.30 

SHRINKAGE FACTOR 



USDA Classification {Continued) 

CLASS=L 
FREQUENCY 

40 

30 

20 

10 

o.1s o.ao a.as a.so o.ss l.oo l.os 1.10 1.1s 1.20 1.25 1.30 

SHRINKAGE FACTOR 

CLASS=SIL 
' FREQUENCY 

40 

30 

20 

10 

0.15 a.ea a.as a.so o.ss 1.00 1.0 5 1.10 1.15 1.20 1.25 1.30 

SHRINKAGE FACTOR 



USDA Classification (Continued) 

CLASS=SC 
FREQUENCY 

40 

30 

20 

10 

o.1s o.ao a.as a.so o.ss 1.0 0 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

CLASS=SCL 
FREQUENCY 

40 

30 

20 

10 

o.1s o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 



USDA Classification {Continued) 

CLASS=SL 
FREQUENCY 

40 

30 

20 

10 

o.75 o.ao a.as a.so o.ss 1.00 1.05 1.10 1.15 1.20 1.25 1.30 

SHRINKAGE FACTOR 

CLASS=LS 
FREQUENCY 

40 

30 

20 

10 

o.1s o.ao a.as a.so o.ss 1.00 1.os 1. 10 1. 1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 



USDA Classification (Continued) 

CLASS=S 
FREQUENCY 

40 

30 

20 

10 

o.1s a.ea a.as a.so o.ss 1.0 0 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

71 _., 



SHRINKAGE FACTOR 

Unified Classification 
CLA.SS=CH 

FREQUENCY 
50 

40 

30 

20 

10 

o.75 o.ao a.as a.so o.s5 1.0 0 1.05 1.10 1.15 1.20 1.25 1.30 

SHRINKAGE FACTOR 

CLASS=CL 

FREQUENCY 

60 

40 

20 

o.75 o.ao a.as a.so o.ss 1.00 l.os 1. 10 l. 1s 1.20 l.2s l.3o 



40 

Unified Classification (Continued) 

CLASS=ML 
FREQUENCY 

50 

40 

30 

20 

10 

0 .15 o.ao a.as a.so o.ss 1.00 1.os 1. 10 1.15 1.20 1.25 1.30 

SHRINKAGE FACTOR 

CLASS=MH 
F R EQUENCY 

5 0  

30 

20 

10 

0 .15 a.so a.as a.so o.ss 1.00 1.os 1. 10 1.15 1.20 1.25 1.30 

SHRINKAGE FACTOR 

7\_Q 



Unified Classification (Continued) 

CLASS=ML-CL 
FREQUENCY 

so 

40 

30 

20 

10 

o.75 o.ao a.as a.so o.ss 1.0 0 1 . os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

CLASS=SC 
FREQUENCY 

50 

40 

30 

20 

10 

0.75 o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 



Unified Classification (Continued) 

CLASS=SM 
FREQUENCY 

50 

40 

30 

20 

10 

0.15 o.ao a.as o.so o.s5 1.00 1.05 1.10 1.15 1.20 1.2s 1.30 

.. SHR INKAGE FACTOR 

CLASS=SM-SC 
FREQUENCY 

5 0  

40 

30 

20 

10 

o.1s o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 



Unified Classification (Continued) 

CLASS=SP 
FREQUENCY 

50 

40 

30 

20 

10 

0.75 o.ao a.as a.so o.ss l.oo l.os 1.10 l.1s 1.20 l.2s 1.30 

SHRINKAGE FACTOR 



AASHTO Classification 
CLASS=A-2-4 

FREQUENCY 
80 

60 

40 

20 

o.1s a.ao a.as a.so a.ss 1.00 1.05 1.10 1.15 1.20 1.25 1.30 

SHRINKAGE FACTOR 

CLASS=A-2-6 
FREQUENCY 

80 

60 

40 

20 

o.1s o.ao a.as a.so o.ss i.oo 1.os .i.10 1.15 i.20 1.25 1.30 

SHRINKAGE FRCTOR 



AASHTO Classification {Continued) 
CLASS=A-2-7 

FREQUENCY 
80 

60 

40 

20 

o.1s a.so a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

·cLASS=A-4 
FREQUENCY 

80 

60 

40 

20 

a.1s a.ea a.as a.so a.ss 1.aa 1.as 1.1a 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

, A-



AASHTO Classification (Continued) 
CLASS=A-5 

FREQUENCY 
80 

60 

40 

20 

o.1s o.ao a.as a.so o.ss i.oo 1.os 1.10 1.1s 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

CLASS=A-6 
FREQUENCY 

ao 

60 

40 

20 

o.1s a.ao a.as a.so a.ss 1.oa i.os 1.1a 1.1s i.2a 1.2s 1.30 

SHRINKAGE FACTOR 

,...'71 , 



AASHTO Classification {Continued) 

CLASS=A-7-5 
FREQUE��CY 

80 

60 

40 

20 

o.75 o.ao a.as a.so o.s5 1.00 1.os 1.10 

SHR INKAGE FACTOR 

1.15 1.20 1.2s 1.30 

FREQUENCY 

CLASS=A-7-6 

80 

60 

40 

20 

a.1s a.ea a.as a.so o.ss 1.00 1.os 1.10 1.15 1.20 1.2s 1.30 

SHRINKAGE FACTOR 

.. , ,.. 



SHRI NKAGE FACTORS 

S umma r y  S t a t i s t i c s  f o r  USDA S o i l  C l a s s i f i c a t i o n 

USDA H o r i z o n  N umb e r o f  Me a n  S t a n da r d  M i n i mum Ma x i mum 
C l a s s  O b s e r va t i on s  D e v i a t i o n Va l u e  Va l ue 

c 5 9  0 . 9 6 0 . 0 9 0 . 7 9 1 . 1 7 
c A 8 1 . 0 3 0 . 0 8 0 . 9 0 1 . 1 5 
c B 4 4  0 . 9 4 0 . 0 9 0 . 7 9 1 . 1 7 
c c 7 1 . 0 1 0 . 0 5 0 . 9 5 1 . 0 9 
CL 5 1  1 . 0 1 0 . 0 9 "  0 . 8 0 1 . 2 4 
CL 
CL 

A 
B 

7 
3 4  

1 . 0 4 
1 . 0 1 

0 . 1 1 
0 . 0 8 

0 . 9 3 
0 . 8 0 

1 . 2 4 
1 . 1 7 

CL c 9 - 0 . 9 9 0 . 0 9 0 . 8 5 1 . 1 2 
CL C/R 1 0 . 9 4 . 0 . 9 4 0 . 9 4 
L 2 8  1 . 1 1 .  0 . 0 7 0 . 9 6 1 . 2 8 
L A 1 7  1 . 1 0 0 . 0 6 0 . 9 6 1 . 1 7 
L B 7 1 . 1 2 0 . 0 9 1 . 0 3 1 . 2 5 

: 

L 
L 
LS 

c 
C/R 

3 
l 

1 1  

1 . 1 9 
1 . 1 4 
1 . 1 4 

0 . 0 9 
. 

0 . 0 7 

1 . 1 2 
1 . 1 4 
0 . 9 8 

1 . 2 8 
1 . 1 4 
1 . 2 2 

LS A 5 1 . 1 7 0 . 0 5 1 . 1 0 1 . 2 2 
LS B 4 1 . 0 9 0 . 0 8 0 . 9 8 1 . 1 5 
LS c 2 1 . 1 5 0 . 0 1 1 . 1 5 1 . 1 5 
s 6 1 . 1 1 0 . 0 4 1 . 0 5 1 . 1 8 
s 
s 

A 
B 

1 
2 

1 � 1 1 
1 . 1 3 

. 
0 . 0 7 

1 . 1 1 
1 . 0 9 

1 . 1 1 
1 . 1 8 

s c 3 1 . 1 0 - 0 .  0 4  1 . 0 5 1 . 1 3 
SC 1 1 . 0 9 • 1 . 0 9 1 . 0 9 
SC B 1 1 . 0 9 . 1 . 0 9 1 . 0 9 
SCL 1 3  1 . 1 1 0 . 0 6 1 . 0 3 1 . 2 0 
SCL B 1 3  1 . 1 1 0 . 0 6 1 . 0 3 1 . 2 0 
S I C  3 9  0 . 9 6 0 . 0 1 0 . 8 3 1 . 1 0 
S I C  
S I C  

A 
B 

4 
3 3  

0 . 9 4 
0 . 9 6 

0 . 1 1 
0 . 0 7 

0 . 8 6 
0 . 8 3 

1 . 0 9 
1 . 0 8 

S I C c 2 1 . 0 4 0 . 0 9 0 . 9 8 1 . 1 0 
S I CL 
S I CL 
S I CL 

A 
B 

6 5  
1 2  
4 2  

1 . 0 2 
1 . 0 1 
1 . 0 1 

0 . 0 8 
0 . 0 7 
0 . 0 9 

0 . 8 4 
0 . 9 1 
0 . 8 4 

1 . 1 9 
1 . 1 4 
1 . 1 9 

S I CL 
S I L  

c 1 1  
1 2 2  

1 . 0 4 
1 . 0 9 

0 . 0 8 
0 . 0 7 

0 . 9 1 
0 . 9 0 

1 . 1 5 
1 . 2 9 

S I L  
S I L  

A 
B 

9 7  
2 0  

1 . 1 0 
1 . 0 9 

0 . 0 7 
0 . 0 9 

0 . 9 0 
0 . 9 0 

1 . 2 6 
1 . 2 9 

S I L  c 5 1 . 0 7 0 . 0 6 1 . 0 1 1 . 1 6 
SL 4 3  1 . 1 4 0 . 0 7 0 . 9 2 1 . 2 9 
SL A 1 8  1 . 1 1 0 . 0 7 0 . 9 2 1 . 2 0 
SL 
SL 

A/C 
B 

1 
1 2  

1 . 1 8 
1 . 1 6 

• 

0 . 0 7 
1 . 1 8 
1 . 0 5 

1 . 1 8 
1 . 2 9 

SL c 1 2  1 . 1 5 0 . 0 8 1c. 0 3 1 . 2 7 

A- 1 7  
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SHRI NKAGE FACTORS 

S umma r y  S t a t i s t i c s  f o r  Un i f i e d S o i l  C l a s s i f i c a t i o n 

Un i f i e d H o r i z o n  N umb e r o f  Me a n  S t a n da r d  M i n i m um Ma x i mum 
C l a s s  O b s e r va t i o n s  De v i a t i o n Va l ue Va l ue 

CH 5 6  0 . 9 0 0 . 0 6 0 . 7 9 1 . 0 5 
CH A 3 0 . 8 9 0 . 0 4 0 . 8 6 0 . 9 3 
CH B 0 . 9 0 0 . 0 5 0 . 7 9 0 . 9 9 
CH c 4 0 . 9 7 0 . - 0 6  0 . 9 1 1 . 0 5 
CL 2 2 4  1 . 0 4 0 . 0 7 0 . 8 8 1 . 2 9 
CL 
CL 

A 
B 

7 2  
1 2 1  

1 . 0 5 
1 . 0 3 

0 . 0 7 
0 . 0 7 

0 . 9 1 
0 . 8 8 

1 . 1 8 
1 . 2 9 

CL c 3 0  1 . 0 5 0 . 0 7 0 . 9 5 1 . 1 9 
CL 
MH 
MH 

C /R 

B 

1 
4 
4 

0 . 9 4 
0 . 8 7 
0 . 8 7 

. 
0 . 0 6 
0 . 0 6 

0 . 9 4 
0 . 8 0 
0 . 8 0 

0 . 9 4 
0 . 9 6 
0 . 9 6 

ML 6 8  1 . 1 0 0 . 0 9 0 . 8 5 1 . 2 9 
ML 
ML 

A 
B 

5 2  
7 

1 . 1 1 
1 . 1 1 

0 . 0 7 
0 . 0 9 

0 . 9 0 
1 . 0 3 

1 . 2 2 
1 . 2 9 

· · ML c 9 1 . 0 9 0 . 1 5 0 . 8 5 1 . 2 8 
ML - C L  3 1  1 . 1 5 0 . 0 5 1 . 0 6 1 . 2 6 
ML -CL 
ML -CL 

A 
B 

2 3  
6 

1 . 1 4 
1 . 1 6 

a . a cs 
0 . 0 5 

1 . 0 6 
1 . 1 0 

1 . 2 6 
1 . 2 3 

ML -CL c 1 1 . 1 3 1 . 1 3 1 . 1 3 
ML - C L  C/R 1 1 . 1 4 • 1 . 1 4 1 . 1 4 
S C  1 7  1 . 1 0 0 . 0 9 0 . 9 0 1 . 2 7 
S C  
S C  

A 
B 

5 
1 1  

1 . 0 4 
1 . 1 1 

0 . 1 0 
0 . 0 7 

0 . 9 0 
0 . 9 5 

1 . 1 3 
1 . 2 0 

S C  c 1 1 . 2 7 . 1 . 2 7 1 . 2 7 
S M  2 8  1 . 1 4 0 . 0 6 0 . 9 8 1 . 2 3 
S M  
SM 
SM 

A 
A/C
B 

1 4  
l 
7 

1 . 1 5 
1 . 1 8 
1 . 1 2 

0 . 0 5 
. 

0 . 0 8 

1 . 0 6 
1 . 1 8 
0 . 9 8 

1 . 2 2 
1 . 1 8 
1 . 2 3 

SM c 6 1 . 1 3 0 . 0 7 1 . 0 5 ·1 . 2 3  
SM- S C  1 2  1 . 1 5 0 . 0 3 1 . 1 1 1 . 2 0 
SM- SC 
SM- S C  

A 
B 

2 
7 

1 . 1 4 
1 . 1 6 

0 . 0 4 
0 . 0 3 

1 . 1 1 
1 . 1 2 

1 . 1 7 
1 . 2 0 

SM- S C  c 3 1 . 1 4 0 . 0 2 1 . 1 2 1 . 1 6 
S P  4 1 . 1 2 0 . 0 5 1 . 0 8 1 . 1 8 
S P  
S P  

B 
c 

3 
1 

1 . 1 1 
1 . 1 3 

0 . 0 5 
• 

1 . 0 8 
1 . 1 3 

1 . 1 8 
1 . 1 3 

.. , n 
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SHR I NKAGE FACTORS 

S umma r y  S t a t i s t i c s  f o r  AASHTO S o i l  C l a s s i f i c a t i o n 

AASHTO Ho r i z o n  Numb e r o f  Me a n  S t a n da r d  M i n i mum ' Ma x i mum 
C l a s s  Obs e r va t i o n s  D e v i a t i o n Va l ue Va l ue 

A - 2 - 4  2 6  1 . 1 2 0 . 0 6 0 . 9 8 1 . 2 3 
A- 2 :- 4  A 1 0  1 . 1 3 . 0 . 0 5 1 . 0 6 1 . 2 2 
A - 2 - 4  B 9 1 . 1 2 0 . 0 8 0 . 9 8 1 . 2 3 
A - 2 - 4  c 7 1 . 1 1 0 . 0 5 1 . 0 5 1 . 1 8 
A - 2 - 6  1 1 . 1 5 1 . 1 5 1 . 1 5 
A - 2 - 6  B 1 1 . 1 5 1 . 1 5 1 . 1 5 
A- 2 - 7  1 0 . 9 5 0 . 9 5 0 . 9 5 
A - 2 - 7  B 1 0 . 9 5 . 0 . 9 5 0 . 9 5 
A - 4  1 4 6  1 . 1 3 0 . 0 5 1 . 0 0 1 . 2 9 
A - 4  A 9 6  1 . 1 3 0 . 0 5 1 . 0 0 1 . 2 6 
A- 4 A/C 1 1 . 1 8 . 1 . 1 8 1 . 1 8 
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Rel ationship of Shrinkage F actor and Pl asticity Index 
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Rel ationship of Shrinkage F actor and Cl ay C ontent 

l • 4 
.0...0.. _ 

... 
_ 

... 
.... .. ... .... ... ..... .. .. .. ...

l • 3 ........ <> <> <>"' -..... .. -<>. <><> 0 

... 
............... ....05

H 
0 

- ... _0_0
<> 

_0_0_ _
<> 

... ... ... ... ... ...<>1 . 2 <> 
R
I <>- - ... ... ...N <><><> 
K 

<> <> ..... .... .. .... ... .... - - - ... - ... _ 
_ <>- - .. 

<> .. - ..0
- - - ... - - ... - ..<>l . l <> <> - -- .... ... - .. ..

A
G 

_0_ 
- - ... - .. .. - - - oc <> 

- - .. .. <> � ......... ... ... ... - .. ..<>E "'... ... ..._ - .. l • 0 

_ ..... 
.. .. 

_ ... <> <>... .. 

.. .... ... ... .... -- ..F
A 

_ .. _ ............. 'O. ... ... .. ... ... ,<>

.... ...0... ,_ ... 

c
T ... .... <> "'<>.... ... ....... <> <><>-0
R �...... ... ...... ... -<> .. <> <> <> <>........ "'"' ... ... ... "'-� .. <> .. _o . a .. _ .. ... ... ... ... ... 

.... ... ... ... .... ... ... 
-

_ _ .. _ _  _ .. _Q . 7 

0 1 0  2 0  3 0  4 0  5 0  6 0  

P E R C E N T  C L A Y  

SF .. 1 .255 - 0.007 QAY 


	Structure Bookmarks
	Figure
	TECHNICAL REPORT STANDARD 
	TITLE PAGE 
	1. Report No. Ł. Government Accession No. 3. Recipient's Catalog No. 
	FHWA/OK 83(01) 
	4. Title and Subtitle 5. Report Date 
	Shrink and Swell of Excavated Earth Materials Januarv. 198a3 
	6. Performing Organization Code 
	) Perform.
	7. Author(s 8. ing Organization Report No. 
	Curtis J. Hayes 71-16-1, Item 236 
	9. Performing Organization Name.and Address l 0. Work Unit Na. 
	·Oklahoma Department of Transportation 
	Research & Development Division 11. Contract ar Grant No. 
	200 N. E. 21st 
	Item 236 
	71-16-1 . 

	Oklahoma City, OK 73105 13. Type of Covered 
	Report and Period 

	12. Sponsoring Agency Name and Addres• 
	Final Report

	Federal Highway Administration 
	Federal Highway Administration 
	January, 198a3 
	Federal Building 

	200 N. W. 5th, Room 454 14. Sponsoring AgŁncy Code 
	Oklahoma City, OK 73a102 
	l 5. Supplementary Notes 
	Done in cooperation with the Federal Highway Administration. 
	16. Abstract 
	This study is an attempt to determine from laboratory tests the shrink 
	or swell characteristics of excavated pedological soils. Twenty-six 
	benchmark soils of various particle size classes were selected for 
	study. 
	It was found that sandy loam soils shrink the most. They.shrink about 
	14 percent. Clay soils may not shrink at all. Standard Proctor 
	densities (AASHTO T99) were used as the compactive effort to induce 
	the reduction in soil volume. The amount of shrinkage relates to the 
	natural pore sizes and shapes as well as moisture content. Liquid 
	limit values correlate fairly well with shrinkage factors.
	. 
	This report will be useful to design engineers making estimates
	whe·n of soil shrinkage or verifying estimates derived from other informatior Savings of up to $30,000 may be realized on a typical grade and 
	drainage project, based on the information provided in this report. 
	17. Key Words 18. Distribution Statement 
	shrink, swell, compaction, 
	particle sizes, porosity, density No restriction 
	19. Security Clcissif. (af this report) 20. Security Clcissif. (of this.pcige) 21· No. of Pages 22. Price 
	unclassified unclassified 52 
	Form DOT F 1700Ł7 1a-ss1 
	THE SHRINK AND SWELL OF EXCAVATED 
	EARTH MATERIALS 
	by 
	Curtis J. Hayes Senior Project Engineer 
	Under the Supervision of: 
	C. Dwight Hixon, P.E. Research & Development Engineer Research & Development Division 
	Oklahoma Department of Transportation 
	Oklahoma City, Oklahoma 
	January, 1983 
	The opinions, findings, and conclusions expressed in this report are those of the author and not necessarily those of the Oklahoma Department of Transportation or the Federal Highway Administration. 
	..
	..
	•
	...
	... 
	lluid ounce• 11 ... 
	...
	. 
	01 
	inch•• 
	II 
	inch11 
	inch11 
	yd
	v•rda 

	m1l11 
	2 
	II, 
	II, 
	yd

	i2 
	m

	dJ 
	dJ 
	y

	110llon1 ""I 

	cub;c a.et hJ cubic ya.rda 
	•c 
	"F 
	az 
	•Łature 
	• zŁŁ 
	..
	• 
	•
	;; 
	. 
	... 
	::& 
	• 

	;
	.. 
	. 
	§

	.. 
	,
	,
	'
	•

	I
	• 
	... 
	il! 
	0
	..
	I
	o 
	I) 
	0
	•
	0
	... 
	m1 2
	c

	t,qu•r• c1ntMnet•1 0.1' 1qu•r• inch11 ineme1.2 square ya.n:la 
	l 

	hum Metric 
	squa,1 metara t,quara kil<sNters 0.4 h•clo,u 110,000 me1 2.6 ac,ea 
	a.q1J.Me mile, 
	1 

	...
	.. 
	Ł "'! Ł "'! 
	Ł 

	z ooŁ-o 
	z ooŁ-o 
	: 

	...
	j
	-; 
	.. :I 
	• 
	c
	...
	a:
	c 
	S/6 (then hhunhoil odd32) 
	11 
	E 
	gram, 0.036 lt.1IOQram11onnu 11000 
	SŁ!Ł 
	"' 
	..
	..
	..
	•
	TEMPERATURE I 
	..•
	.. 
	0
	• 
	•
	•
	' '

	I 
	0
	N....
	·I 
	Ł .... 
	... 
	0
	N
	0
	0
	N
	I 
	,_
	"' 
	,., 
	.. 
	2.2 
	...
	.... 
	o,..;..:owt..; 
	"' 
	Cl
	.. 
	V 
	..
	..
	u 
	. 
	Ł .
	I 

	..
	e
	·;:;
	.. 
	,.
	.
	•
	... 
	... 
	. 

	... .: c ill 
	a
	" 
	m1ll1me1ora 
	ct1n11me11r1 
	nwtlUI 
	f'nelHI 
	k1lomtt•1 
	Ii,.,,
	cubtc ffldl8fl 
	cubic mete,a 
	lefnplf81Llfl 
	0
	0 
	' ' ' ' ' 
	I 
	m1lllli1era 
	..
	.
	;

	..
	u
	•c 
	,,
	....

	...... 
	... Hed 
	... Hed 
	-;

	..
	! 
	Ł" -E ---"'e""e 
	l
	kme
	.... 
	11o.
	0 
	...
	I I
	I I
	OU 

	FACTORS
	zCl 
	• ct . zz ti oz &t 11 Lt !t st tt n n 11 ot & 1 L , g t c g 1 
	.... 
	I J 
	;;;;
	a:
	.... 
	l11nl1111111Ł11111111l1111l1111l1111l1111l11111111l11111111l1111111l11111111l11111ml11111111l11111111l11111111l1111111 1111l11111111lm11111l1111111i11111111l11111111lm1 1111l11111111l11111111l1111 
	1l1111
	'l'J''rT'' 'l'"If'1''' '0l'0j 
	l

	Cl
	>
	z 
	'
	'0'c'''''l'''I' '''l'''I' '''''l''''' '''''l'''I' 'l''lr''I' 'l''l'j'l''I' 
	l
	l
	T
	l
	l
	I
	l
	l
	j
	l
	l
	l

	I 
	'0
	lc
	l' 
	'0
	'0
	u

	u
	= 
	inchea
	•1 tn • l.64 1e,..c1lwl, fur uai._, ••M:1 com,•1,1unli Aiwt 11-..e du1•,1vd ••t,t•1i. we NttS M11iit;. P,.a.1. 2tKi, 
	Un11& 0, *•1Qh1t, •nG U..•ur•rt. Pt1ce U.U. SD C•&aloy No. Cll.1U:2Bo. 
	' • 1 .& 
	....
	....
	:Ii: 
	• 
	? 
	aqu•r• kilometer, 1un
	l 

	hec&ar11 ... 
	e e e ----.. e"'e 
	..
	..
	!
	... 
	.. 
	... 
	:I ;; 
	.. 
	• 
	• 
	.. 
	:I!
	• 

	kg
	• 
	30 cen11mete,a cm 
	0.9 ..... ,.,. .. 
	cme
	2 
	,.
	l
	me
	inch•• ·z.• UAllffllhlll cm 
	.... 
	..... 
	aquar• certhme&•a 
	aqu.re me1er1 
	IQUMI mel9fl 
	kii<me1er1 
	hl1r•nhoil i/9 l•ltor C1l1iu1 •c 
	aub4,act ing 
	tŁ1atut1 
	ounce a 21 g,ama0.4i ŁilogrA1111 
	... 
	; ; ; 
	0.9 tonne a 
	millili1era
	•
	" 
	millilate,1
	millih11n 
	M11ric
	!!
	..
	0
	.. 
	cubic meters 
	q ...... ,gallORI 3.1 lilera cubic IHI 0.03 
	cubic ya,da 0.1' cubic me1e,1 
	0.96 lit••• 
	0.96 lit••• 
	..
	.. 
	'8 ! • • ..
	•OOŁO 
	.!.
	·;
	---1Ł1-I
	"' 
	...
	:I 
	:
	,_
	,_
	"' 

	,., 
	z 
	c
	...
	a: 
	:::J 
	· ;;
	• 

	... 
	"' 
	Cl 
	fluid ounc:H 30 
	TEMPERATURE jnactl 
	I 
	321 
	... c 
	-
	> 
	c 
	..
	.. :I 
	• 
	u 

	tempe,ature 
	. 
	Ł 'fi 
	! 

	•
	. 
	.

	.,, 
	• .5 .! ! i 
	-
	(2000 lbl 
	11a1poona.. bloapoon1 
	·;;
	& 

	... 
	;.
	0

	... • 
	c .
	..
	ill
	-a
	•"' 
	; .. ...... .
	3 Ł Ł ! 
	pouncl1
	ahort tona 
	pinll 
	pinll 
	yud1

	milee 
	Cupl 0.24 lite,,
	c 

	0.41 lite,, 
	0.41 lite,, 
	:t
	:rii:n 
	.! .c 1. 'i 
	...
	..
	! 
	;..1 1 
	"

	l 
	y
	d

	,,.;
	1 

	: .: Ł 
	pl 
	-
	q 
	f'!o 
	.., 
	IIO
	I 

	y 
	...
	. 
	EXECUTIVE SUM.MARY 
	This study is an attempt to determine from laboratory tests the shrink or swell characteristics of excavated pedological soils. Twentysix benchmark soils of various particle size classes were selected for study. 
	-

	It was found that sandy loam soils shrink the most. They shrink about 14 percent. Clay soils may not shrink at all. Standard Proctor densities (AASHTO T99) were used as the compactive effort to induce the reduction in soil volume. The amount of shrinkage relates to the natural pore sizes and shapes as well as moisture content. Liquid limit values correlate fairly well with shrinkage factors. 
	This report will be useful to design engineers when making estimates of soil shrinkage or verifying estimates derived from other information. Savings of up to $30,000 may be realized on a typical grade and drainage project, based on the information provided in this report. 
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	PREFACE 
	This 
	This 
	This 
	constitutes 
	thŁ 
	final 
	report 
	on 
	Research 
	Project 

	71-16-1, -
	71-16-1, -
	"Shritnk 
	and 
	Swell · 
	of 
	Excavated 
	Earth 
	Matterials". 

	Included 
	Included 
	are 
	description 
	and 
	characteritzatiton 
	-itnformatiton 

	concerning 
	concerning 
	densitties of 
	soils 
	in 
	their 
	natural 
	and 
	compacted 


	states. The soils are grouped into particle size classes with shrinkage factors related to each size class. 
	The author wishes to thank the Oklahoma Department of Transportation ODOT Materials Laboratory, Oklahoma Soil Conservation Service, and the ODOT Engineering Test Branch of the Research Division for their help in preparing this report. 
	INTRODUCTION 
	Purpose 
	This study is an attempt to determine more accurately the shrink or swell characteristics of excavated pedological soils. 
	These 
	These 
	These 
	soils 
	are 
	those 
	excavated 
	from 
	road 
	cutst, 
	hauledt, 

	moistened, 
	moistened, 
	and 
	comptacted 
	in 
	fills. 
	Particle 
	size 
	classes 
	are 

	related 
	related 
	to 
	the 
	reduction 
	in 
	volumte 
	from 
	the 
	natural 
	to 
	the 


	compacted condition. 
	This report provides the Design Engineer with a more accurate method of determining the amount of shrinkage or will help verify the results of other methods of calculating shrinkage. It could save up to $30,t000 in excavation costs for each project. 
	This project was done during the period of July, 19 75 to Januaryt, 19 83 by personnel of the Research Division of the Oklahoma Department of Transportation. 
	Twenty-six Soil Conservation Service "benchmark" soils were sampled and tested to determine their shrinkage factors. 
	Scope 
	The benchmark soil series of Oklahoma were selected for 
	testing as a group of extensive representative soilst. These soils are representative of a variety of soils of differitng particle sizest. Shrinkage and other properties of soils other than benchmark soils may be inferred by use of particle size classificationst. 
	Benchmark soils are chosen from "Land Resource Areas". These are areas selected by the Soil Conservation Service (SCS) as groups of soils having similar potential for growing specific 
	kinds of crops. Land resource areas may include areas as large 
	2 
	as 10,000 mist(26,000 km). They are somewhat similar to 
	2

	geologic provinces (10). 
	Particle size classifications are useful tools in developting 
	basic information for a characterization of soils. Three classifications are in common use by highway engineers. These 
	include the American Association of State Highway and Transportation Officials (AASHTO), the Unified, and the Soil 
	Conservation Service (SCS) classification systems (1), (2), 
	(• All of these systems may be used to relate soil particle 
	12) 

	size classes to shrinkage values. 
	MATERIALS AND METHODS 
	The soils selected for testing were thŁ bepchrnark soils as 
	established by the Oklahoma scs as of 1976t. The type localities 
	as stated in the SCS Soil Series Description Sheets served as locations for sampling. Pits were dug with block samples taken, sealed, and transported to the ODOT Soils Laboratory for testing. Laboratory tests included: Atterberg limits (AASHTO T89 and T90), particle size analysis (T88), standard Proctor detnsity ( T9 9) , and detnsity of natural soil (T233). In cohesionless soils, nuclear (T238) and rubber balloon tests 
	(T205) were used for determining natural densities. Shrinkage values were determined by the following method: 
	Standtard detnsity/natural density = shrinkage factor. For example, if the dry weight per cubic foot of Pratt loamy 3 3
	sand is 80 lbs/ftt(1281 kg/mt) and the standard 
	compaction test shows dry weight at optimum moisture to be 3 3t3
	100 lbs/ftt(1600 kg/mt), then it takes 1.t25 f tt33
	(0.t035 mt) of natural Pratt soil to equal 1.t0 ftt
	3
	(0.028 m ) of compacted Pratt. The shrinkage factor is therefore 1.t25 ( 11) . Most of the residual soils in Oklahoma are derived from 
	shales. Shales comprise fcrom 60 to 70 percent of the rock types exposed on the land surface (10). Thus, soils derived from 
	shales dominate the landscape. Usually these are clayey. These 
	fine textured USDA soil types include: clays, silty clays, 
	.., 
	silty clay loams, sandy clays, and sandy clay loams. The less common more granular soil types include.:silt loaFls,
	loams, sandy loams, loamy sands, silts, and sands derived mostly from, sandstones or other granular rock types. 
	In order to reduce the amount of sampling and testing of over 300 soil series that occur in Oklahoma, 26 benchmark soils were sampled and tested. These soils represent the USDA classes mentioned above. Type locations for each of these soils were found so that the most representative (modal) soil profile would be tested. These soils, plus a few non-benchmark soils, were used to derive the data used in this report. 
	DISCUSSION 
	Soil Horizons 
	Pedological soils are composed of genetic soil layers called horizons. The horizons designated in this report are the A, B, C and R horizons. See Figure 1. The A horizon is constidered the topsoil. Usually, the B horizon designation indicates conditions where the soil contains an accumulation of clay. The C horizon is cotnstidered to be highly weathetred roctk. It generally is thought of as that part of the soil not involved in major biological activity. Soils having R horizons are those 
	formed 
	formed 
	formed 
	from 
	cotnsotlidatted 
	(indurated) 
	bed 
	rock 
	e.tg. 
	limestonet, 

	granite. 
	granite. 
	The 
	R 
	hotrizons 
	generatlly 
	wetre 
	not 
	tested 
	unlests 
	the 
	R 

	soil matetrial 
	soil matetrial 
	was 
	sotft 
	enough 
	to 
	remotve 
	and 
	testt. 


	Shrinkage Mecthanism 
	The ability of a natural soil to shrink under compactive effort is directly related to the initial void ratio or porosity. Soils with high porosities possess the potential for considerable consolidation or shrinkage when compacted. See Table 1. Conversely, soils with low porosities have less potential for shrinkage. The compactive effort test used for thiststudy is that of a falling hammer as in AASHTO T99 
	. "Moisture-Density of Soils Using 5.5 lb (2.t5 kg) Rammer, 12 in 
	(305 mm) Drop". This test is a laboratory simulation of the utilization of relatively light weight compaction equipment used 
	Figure
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	SOIL PROFILE 
	Figure 1. Profile of the Renfrow Soil Series. 
	TABLE l 
	The Total Porosity of Various Soils 
	Total 
	Type of soil Depth porositya, inches pŁr cent by volume 
	;_ 
	Chernozem-like fine sandy loam 0-3 60a.6 Hardeman clay loam lŁ-10 44.4 Poncena clay 0-7 49.8 
	· 
	Nipe clay 0-5 56.t6 Georgeville silt loam Ł-8 57.t0 
	Kirvin fine sandy loam at 6 
	NacogŁoches fine sandy loam at 5 43.t4 Vernon fine sandy loam at 2Ł 41.5 
	Muskingum silt loam at 
	45.t1 
	Muskingum silt loam at 
	31.t3 
	Cecil sandy clay loam at 3 45.3 Shelby silt loam at 3Ł 45.4 Shelby silt loam at 13 51.7 
	Shelby silt loam at 
	31.t7 
	Palouse silt loam at 10 50.2 Colby silty clay loam at 5 48.t9 
	Clinton silt loam at 
	51. 9 
	Marshall silt loam at 6Ł 56.4 Marshall silt loam at 18Ł 60.t3 Houston black clay at 4 61.t9 Houston black clay at 35 40.2 
	Taken from Baver et. al. and Middleton et. al. 
	in 
	in 
	in 
	construction 
	prior 
	to 
	1940. 
	An 
	example 
	of 
	such 
	equipment 

	would 
	would 
	be 
	the 6 
	to 
	8 
	ton 
	(5.5 
	to· 
	7.3 
	metric 
	ton) 
	sheeps-foot 

	roller 
	roller 
	(6). 

	The 
	The 
	compaction 
	curves 
	of 
	Johnson 
	and 
	Sallberg 
	illustrate 
	a 


	density rŁlationship between particlŁ size and moisture contents (7). The ability of a soil to compact under a given load, from a high porosity to a lower porosity, is a function of soil 
	fabric. 
	Soil fabric is the physical constitution of a soil material as expressed by the spatial arrangement of the solid particles and associated voids or pores (4). Natural soils contain porosities of about 50 percent (3). See Figure 2. This includes capillary and non-capillary pores. See Table 2. The percent of soil porosity that is non-capillary varies 
	considerably, however, it decreases rapidly as soils become more clayey. Soils high in clay content may contain up to 10 percent non-capillary pores of a total porosity of 25 percent. The loamy soils contain about 25 percent capillary and 25 percent non-capillary pores of a total porosity of 50 percent. Pores are difficult to classify. They possess different shapes as well as sizest. 
	Several pore (void) types are listed by Brewer (4). See Table 3. Some of the larger pores such as chambers, planest, channelst, vesiclest, and vughs are probably the only ones that are affected by compaction. In Figure 3 Mitchell explains some of the factors affected by compaction of soils (9). Brewer also 
	Figure
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	n 
	TABLE 2 
	The Relationship of Soil Porosity to the Size of Aggregates 
	Diameter of aggregates in mm. 
	Soil property Smaller 
	0.5-1.0 1..0-2.0 2..0-3..0 3.0-5..0 
	than 0.5 
	Total porosity, per cent 
	47.5 50.0 
	59.6 62.6 
	Non-capillary 
	Non-capillary 
	Non-capillary 
	porosity, 
	per 
	cent 
	2.7 
	24..5 
	29.6 
	35..1 
	38.7 

	Capillary 
	Capillary 
	porosity, 
	per 
	cent 
	44.8 
	25..5 
	25.1 
	24..5 
	23..9 

	o2 
	o2 
	content 
	of 
	soil 
	air, 
	per 
	cent 
	5..4 
	18.6 
	19..3 
	19..4 


	content of soil, per cent
	2 
	o

	Nitrate formation, mg. N per kg. 
	soil 
	0.1 
	5.7 6.7 
	9.0 . . . 34.0 45..8 
	19.1 . 

	Taken from Doiarenko (Krause, 1931) 
	TABLE 3 
	MORPHOLOGICAL CLASSIFICATION OF VOIDS 
	Shapes Conformation t>mootnnes,; (oi wails)


	I 
	I 
	I 
	I 
	I

	Void 'rype Distribution Pattern Orientation Pattern (ratios of axes) (of walls) 
	Packing voids: Between solid individuals Random Usually equant Irregular Orthovoids or metavoids 
	' 
	(i) Simple Between single grains to prolate Orthovoids 
	(ii) Compound Detween unaccomodated. Orthovoids or metavoids peds (interpedal (smoothed) Vughs* Random Random Usually equant Irregular to Orthovoids or metavoids to prolatP. mammillated (smoothed) 
	Vesicles Usually random, but some-Random or parallel Usually equant A specific form Usually metavoids times a specific referred to prolate, or (smoothed) distribution arcuate 
	Chambers hŁŁ Random Usually equant Usually a specific Usually metavoids to prolate form (smoothed) Joint _t>lanes Random or interpedal Parallel· to subparallel Planar Regular Usually metavoids sets with specifjc (smoothed; sometimesreferred orientation slickensided) Skew planes Random Random Planar Regular or Orthovoids or metavoids irregular (smoothed; sometimes slickensided) 
	--' 

	Craze planes Interpedal (between accom-Random Planar Irregular due to Orthovoids or metavoids modating equant to pro-compound (smoothed) late peds) or random nature; small 
	individual planes may be regular 
	Channels Branching patterns Usually acicular; Regular with Metavoids (smoothed) sometimes specific cross­prolate sectional 
	shapes 
	*When vughs are very numerous they may intersect! thus forming a network of large voids; these are interconnŁcted vughs. 
	Taken from Brewer. 
	STRUCTURE DETERMINING FACTORS AND PROCESSES 
	RESIDUiL SOIL Ł 
	RESIDUiL SOIL Ł 
	Chemical Processes 

	Leaching Factors Environmental Factors Precipitation/Cementation Mineralogy Pressure Weathering Particle Size,-Shape Temperature Mineralogical Chemistry of Pore Water Water Regime Transformations 
	Compositional 

	Effects of Pressure, Temperature, and Time 
	TRANSP,RTED SOIL --------------
	TRANSP,RTED SOIL --------------
	-

	l
	Factors Environmental Factors Mineralogy Rate of Influx 
	Compositional 

	Particle Size, Shape Settling Velocity CHANGES IN FINAL 
	STRUCTURE 
	STRUCTURE
	Type of Depositional Turbulence + Medium; e.g., Water, 'Temperature 
	Air, Ice Currents 
	Chemistry of Depositional Concentration of Medium Including Organic Suspended Sediment 
	Constituents 
	I 
	Processes 
	Physical 

	REMOLDED OR COMPACTED SOIL Ł Consolidation Dry/WettingFreezing/Thawing 
	Figure
	I 

	Shearing
	Shearing
	Factors ENVIRONMENTAL FACTORS Mineralogy Method of Compaction 
	Compositional 


	Particle Size, Shape Effort of Compaction Chemistry of Pore Water Temperature Water Content Time 
	Taken from Mitchell. 
	Unloading 
	Erosion 
	Seepage 
	Shrinking, Swelling Effect of Pressure, 
	Temperature, and Time 
	Figure 3. Structure Determining Factors and Processes. 
	has developed a pore (void) size classification showing the 
	sizes that occur in natural soils. Łhese range from his 
	cryptovoids, of less than 0.1 µm, to coarse macro voids, of 
	greater 
	greater 
	greater 
	than 
	5 
	mm. 
	See 
	Tabl e 
	4. 
	Most 
	likely, 
	only 
	the 
	macro 

	voids 
	voids 
	(pores) 
	could 
	be 
	affected 
	by 
	compaction 
	efforts. 
	Such 

	pores 
	pores 
	are 
	d er ived 
	from 
	grain 
	packing 
	(arrangement), 
	gas 


	movement, ice· format ion, root systems, worm activi ty, insect activity, burrowing anim al st, shrink and swell, wetting and drying, and inherited b edding plan es and joints of the parent rock. 
	Łompaction occurs as pores are reduced in size. Baver says that the fluid-like flow of moistened clay particles under stress will cause destruction of the la rg er pores in a natural soil (3). Collins and McGowan have noted that single pa rticl e (grain) interaction is rare (5). This concept indicates that in soil with even small amounts of clay, only the clay is
	· 
	contiguous, not the grains. Thus, soil strengthst, or resistance to shear, comes from bridges or "connections" of clay or grain-clay assemblages in a soilt. A reduction in porosity occurs as the connections are sheared by compactiont. 
	Particle Size Relationships 
	The loamy soils, such as loam, silt loam, sandy loam (USDA); SM-SC, ML-CL, SM (Unified); A-2-6, A-2-4, A-4, (AASHTO); show the greatest average shrinkage factorst. See Appendix A. This is thought to be due to an "open" or high porosity soil fabric. 
	TABLE 4 
	Size Classification of Voids 
	Clas.s Name Subclass Class Limits Macrovoids 75u 
	Very fine macrovoids 75-lOOOu 
	Fine macrovoids 1000-2000u 
	Medium macrovoids 2000-SOOOu 
	Coarse macrovoids SOOOu Mesovoids 30-75u Microvoids 5-30u 
	Ultramicrovoids Su Cryptovoids* O.lu 
	* The water in cryptovoids is generally accepted as being unavailable to plants. 
	Taken from Brewer 
	The open fabric is easily disturbed by compactive effort when the soil is at optimum moisture content. See Figure 4. The opposite is true for the clay soils. Usuall, these soils 
	y

	cannot· be compacted as well as Mother Nature has done. In many 
	cases these soils appear to swell slightly when excavated and 
	/ 
	compacted in a fill. 
	As mentioned above, the degree of compacŁion is strongly related to soil moisture contentt. Water in the soil acts as a lubricator to allow a closer proximity of grains and a consequent alteration of fabric as compression of the soil mass. 
	occturst. 
	occturst. 
	occturst. 
	At 
	opttimum 
	moistture content 
	the 
	soil particles 
	may 
	be 

	brought as close 
	brought as close 
	together 
	as 
	posstible 
	with 
	normal 
	compaction 

	efforts. 
	efforts. 


	Statistical Analysis One of the problems when using a limited number of soil 
	samplest, is the degree of scatter of test valuest. When dealing 
	with soils the scatter is sometimes considerable and sometimes 
	reasonably narrow. See Appendix A. A regression analysis was used to determine the relationship 
	between particle size systems and shrinkage factorst. The graphs 
	in Appendix A show the relationship between the three particle size systems and shrinkage factorst. The trend is for clayey soil to approach a shrinkage factor of 1.t00 or somewhat less. 
	This means that large pores are few. Soils high in silt and 
	sand show shrinkage factors of 1.10 or moret. These soils 
	, Ł 
	2.2 
	-
	2.1 
	,,,
	,,,
	£ 

	...... 
	0)
	:I 2.0
	-
	"f:I
	0. 1.9 AIR VOIDS, 100% S 
	> 

	... 
	(I)
	""
	1.8
	z 

	0 
	> 
	p9 = 2.65 l'A g/m3 
	a::0 
	1.6 
	5 10 15 20 25 
	WATER CONTENT w(%) 
	SOIL TEXTURE AND PLASTICITY DATA 
	No. Description Sand Silt Clay LL PI 1 Well-graded loamy sand 88 10 2 16 N.P. 2 Well-graded sandy loam 72 15 13 16 N.P. 
	Med-graded sandy loam 
	9 18 22 
	4 
	4 
	4 
	4 
	Lean 
	sandy silty clay 
	32 
	33 
	35 
	28 
	9 

	5 
	5 
	Lean 
	silty clay 
	,_.:::> 
	64
	-

	31 
	36 
	15 

	6 
	6 
	Loessial 
	silt 
	5 
	85 
	10 
	26 
	2 

	7 
	7 
	Heavy clay 
	6 
	22 
	72 
	67 
	40 


	Poorly graded sand 
	-------
	6
	-

	N.P. 
	Taken from Johnson and Sallberg Figure 4. The relationship of moisture-density to soil properties. 
	contain relatively high percentages of large pores that can be col l apsed to reduce the soil volume. 
	Among the usual laboratory tests, liquid limit serves best when estimating soil shrinkage. Note that the liquid limit test was not run on non-plastic soils. See Figure B-1 in Appendix 
	B. Neither the plasticity index nor the clay content correlate well with shrinakage factors. Soils that are granular, with just a small amount of clay, seem to shrink the most. These are soils that have very low plasticity indices or are non-plastic. Very clean cohesionless sands do not shrink as much as soils of ver. low plasticities. Highly plastic soils may not shrink at all. 
	Ł

	, "7 
	COST ANALYSIS 
	The information presented in this report provides a means 
	for a more accurate prediction or verification of the changes in 
	soil volume that result from earthwork construction operations. 
	In a typical six mile long grade and drainage project, about 3 3
	500,000 to 1,000,000 ydt(382,000 to 765,000 mt) of soil material are excavated (8). Current methods of estiŁating shrinkage are based on the history of adjacent or close-by 
	projects. 
	For example: Plans indicate that a six mile project will 3
	require 700,000 yd. (535,000 of excavation. The soil survey indicates that a USDA class of sandy clay loam is rredominant. Without this information, design engineers probably would use the standard shrinkage factor of 1.20. TablŁ A-1 in Appendix A shows a shrinkage factor of 1.t11 should 
	be used to compute changes in volume. This difference· in the method of calculating shrinkage would produce an error of 63,000 3 3
	ydt(48,000 mt). In terms of dollars this would be an error 
	of $126,000 (assuming $2.00/yd for excavation) . While it is 
	3 

	not expected that the use of this report would save over $100,000 on every project, it could assist in saving about 
	$20,000 to $30,000 for each project of this magnitude. 
	CONCLUS ION 
	The resultts cif this study are based on the shrinkage in 
	voltume occurring as soils are compacted to standard Proctor 
	density (AASHTO T99). Modern heavy construction equipment, 
	heavier ·than an 8 ton (7.3 metric tons) roller is capable of 
	compacting soilts to a greater density than standard Proctor. 
	For example: This report indicates that sandy loam has a 
	shrinkage factor of 1. 14. It is very probable that modern 
	equipment will compact the soil more than this -perhaps up to a 
	shrinkage factor of about 1.t20. 
	The information in this report. indicates the relative differences in Łhrinkage based on particle size classes. The coarser soils such as sandy loam (USDA), ML-CLt(Unified), and 
	A-2-6t(AASHTO) will shrink the most, usually about a 1Ł14 shrinkage factoi. The finer soils such as clay (USDA), CHt(Unified), and A-7-6t(AASHTO) shrink the least, usually near a 
	1.t00 shrinkage factor. 
	Liquid limit test (AASHTO T89) values are a fairly good indicator of shrinkage. 
	The results of the soil tests as provided in this report will allow a more accurate method of determining soil shrinkage factors. It can also assist in verifying the results of other methods of calculating shrinkage. 
	This report should be helpful in producing savings of up to $30,t000 for each project. 
	1 Q 
	RECOMMENDATIONS 
	In ordcer to implement properly the resultts of this study, the following steps should be taken: 
	1. 
	1. 
	1. 
	A manual should be developed incorporating the steps outlined below. This manual should include a method to assure that soil test information is available for making shrinkage factor determinations. 

	2. 
	2. 
	A table listing the soil series of Okltahoma and their particle size relationship to the tested benchmark soils should be compiled. 

	3. 
	3. 
	A method for making soil shrinkage determinations from soil maps should be provided. 
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	APPENDIX A 
	SHRINKAGE FACTORS 
	This appendix describes and illustrates the relationship of the number of tests and the resulting shrinkage factors for each 
	particle 
	particle 
	particle 
	size 
	class. 
	The 
	distribution 
	of 
	test 
	values 
	is 
	shown 

	graphically. 
	graphically. 
	Also, 
	·at
	· 
	statistical 
	summary 
	is 
	given. 
	The 

	particle 
	particle 
	size 
	class, 
	horizon, 
	number 
	of 
	observations, 
	mean, 


	standard deviation, minimum, and maximum values are presented in the table on page A-17 to A-19. A chart co1nparing the particle sizes of the USDA, Unified, and AASHTO classes is on page A-20. 
	USDA Classification 
	CLASS=C 
	FREQUENCY 
	40 30 20 10 
	o.75 o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 SHRINKAGE FACTOR 
	CLASS=CL 
	FREQUENCY 
	40 30 20 10 
	a.1s a.ea a.as a.so a.ss 1.aa 1.os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	USDA Classification {Continued) CLASS=SIC 
	USDA Classification {Continued) CLASS=SIC 
	FREQUENCY 
	40 30 20 10 o.1s a.so a.as a.so o.ss 1.0 0 1.os i.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	CLASS=SICL 
	. · 
	FREQUENCY 
	40 30 20 10 
	0.15 o.ao o.a5 o.so 0.95 1.00 1.05 1.10 t.15 1.20 1.25 i.30 SHRINKAGE FACTOR 
	USDA Classification {Continued) 
	CLASS=L 
	FREQUENCY 
	40 30 20 10 o.1s o.ao a.as a.so o.ss l.oo l.os 1.10 1.1s 1.20 1.25 1.30 
	SHRINKAGE FACTOR 
	CLASS=SIL 
	'FREQUENCY 
	40 30 20 10 
	0.15 a.ea a.as a.so o.ss 1.00 1.05 1.10 1.15 1.20 1.25 1.30 SHRINKAGE FACTOR 
	USDA Classification (Continued) CLASS=SC 
	FREQUENCY 
	40 30 20 10 o.1s o.ao a.as a.so o.ss 1.0 0 1.os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	CLASS=SCL 
	FREQUENCY 
	40 30 20 10 
	o.1s o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	CLASS=SL 
	FREQUENCY 
	40 30 20 10 
	o.75 o.ao a.as a.so o.ss 1.00 1.05 1.10 1.15 1.20 1.25 1.30 SHRINKAGE FACTOR 
	CLASS=LS 
	FREQUENCY 
	40 30 20 10 
	o.1s o.ao a.as a.so o.ss 1.00 1.os 1. 10 1. 1s 1.20 1.2s 1.30 SHRINKAGE FACTOR 
	USDA Classification (Continued) CLASS=S 
	FREQUENCY 
	40 30 20 10 
	o.1s a.ea a.as a.so o.ss 1.0 0 1.os 1.10 1.1s 1.20 1.2s 1.30 SHRINKAGE FACTOR 
	71 _., 
	Unified Classification CLA.SS=CH 
	FREQUENCY 
	50 40 30 20 10 
	o.75 o.ao a.as a.so o.s5 1.0 0 1.05 1.10 1.15 1.20 1.25 1.30 SHRINKAGE FACTOR 
	CLASS=CL 
	FREQUENCY 
	60 40 20 o.75 o.ao a.as a.so o.ss 1.00 l.os 1. 10 l. 1s 1.20 l.2s l.3o 
	Unified Classification (Continued) CLASS=ML 
	FREQUENCY 
	50 40 30 20 10 
	0.15 o.ao a.as a.so o.ss 1.00 1.os 1.10 1.15 1.20 1.25 1.30 SHRINKAGE FACTOR 
	CLASS=MH 
	FREQUENCY 50 
	30 
	20 
	10 
	Figure
	0.15 a.so a.as a.so o.ss 1.00 1.os 1.10 1.15 1.20 1.25 1.30 SHRINKAGE FACTOR 
	0.15 a.so a.as a.so o.ss 1.00 1.os 1.10 1.15 1.20 1.25 1.30 SHRINKAGE FACTOR 
	7\_Q 


	Unified Classification (Continued) CLASS=ML-CL 
	FREQUENCY 
	so 40 30 20 10 o.75 o.ao a.as a.so o.ss 1.0 0 1 . os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	CLASS=SC 
	FREQUENCY 
	50 40 30 20 10 
	0.75 o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 
	0.75 o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	Unified Classification (Continued) 
	CLASS=SM 
	FREQUENCY 
	50 40 30 20 10 

	0.15 o.ao a.as o.so o.s5 1.00 1.05 1.10 1.15 1.20 1.2s 1.30 
	0.15 o.ao a.as o.so o.s5 1.00 1.05 1.10 1.15 1.20 1.2s 1.30 
	SHR INKAGE FACTOR 
	.. 

	CLASS=SM-SC 
	FREQUENCY 
	50 40 30 20 10 
	o.1s o.ao a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	Unified Classification (Continued) CLASS=SP 
	FREQUENCY 
	50 40 30 20 10 

	0.75 o.ao a.as a.so o.ss l.oo l.os 1.10 l.1s 1.20 l.2s 1.30 
	0.75 o.ao a.as a.so o.ss l.oo l.os 1.10 l.1s 1.20 l.2s 1.30 
	SHRINKAGE FACTOR 
	AASHTO Classification CLASS=A-2-4 
	FREQUENCY 
	80 60 40 20 o.1s a.ao a.as a.so a.ss 1.00 1.05 1.10 1.15 1.20 1.25 1.30 
	SHRINKAGE FACTOR 
	CLASS=A-2-6 
	FREQUENCY 
	80 60 40 20 
	o.1s o.ao a.as a.so o.ss i.oo 1.os .i.10 1.15 i.20 1.25 1.30 
	SHRINKAGE FRCTOR 
	AASHTO Classification {Continued) CLASS=A-2-7 
	FREQUENCY 
	80 60 40 20 
	o.1s a.so a.as a.so o.ss 1.00 1.os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	·cLASS=A-4 
	FREQUENCY 
	80 60 40 20 
	a.1s a.ea a.as a.so a.ss 1.aa 1.as 1.1a 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	, A
	, A
	-



	AASHTO Classification (Continued) CLASS=A-5 
	AASHTO Classification (Continued) CLASS=A-5 
	FREQUENCY 
	80 60 40 20 o.1s o.ao a.as a.so o.ss i.oo 1.os 1.10 1.1s 1.20 1.2s 1.30 
	SHRINKAGE FACTOR 
	CLASS=A-6 
	FREQUENCY 
	ao 60 40 20 o.1s a.ao a.as a.so a.ss 1.oa i.os 1.1a 1.1s i.2a 1.2s 1.30 
	SHRINKAGE FACTOR 
	,...
	'71 , 
	AASHTO Classification {Continued) 
	CLASS=A-7-5 
	FREQUEŁŁCY 
	80 60 40 20 
	o.75 
	o.75 
	o.75 
	o.ao 
	a.as 
	a.so 
	o.s5 1.00 1.os 1.10 SHR INKAGE FACTOR 
	1.15 
	1.20 
	1.2s 
	1.30 

	FREQUENCY 
	FREQUENCY 
	CLASS=A-7-6 


	80 60 40 20 
	a.1s a.ea a.as a.so o.ss 1.00 1.os 1.10 1.15 1.20 1.2s 1.30 SHRINKAGE FACTOR 
	.. , ,.. 
	SHRINKAGE FACTORS Summary Statistics for USDA Soil Classification 
	USDA 
	USDA 
	USDA 
	Horizon 
	Number of 
	Mean 
	Standard 
	Minimum 
	Maximum 

	Class 
	Class 
	Observations 
	Deviation 
	Value 
	Value 

	c 
	c 
	59 
	0.96 
	0.09 
	0.79 
	1.17 

	c 
	c 
	A 
	8 
	1.03 
	0.08 
	0.90 
	1.15 

	c 
	c 
	B 
	44 
	0.94 
	0.09 
	0.79 
	1.17 

	c 
	c 
	c 
	7 
	1.01 
	0.05 
	0.95 
	1.09 

	CL 
	CL 
	51 
	1.01 
	0.09" 
	0.80 
	1.24 

	CL CL 
	CL CL 
	A B 
	7 34 
	1.04 1.01 
	0.11 0.08 
	0.93 0.80 
	1.24 1.17 

	CL 
	CL 
	c 
	9 
	-
	0.99 
	0.09 
	0.85 
	1.12 

	CL 
	CL 
	C/R 
	1 
	0.94 
	. 
	0.94 
	0.94 

	L 
	L 
	28 
	1.11. 
	0.07 
	0.96 
	1.28 

	L 
	L 
	A 
	17 
	1.10 
	0.06 
	0.96 
	1.17 

	L 
	L 
	B 
	7 
	1.12 
	0.09 
	1.03 
	1.25 

	: 
	: 
	L L LS 
	c C/R 
	3 l 11 
	1.19 1.14 1.14 
	0.09 . 0.07 
	1.12 1.14 0.98 
	1.28 1.14 1.22 

	TR
	LS 
	A 
	5 
	1.17 
	0.05 
	1.10 
	1.22 

	TR
	LS 
	B 
	4 
	1.09 
	0.08 
	0.98 
	1.15 

	TR
	LS 
	c 
	2 
	1.15 
	0.01 
	1.15 
	1.15 

	TR
	s 
	6 
	1.11 
	0.04 
	1.05 
	1.18 

	TR
	s s 
	A B 
	1 2 
	1Ł11 1.13 
	. 0.07 
	1.11 1.09 
	1.11 1.18 

	TR
	s 
	c 
	3 
	1.10 
	-0. 04 
	1.05 
	1.13 

	TR
	SC 
	1 
	1.09 
	• 
	1.09 
	1.09 

	TR
	SC 
	B 
	1 
	1.09 
	. 
	1.09 
	1.09 

	TR
	SCL 
	13 
	1.11 
	0.06 
	1.03 
	1.20 

	TR
	SCL 
	B 
	13 
	1.11 
	0.06 
	1.03 
	1.20 

	TR
	SIC 
	39 
	0.96 
	0.01 
	0.83 
	1.10 

	TR
	SIC SIC 
	A B 
	4 33 
	0.94 0.96 
	0.11 0.07 
	0.86 0.83 
	1.09 1.08 

	TR
	SIC 
	c 
	2 
	1.04 
	0.09 
	0.98 
	1.10 

	TR
	SICL SICL SICL 
	A B 
	65 12 42 
	1.02 1.01 1.01 
	0.08 0.07 0.09 
	0.84 0.91 0.84 
	1.19 1.14 1.19 

	TR
	SICL SIL 
	c 
	11 122 
	1.04 1.09 
	0.08 0.07 
	0.91 0.90 
	1.15 1.29 

	TR
	SIL SIL 
	A B 
	97 20 
	1.10 1.09 
	0.07 0.09 
	0.90 0.90 
	1.26 1.29 

	TR
	SIL 
	c 
	5 
	1.07 
	0.06 
	1.01 
	1.16 

	TR
	SL 
	43 
	1.14 
	0.07 
	0.92 
	1.29 

	TR
	SL 
	A 
	18 
	1.11 
	0.07 
	0.92 
	1.20 

	TR
	SL SL 
	A/C B 
	1 12 
	1.18 1.16 
	• 0.07 
	1.18 1.05 
	1.18 1.29 

	TR
	SL 
	c 
	12 
	1.15 
	0.08 
	1c.03 
	1.27 


	A-17 
	SHRINKAGE FACTORS Summary Statistics for Unified Soil Classification 
	Unified 
	Unified 
	Unified 
	Horizon 
	Number of 
	Mean 
	Standard 
	Minimum 
	Maximum 

	Class 
	Class 
	Observations 
	Deviation 
	Value 
	Value 

	CH 
	CH 
	56 
	0.90 
	0.06 
	0.79 
	1.05 

	CH 
	CH 
	A 
	3 
	0.89 
	0.04 
	0.86 
	0.93 


	CH B 
	CH B 
	0.90 0.05 0.79 0.99 
	SHRINKAGE FACTORS 

	CH 
	CH 
	CH 
	c 
	4 
	0.97 
	0 .-06 
	0.91 
	1.05 

	CL 
	CL 
	224 
	1.04 
	0.07 
	0.88 
	1.29 

	CL CL 
	CL CL 
	A B 
	72 121 
	1.05 1.03 
	0.07 0.07 
	0.91 0.88 
	1.18 1.29 

	CL 
	CL 
	c 
	30 
	1.05 
	0.07 
	0.95 
	1.19 

	CL MH MH 
	CL MH MH 
	C/R B 
	1 4 4 
	0.94 0.87 0.87 
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	Summary Statistics for AASHTO Soil Classification 
	AASHTO Horizon Number of Mean Standard Minimum 'Maximum Class Observations Deviation Value Value 
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	COMPARISON OF PARTICLE SIZE SCALES 
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	APPENDIX B 
	SHRINKAGE AND COMMON LABORATORY TESTS 

	This appendix demonstrates the reliability of liquid limit, plasticity index, and clay content tests AASHTO T89 , T90 , and T88 respectively, to predict shrinkage factorst. 
	Figure n..:..I1. Relationship of Shrinkage Factor and Liquid Limit 
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	Figure a..:..2. Relationship of Shrinkage Factor and Plasticity Index 
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	Figure B-3 
	Figure B-3 
	Relationship of Shrinkage Factor and Clay Content 
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