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FOREWORD 

The study reported herein was authorized by letter from the Office, 

Chief of Engineers (ENGCW), dated 7 December 1967, subject: Sunmtaries 

of Field Compaction Control Data on Earth and Rockfill Dams. 'lbe study 

was accomplished under ES 537, "special Studies Group for Civil 

Works Soils Problems. " This is the second in a series of interim reports 

on the analysis of field compaction control data from completed dams. A 

final report w·111 incorporate the significant results of the interim 

reports. 

This investigation was conducted by the u. s. Army Engineer Water

ways Experiment Station (WES) under the general direction of Messrs. w. J. 

Turnbull, J. P. Sale, A. A. Maxwell, and J. R. Compton. Principal 

engineers conducting the investigation and analyzing results were 

Messrs. w. E. Strohm, Jr., and v. H. Torrey, III. This report was 

prepared by Mr. Torrey. 

Directors of the WES during preparation and publication of this 

report were COL John R. Oswalt, Jr., CE, COL Levi A. ·Brown, CE, and 

COL Ernest D. Peixotto, CE. Technical Directors were Messrs. J. B. 

Tiffany and F. R. Brown. 

iii 



CONTENTS 

FOR.EWORD • • • • • • • • • • • • • • • • • • • • • • • • • • 

CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREM:ENT • 

SUMMARY 

PART I: INTRODUCTION 

Background • • • 
Purpose and Scope 

. . . . . . . . . . . . . . . . . . . . 
PART II: CONSTRUCTION OF 'JBE DAM . . . . . . . . . . . 

Description of the Site and Structure . . . . . 
Construction • • • • • • • • • • • • • • • . . . . . . . 

PART III: FIELD COMPACTION RESULTS AND ANALYSIS • 

Impervious Fill, Darn Embankment (Cofferdam Portion) •••• 
Impervious Fill, Dam Embankment (Excluding the Cofferdam) •• 
Impervious Fill, Dike Embankment •••••••••• 
Impervious Backfill, Dam Embankment (Hand-Compacted) • 
Type I Random Fill, Dam and Dike • • • • • •• 
Summary of Physical and Statistical Values for 

Impervious Materials • • • • . . . 
Record Sample Data • • • • • • • • • • • 
Type II Random Fill • • • • • • • • • 
Pervious Fill • • • • • • 
Summary of Physical and Statistical Values for Pervious 

and Type II Random Materials • • • • • • • 

PART IV: SUMMARY OF RESULTS • 

PART V: CONCLUSIONS . . . . . . 
LI TERA 'llJRE CI TED • • • • . . . . 
TABLES 1-6 

PLATES 1-18 

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

. . . . . . . . . . 

Page 

iii 

vii 

ix 

1 

1 
1 

2 

2 
5 

30 

30 
33 
36 
38 
41 

43 
45 
47 
48 

50 

51 
54 

56 

APPENDIX A : DEFINITION OF BASIC TERMS • • • • ~ • • • • • • • • • Al 

v 



CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to metric 
units as follows: 

Multi pl~ B~ To Obtain 

inches 2.54 centimeters 

feet 0.3048 meters 

miles 1.609344 kilometers 

square inches 6.4516 square centimeters 

cubic yards o. 764555 cubic meters 

pounds 0.4535924 kilograms 

tons (2000 lb) 907.185 kilograms 

pounds per square inch 0.070307 kilograms per square 
centimeter 

pounds per cubic foot 16. 0185 kilograms per cubic meter 
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SUMMARY 

This report is a review of the materials, specifications, procedures, 

equipment, and testing pertinent to construction and compaction control of 

the earth-fill embankment of Littleville Dam, Westfield River, Mass., 

constructed by the U. S. Army Engineer Division, New England. This report 

includes summation and analyses of the compaction control data submitted 

by the division to the U. S. Army Engineer Waterways Experiment Station. 

Statistical analyses are presented on the variation of fill water 

content from laboratory optimum water content and the variation of fill 

dry density from laboratory maximum dry density, based on results of field 

density sampling in each major zone of the embankment, The overall compac

tion control achieved for each major embankment zone is indicated by 

frequency histograms, cumulative frequency distributions, and various 

statistical parameters for variation of both water content and density. 
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ANALYSIS OF FIELD COMPACTION DATA 

Report 2 

LITTLEVILLE DAM, WESTFIELD RIVER, MASSACHUSETTS 

PART I : INTRODUCTION 

Background 

1. This report is the second (see reference 1 for Report 1) of a 

series of interim reports being prepared on statistical analyses of field 

compaction control data obtained from Corps of Engineers' (CE) earth- and 

rock-fill dams. Data on several representative dams are being analyzed to 

determine variations in field compaction results. The study is being 

accomplished under Engineering Study (ES) 537, Special studies Group for 

Civil Works Soils Problems. As part of this effort, statistical analyses 

are being made of the variation of fill water content and fill percent 

compaction of several dams recently completed. In addition, correlations 

are being established between optimum water content, maximum dry density, 

and Atterberg limits. A final report will be prepared to summarize analyses 

of data and conclusions presented in the reports of individual projects. 

Purpose and Scope 

2. The overall objectives of the study are to improve (a) design 

procedures, (b) specifications and control requirements, and (c) field 

construction control. Statistical analyses have been made of the field 

compaction control data for Littleville lJam, constructed by the New 

England Division (NED). The embankment materials, the compaction control 

methods, the procedures used in analyses of field data, and the results 

obtained are discussed in the following paragraphs. 
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PART II: CONSTRUCTION OF 'IHE DAM 

Description of the Site and Structure 

Plan and location 

3. The general plan of Littleville Dam is shown in fig. 1. The 

structure is located on the Middle Branch of the Westfield River within 

the counties of Hampden and Hampshire in western Massachusetts, at the 

westerly side of the Connecticut River basin. The damsite is about 1 mile* 

north of the confluence of the Middle Branch and Westfield River and 

about 2.7 miles north -Of the town of Huntington, Mass. The project consists 

of an earth-fill embankment with a maximum height of 164 ft above the stream

bed, a water supply outlet works along the left riverbank, an uncontrolled 

service spillway and an associated controlled outlet works in the left 

abutment, and an earth-fill dike with a maximum height of 46 ft located 

in the left abutment saddle approximately 500 ft beyond the spillway. 

Construction of the Littleville Dam project was initiated in April 1963 

and completed in November 1964. 
2 3 Geology ' 

4. The Westfield River flows in a deep, preglacial valley in the 

New England upland section of western Massachusetts. It is a maturely 

dissected region of moderate relief which has been modified by glaciation. 

The bedrock hills and ridges are generally blanketed by a thin cover of 

glacial till consisting of unsorted materials deposited directly from 

the glacier and ranging in gradation from clay to boulders. The bottom 

of most of the main valley has been deeply filled by deposits of till 

and outwash. The outwash deposits, which consist,of variable, roughly 

stratified sands, silt, and gravel, form narrow floodplains along the 

valley bottoms and terraces on the valley walls. ,Bedrock outcrops 

conunonly through the thin till cover on the upper slopes and tops the 

* A table of factors for converting British units of measurement to 
metric units is presented on page vii. 
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hills. In the valleys, the bedrock is exposed only where the rivers have 

cut through the till and outwash to expose rock spurs on the sides of the 

valleys. The bedrock of the region consists of a series of folded 

Paleozoic crystalline rocks, mostly schist, of several formations. 

Construction 

Embankment 

5. A typical embankment section of Littleville Dam is shown in 

fig. 2. The embankment is an earth-fill structure, approximately 

1360 ft long and with a maximum height above streambed of 164 ft. It 

is essentially a homogeneous impervious fill section (incorporating an 

upstream cofferdam), except for a small random zone within•the central 

portion, an inclined internal drain with a three-layer horizontal drainage 

blanket in the downstream portion of the impervious fill, and a small 

downstream rock-fill toe. Gravel bedding was placed beneath the riprap 

slope protection. 

~ 
6. A typical section of the dike for Littleville Dam is shown in 

fig. 3. The dike is an earth-fill structure, approximately 935 ft long, 

with a maximum height of 46 ft. The section consists of an upstream 

impervious blanket, and a downstream random fill zone serving as a pervious 

zone. A foundation trench backfilled with pervious material was constructed 

beneath the downstream zone. A gravel bedding was provided beneath the 

rock slope protection. 

Borrow sources 

7. The borrow sources and pertinent specifications for the maj_or 

embankment materials for the dam and dike were as follcms: 

a. Impervious fill. Impervious fill material was placed in two 
areas of the dam and dike: the central impervious zones of 
the dam and dike and the impervious backfill areas of the 
dam (placed adjacent to bedrock surfaces and around concrete 
structures). In the subsurface investigations for this 
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project, a large deposit of glacial till was located on the 
top and east slope of the ridge forming the left abutment 
for the dike. This location, designated borrow area "B" 
as shown in fig. 4, was the specified source of all im
pervious fill material. The overburden in area B consisted 
of glacial till of relatively uniform character, except for 
occasional surficial layers, 4 to 9 ft thick, of slightly 
coarser material. The soils in this area consisted princi
pally of gravelly silty sand (SM and SM-SC) and gravelly 
sandy silt (ML and ML-CL) with occasional gravel phases (GM). 
Gravel contents varied, but were generally less than 25 per
cent; silt contents ranged from 40 to 60 percent of the 
fraction passing the No. 4 sieve, except in the surficial zones 
where they were as low as 30 percent. Soils in the southern 
half of area B had generally higher silt contents than in the 
northern half and included several slightly plastic soils 
having liquid limits of from 19 to 24 and plasticity indexes 
from 1 to 7. Natural densities throughout the deposit were 
relatively high, ranging from moderately compact to very 
compact except in the zone of frost action. Natural water 
contents of the minus No. 4 fractions of samples from the 
borings in the area were 1 to 3 percentage points above 
optinum water content. The deposit contained numerous 
cobbles and occasional boulders. Specifications for the 
impervious fill zones required the removal of all stones 
that exceeded two-thirds the loose-lift thickness (8 in.) 
used during placement on the fill. All stones exceeding 
a 3-in. diam were removed from the impervious backfill 
material. 

b. Random fill. Random fill was taken from required excavations, 
including the foundation cutoff trench for the dam, the foun
dation drain trenches for the dam and the dike, the excavation 
to bedrock on the left abutment of the dam for the water supply 
conduit, and the excavation of the spillway channel. Since 
the bulk of these excavated materials became available at the 
same time that the embankments were being constructed, economi
cal considerations required that as much of the excavated 
materials as practicable be used in the permanent work. 
Because a relatively wide ranze of soil types would be ob
-tained from these excavations, provisions were made to include 
random fill zones in the embankment sections of the dam and 
dike to utilize those soils. The random fill included 
(1) material having enough plasticity to exhibit well defined 
water content versus compacted unit weight relationships and 
(2) more granular material for which the Providence vibratory 
density test was applicable. For the first type of material, 
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field compaction was compared with standard effort compaction 
test results; for the second type, field compaction was com
pared with the Providence vibratory density test results. 
For the purposes of this report, these materials have been 
subdivided into Type I random fill for material with a well 
defined water content-compacted density relationship whose 
field compaction was therefore compared with standard 
compaction test results, and Type II random fill for 
material without a well defined relationship whose field 
compaction was compared with results of Providence vibratory 
density tests. These subdivisions for the random material 
do not represent zonations of the embankment as these 
materials were placed indiscriminately in the random zones. 
It was specified that materials from the first-stage cutoff 
trench excavation in the valley bottom for the dam be placed 
in the random fill zone of the dike, in order to avoid stock
piling of the excavated material. They consisted principally 
of silty sandy gravel (GP-GM and GM). The materials from the 
second stage of the cutoff trench excavation (abutment areas) 
and the other excavations were much more variable. They in
cluded gravelly silty sand (SM); gravelly sandy silt (ML); 
and outwash materials composed of silty sandy gravel (GP-GM 
and GM), gravelly silty sand (SP-SM and SM), sandy gravel (GP), 
and sandy silt (ML). These soils from the second stage cut
off trench excavation and the other excavations were placed 
in the random fill zone of the dam. All stones exceeding 
two-thirds the loose-lift thickness in diameter were removed 
from the Type I random and Type II random materials before 
compaction. 

c. Embankment drainage materials. The borrow sources and 
specifications for these materials are described below: 

(1) Sources. Extensive reconnaissance was made to locate 
sources of embankment drainage materials for use in 
the internal inclined drain of the dam embankment, in 
the foundation drains, and in the drainage blankets. 
Processed sand fill for the horizontal drainage 
blanket of the dam was obtained from a commercial 
source near the damsite. Materials other than 
processed sand fill were available in borra.v areas C, 
D, and E. These areas were located on lo.v terraces 
along the river from 1/4 to 1-1/2 miles upstream of 
the damsite, as shown in fig. 4. The materials with
in these areas are described below: 

(a) Borrow area c. The silt and topsoil blanket in 
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area C was from 1 to 4 ft thick. Depths to bedrock 
or glacial till ranged from 12 to 25 ft in general. 
The materials in this area, beneath the blanket and 
above the till or bedrock, consisted of roughly 
stratified, loose to compact, brown sandy gravel (GP), 
silty sandy gravel (GP-GM), gravelly silty sand (SP-SM), 
and scattered lenses of sandy silt (ML), with occasional 
phases of silty sands and gravels in the SM and GM 
categories. These materials contained numerous cobbles, 
of which a significant number were highly weathered. 
In general, gravel contents ranged from 30 to 70 per
cent and silt contents ranged from 5 to 20 percent of 

''.!c tlnet,minus No~ ,·4cfraction. For the bulk of these soils, 
however, the silt contents were less than 15 percent of 
the minus No. 4 fraction. 

(b) Borrow area D. The sands and gravels in this area were 
similar to those in area c. Their distribution, however, 
was more erratic, and in a considerable portion of the 
area, the silt and topsoil blanket directly overlay 
glacial till. For this reason, the development of this 
area as a Government designated borrow area for gravel 
bedding and embankment drainage materials was not 
economically feasible. This area was, however, available 
as a limited source of contractor furnished material. 

(c) Borrow area E. The silt and topsoil blanket in area E 
was from 1 to 6 ft thick. Depths to bedrock or glacial 
till ranged from 4 to 12 ft. The sands and gravels in 
this area were ·similarLtoL±hosieli'n 1areacceeKc~ptt.!that 
their gravel contents weret;gener.Ulyhat;gheranridtthetr 
silt contents tendedotb;.:-baicYJ:ower. 

(2) Specifications. 4 The contract specifications governing the 
nature of the embankment drainage materials were as follows: 

(a) Pervious fill. Materials to be placed in the internal 
inclined drain of the dam (pervious fill zone) were 
to consist of bank-run sand and bank~run gravelly 
sand from borrow areas C and E and from which all over
size atones (see- subparagraph (-f-}- bel-OW)- were- to-be
removed. 

(b) Sand fill. sand fill I!Ilterial placed in the hori
zontal drainage blankets and foundation drains of the 
dam and dike was to meet the requirements for processed 
sand as specified in subparagraph (c) below or was to 
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consist of reasonably well-graded bank-run sand or 
gravelly sand furnished by the contractor from ap
proved sources and from which all oversize stones 
(see subparagraph (f) belcm) were to be removed. 
Bank-rwt material was to conform to the following 
requirements: 

C!) Of the fraction passing the 3-in. sieve, between 
50 and 95 pe~cent by dry weight of the particles 
were to pass the No. 10 sieve. 

(!) Of the fraction passing the No. 4 sieve, between 
10 and 50 percent by dry weight of the particles 
were to pass the No. 40 sieve, not more than 
10 percent by dry weight of the particles were 
to pass the No. 200 sieve, and not more than 
3 percent by dry weight of the particles were to 
have a diameter of less than 0.02 mm. 

(c) Processed sand fill. Processed sand fill placed in 
the horizontal drainage blanket of the dam was to 
meet the gradation specifications for fine concrete 
aggregate as given belo.v: 

Sieve Designation Percentage 
u. s. Standard Square Mesh b~ Weight Passin~ 

No. 4 95-100 
No. 8 80-90 
No. 16 55-75 
No. 30 30-60 
No. 50 12-30 
No. 100 3-10 

(d) Gravel fill. Gravel fill material placed in the 
drainage blankets of the dam and dike was to consist 
of reasonably well-graded bank-run sandy gravel or 
gravelly sand from which all oversize stones (see 
subparagraph (f) below) were to be removed. Gravel 
fill material was to conform to the following grada
tion requirements: 

(1) Of the fraction passing the 3-in. sieve, at least 
25 percent and no more than 50 percent by dry 
weight of the particles were to pass the No. 4 
sieve. 

<!> Of the fraction passing the No. 4 sieve, not more 
than 10 percent by dry weight of the particles 
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Field data 

were to pass the No. 200 sieve or more than 
3 percent by dry weight of the particles were 
to have a diameter of less than 0.02 mm. 

(e) Backfills. Pervious backfill, gravel backfill, and 
sand backfill materials to be placed in confined 
spaces and around structures as they occurred in the 
respective zones of drainage material were to be 
obtained from the same sources and were to meet all 
requirements for materials as specified for the 
corresponding fill. 

(f) Oversize stones. Stones having maximum dimensions 
greater than two-thirds the thickness of the layer 
in which any of the foregoing embanlonent drainage 
materials were to be placed were to be removed, 
either at the source or from the fill during 
spreading. 

B. Field compaction control reports contain results of field density 

tests made on six soil types in the main embankment and dike sections. 

These soils were classified visually by field personnel at the time of the 

field density tests. Subsequent to field classifications, grain-size 

analyses were performed by the field laboratory on material from selected 

field density samples. These gradational data and the borrow source 

descriptions indicate that in actuality, twelve soil types were probably 

represented in the dam and dike embanlonents. Table 1 summarizes pertinent 

data on soil types, yardage, number of tests, compaction procedures, and 

compaction control procedures for those fill materials included in the 

compaction control reports. Pervious, gravel, and sand backfill materials 

are not listed in table 1 since there were no field data available from 

these areas. The description and source of the fill materials actually 

used in each zone are given below: 

a. Impervious fill and backfill. Field reports based on visual 
classification indicate all field density test samples to be 
gravelly silty sand and silty sand (SM). Laboratory tests 
made later on record samples indicate that some of these 
samples were slightly plastic and in the SM-SC class. Typical 
gradation curves of field density samples are shown in fig. 5. 
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One of these curves represents a gravelly sandy silt (ML 
or ML-CL), a soil type known to occur in the borrow source 
(see subparagraph 7a). Impervious backfill material was 
obtained from the same borrow source (Area B) and consisted 
of the same soil types as the impervious fill material. 
Typical gradation curves extracted from the field data for 
impervious backfill material are shown in fig. 6. No 
distinction was made in the field between materials used in 
the backfill and those used in the fill. 

b. Random fill. In table 1, random fill materials of the dam 
and dike have been subdivided into Type I and Type II random 
fills on the basis of compaction characteristics (see sub
paragraph 7b). The assignment of a field density test by 
WES to one of these classes for analytical purposes was made 
in accordance with the type of field control test reported 
by NED. Further description of these materials is given 
below. 

(1) Dam embankment. Random fill material for the dam was 
taken from the required excavations and from borrow 
area B as specified. Field compaction control reports 
classified this fill visually as silty sand (SM). Ha.v
ever, the typical gradation curves for the in situ 
material shown in fig. 7 show gravelly silty sand (SP-SM) 
as well. While sandy silt (ML), silty sandy gravel (GP-GM 
and GM), and sandy gravel (GP) were stated to be in the 
applicable areas of required excavations (see paragraph 7b), 
none were reported in the field reports. 

(2) Dike embankment. Random fill for the dike zone came 
primarily from the first-stage cutoff trench excavation 
as specified. This material was predominantly gravelly 
silty sand (SM and SP-SM) as indicated by the typical 
gradation curves in fig. s. The description of the 
applicable areas of required excavations (see paragraph 7b) 
indicates inclusion of silty sandy gravel (GP-GM and GM), 
sandy gravel (GP), and gravelly sand (SP) as well. An 
additional quantity of material was required to complete 
the dike random zone, since the first-stage cutoff trench 
excavation fa-iled to yield an- adequa-te vorume. Tlie minor 
amount of supplementary material required was supplied by 
the contractor from borrow area D (pervious borrow) and 
consisted of sand (SP), gravelly sand (SP), and sandy 
gravel (GP). No gradation data are available for this 
additional material. 
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c. Pervious fill. The pervious material for use in the inclined 
drain of the dam embankment was taken from borrow areas C and 
E (see paragraph 7c). The typical gradation curves in fig. 9 
show that the fill included gravelly sand (SP), gravelly silty 
sand (SP-SM), and sandy gravel (GW and GP). 

d. Gravel fill. Gravel fill materials for use in portions of 
the foundation drains and drainage blankets were taken from 
below the water table in borrow area c and from selected areas 
within an upstream terrace deposit on the right bank of the 
river. This material consisted of sandy gravel (GP) and 
bank-run gravelly sand (SP). The typical gradation curves 
in fig. 10 sh(7,ll that this material met the specifications 
(see paragraph 7c(2)(b)). 

e. Sand fill. Sand fill material for use in drainage blankets 
and foundation drains was taken from borrow area c and from 
selected areas of an upstream terrace deposit on the right 
bank of the river. The typical gradation curves in fig. 11 
classify the material as gravelly sand (SP) and gravelly 
silty sand (SP-SM), meeting the specifications (see para
graph 7c (2) ~c)). 

f. Processed sand fill. The processed sand fill placed in the 
horizontal drainage blanket of the dam was obtained by the 
contractor from a commercial source. The typical gradation 
curves in fig. 12 shCN/ this material to classify as sand (SP) 
meeting the specifications (see paragraph 7c(2)(c)). 

Compaction control 

9. Compaction requirements and control. Compaction specifications, 

field compaction procedures, and methods of correlating field density with 

laboratory density for those materials reported are summarized in table 1. 

The contract specifications contained required placement water contents and 

compaction procedures, but did not establish minimum densities. Therefore, 

the minimum densities stated herein apply to design expectations. The 

field compaction eontro-1 e-riteria- anct pr-ocedures used- rn constructing 

Littleville Dam are outlined belCN1: 

a. Impervious and Type I random fill 

(1) Control water content of the minus No. 4 fraction of the 
impervious fill and Type I random fill within + 2 per~ 
centage points of optimum water content. Control the 
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water content of the minus No. 4 fraction of the im
pervious backfill within 0 to + 3 percentage points of 
optinrum water content. 

(2) Control compaction of the impervious fill, impervious 
backfill, and Type I random fill to produce a miniilllm 
of 95 percent of laboratory maximum dry density 
(standard effort) for the minus No. 4 fraction. 

(3) Perform a 1-point standard effort compaction test '(see 
paragraph lla) on the minus No. 4 fraction of the 
material from each field density test taken in the 
impervious fill, impervious backfill, and Type I random 
fill, and apply the results to a set of compaction curves 
based on tests of the minus No. 4 fraction of the borrow 
materials. In addition, perform not less than one 5-point 
standard compaction test each week during placement of 
fill to augment the family of curves. 

b. Pervious, sand, gravel, and Type II random fill 

(1) Control compaction to produce a minimum of 95 percent of 
Providence vibrated density for the pervious fill, sand 
fill, gravel fill, and Type II random fill. 

(2) Perform a Providence vibrated density test on the material 
from each field density sample taken in the pervious fill, 
sand fill, gravel fill, and Type II random fill. 

(3) Control water content of pervious fill, gravel fill, and 
sand fill so as to prevent excessive rutting and dust and 
to permit satisfactory operation of hauling and compacting 
equipment. 

10. Placement and compaction. The placement and compaction operations 

employed in the construction of Littleville Dam are described belo.v and 

summarized in table 1. 

a. Impervious fill and backfill. The impervious fill was spread 
in 8-in. loose lifts and compacted by six passes of a to.ved 
tamping roller (sheepsfoot) weighing approximately 12 tons 
when fully loaded with water, having dual drums with four feet 
per ro.v, each foot with a 7-sq in. end area, exerting a foot 
pressure of about 432 psi, and operating at a speed of 2 to 
3 mph. The impervious backfill was placed in 2-in. loose 
layers and compacted by a 32-lb pneumatic hand tamper with 
a foot diameter of 5-3/4 in. 
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b. Random fill. Type I random fill, which constituted the major 
portion of the random fill zone of the dam, was spread in 
8-in. loose layers and compacted by six passes of a 12-ton 
sheepsfoot roller exerting a foot pressure of 432 psi and 
operating at a speed of 2 to 3 mph. The Type II random fill 
was placed in 12-in. loose layers and compacted by four 
passes of a 50-ton pneumatic roller with tire pressures 
between 80 and 100 psi, 25-ton wheel loads, and operating 
at a speed of 3 to 4 mph. 

c. Pervious fill. At first the pervi~s fill was spread in 
12-in. loose layers and compacted by four passes of a 50-ton 
pneumatic roller operating at a speed of 3 to 4 mph; later 
the pervious fill was compacted in 6-in. loose layers by 
six coverages of the tread of a crawler tractor exerting 
a contact pressure of about 9.5 psi and operating at a 
speed of about 10 mph. Pervious backfill was placed in 
4-in. loose layers and compacted by a 235-lb surface 
vibrator having a 12-in. by 18-in. tamping pad, exerting 
an impact load of 2900 lb, and covering 50 to 60 linear fpm. 

d. Sand fill and processed sand fill. The sand fill and processed 
sand fill were spread in 6-in. loose layers and compacted either 
by a crawler tractor exerting a contact pressure of about 9 psi 
and operating at a speed of about 10 mph, or by a 50-ton 
pneumatic roller operating at a speed of 3 to 4 mph. 

e. Gravel fill. The gravel fill was spread in 6-in. loose layers 
and compacted by six passes of a 50-ton pneumatic roller 
operating at a speed of 3 to 4 mph. 

11. Field and laboratory tests. Field density was determined on all 

materials using the water balloon method (Washington Dens-0-Meter). 

a. Impervious and !ype I random fill 

(1) Laboratory tests were performed on the minus No. 4 
fractions of the field density samples from the impervious 
fili, impervious backfill, and Type I random fill materials. 
Using the water content,_ determined- by- oven- drying, of- the
minus No. 4 fractions, and the percent of plus No. 4 
material, the water content of the total sample was 
determined by the nomograph in fig. 13. Assuming that all 
voids in the total sample were associated only with the 
minus No. 4 fraction, the dry density of the minus No. 4 
fraction of the field density sample was computed. The 
density of the minus No. 4 fraction was compared to a 
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family of laboratory compaction curves (see fig. 14) 
for minus No. 4 fractions of the impervious borra.v 
materials. 

(2) A "one-point" standard effort compaction test was 
performed on the minus No. 4 fraction dried to belOW' 
optimum water content. The "one-point" datum was 
projected to the line of optinrums of the family of 
compaction control curves as shown in fig. 15, and 
the optimum water content and maximum dry unit weight 
were determined for the field sample. This method has 
inherent inaccuracies when there is no unique line of 
optimums. As sho.vn in fig. 14, there is a wide scatter 
in the family of compaction curves due to heterogeneity 
of materials. 

b. Pervious materials. The water content of the pervious 
materials (including Type II random fill) was obtained by 
oven drying the total sample. The dry density of the field 
sample was compared to the results of a Providence vibrated 
density test performed on minus 2-1/2-in. material from 
the field density sample. Material larger than 2-1/2 in. 
was replaced by an equal weight of material passing the 
3-1/2 in. sieve and retained on the 1-in. sieve. 
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PART III: FIELD COMPACTION RESULTS AND ANALYSIS 

12. Statistical ·analyses* performed by the WES after construction 

on the data from the impervious fill and Type I random fill zones included 

frequency histograms and cumulative frequency distributions (percentage 

ogives) of the variation of fill water content from laboratory optimum 

and the variation of fill percent compaction. (100 times in situ dry density/ 

maximum dry density). The computation of other statistical parameters for 

the impervious and Type I random fill was accomplished by computer. lbe 

normal distribution curve best representing the observed data was determined 

by minimizing the value of chi-square computed from a set of ordinates of 

the normal curves and the corresponding ordinates of the observed histograms. 

1be frequency curves and the pertinent statistical parameters for the 

pervious material were computed and plotted manually. Description and 

discussion of these analyses are presented in the following paragraphs. 

Impervious Fill, Dam Embankment (Cofferdam Portion) 

13. In order to secure the construction site against ,flooding, an 

upstream cofferdam was constructed, which later comprised a portion of the 

embankment as shown in fig. 2. The cofferdam was constructed of the same 

materials and under the same specifications and procedures as the remainder 

of the impervious zone of the embankment. . However since the water contents 

of the cofferdam fill appeared to be significantly higher than the remainder 

of the impervious fill, the field control data on the cofferdam are treated 

separately herein. 

14. Data for the cofferdam were obtained from field density sampling 

·oetween s·ta '3.+30 and 12+25 and from el 392 to 505*.* of the dam. A plot of fill 

* Statistical terms and procedures used in this report are briefly 
defined in Appendix A. Reference 5 is cited as a source of complete 
definitions and thorough explanations of the statistical procedures 
employed in this report. 

** All elevations (el) are in feet referred to mean sea level. 
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percent compaction versus variation of fill water content from laboratory 

optimum is shown in fig. 16. Of the total of 324 tests, 59 tests (18 per

cent) did not meet the established compaction and/or water content criteria. 

Forty-nine samples (15 percent) had adequate densities but had water 

contents outside specified limits; 8 samples (2 percent) met the water 

content requirements but had densities lower than the desired minimum; 

and 2 (1 percent) met neither water content nor density standards. 

Thirteen of the 59 areas in which test results did not meet desired 

criteria were reworked; of these, only 4 were retested and these were 

found to have satisfactory densities and water contents. Examination 

of the field data indicated that the tests not meeting the contract 

specifications for water content were dispersed randomly throughout the 

cofferdam. 

15. Statistical analyses of compaction control of the cofferdam 

portion of the dam utilized 315 samples representing the as-built embank

ment. In the case of the four areas that were reworked and retested, the 

original test data were replaced by the retest results. The data for 

those nine areas that were reworked but not retested were excluded, since 

they no longer represented final states of compaction. A plot of actual 

fill dry density versus fill water content for the minus No. 4 fraction 

for the 315 samples is shown in plate 1. A small number of the data on 

plate 1 appear questionable, since they fall well above the average zero

air void curve representing the impervious soils. Excluding the reworked 

areas, the mean field water content was 11.7 percent, and the mean field 

dry density was 126.1 pcf. 

Water content 

16. The physical and s_tatis-tica-1 data- f-or fi-1-1 water- c-urtent for 

the cofferdam portion of the impervious zone of the dam are summarized in 

table 2. The frequency histogram and the percentage ogive for variation 

of fill water content from laboratory optimum water content for the field 

density test data are shown in plate 2. The normal theoretical distribution 

curve best fitting the observed fill water content data is also shown 
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superimposed on the histogram of plate 2. For a normal array, 68.3 per

cent of the total number of values (i.e., 68.3 percent of the area under 

the normal curve) is contained within plus or minus one standard deviation 

cr from the mean. Of the 315 test values, 70.2 percent fell within plus 

or minus one standard deviation. Thus the observed distribution tends to 

be slightly more concentrated to.vard the mean than the normal distribution. 

Pearson's first coefficient of skewness* is minus 0.4, verifying the 

asymmetrical displacement to the right evident in plate 2. Since the 

values of the standard deviation (0.97) and the mean variation from 

optimum (1.1 percentage points wet) are of the same order of magnitude, 

the value of the coefficient of variation fails to be useful. 

Percent compaction 

17. Although a value of minimum percent compaction was not required 

by the contract specifications, the compaction procedures were expected 

to achieve densities of at least 95 percent of laboratory standard maxinum 

dry density. Of the total of 315 samples, only 2.8 percent failed to meet 

the desired percent compaction. The physical and statistical results for 

field density are summarized in table 3. The frequency histogram and 

percentage ogive of fill percent compaction (based on minus No. 4 material) 

for the cofferdam are sho.vn in plate 3. The standard deviation of plus or 

minus 2.17 percentage points from the mean includes 68.6 percent of the 

samples. Since Pearson's first coefficient of skewness is very nearly zero, 

the normal distribution curve is an appropriate representation of the fill 

percent compaction histogram. 

2. 2 percent. 

The coefficient of variation c = cr/m was 
v 

Impervious- Fill, · Da-m Embankment (Excluding the C-offerdam) 

18. Data for the impervious zone of the dam outside the limits of the 

cofferdam were obtained from field density sampling between sta 1+60 and 

* Defined in Appendix A. 
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14-+85 and from el 445 to 593 (i.e., from foundation level to the top of 

the dam). A plot of fill percent compaction versus variation of fill 

water content from laboratory optinum is shown in fig •. 17. Of the total 

Of 673 tests, 41 (6 percent) had densities and/or Water contents outside the 

desired limits as follows: 34 samples (5 percent) had adequate densities but 

water contents were outside .specified limits; 6 samples (1 percent) had 

.acceptable water contents but were below the desired minimum percent 

compaction; and only one sample failed to meet both the water content 

and density criteria. 'l\vo areas had originally failed to meet requirements, 

but were subsequently proven satisfactory after reworking and retesting. 

Six areas that failed to meet water content and/or density criteria were 

reworked but not retested. 'lbose samples failing to meet water content 

and/or density requirements were dispersed randomly within the impervious 

fill. 

19. '!be statistical analyses of control data from the impervious zone 

of the dam (excluding the cofferdam) were based on 667 samples. '!be retest 

data were substituted for the original data in the case of the two areas 

that were reworked and retested. Since the areas that were reworked only 

did not represent the final state of compaction, those six data sets were 

excluded from the statistical analyses. A plot of actual fill dry density 
I 

versus fill water content for the minus No. 4 fraction for the 667 samples 

is shown in plate 4. Excluding the areas which were reworked only, the 
l 

mean water content was 10.4 percent and the mean dry density was 127.6 pcf. 

water content 

20. '!be physical and statistical data for fill water content for 

the impervious zone of the dam (excepting the cofferdam portion) are 

summarized in table 2. '!be frequency histogram and the percentage ogive 

for variation of fill water content from laboratory optimum are shown in 

plate 5. '!be observed data exhibit slightly more central tendency than a 

normal distribution, since 69.7 percent of the values fall within plus 

or minus one standard deviation from the mean. Pearson's first skewness 

coefficient is 0.60. 
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Percent compaction 

21. 'lbe physical and statistical data for percent compaction for 

the impervious zone of the dam (excepting the cofferdam portion) are 

summarized in table 3. '!be frequency histogram and percentage ogive 

for the variation of percent compaction are shown in plate 6. With 

63.6 percent of the total data within p~us or minus one standard deviation 

from the mean, the observed array is somewhat less concentrated toward 

the mean than a normal case. Furthermore, the actual distribution is 

negatively skewed with a Pearson's first coefficient of minus 0.26. 

The coefficient of variation was 1.80 percent. 

Impervious Fill, Dike Embankment 

22. Data for the impervious zone of the dike embankment were ob

tained from field density sampling between sta 20+90 to sta 28+60 and 

from el 544 to el 593, i.e., from foundation level to the top of the 

dike. A plot of fill percent compaction versus variation of fill water 

content from laboratory optimum is shown in fig. 18. Of the 80 total 

tests, 6 (8 percent) had water contents outside the specified limits. All 

other samples met the desired standards. A total of three areas had 

originally failed to meet requirements, but were subsequently proven 

satisfactory after reworking and retesting. Examination of the field 

data indicated that those samples that failed to meet water content 

specifications were dispersed at random within the dike impervious zone. 

23. The statistical analyses of the field data from the impervious 

zone of the dike are based upon 80 test values. For the three areas that 

wer.e_reworked and retested, the retest data were substituted for the 

original values. A plot of fill dry density versus fill water content 

for these 80 samples is shown in plate 7. From plate 7, it is seen that 

the mean placement water content of the minus No. 4 fraction was 11.7 per

cent and the mean dry density was 124.1 pcf, 
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Water content 

24. 1he water content data and statistical parameters for the 

impervious zone of the dike are sununarized in table 2. 1he frequency 

histogram and cunrulative frequency distribution for the variation of fill 

water content of the minus No. 4 fraction from laboratory optimum water 

content for the impervious zone of the dike are shown in plate 8. A 

normal distribution curve is shown with the histogram in plate 8. 'Ihe 

actual distribution is significantly more concentrated toward the mean 

than the normal case, since 78.8 percent of the samples are contained 

within plus or minus one standard deviation from the mean. 1he actual 

array exhibits negative skewness (Pearson's first coefficient = -0.3) 

as well as an observed peakedness with respect to the normal curve 

(leptokurtosis). 

Percent compaction 

25. The physical and statistical compaction results for the impervious 

zone of the dike are summarized in table 3. 1he frequency histogram and 

percentage ogive for the variation of percent compaction for the dike 

impervious zone are shown in plate 9. The histogram of plate 9 is fitted 

with a normal distribution curve. The actual distribution tends to approach 

the normal case, although exhibiting less central tendency as evidenced 

by the fact that only 58.8_percent of the samples are contained within plus 

or minus one standard deviation <..± 1.7 percentage points) of the mean. 

Pearson's first coefficient of skewness is small (+ 0.1), indicating 

that the observed distribution exhibits no significant asynunetry. The 

coefficient of variation was 1.7 percent. 

Impervious Backfill, Dam Embankment (Hand-Compacted) 

26. Data for the impervious backfill material of the dam embankment 

were obtained from field density sampling between sta 1+20 to sta 14-+80 

and from el 400 to el 581. This included fill on the foundation and 
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around structures. The plot of fill percent compaction versus variation 

of fill water content from laboratory optimum for the minus No. 4 fractions 

of the field samples is shown in fig. 19. Of the 60 test values, 11 

(18 percent) did not meet the water content specifications and/or the 

desired density. Among these, 6 samples (10 percent) had acceptable 

densities but were outside the water content limits; 4 samples (7 percent) 

had satisfactory water contents but had densities belo.v the desired; and 

1 sample (2 percent) did not meet either water content or density criteria. 

One of the 11 areas in which tests gave unsatisfactory results was reworked 

but not retested. A total of two areas had originally failed to meet 

requirements but were acceptable after reworking and retesting. Tests 

failing to meet water content specifications were scattered within the 

fill. 

27. 'Ihe statistical analyses of the data for the impervious backfill 

areas of the dam are based on 59 samples of the total of 60. The original 

data from the two areas that were reworked and retested were replaced by 

the retest values. The data for the single area which was reworked only 

were excluded. A plot of fill dry density versus fill water content of 

the minus No. 4 fraction for the 59 samples is shown in plate 10. 'Ihe 

mean fill water content was 11.2 percent, and the mean fill dry density 

was 123.9 pcf. 

Water content 

28. The physical and statistical results for fill water content are 

summarized in table 2. The frequency histogram and cumulative frequency 

distribution curve for the variation of fill water content from laboratory 

optimum for the impervious backfill of the dam are shown in plate-11~- A

normal distribution curve is superimposed over the histogram in plate 11. 

The actual distribution tends to approach the normal case, although some

what more concentrated toward the mean. Negative skewness or asymmetrical 

displacement to the right (Pearson's first coefficient= - 0.4) and some 

leptokurtosis of the actual distribution are apparent. 
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Percent compaction 

29. The density results.and statistical data for the impervious 

backfill of the dam are summarized in table 3. The frequency histogram 

and percentage ogive of fill percent compaction for the impervious back

fill of the dam are shown in plate 12. The normal frequency curve best 

fitting the observed data is shown with the histogram in plate 12. The 

data exhibit some tendency to approach the normal curve, although slightly 

more concentrated toward the mean and positively skewed (Pearson's first 

coefficient = 0.9). The coefficient of variation was 2.4 percent. 

Type I Random Fill, Dam and Dike 

29. The random fill material placed in the dam and dike consisted of 

both Type I and Type II random soils. These soil groups were treated 

separately in the compaction-control procedure, and are therefore discussed 

separately in this report. Samples from the dike zone are combined with 

those from the dam for both the types of materials to obtain a more 

satisfactory population for the statistical analyses. 

30. The analyses of the Type I random material are based upon 

18 samples from sta 22+50 to sta 27+10 and el 550 to el 580 of the dike 

embankment and 38 samples between sta 7+00 to sta 11+00 and el 446 to 

el 516 of the dam. The plot of fill percent compaction versus variation 

of fill water content of the minus No. 4 fraction from laboratory optimum 

is shown in fig. 20. Of the total of 56 samples, 27 (48 percent) did not 

meet compaction and/or water content standards. Of these, 24 samples 

(43 percent) had adequate densities but did not meet water content require

ments; 1 sample (2 percent) was of satisfactory water content but was 

below the desired density; and 2 samples (3 percent) did not meet either 

water content or density criteria. A plot of fill dry density versus fill 

water content for the minus No. 4 fractions of the 56 samples of this 

material is shown in plate 13. 
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Water content 

3L The physical and statistical results for f.111 water content 

are summarized iri table 2. The frequency histogram. a11:d percentage ogive 

of the variation of fill water content from laborato~y optinum for the 

minus No. 4 fractions of the Type I random samples. are shown in plate 14. 

The actual distribution, with 64.3 percent of the water content values 

within plus or minus one standard deviation from the mean, is less con

centrated toward the mean than the normal distribution. The observed 

array is relatively well balanced, with a Pearson's first coefficient 

of skewness of + 0.1. Although a number of differences are apparent in 

the test data distribution, the normal distribution curve in plate 14 

appears to be a reasonable representation of the actual variation of fill 

water content. 

Percent compaction 

32. The fill density results for the Type I random material are sum

marized in table 3. The frequency histogram and percentage ogive of fill 

percent compaction for the Type I random materials are shown in plate 15. 

A normal distribution curve is superimposed over the histogram in plate 15. 

The actual array is very nearly normal in respect to central tendency, with 

67.9 percent of the values falling within plus or minus one standard deviation 

from the mean. Although the actual distribution is slightly flattened in 

respect to the normal curve (platykurtic) and possesses negative skewness, 

the normal curve is a reasonable representation of the variation of fill 

percent compaction. 

Summary of Physical and 
Statistical Values for Impervious Materials 

33. The pertinent physical and statistical results for the impervious 

fill, impervious backfill, and Type I random fill materials shown in plates 1-15 

are summarized in tables 2 and 3. This summary provides the basis 
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for the following observations: 

a. Average placement water contents varied only 1.9 percentage 
points among the five impervious embanlonent zones, while 
the maximum variation of placement water conte~ts from 
optimum water contents between the different zones was only 
0.8 percentage point. 

b. The fill in the cofferdam portion of the impervious fill 
of the dam was placed at an average water content 1.3 per
centage points wetter than the remainder of the impervious 
zone. The average variation from optimum water content for 
the cofferdam segment exceeded that for the remain.der of the 
impervious fill by o.s percentage points on the wet side. 
The difficulties encountered in the water content control of 
this area probably derived from the regular occurrence of 
rain during the period of fill placement from August to 
mid-October 1963. 

c. The average percent compaction varied 0.8 percentage point 
among the five impervious embankment areas listed in table 3. 

d. The percent compaction results for the cofferdam portion of 
the impervious fill of the dam were more variable than those 
for the remainder of the impervious zone as evidenced by 
higher values of the standard deviation and the coefficient 
of variation. 

e. The largest variation in overall compaction control among 
the five impervious areas occurred in the Type I random 
material. In respect to water content, this is evidenced by 
the highest standard deviation, and the highest percentage 
of samples not meeting specifications. In respect to per
cent compaction, this material had the highest standard 
deviation as well as the highest coefficient of variation. 
variability of materials appears to be the cause of the 
major portion of the differences in control of the impervious 
zones. A wider variety of soil types made up the Type I 
random materials in comparison to the soils used in the other 
three zones. ·The range of placement water content in per

-centage points of dry weight and the range of in situ dry 
density are useful in indicating the variability of the 
materials. However, the total range of the data may often 
be misleading because of the occurrence of unusually high 
or low values. For this reason, the 95 percentile range 
or the range within which 95 percent of the test values 
fall is employed in table 4, which is a summary of the 
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ranges of fill water content and fill dry density for the 
four impervious embankment ?reas. As can be seen from 
table 4, the Type I random material displays the largest 
water content and dry density ranges of the 95 percentile. 

f. Although the impervious backfill, unlike the other impervious 
fills, was compacted by hand-operated equipment in thin layers, 
the statistical results for the backfill bear resemblance to 
those for the other fill zones. 

Record Sample Data 

34. During construction of Littleville Dam, 30 conventional field 

density tests were made imm~ri~a~ely adjacent to record sack samples ob

tained from the impervious fill, impervious backfill, and random fill 

zones of the dam. Of these samples, 25 were taken from the impervious 

zone, 2 were taken from the impervious backfill, and 3 were taken from the 

Type II random fill. The locations of field density tests and sack samples 

and the results of laboratory tests are listed in table 5. The analyses 

of the impervious zone data are described below: 

a. Eight record samples taken from the impervious zone of the 
dam from July to November 1964 were tested by the NED, in
cluding mechanical sieve analyses, standard effort compaction 
tests, and Q triaxial shear tests on the remolded minus No. 4 
fractions. For the remaining record samples, only the values 
of maximum dry density and optimum water content obtained from 
5-point compaction tests were furnished by the division. The 
eight full compaction curves and the remaining 17 optimum 
points are shown with the family of compaction curves in 
fig. 14. In fig. 21 water content and density test results 
are compared for the 25 record samples and the corresponding 
field density samples from the impervious zone. The maximum 
dry densities and optimum water contents of the record samples 
were obtained from 5-point standard effort compaction tests on 
the minus No. 4 fractions. The optimum values for the minus 
No. 4 fractions of the associated field density samples had 
been extrapolated using the compaction control procedure 
(see paragraph lla and fig. 15) prior to the record sample 
testing. 

b. Graphical comparisons of the values of maximum dry density 
and optimum water content extrapolated from the I-point 
standard effort control procedure with the optimum values 
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obtained from the 5-point standard effort compaction tests 
are shown in fig. 21. Assuming that the 5-point compaction 
tests on the record samples established the true optimum 
values, the variation from the true value of optimum water 
content of the 25 impervious samples ranged from 1.6 per
centage points dry to 1.5 percentage points wet, with a 
mean variation very close to zero. The variation from 
true maximum dry density ranged from 1.9 pcf below to 
3.5 pcf above the true value. From fig. 21 it is seen 
that the water contents for two tests (302 and 345) fell 
within the specified water content limits based on the 
value of optimum water content extrapolated by the 
I-point procedure, but were outside the specifications 
based on the value of optimum water content obtained from 
the 5-point compaction test. Similarly, one value of per
cent compaction (for sample 1184) was above the desired 
minimum value based on the I-point extrapolated maximum 
dry density but was below the desired minimum based on the 
5-point compaction test result. However, three values of 
percent compaction (for samples 211, 214, and 253), which 
were below the desired minimum percent compaction on the 
basis of the I-point procedure, were above the minimum on 
the basis of the 5-point test. In general, the comparisons 
shown in fig. 21 are in fairly good agreement, especially 
for the variation of fill water content. The standard 
deviations for variation of fill water content and maximum 
dry density (based on the 5-point tests) were 0,7 percentage 
point and 1.3 pcf, respectively. 

c. As indicated by the data in table 5, the soils of the im
pervious zone were of very low plasticity, with plasticity 
indexes (PI) ranging from 3 to 6 percent. Since these data 
were small in number and of very little variation in value, 
no attempt was made to correlate maximum dry density, opti
mum water content, and the Atterberg limits. 

Type II Random Fill 

35. The analyses of the Type II random material are based upon 

21 samples taken between sta 23-!-00 to sta 28+25 and from el 565 to el 584 

of the dike embankment and 17 samples between sta 7+50 to sta 18-!-00 and 

el 439 to el 595 of the dam. Of the total of 38 samples, only one failed 

to meet the desired minimum density of 95 percent of Providence vibrated 
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density. One sample had originally failed the density standard, and the 

area was reworked; however, no retest was reported, and the original value 

was excluded from the analyses. One other sample failed to meet specifi

cations initially, but the area was subsequently proven satisfactory upon 

reworking and retesting. 

36. The physical and statistical compaction results for the Type II 

random material are summarized in table 6. The frequency histogram and 

percentage ogive for the variation of percent of Providence vibrated 

density for the random pervious material are shown in plate 16. A normal 

distribution curve is sho.vn with the histogram in plate 16. 'llle observed 

distribution is somewhat more concentrated toward the mean than a normal 

sequence, since 76.3 percent of the values fall within plus or minus one 

standard deviation from the mean. Furthermore, the actual array exhibits 

leptokurtosis and significant negative skewness. 'llle sample size is 

relatively small, and it is possible that with a larger population, the 

actual distribution would show a greater tendency to approach the normal 

case. 

Pervious Fill 

Inclined drain, dam embankment 

37. General. Analyses of the pervious fill of the inclined drain of the 

dam are based upon 74 samples between sta 3+10 and sta 41;-00 and from el 445 

to el 581. Of the total samples, only 3 (4 percent) failed to meet the 

desired mininum density of 95 percent of Providence vibrated density. 

Results of one test were discarded since the area tested had been reworked 

but not retested. One other area originally failed the density standard, 

but was subsequently proven satisfactory. 

38. Percent Providence vibrated density. The fill density results 

for the pervious zone of the dam are summarized in table 6. 'llle frequency 
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histogram and percentage ogive for the variation of percent Providence 

vibrated density are sh01Vn in plate 17. · The actual distribution is 

slightly more concentrated t01Vard the mean than the normal curve shO\Vn 

with the histogram in plate 17, since 70.3 percent of the values fell 

within plus or minus one standard deviation from the mean. Minor 

leptokurtosis and positive skewness are evident, but the normal curve 

is a reasonable representation of the ·variation of the data. 

Horizontal drainage blankets, 
darn and dike embankments 

39. General. Analyses of data from horizontal drainage blankets are based 

on the combination of 69 samples of sand fill from the dam and dike and 

10 samples of processed sand fill from the dam. Of the 69 sand fill samples, 

9 were taken between sta 23+65 to sta 25+75 and from el 543 to el 557 of 

the dike and the remaining 60 samples were taken between sta 5-t-00 to 

sta 12+75 and from el 413 to el 509 of the.dam. The 10 processed sand 

fill samples were taken between sta 9+10 to sta 10+50 and from el 435 to 

el 443 of the dam. Of the total population of 79 samples, 8 (10 percent) 

failed to meet the minimum desired density of 95 percent Providence vibrated 

density. Three samples were rejected as they represented areas that had 

been reworked only. Four samples were from areas that originally failed 

to meet the expected density but wei·e subsequently acceptable after rework

ing and retesting. 

40. Percent Providence vibrated density. The fill density results 

and statistical parameters for the sand fill zones of the dam and dike are 

summarized in table 6. The frequency histogram and percentage ogive for 

the variation of percent Providence vibrated density for the sand and 

processed sand fill of the dam and dike are shO\Vn in plate 18. The observed 

distribution exhibits both leptokurtosis and positive skewness, while being 

more concentrated toward the mean than a normal distribution, with 73.4 per

cent of the values contained within plus or minus one standard deviation of 

the mean. Since Pearson's first coefficient of skewness with a value of 



+ 0.7 is relatively high and since the number of samples should be suffi

cient to indicate the true tendencies of the observed data, it was ap

parent that a normal distribution curve was not an appropriate representa

tion of the variation. Consequently, the actual distribution of the data 

obtained by smoothing the ogive is shown with the histogram in plate 18. 

Gravel fill, dam and dike embankments 

41. The samples from the gravel fill zones of the dam and dike were 

too few in number (14) to justify extensive statistical analyses. Two 

of the samples were taken from the dike, while the remaining 12 samples 

were taken between sta 7+15 to sta 14+80 and from el 430 to el 458 of 

the dam. Tile fill density reqults are summarized in table 6. 

Summary of Physical and 
Statistical Values for Pervious and Type II Random Materials 

42. The pertinent physical and statistical results for the Type II 

random, pervious, sand and processed sand, and gravel fill zones shown 

in plates 16-18 are given in table 6. Inspection of that summary 

and those for the individual zones prompts the following observations: 

a. The mean values of percent Providence vibrated density varied 
only 1.2 percentage points. 

b. Because of the small number of tests for the gravel fill, the 
statistical values shown in table 6 are of limited signifi
cance. However, despite the small sample population, the 
results are generally consistent with those of the other 
pervious areas. 

c. There is an apparent tendency as observed from table 6 for 
an increase of variation in compaction results with an in
crease in the permeability .of the material. Both the value 
of the standard deviation and the coefficient of variation 
increase progressively from the Type II random fill to the 
gravel fill. The values of mean percent Providence vibrated 
density exhibit a reverse trend, with the highest value of 
the mean occurring in the least pervious of the material. 
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PART IV: SUMMARY OF RESULTS 

43. The water content and compaction results are summarized·below: 

a. Fill water content 

(1) The· .. impervious fill of the cofferdam portion was placed 
1.3 percentage points wetter on the average than the 
remainder of the impervious zone of the dam. The average 
deviation from optimum water content for the cofferdam 
exceeded that for the remainder of the impervious zone 
by 0.8 percentage points on the wet side. 

(2) The fill in the impervious and Type I random zones was 
generally placed.wet (0.3 to 1.1 percentage points) of 
optimum water content. The extreme variations from 
optimum generally fell within 6 percentage points above 
optimum to 5 percentage points belo.v optinum. 

(3) Test locations for which the water content specifications 
were not met occurred in a random fashion within the 
impervious, impervious backfill, and Type I random zones. 

b. Fill density 

(1) The average values of fill percent compaction for the 
impervious, impervious backfill, and Type I random zones 
generally exceeded the desired minimum percent compaction 
by 3 percentage points. 

(2) The percent of samples with test values below the minimum 
desired 95 percent compaction ranged from 1.0 to 8.5 per
cent among the impervious, impervious backfill, and 
Type I random zones. Only 2 percent of the 1185 samples 
had percent compactions less than 95 percent. 

(3) Minor percentages of the total samples from the Type II 
random, pervious, sand fill, and gravel fill zones did 
not meet the desired minimum of 95 ~ercent of Providence. 
vibrated density; the average values for these zones 
generally exceeded this minimum value by at least 
2 percentage points. 

(4) Test locations for which the values of percent Providence 
vibrated density fell belo.v the 95 percent desired mini
mum were dispersed at random within the fill zones. 
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44. The statistical results for variation of fill water content 

from optimum water content and variation of fill percent compaction or 

percent Providence vibrated density are sununarized below: 

a. Variation of fill water content 

(1) The frequency distributions for the variation of fill 
water content from laboratory optimum water content for 
the impervious zones of the dam and dike and the im
pervious backfill zone of the dam tend to approach the 
normal probability curve, although generally more con
centrated tcr.vard the mean than the normal distribution. 

(2) The frequency distribution for the variation of fill 
water. content from laboratory optimum for the Type I 
random fill is considered to approach the normal distri
bution while exhibiting less central tendency than a 
normal array. 

b. Variation of percent compaction or percent Providence vibrated 
density 

(1) The frequency distributions for the variation of percent 
compaction for the impervious fill and backfill zones of 
the dam tend to approach a normal distribution, although 
slightly more concentrated toward the mean. 

(2) The frequency distributions for the variation of percent 
compaction for the Type I random material of the dam and 
dike and for the impervious materials of the dike resemble 
a normal array while being slightly less concentrated to
ward the mean. 

(3) The frequency distributions for the variation of percent 
Providence vibrated density for the Type II random material 
of the dam and dike and for the pervious material of the 
dam can be represented by normal distribution curves, al
though they exhibit more central tendency. 

(4) The frequency distributions for the variation of Providence 
vibrated density for the sand and processed sand fill exhi
bit significant leptokurtosis and positive skewness. A 
normal distribution curve is not deemed appropriate as a 
representation of the actual variation. 

45. The discussions in paragraph 34b provide some indication of the 
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validity of the 1-point standard effort control procedure, expressed in 

terms of deviations of the extrapolated optimum parameters fran values 

based·on 5-point compaction tests. The family of compaction curves in 

fig. 14 indicates that variabil_i ty of materials was probably the primary 

source of the variations of the extrapolated optimum values from true 

optimum values, as described in paragraph 34b. Based on the 25 field 

density samples and the corresponding·record samples taken from the 

impervious zone of the dam, the mean variation of optimum water content 

from the true values was essentially zero, while the mean variation of 

extrapolated maximum density from its true value was only 0.3 pcf larger. 
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PART V: CONCWSIONS 

46. The following are conclusions concerning the compaction control 

of Littleville Dam: 

a. Fill water content 

(1) The impervious fill in the cofferdam portion was generally 
placed at a higher water content than the impervious fill 
for the rest of the embankment. 

(2) The impervious material used as backfill was placed slightly 
drier than that of the cofferdam area but wetter than the 
remainder of the impervious fill. 

(3) The percent of samples within specified water content 
limits for the impervious and Type I random zones is 
apparently related to the variability of materials. 1be 
soils placed in the impervious zones of the dam and 
dike and in the impervious backfill zone of the dam were 
taken from the same borrow areas. 1bese materials were 
less variable in respect to gradations and soil types than 
materials taken from required excavations and placed in 
the Type I random zone. 

(4) The frequency distributions for the variation of fill water 
content from laboratory optimum for the impervious soils of 
the dam and dike and Type I random soils of the dam tend to 
approach normal distributions. 

b. Fill density 

(1) The mean values of percent compaction indicate no signifi
cant differences among the dam impervious and Type I random 
zones and dike impervious zone with respect to relative 
degrees of density. 

(2) The frequency distributions of fill percent compaction for 
all the pertinent zones of Littleville Dam tended to ap
proach the normal case. 

(3) It is not practical to compare the mean values of percent 
Providence vibrated density for the more pervious material 
of the dam since each zone represents different soil 
classification obtained from both commercial sources and 
local borrow. However, there appears to be a trend toward 
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increasing variability of compaction results with in
creasing permeability of the materials. This observa
tion is supported by the fact that the coefficient of 
variation tends to increase as the permeability of the 
zones increases. 

(4) It cannot be stated that the frequency distribution of 
percent Providence vibrated density for the drainage 
blanket material of the dam tended toward a normal 
distribution. However, the same distributions for the 
Type II random and inclined drain soils of the dam did 
exhibit normal tendencies. 

c. For the impervious zone of the dam, the I-point compaction 
test control procedure appears to be reliable if the results 
of testing on the 25 record samples are assumed to be repre
sentative of the entire zone. 
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Table 1 

Fill Materials and Compaction Control Cri teria2 Littleville Dam 

T,pe of 
Pill 

lllpenio,.. Backtill ** 

Rancloa Pill, Type I 

Rando.a Pill , Type II 

Perri•u& rill 
(Inclined c!rain) 

Gruel Fill 

Sand Fill 
ProcoPecl Saad Fill 
(Horizontal drainage 
blankets) 

sou 
c1ass1-

~ 

SM,Sl!-SC, 
l!L,KI.-CL 

SM,SM-SC, 
!IL~ 

SM,SP-SC, 
<I' ,GP-Gii, 
Ill. 

SP ,SP-SK, 
GP,GP-<lK 

SP,SP-SM, 
GP,GW 

GP,SP 

SP ,SP-511 

Max. 
Pa,rticle 

Siae 
in. 

) 

8 

6 

4 

' ~o. 4 

Percent 
Katerlal 
>14 Fill Volume, eu-;rd 

..!!!!£!.-. Da• Dik:B 

10 - 3S i,i.oo,ooo 80,000 

10 - 20 3,~ 

lS - SS 106,000 4S,OOO 

)0 - '10 73,000 

)9 - 60 17,500 1,500 
0 

15 - "° 65,000 8,000 
0 6,000 

* ·with reapoct. to ot&nd&!'d opt.ii.• tor '"1m19 Jlo. 4 aat.eri&l 

** Pl&cecl around aonduih and qainn otnp 1JV!aooa ot wall.a llal bedrock 

9si of st.udard. llUia• dr7 dea.eitJ' o,t IDinus Ko. 4 traCtton 

tt 95'% of ProYid•nc• Tihrat.ed d.nait.7, e,quiva1ent to a relative density of 
about 90% 

11aber 
of 

Fiolcl 
lloaeitJ' 
~ 

1086 

56 

S6 

)8 

75 

14 

79 
10 

CVJ>ic yd 
of Fill 

per 
lleneitJ' 
~ 

1360 

70 

1610 

1010 

925 
600 

Specified 
Placement 

lfater 
Content• __ % __ 

-z to •2 

a· to•) 

-2 t• •2 

Desired 
ki.nilllWll 
Denet ty 
__ %_ 

95t 

95t 

95t 

95tt 

95tt 

95tt 

11olcl Compactioa Prooeclare 

6 p&oaoo obeepatoot roller, 
8-in. looae lqer. 

Pooer band t_re, 2-in. 
loo» l&J'•r• • 

saae •• imperrlou or 4 passes 
50-ton pneumatic roller, 
12-in. loose layers. 

4 pu1"" 50-ton -ti• 
roller• 12-in. loo•• l&,Jera. 

Major portion: 6 coverages of 
tread of crawler tra.Ctor, 6-in. 
loose layer~; mi.nor port! on: 
4 passes so-ton pneumatic roller. 
12-tn. loose layers. 

95tt Major portion: 6 coverages· of 
95tt tread of crawler tractor, 6-in. 

loose layers j mihor portion: 
4- passes 50-ton :pneumatic roller, 
12 ... in .. loose layers. 

Procedure tor Correlation 
of Fiolcl llenoitJ' with 

Llborato17 Don•itr 

I!peniou and Random l!perrlou: 
In-pl&Ce dooait7, corrected tor 
plus No. 4 material (assuming 
plus No. 4 as single void.less 
otone~ 1a aorrelatecl with 
...WU. dr7 den•itJ' buecl on 
,...w.to of on.-poiat. otanclarcl 
ottort -•tion teot ancl 
t~ of -action CUl'TH 
oA iainu Ro. 4 mat.orl.&l. 
WU.er cont mt. of ainua lo. 4 
d.i.-lno4 bJ' cliroct aeuureent 
llal total euple w.ter eontent. 
e&lCQlatecl u1ng pored of 
plus No. 4 and its absorption. 

Perdo1181 P?oTicle11ce Tibratod 
clenait7 toot pertonud 011 
mahri&l fro-. eacb tiolcl clonaitJ' 
teot. 



Table 2 

Fill Water Content Data, I!!lp8rviou. ZooH 

ElllbaLkllent zone 
Dike, Impervious 

Da11r I11perviou•. cotterdaa Partioa 

Dam,Impe:rvioua,E~cluding Coffe:rda• 

Dam. Impervious B•ctfill 

Da• and Dike, Type I RBDdOllll 

Dike, Iape:rviowo 

oa.., Impervious, Cofferdam Portloa 

Dall. Imperviou•, hcludlng Cofferdam 

Da•, Illp8:rv1oua Backfill 

Daa and Dike, Type I Random 

Fill Water Content 
No. 

!.!!.!!. Ra~ ~ 
80 8.3 to 15. 9 11.7 

315 8.2 to 15.9 11. 7 

667 7.1 to 14.8 10.4 

59 8.1 to 16.1 11.2 

56 7.2 to 19.3 12.3 

StBDdard Deviation (a) 
Percental!! Point. 

1.05 

0.97 

0.95 

1.35 

2.70 

• Fieure• in pa:rentbe89a are valuea for normal frequency cur .. 

PHYSICAL Do\ TA 

Variation ot Fill Weter Content 
OptlllUll Water Content frOllll Llboratcry Optimum 

l'ercental!! Point• 
R•ne !!!.!. Ra!!j! ~ 

9.2 to 14.1 10.9 - 3.9 to + 2.8 + o. 7 

8.8 to 14.2 10.6 - 1. 7 to + 4.4 + 1.1 

7.0 to 13.0 10.l - 2.3 to + 3.8 + o.3 

9.3 to 15.2 10.8 - 3.6 to + 4.4 + o.5 

9.1 to 15.1 U.5 - 4.3 to + 6.2 + o.s 

sTAnSTICAL llo\TA 
l'ercent ot Teat V1lue• 

Witbin 
la 2 a 3 a Above + l o 

(68.3)• (95. 5)• (99. 7)• (wet side) 

78,8 95.0 98.8 6.2 

70.2 95.6 99.7 13.3 

69.7 95.2 99.7 15.5 

79. 6 94.9 98.3 10.2 

64.3 100.0 lOO.o 19.6 

percent of Total 
Specltled Lial h wt tb S&-s>l•1 witb Re•pect 
lleapec:t to Optim• to SJ!!ci tied U Ill b 

P&:rcental! Points ~ Wi tbin ~ 
- 2.0 to + 2.0 1.2 92.5 6.3 

- 2.0 to + 2.0 o.o H.1 15.9 

- 2.0 to + 2.0 0.6 94.8 4. 6 

o.o to + 3.0 32.2 64.4 3.4 

- 2.0 to + 2.0 28.6 55.3 16.l 

P9ar•Oll •• nr•t 
Bel"" - 1 a Coefficient of 
(dr;r: •lde) s-.. 

1.2 - 0.26 

16.S - 0.36 

14.8 + 0.60 

10.2 - 0.40 

16.1 + 0.11 

- ---~-.~-· --,...-~.....-·· 



Table 3 

Fill Density Data, Impervious Zones 

PHYSICAL IV\ TA 

Fill Dry Density Standard Maximum Dry Density Fill. Percent C0111pac ti on 

Embankment zone 

Dike• Impervious 

Dam,Impervious,Cofferdam Portion 

Dam,Impervious,Excluding Cofferdam 

Dam, Impervious Backfill 

Dam and Dike,Type I Random 

Dike, Impervious 

Damoimpervious,Cofferdam Portion 

Dam, Impervious, Excluding Cofferdam 

Dam. Impervious Backfill 

Dam and Dike, Type I Random 

No. ~t 
Tests Ran~ 

80 112.2 to 132.3 

315 113.6 to 134.3 

667 115.3 to 138. 6 

59 111.l to 132.8 

56 105.9 to 130.0 

Standard Deviation (o) 
Percentage Paints 

1.67 

2.17 

l. 76 

2.30 

2.33 

• Figures in parentheses are valu~s for normal frequency curve 

t 
~ Ran8= ~ Ran~ Mean 

124.l U8.0 to 131.2 126.3 95.l to 101.5 98.3 

126.1 117.8 to 133.0 128.2 94.5 to 103.7 98.4 

127.6 120.8 to 134. 5 130.2 94.4 to 107.5 98.0 

123.9 114.8 to 132.4 126.9 92.2 to 103.3 97.6 

119.4 110.3 to 130.8 121. 6 92.5 to 103. l 98.2 

STATISTICAL DATA 
Percent of Test values 

Within 
l a 2 0 3 0 Above + l a Below - l CT 

(68.3)• (95.5)• (99. 7)• (heavier) (lighter) 

58.8 100.0 100.0 15.4 16.2 

68.5 97.5 100.0 13.3 18.l 

63.6 97.4 99.7 24.7 11.7 

69.5 93.2 100.0 15.2 15.3 

67.8 96.4 100.0 16.1 16.1 

Desired 
MinimllDI Percent Teat Value• 
Percent Below Desired 

comeaction Percent com2ac ti on 

95.0 o.o 
95.0 2.8 

95.0 1.0 

95.0 6.8 

95.0 5.4 

Coefficient of Pearson'• First 
variation (cr/m) Coefficient of 

% Skewness' 

1.70 + 0.12 

2.20 o.oo 
1.80 - 0.26 

2.36 + 0.91 

2.37 - 0.36 



Table 4 

Summary of Water Content· and Densi t~ Ranges 
Impervious Materials 

Fill water Content, 3 Fill Dr~ Densit~, ~cf 
95 95 

Total Percentile Total percentile 
Embankment Zone Range Range Range Range 

Dam, Impervious 
(cofferdam) 7. 7 4.7 20.0 11.2 

Dam, Impervious 
(excluding cofferdam) 7.7 4.9 23.3 12.0 

Dike, Impervious 7. 6 5. 3 20.1 12.8 

Dam, Impervious 
Backfill s.o 5.7 21. 7 13.9 

Type I Random 12.1 10.6 24.1 20.4 



Table ~ 
Record Sam~le Data, ImJ!!rvioua Fill, Random Fill, and Impervious Backfill 

ReSUlta o! Fi8id Compa.Ction 
Control Procedure on -No. 4 Standard 

Field Density & Fractions o!.the Field Sam2les Compaction 
Water Content. Results o! l-pt Extrapolated Test on --: 

Dam -No, 4 Fraction Std, ~· Test. !21!!':1mm.s -~o. 4 Frac~ 
S!!!!i!le No, Of!s~.* Elevation E)nbankm.ent ldry w ldry w "'fd lllllJC w opt dm&x VCJ? Atterbers. Lindts 

CF-NO. O:Hl NO, ~ ft ft msl Zone _I!£!_ .....1,_ ~ _..!,_ ....JZ£L .....1,_ -E!-~ .1:!:... ~ ..!L Re-ru 
-~ 

10 47 10+00 265 '\J.9 41.D Impervious 131.2 9.5 127.4 9.9 l27.9 10.3 129.3 9.7 22 19 3 
8 118 8+20 300 µs 457 II 121.6 12.6 125.7 ll.2 125.7 11.2 124.6 11,6 23 20 3 
9 121 9+50 250 µs 456 126.6 12.0 124.5 9.2 126,8 10,8 l27.5 10,7 21 18 3 

lO 124 10+60 0 427 Imp. B~k!ill 124.7 14.4 128,6 9,9 128.8 10.0 126.6 11.0 21 18 3 
7 135 7+<:/J JI) ds 432 Impervious 122.6 13.7 125.4 9.6 127.l 10,6 127.4 9.1 23 19 4 

10 18) 10+50 325 \is 464 n 124.5 12.0 126.l 8.5 128,5 10.1 128,6 10,6 21 19 2 
7 189 7•50 225 µs 450 n 127.8 11.4 126.4 8.0 .129.3 9.8 126.9 11.4 21 18 3 
8 211 8+75 150 \lS 447 128,0 u.3 130,7 9.5 131.3 10.0 127.8 10.5 21 19 2 
8 214 8+75 380 µs 465 n 121.2 12.3 128.7 9.1 130.7 10.2 128,S lD.5 21 19 2 
9 221 9+30 140 µs 448 n 125.5 12.7 126.7 11.3 126.8 11.4 126.5 10,8 nonpIBstlc 
8 253 8+00 250 \l9 459 " 126.8 9.9 128.2 9.9 128.5 10.l 128.5 10.l 22 18 4 

10 255 10+00 310 µs 468 n 122.5 10.0 lZ!.8 10.0 1.33.3 10.2 125.4 11.5 22 19 3 
10 259 10+00 40 ds 444 Type II Randaa 135.3 6.4-TO!AL SAMPLE 137.S-PVD us.a 12.2 nonplaatlc 
3 284 3+30 60 \is 476 Impervioua 129.l 10.9 128.4 8,7 130.8 10,l 129.2 10.0 21 18 3 

11 291 ll+75 325 \lB 475 II 128,2 u.o 129.l 9.2 130.6 10,l 129.6 10,J 21 19 2 
6 302 6+90 230 µs 471 129.4 11.6 128.5 9,7 1):).1 10.3 131.0 9,3 21 18 3 

10 345 10+50 180 µs 485 n 124.3 13.4 124.5 10.6 126.o 11.6 126.o 11.0 22 18 4 
8 385 8-00 160 µs 499 124.5 ll.6 125.5 9.8 128.2 10,9 128.2 10,8 22 18 4 

11 399 11+25 Z74 µs 500 Imp. Backfill 125.4 ll.3 l'Z7.l 9.7 128.7 11.0 125.4 ll,8 24 19 5 
8 406 8+75 2IJ) µs 501 Impervioua lJO,l u.o 127.5 9.6 129.2 10.7 128.7 l0,3 22 16 6 
8 413 8+75 90 '119 458 Type II Random 133 • 7 5.8-TorAL SAMPLE 139.9-PVD lll.7 n.1 nonplastlc 
7 415 7+50 

lfo rs 458 Type II Random 137.6 6,8-TO!'AL SAMPLE 142.4-PVD ll5.7 12.2 nonplastic 
8 783 8+50 500 Impervioua 128.9 10.3 130,0 0.5 131.0 9.2 130.2 10.2 18 17 l) 

ll 863 11+50 135 '113 510 II 125.7 10,6 126.5 8,0 129.6 9.7 128,8 9,9 18 17 1) 
12 1020 12+50 93 118 532 " 126,6 11.2 128,3 10.0 129.4 10.6 129.8 11~0 nonplaatic ) 

9 1094 9+50 148 '119 540 129.2 10,l 129.2 9.2 130,J 10,l 129.6 9,8 20 18 2) Compaction 
6 ll38 6+00 112 '113 552 II 129.l 9.8 130,7 9.8 lJ0.8 10,0 131.5 9.6 19 17 2) curves abOlrn 

10 ll84 10+00 70 i:is 562 " 128.6 9,5 129.7 9.5 129.8 9.6 131,7 9.4 20 16 4) in fiS 14 
6 1234 6+00 40 :11s 573 n 121.3 8.J 127.l 8,J 131.2 9,9 131.3 9,8 20 18 2) 
9 1266 9+00 20 :llS 585 129.4 10.2 129.6 8.9 130.4 9,4 130.8 9,7 19 17 2) 

* O!!set re!erenced to centerline or dam; WI = upstream and ds ~ downstream 



Table 6 

Fill Density Data, Type II Random Fill and Pervious zone Material 

Embankment zone 

Dam and Dike, Type II Random 

Dam, Inclined Drain 

Dam and Dike.Horizontal Drainage 

Dam and Dike, Gravel Blanket 

Dam and Dike, Type II Random 

Da~ Inclined Drain 

Blanket 

Dam and Dike, Horizontal Drainage Blanket 

Dam and Dike, Gravel Blanket 

No, 
Fill Dry Density, yd 

~f 
Tests Ran~ 

38 104,2 to 150.8 

74 ll6.6 to 151.4 

79 121.4 to 148,2 

14 129,l to 144.9 

standard Deviation (o) 
Percenta~ Points 

1,85 

1,99 

2,17 

2,22 

loiean 

129.4 

137,8 

132,9 

136,8 

l 0 
(68.3)• 

76.3 

70.3 

73,4 

• Figures in parentheses are values tor normal frequency curve 

AIYSICAL Il\TA 

Providence Vibrated Density (PVD) 
t 

Ran~ ~ 
107,9 to 147. 7 131.6 

ll8.0 to 152, 6 141.0 

125, 7 to 146.2 137.1 

135.4 to 150.8 141.8 

STATISTICAL DATA 
Percent of Test Values 

Within 
2 a 3 a Above + l 0 

(95.5)* (99.7)• (heavier) 

97,4 100,0 5.3 

97,3 98.6 12.l 

94.9 100.0 17. 7 

No distribution Computed 

Desired 
Fill Percent Providence Kini mum 
Vibrated Densitl, 

Ran~ 

94,9 to 102.3 

94, 7 to 105.6 

94.1 to 103.2 

95,0 to 102. 7 

Below - 1 o 
{11 l!!ter) 

18.4 

17.6 

8,9 

~t Percent 

!!!!!!. ~ 
98,3 95.0 

97.8 95,0 

97,1 95.0 

97.4 95,0 

Coetficient of 
Variation (o/m) 

',t 

1,88 

2.04 

2,23 

2,28 

Percent Test Values 
Below Desired 
Percent PVD 

2.6 

3,8 

10.1 

o.o 

Pearson's First 
Coefficient of 

Skewness 

- 0,65 

+ 0,16 

+ o. 73 
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FILL WATER CONTENT OF - NO. 4 MATERIAL, PERCENr 

NO. TESTS 31.5 

MEAN FILL WATER CONTENT 
OF MINUS NO. L. MATERIAL ll.,_72 pe~cent_ 

MEAN FILL DRY DENSITY OF 
MINUS NO. 4 MATERIAL 126.12 per 

~ILL nny nENSITY VERSUS rILL 
WATER CONTENT, DAM IMPERVIOUS 
FILL (COFFERDAM PORTION) 

PLATE 1 
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40 

30 

20 

10 

N = 315 

d = 0.97 percentage points 

·x = 1.15 percentage points 
wet of optiDUm 

O'--......JL-......J'-----'~---'~--.L~-J..i.:::.-L~-LIL--LL~-ll~....L.......Jc::<..Jc::::>-'-~-'-~-'---' 

-6 -7 -6 -5 -4 -3 ~2 -I 0 I 2 3 4 S 6 
VARIATION OF FILL WATER CONTENT FROM LABCllATORY OPTIMUM 

FOR MINUS NO, 4 l!ATERIAL, PERCENTAGE POINTS 

PBRcENT OF TOTAL SAMPLES WI'lll 
RESPECT TO ONE sm. mw. (cf) 
~ Wl'lllllf ABOVE 

16.51 70,16 13,33 

7 8 

z 
a: 
:c ... 
en 
en ... ..... ... 
z ... 
u 

"' ... .._ 

SPECIFIED RRNCE Of WRTER CONTENT 
t---- -----I 

1ou.--~-.--~-.--~..--~.,--~.,--~-r2~-,-~-,-~-,-~+~2~_,-=...,.~-r~-r~-,-~-, 

80 

60 

40 

20 

O'--~'--......J'--......J'-----'~---'~---'....<:.--.L~-L~-'-~-'-~-'-~-'-~...._~_._~_.____. 

·8 -7 ·6 -5 ·4 ·3 -2 -I 0 I 2 3 4 S 6 1 8 
VARIATION OF FILL WATER CONn:NT FROM IABOOATORY OPTililJ)( 

FOR MINUS NO, 4 l!ATERIAL, PERCEN:Dl<lE POINTS 

PERCENT OF TOTAL SAMPLES WI'IH 
RESPECT TO SPECIFIED LIMITS 

~ !!'.!!!!!!. ~ 
o.oo 84.13 15.87 

FREQUENCY HISTOOIWI ANI> rowt.ATIVE FllEQUENCY DISTRIBUTION 
OF FILL WATER CONTENT, MM IMPERVIOOS FILL (COFFERDAll) 
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N = 315 

IS = 2.17 percentage poi,nts 

i = 98.45 percent COlllp~Ction 

VAVERAGE DESIRED 
MINIMUM--._,~ 

i 

\ 

1----.--

.......... I , IL _J___J_-~-~-----
85 87 89 91 93 95 97' 99 IOI 103 105 107 109 Ill 113 115 117 

FILL PERCENT COMPACTION FOR MINUS NO. 4 MATERIAL 

PERCENT OF TOTAL SAMPLES WJ1H 
RESPECT TO ONE STD. DEV. (0) 

~ !!.!1!!!!!. ~ 
18.10 68.57 13.33 

z 
a:: :c .... 
"' .. ... 
..J 

.... 
z .... 
u 

"" .... ... 

DESIRED KIN PERCENT OF MAX STD DRY DQ 

80 

60 

40 

20 

0 .__.__.__..__..__..._,~.J_.__.L_ .....L.__ •. L--L.-~-~--L--L--L--' 
84 86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 

FILL PERCENT COMPACTION FOR MINUS NO. 4 MATERIAL 

PERCENT OF TOTAL SAMPLES WI'IH 
RESPECT TO DESIRED % COMPACTION 
BEWrf ~ 

2.86 97.14 

FREQUENCY HISTOGRAM AND CUWLATIVE FREQUENCY DIS'IRIBUTION 
OF FILL PERCENT COMPACTION, DAM IMPERVIWS FILL (OOFFERDAK) 
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FILL WATER CONTENT OF - NO. 4 MATERIAL, PERCENT 

NO. TESTS 667 

MEAN FILL WATER CONTENT 
OF MINUS NO. 4 MATERIAL 

MEAN FILL DRY DENSITY OF 
MINUS NO. 4 MATERIAL 

PLATE 4 

l0.4 percent 

121.6 per 

FILL DRY DENSITY VERSUS FILL 
WATER CONTENT, DAM IMPERVIOUS 
FILL (EXCLUDING COFFERDAM) 
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40 

30 
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10 

N = 667 

<J = 0.95 percentage points 

x = 0.32 percentage points 
wet of optiDRim 

r~(!IFl~Q_ 

I 
LJMlT~

1 

i 
r~: 
. I . 

0 
-8 -7 -6 -5 -4 -3 -2 -I 0 I 2 3 4 S 6 7 

VARIATION OF FILL 'WATER CONTENT FROM LABORATORY OPTIKJK 
FOR MINUS NO. 4 MATERIAL, PERCENTAGE POINTS 

PERcpn' OF TOTAL SAMPLES WI'IH 
RESPfCT TO ONE S'ID. DEV. (<J) 
BELOW WI'IHIN ABOVE ------.- ~~- -~-

14.77 69. 72. 15.51 

z 
a: 
-;:. 

"' "' .... _, 
~ 

z .... 
u 

"' .... 
"-

8 

SPECIFIED RRHGE OF WATER CONTENT 
f·· - -1 T r~---~-~-----~-.---,.-~---,,,-------,---,.---- . 

80 

60 

40 

20 

O'---''--'---'---'---'-___,"'--L--''---'---'-~--'---'-~.L-~'---''---' -8 -7 -6 -5 -4 -3 -2 -I 0 I 2 3 4 S 6 7 8 
VARIATION OF FILL WATER CONTENT FROM LABORATORY OPTillJll 

FOR MINUS NO. 4 Wl'IERIAL, PERCENTAGE POINTS 

PERCENT OF TOTAL SAMPLES WI'IH 
RESPECT TO SPECIFIED LIJ(ITS 
BEWrl' !!.'.!!!.!!'! ABOVE 

0.60 94.75 4.65 

FREQUENCY HISTOGRAM AND aJWLATIVE FREQUENCY DISTRIBUTIO.'f OF 
FILL WATER CONTENT, DAM IMPERVI<Xl'S FILL (EXCWDING COFFERDIUI) 
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40 

30 

20 

10 

N = 667 

~ = 1,76 percentage points 

i .. 98.04 percent compacttdn 

DESIRED 
MINIMU~ 

0 '--~'--~.L-~~~"'--'--'--'-...L.....L.•.L--'-....L.~~~-'-~ ..... ~--'~--''--......J'--~'----' 
85 87 89 91 93 95 97 !19 101 103 IDS !07 109 1_11 113 115 117 

FILL PERCENT COllPACTIOl'f FOR JIINUS NO, 4 Jl\'IERIAL 

PERCENT OF TOTAL SAMPLES wxm 
RESPECT TO ONE sro. DEV, (O') 

~ !.!:!!!!!!. ~ 
11,67 63.60 24. 73 

BO 

z 
~ 60 

"' "' ... _, 
,_ 
z ... 
u 

"' ... 
... 40 

20 

DESIRED JIIN PERCENT OF ""X STD DRY DEN 

O'----'~-'--'---'-~-'-~...i..:::i_.._~'----'~-'-~-'-~-'-~-'-~-'-~'----'~-' 
84 86 88 90 92 94 96 98 100 102 10~ 106 108 110 112 114 116 

FILL PERCENT COMPACTION FOR JIINOS NO, 4 Mt\'IDIAL 

PERCENT OF TO'D\L SAJIPLES WI'IH 
RESPECT TO DBSIRED ~ COlm\CTION 
~ ABOVE 

1.05 98,95 

FREQUENCY HISTOGRAM AND CUHJLAnVE FRBQUENCY DIS'IRIBUTION OF 
FILL PERCENT COMPACTION, DAM IMPERVIOUS FILL (EXCLUDING COFFERMJI) 
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FILL WATER CONTENT OF -N0.4 FRACTION, PERCENT 

NO. TEsrS 00 

MEAN FILL WATER CONTENI' 
OF MINUS NO. 4 FRAGI'ION 

MEAN FILL DRY DENSITY OF 
MINUS NO. 4 FRAGI'ION 

11.7 percent 

124.1 pcf 

FILL DRY DENSITY 
VERSUS FILL WA'IER 
CONTENT, DIKE 
IMPERVIOUS ZONE 

PLATE 7 
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10 

N = 80 

C1 = 1.05 percentage p'oints 

X = O. 72 percentage p'oints 
wet of opti111.1• 

O'----''---L~-'---'l..1...1~.L.......i:::i.........1~.L..L~W..--lU...~..L.L.::::..L..-....J~-L~...L..--' 
·8 ·7 ·6 ·5 ·~ •3 ·2 ·I 0 I 2 3 ~ S 6 7 8 

VARIATION OF FILL WA TBR · ca!l'l'l!lIT FROM IABORA TORY OPTUIUJI 
FOR IUNUS NO. 4 W.'InIAL, PERCENTAGE POINTS 

PERCEllT OF TOTAL SAll!PLES wzm 
RESPECT TO ONE sm. DEV. (C1) 

~ !!'.!!!!!!. ~ 
12.50 78. 75 8.75 

Sf'ECIFlm MNGE Cl' MRTEll ~ 

20 

ol__.___..1.~.1-....t::==ic::::::::L.._i.~L--L_JL_...__i.~L--1---1--1 
·B ·7 ·6 ·S -~ ·3 ·2 ·I .0 I 2 3 ~ 5 6 7 8 

VARIATION OF FILL WATER CON'lENT FROll: LABORATORY OPTilllJI 
FOR MINUS NO. 4 141\TERIAL, PERCENTAGE POINTS 

PERCENT OF TOTAL SAMPLES Wim 
RESPECT TO SPECIFIED LIMITS 
BELOW !!."!!!.!!, ABOVE 

1.25 92.50 6.25 

FREQUENCY HISTOGRAM AND cmm.ATIVE 
FREQUENCY DIS'DUBUTION OF FILL WA'IER 
CON'IENT, DIKE IllAmVIOUS FILL 
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N = 80 

Cf= 1.67 percentage points 

X = 98,31 percent compact,ton 

DESIRED 
MINIMUM~ 

O'--~'--~'----''----'"'--J.~...U.--JL-1..-1.-'--'--"'~-'--~--'-~--'-~-'-~-'-~.L....--' 
6S 'ir1 89 91 93 95 '51 '99 IOI 103 105 107 109 Ill 113 llS ll7 

FILL PERCENT COl'>IPAC'ITON FOR MINUS NO. 4 IMTERIAL 

PERCENT OF TOTAL SAMPLES WITH 
RESPECT ~o ONE sm. DEV. (C1) 

~ ~ ~ 
20.00 58. 75 21.25 

:a 
"' ..... 

~ 

100 

80 

DESIRED MIN PERCENT OF MAX sm DRY DEN 

9 

... lfO 

20 

0'-~1--~'----''----'~-J.--'-J.~--L~-'-~-'-~-'-~-'--~-'-~-'-~-'-~-'---' 
8'f 86 66 90 92 9'I 96 98 100 !OZ ID'I 106 108 110 112 l l'I 116 

!'ILL PERCENT COl\fi'ACTION FOR MINUS N00 4 Ml\'IERIAL 

PERCENT OF TOTAL SAMPLES Wl'lll 
RESPECT TO UESIRED % COMPACTION 
BELCJlf ABOVE 

o.oo 100.00 

FREQUENCY HISTOGRAM AND CUMULATIVE 
FREQUENCY DIS'IRIBUTION OF FILL PERCENT 
COMPACTION, DIKE IMPERVIOUS FILL 
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FILL WATER CONTENT OF -N0.4 FRACTION, PERCENT 

NO. TESTS 59 

HEAN FILL WATER CONTENI' 
-QF MINUS NO. 4 FRACTION 

MEAN FILL DRY DENSITY OF 
MINUS NO. 4 FRAGrION 

PLATEIO 

ll-.-2 -pe-re-ent 

123.9 pcf 

FILL DRY DENSITY 
VERSUS FILL WATER 
CONTENT, DAM IM
PERVIQJS BACKFILL 

""' ""' 
19 

' 

""' 20 21 
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10 

N = 59 

'1= 1.35 percentage p9ints 

X = 0.47 percentage p9inta 
wet of optimum 

I 

I SPEClflE.!;! 
, TS I 

I 
' -AVERAGE 
! 

I 
NORMAL CURVE 

I 

! 

/' 
oL--L~...L.~1--LL-'~~!L.;....J.l-..J.....l.-1-..U.~...U..-:..:ibl...J.J..~..1---.IL--.....J 
·II ·1 ·6 ·S ·'I ·5 -!' ·I 0 I Z 5 'I S 6 1 II 

VARIATION OF FILL lliATER CONmNT FROM LABORATORY OPTUIJll 
FOR MINUS NO. 4 lol\TERIAL, PERCENTAGE POINTS 

PERCE!IT OF TOTAL SAMPLES WI'IH 
RESPECjf TO ONE sro. DEV. (0) 
~ ; !!'.!!!!!_ ABOVE 

10.17 79.66 10.17 

~ 
~ 

"' "' ... .... ... z .... 
u 
5 ._ 

SPECIFIED RIME r ~IEA Cll!l!EHT I 

0 

80 

60 

20 

0'---''----''---.l~--L..C. ...... ~ ...... ~-'----L-~-'-~-'--~'-~'--~'----''---.1~-' 
-8 ·1 ·6 -5 .q ·3 ·2 ·I 0 I 2 3 q 5 6 8 

VARIATION OF FILL WATER CONTENT FROK LABORATORY OPTIWM 
FOR MINUS NO. 4 MATERIAL, PERCENTAGE POINTS 

PERCENT OF TO'l:\L SAMPLES WI'IH 
RESPECT TO SPECIFIED LIMITS 
~ WI'IHIN ~ 

32.20 64.41 3.39 

FREQUENCY HISTOGRA)( A1'D CUJilJLATIVE 
FRl!QUENCY DIS'mIBUTION OF FILL WATER 
CON'IENT, IA\11 Illl'fl!IVIOUS MCKFILL 
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30 
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10 

N = 59 

O' = 2.30 percentage points 

X = 97.58 percent compaction 

DES1RED 
~AVERAGE ~INIMUM-., 

I 

;'tCNCRMAL CURVE 

D 1!S S7 ll9 91 93 95 91 99 IDI 103 105 ID7 109 111 113 115 117 
FILL PERCENT COMmCTION FOR MINUS NO. 4 MATERIAL 

PERCEN'T OF TOTAL SAMPIES Wini 
RESPECT TO ONE STD. DEV. (O') 

BEWll ~ ~ 

15.25 69.50 15.25 

! 
"' "' "' ...J -2 .... 
u 
a: 
it' 

DESIRED MIS PERCENT OF l&<\X SID DRY LIE!f 

···y-

60 

40 

20 

O'--~'--__J'----''----1~---1---1---1~-'-~-'-~-'-~-L~-'-~_,_~_,_~_,_~....___, 

B'I 86 88 90 92 9'I 96 98 IDD 102 10'! 106 108 110 112 114 116 
FILL PERCENT COlll'ACTION FOR MINUS NO. 4 W.TERIAL 

PERCENT OF TOTAL SAMPIES Wini 
RESPECT TO DESIRED % COMPACTION 

~ ~ 
8.47 91.53 

FREQUENCY HISTOGRAM AND aJKJlATIVE 
FREQUENcY DISnllBUTION OF FILL PERCENT 
COMPACTION, DllM IMPERVIWS BACKFILL 



134 

129 

i... 

~ 
i 124 

0 
i'.= 

~ 
i... 

'<t 

g 119 

I 
i... o. 
> 
1-
111 
Z· w 114 
0 

> a: 
0 
...J 
...J 
~ 

109 

+ = MEAN RESULTS 

.. 
. . 

.. 
.. 

+ .. 

.. 

104 s._.__.._s _..__..___.___.,e__.,__.s__.__.1._o -'--,'-, _..__1.._2_..___..13__.,__.14__.__.,5__.._1._s -'--,"-1-"--'-, e--'---'-19__.,__.20--'---'21 

FILL WATER CONTENT OF -N0.4 FRACTION, PERCENT 

NO. TESTS 56 

MEAN FILL WATER CONTENI' 
OF MINUS NO. 4 FRACTION 

I'IBAN FILL DRY DENSITY OF 
MINUS NO. 4 FRACTION 

12.J percent 

119.4 pcf 

FILL DRY DENSITY VERSUS 
FILJ;, WATER CONTENT, DAM 
AND DIKE, TYPE I RANDOM FILL 

PLATE13 
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10 

N = 56 

a= 2.70 percentage points 

X = 2.80 percentaii.e points 
wet of op ti 111.1111 

,~IFl~O .LIMITS 1 
I 

oL---lc.=:::::i:::_--'-L..JL..1...J~_L_~-.IL..--l'-----'-~.LL'----'--~..l...L..__J...L__.~__..,,___.__c;::::::i 

·8 ·7 ·6 ·S -~ ·3 ·2 ·I 0 I 2 3 ~ 5 6 7 
VARIAT!IJN OF Fll.L ~ATER cor:ri!J.'T FRO!{ LABCRATCRY Cl'TIHUM 

FCR Mitms 140. 4 i'..ATERIAL, PERCEtll'AGE POINI'S 

PERcENT OF TOTAL SAMPLES WITH 
RESPECT TO ONE sm. DEV. (a) 
~ ~ ~ 

16.07 64.29 19. 64 

B 

Sl'ECIFIEO ARI&: CF ~TEii CONTENT 

80 

20 

~B ·7 ·6 ·S -~ ·3 ·2 ·I 0 I 2 3 ~ 5 6 7 8 

VARI11rION OF FILL ioiATER CONTEm' fRQ.I LABOP..:.TORY Cl'TiAu"M 
FCR HINUS NO. 4 HATE.RIAL, PERCD.'TAGE POINTS 

PERCENT OF 'roTAL SAMPLES Wini 
RESPECT TO SPECIFIED LIMITS 

~ ~ ABOVE 

16.07 55.36 28.57 

FREQUENCY HISTOGRAM AND <m!UIATIVE 
FREQUENCY DISlRIBUTION OF FILL WATER 
CONTENT, MM AND DIKE, TYPE I RANDOM FILL 
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N =- 56 

a "' 2.33 percentage points 

X =- 98.16 porcent compaction 

NORMAL CURVE 

O'----'~....J..~-'"'"'--'--'-l-'--'L......JL.......L~J....L.~....L....i:::"'-~.L....---''----'-~-'-~--'---' 
85 87 89 91 93 95 ' 97 99 101 103 !OS 107 109 111 113 115 117 

FILL PZRCl::Nl' cmPACTICN FCR !UNUS NO. 4 }l.<i'.JlIAL 
' ' 

~CENT OF TOTAL SAMPLES WI'lH 
REsPECT TO ONE sm. DEV. (cr) 
BELOW WI'IHIN ABOVE -:--- ~~- -~-

67.86 

D;;,rn:,;n j.jl:{ r,:.Jtt:r:!~_ ··~· :.'.X S';'::J J.1Y .)SN 

100r--ir---ir---r~--.~--.-~9T5'-r~--.-~-r-~-.----,,.-~.,--~..-~..--~.---,,---. 

BO 

0'-----''----''-----'~---'C....---L--'---'-~--'-~_._~_._~_._~_._~.._~.._~,____,.____, 

11'1 86 119 SO 92 !l'I 96 98 100 10! ICl'I 106 108 110 llZ 11~ 1111 

FILL PERCENl' Ca.JPACTION FCR HINU.5 NO. 4 MATF.dlAL 

PIBCENT OF TOTAL 5.U1PL1!:S WITH 
RF.Sm=T TO IESIRED j C~.ICTION 
MUil !@!! 

.S.36 

FREQUENCY HISTOGRAM AND CUJolJIATIVE 
FREQUENCY DIS'mIBUTION OF FILL PERCEN'.1' 
COMPACTION, n\M AND DIKE, 'lYPE I. RANDail FILL 
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N ~ 38 

C1 = 1. 85 percent'age points 

i = 98.29 percent Providence 
vibrated den~ity (PVD) 

[:£SIRED I 
M 1tm,AUM-----.._ 

'i 

OL---'~-'-~-'--"-...L:...L-~--LIL._.L..J.--L-L~..J.:.~.l._~L---L~...J..~...L..~..l---l 
85 f!7 89 91 93 95 97 99 101 103 105 107 109 Ill 113 115 117 

Pl:JtCENr CF PROVIDENCE VIB!iATID DENSITY 

!'£RCENT OF TOTAL SAMPLES wrm 
·RESPECT TO ONE STD. DEV. (0) 

~ !.!.!!!.!!!. ~ 
18.42 76.32 5.26 

Ei .... 

80 

zo 

. 2.6 'f, 
o..__....~_..~ ...... ~-'-~""'-....._ .............. ~ ..... ~ ...... ~_._~....._~,____..~_._~ ....... __. 

IH !16 88 90 92 S'I 96 98 100 IOZ lll'f 106 108 110 112 11~ 1111 

PEXCENl' CF PROVIDENCE VIBRAT~ DEN;i!TY 

PERCENT OF TOTAL SAMPLES wrm 
RESPECT 'IO DESIRED PERCENT PVD 

BEW/I ~ 

2. 63 97.37 

FREQUENCY HISTOGRAll AND CIDIJLATIVE FREQUENCY 
DIS'IRIBUTION OF PERCENT PROVIDENCE VIBRATED 
DENSITY, DAM AND DIKE, TYPE II RANDOM FILL 
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'l = 74 

a= 1.99 percentai;e points 

X = 97.81 percent Providence 
vibrated density (PVD) 

DESIRED .walAGE 

i 30 
~~~l 

ri. 
~ 
I!! 
..... z 

ii! 
~ 

20 

10 

O'----'~-'-~...a.......,:;._._.._1-1--'-'--L-'--'-~..h.~.l-JL._lL--1.~-'-~-'-~.._---' 
85 87 89 91 93 95' 97 99 IOI 103 105 107 109 111 113 115 117 

PERCENI' OF PROVIDENCE VIBHATID DU.SITY 

PERCENT OF TOTAL SAMPLES WI'IH 
RESPECT TO ONE sm. DEV. (O) 

BEWll !!.!!!!!! ~ 
i 1: 57 10.21 12.16 

I ... ... 
~ 
..... z 
!;! 
!e 

80 

60 

~o 

20 

0'-----'~-'-~-'-~-'-~"'-L...J'-----'~-'-~-'-~.._~,____.~_._~-'-~J___J 
EN 86 88 90 92 9'I 96 98 100 102 111'1 106 108 110 112 11~ 116 

l:'ERCD.'l' OF PROVID~:CE VIBRATED DENSITY 
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APPENDIX A 

DEFINITION OF BASIC TERMS 

f Frequency, number of measurements in a given cell, class, or group 

f Relative frequency, f/N 
r 

N Number of measurements, observations, or scores 

R Range, the difference between the highest and lowest valued 
measurements in a given sample 

a Standard deviation or root-mean-square deviation for a given 

sample', YE (x - x) 2 /(N - 1) 

c 
v 

lOOa Coefficient of variation, , percent 
x 

x Individual value of a measurement, observation, or score 

x Arithmetic mean, 
N 

2 x chi square; a statistic which serves as a measure of the difference 
k 

between observed and expected frequencies, L (0 -
2 

j Ej) /Ej 

variation 

normal or 
Gaussian distribution 

j = 1 

the extent to which numerical data tend to spread 
about an average value is called the variation or 
dispersion of the data 

a continuous probability distribution, often used 
to represent random variation for large samples 
(N > 30) 

Al 



mode 

skewness 

kurtosis 

that value which occurs most frequently in a 
set of numbers, i.e., it is the most common 
value; it may not be unique or even exist 

a measure of the degree of asymmetry of a 
frequency distribution, Fearson's first 
coefficient = (mean - mode)/cr 

the degree of peakedness of a frequency 
distribution.usually relative to a normal 
curve (termed mesokurtic). Distributions 
with a relatively high peak are termed 
leptokurtic, and those which are flat with 
regard to the normal case are termed platykurtic. 
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